Topic 9  –  Wave properties
 
Formative Assessment

PROBLEM SET
                   NAME: ________________________________

THIS IS A PRACTICE ASSESSMENT. Show formulas, substitutions, answers, and units!
Topic 9.1 – Simple harmonic motion
A mass is attached to a horizontal spring. If displaced from equilibrium and released, the mass takes 0.25 seconds to return to its original position.
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1.
The mass is pulled 4.0 cm in the positive x-direction before release, as shown. What are the amplitude, period, and frequency of the oscillation?
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2.
An identical system is started by pushing the mass 4.0 cm in the negative x-direction. It is released at the same instant the mass in problem 1 is released. What is the phase difference between the two systems?
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The following questions are about a clock. The radius of the minute hand on the clock is 7.0 cm.




3.
What are the period and the frequency of the minute hand?

4.
What is the speed (in cm s-1) of the tip of the minute hand? 

5.
What is the angular speed of the hand in degrees s-1 and rad s-1?

A car rounds a 45° turn in 3.0 seconds.

6.
What is its angular speed in rad s-1 during that turn?
7.
If the radius of its turn is 45 m, what is its speed during that turn?

8.
What is its angular acceleration during that turn?

An object is traveling at speed v0 in a circle of radius x0. The period of the object’s motion is T.

9.
Find the object’s speed v0 in terms of x0 and T.
10.
Show that v0 = x0(.

11.
Find the centripetal acceleration aC in terms of x0 and (. Hint: Use aC = v02/x0.
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A 4.00-kg mass is shown in the mass/spring system at its starting release point. The spring constant of the spring is 0.250 Nm-1. The grid is marked off in 1.00 cm intervals. 

12.
In the picture place a “V” at all the points where the speed of the mass will be at its maximum.

13.
In the picture place an “A” at all the points where the acceleration of the mass will be at its maximum.

14.
What is the proportionality constant for this particular system that relates a to –x in the proportion a ( -x that defines SHM?
15.
What is the acceleration (in cm s-2) of the mass at x = - 2.00 cm?
16.
What is the acceleration (in cm s-2) of the mass at x = + 1.00 cm?

17.
What is the force (in N) acting on the mass at x = + 1.00 cm?
[image: image5.bmp]A 3.00-kg mass is shown in the mass/spring system at its starting release point. A student times a single cycle to be 3.75 s. The grid is marked off in meter intervals. 

18.
What is the angular frequency of the oscillating system?
19.
What is the position of the mass at t = 2.15 s?

20.
What is the velocity of the mass at t = 2.15 s?

21.
What is the acceleration of the mass at t = 2.15 s?

22.
What is the force acting on the mass at t = 2.15 s?
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A 3.00-kg mass is shown in the mass/spring system at its starting point of x = 0.00 m. In order to make it oscillate it is given an initial rightward velocity of 8.00 m s-1.  A student times a single cycle to be 5.75 s. The grid is marked off in meter intervals. 

23.
What is the angular frequency of the oscillating system?

24.
What is the amplitude of the motion?

25.
What is the position of the mass at t = 3.95 s?

26.
What is the velocity of the mass at t = 3.95 s?

27.
What is the acceleration of the mass at t = 3.95 s?

28.
What is the force acting on the mass at t = 3.95 s?
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The displacement vs. time of a 2.5-kg mass attached to a spring and is undergoing SHM as shown in the graph. 

29.
What is the amplitude of its motion?

30.
What is the total energy of the system?

31.
What is position of the mass at t = 2.75 s?

32.
What is the potential energy stored in the system at t = 2.75 s?
33.
What is velocity of the mass at t = 2.75 s?

34.
What is acceleration of the mass at t = 2.75 s?

35.
In the graph above, sketch in the velocity of the mass vs. time, and label it “V.”

36.
In the graph above, sketch in the acceleration vs. time and label it “A.”
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A mass m is connected to two relaxed identical springs each having a spring constant k, as shown.

37.
If the mass is displaced to the right and released, find its period T in terms of k and m.

38.
If the mass is 1.75 kg and each spring has a constant of 7.25 N m-1 find the period of oscillation.
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39.
If, instead of connecting the springs with the mass in between, the springs are connected end-to-end with one tree end fixed and the other connected to the mass, what will the period of oscillation be? 
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The displacement vs. time of a 8.96 m long simple pendulum located in Milwaukee is shown in the graph.

40.
What is the period of its motion?

41.
What is the value of g in Milwaukee?

42.
What would the length of the pendulum need to be in order to change its period to 1.00 s in Milwaukee?
43.
If the acceleration due to gravity on the moon is one-sixth that in Milwaukee, what would be the period of the 1.00 s pendulum on the moon?
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The kinetic energy vs. displacement of a 1.25-kg particle undergoing SHM on a mass-spring system is shown in the graph to the right.
44.
What is the maximum speed of the mass?

45.
What is the maximum potential energy stored in the mass-spring system?

46.
What is the spring constant of the spring that is driving the oscillation?

47.
In the graph, sketch in the potential energy vs. displacement of the oscillating system.

48. At x = 0.65 cm, what is the potential energy stored in the system?

49.
At x = 0.65 cm, what is the kinetic energy of the mass?  What is its speed?
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In the graph to the right, the spring force vs. displacement is shown for the spring in an oscillating mass-spring system. The mass is 0.25 kg and the amplitude of motion is 1.0 m.
50.
What is the value of the spring constant?

51.
What is the total energy of the system.

52.
How can you tell that the oscillation is that of SHM?

53.
What is the maximum speed of the mass?

54.
What is the acceleration of the mass when it is traveling at its maximum speed?

55.
What is the maximum acceleration of the mass?

56.
What is the speed of the mass when the displacement is x = -0.50 m?
Topic 9.2 – Single-slit diffraction

57.
State Huygens’ principle.

58.
Sketch the variation with angle of diffraction of the relative intensity of light diffracted at a single slit.

59.
Describe what is meant by the diffraction of light.

60.
Derive the formula ( = (/b for the position of the first minimum of the diffraction pattern produced at a single slit.
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61.
A screen is located 5.25 m from a single slit. The distance on the screen from the center maximum to the first minimum is 1.75 cm. The frequency of the monochromatic light passing through the slit is 5.66(1014 Hz. Find the slit width.
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A laser light having a wavelength of 650 nm is shone through an adjustable micrometer as shown. Initially the micrometer has an opening of 175 (m.
62.
Sketch the angular half-width ( vs. the micrometer opening b as the micrometer is adjusted to a wider and wider opening.
63.
Make a sketch graph of the intensity of the central maximum as the micrometer opening is increased.
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The following questions have to do with the general appearance of a single-slit diffraction pattern shown to the right for monochromatic light having a wavelength ( passing through a slit of width b.
64.
Label the graph with the intensity axis I and the angular width axis (.
65.
The central peak has an intensity of 12.5 W m2.  Label the intensities of the other six local maximas.

66.
Label the horizontal axis increments with values expressed in terms of ( and (.
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The three diffraction patterns shown to the right are for monochromatic light having a wavelength ( passing through three different slit widths b, where b = (, b = 5(, and b = 10(.
67.
Label the patterns with their corresponding b values.

68.
Which pattern will have the highest-intensity central maximum, and why?
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The three diffraction patterns shown to the right are for light passing a fixed slit width b but of varying wavelength (, where b = (, b = 5(, and b = 10(.
69.
Label the patterns with their corresponding ( values.

70.
Which pattern will have the highest-intensity central maximum, and why?

Topic 9.3 – Interference
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The incident wave train pictured in the lower half of the photograph has an amplitude of 7 cm. Assume the wave energy is not lost in passing through the two gaps in the barrier wall. The lightest-colored portions in the upper half of the photograph are the highest regions of water.  The darkest-colored portions are the lowest regions of water. For the following questions, heights are to be referenced to equilibrium, which is 0 cm. 

71.
What will be the height of the lightest-colored portions of the waves in the upper half of the photograph?

72.
What will be the height of the darkest-colored portions of the waves in the upper half of the photograph?

73.
Place a small circle at a single point of your choosing that shows constructive interference.

The following questions concern path difference in waves.[image: image21.png]A
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74.
Two sources S1 and S2 each produce coherent vibrations in water having a wavelength of 6 m and an amplitude of 10 cm.  Three surrounding points are shown. The lines connecting the sources to the points show the distance the points are from the sources. Complete the table:
75.
What does the term coherent mean in the context of waves?
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The interference patterns caused by two coherent wave sources are shown to the right. Four reference lines are shown in the medium representing constructive and destructive interference.

76.
Label the lines representing path differences of  PD = 1(, PD = 2(, PD = 1.5(, and PD = 2.5(.
The following questions are about Young’s double-slit interference.
77. Coherent light having a wavelength of 975 nm is incident on an opaque card having two vertical slits separated by 0.250 mm. A screen is located 5.25 m away from the card.  What is the distance between the central maximum and the first maximum?
78. Coherent light of an unknown frequency is projected onto a double-slit with slit separation 0.125 mm onto a screen that is 12.6 meters away. The separation between the central maximum and the nearest maximum is 1.20 cm. What is the frequency of the incident light?
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The following interference patterns are for monochromatic light passing through varying numbers of slits, each having a slit width of 50.0 (m and slit separation of 150 (m. The distance from the slit barrier to the screen is 2.50 meters.

79.
What is the wavelength of the light?
80.
Label the number of slits each image is produced by.

81.
The intensity of the central maximum of the single-slit diffraction pattern is 1.00 mW m-2. What is the intensity of the central maxima of the two-slit pattern, the three-slit pattern, the four-slit pattern, and the five-slit pattern?
82.
In the four-slit interference pattern label primary and secondary maxima. Sketch the intensity vs. angle from central maximum in the space provided to the right, taking into account the single-slit modulation envelope.

A set of four slits are equally separated by 125 (m and illuminated by light having a wavelength of 875 nm. Their interference pattern is observed on a screen locates 5.65 m away from the slits.
83.
Find the separation of the primary maxima on the screen.

84.
Sketch the pattern you would get if there were no diffractive modulation effect (the intensity of the primary maxima does not vary).

85.
Explain the effect of diffractive modulation. What information would you need concerning the slits in order to make an intensity-modulated sketch of this four-slit pattern?
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The following questions are about a diffraction grating that has 450 lines per millimeter. Monochromatic light is incident on the grating. A third-order maximum is observed at an angle of 28( to the straight-through direction.

86.
Determine the wavelength of the incident light.





87.
For the same wavelength, how many orders of diffracted light, including the zero-order, can be seen? Hint: ( must be less than 90( - Why?
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A diffraction grating having 5.00(105 lines per meter has incident monochromatic light of wavelength 550. nm.
88.
Determine the positions of the first and second-order maximas of the diffracted light.

89.
The same grating now has a beam of light having two wavelengths, 550 nm and 551 nm. State two observable differences between a first-order and a second-order maxima of the mixed coherent light.
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The following question is about the emission spectrum of hydrogen as viewed through a spectroscope using a diffraction grating.
90.
What is the lowest frequency of visible light from the emission spectrum of hydrogen gas?

91.
How many lines per meter should the grating have so the lowest frequency of visible light from the emission spectrum of hydrogen gas has a first-order maximum at 15.0(?

92.
What will be the location of the first-order maximum for the highest visible frequency from the emission spectrum of hydrogen for the same diffraction grating?

The following questions are about reflection and refraction at a medium boundary.
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93.
A thick rope (left) is spliced onto a thin rope (right). A pulse is sent to the right as shown in the “Before” picture. Sketch both the transmitted and the reflected pulses in the “After” picture. Use arrows of appropriate length to represent the velocities of the two pulses.
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94.
A thin rope (left) is spliced onto a thick rope (right). A pulse is sent to the right as shown in the “Before” picture. Sketch both the transmitted and the reflected pulses in the “After” picture. Use arrows of appropriate length to represent the velocities of the two pulses.
95.
Fill in the blanks for each of the following statements regarding reflection and transmission of any wave (including light):

(1) If a wave enters a boundary from a medium where the wave speed is lower, it will reflect   ______________________.

(2) If a wave enters a boundary from a medium where the wave speed is higher, it will reflect   ______________________.

(3) In any case, the wave is always transmitted through the boundary ______________________ with the original pulse.
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A thin plastic film suspended in air is illuminated by monochromatic light which is normally incident, as shown.
96.
State the phase change that occurs when the incident light is reflected from the surface A of the film.

97.
State the phase change that occurs when the incident light is transmitted through the surface A of the film.

98.
State the phase change that occurs when the transmitted light is reflected from the surface B of the film.
The following questions are about the conditions for thin-film constructive and destructive interference and the use of the two equations A and B.  Equation A: 2dn = m( ; Equation B: 2dn = (m + ½)(.
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99.
A thin film of soap has air on both sides. If you are viewing the soap film from the same side as the light, which equation do you use for constructive interference? ___. If you are viewing the film from the side away from the light source which equation do you use for constructive interference? ___.
100. Explain why the bands of color in the picture are narrower at the bottom of the soap bubble than at the top?

101. Explain why the color band at the top of the soap bubble is black.
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102. A thin film of oil having n = 1.42 is spread out on glass having n = 1.63 as shown in the picture. If you are viewing the oil film from the same side as the light which is on the oil-side, which equation do you use for constructive interference? ___.  If you are viewing the film from the glass side, which equation do you use for constructive interference? ___.
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A thin plastic film suspended in air is illuminated by monochromatic light having a wavelength of 750 nm as shown. The index of refraction of the film is 1.32.
103. Calculate the minimum thickness of the film needed for destructive interference to occur in the light when viewed from the light-side.

104. Calculate the minimum thickness of the film needed for destructive interference to occur in the light when viewed from the non-light-side.

A film of oil having a refractive index of 1.40 floats on a puddle of rain water having a refractive index of 1.33. The puddle is illuminated by sunlight. When viewed at near-normal incidence a particular region of the oil film has an orange color, corresponding to a wavelength of 625 nm.

105. Explain how the refractive indices of the air, oil, and water all play a part in producing this orange color.
106. Calculate the possible thicknesses of the film in the orange region.
107. Calculate the minimum thickness of the film in the orange region.
The following question is about lens coatings that reduce reflected light.
108. Magnesium fluoride MgF2 has n = 1.37. If applied in a thin layer over an optical lens made of glass having n = 1.39, what thickness should it be so that light having a wavelength of 645 nm is not reflected from the lens?
Topic 9.4 – Resolution

The following questions are about the Raleigh criterion for resolution.
109. State the Rayleigh criterion for diffracted images of two sources to be just resolved.

110. What is the applicable formula that reflects the Rayleigh criterion for circular apertures. ______________.  For square apertures? _______________.
111. Which image illustrates the Raleigh criterion? ___ Which image illustrates non-resolution? ___. Which image illustrates complete resolution? ___
112. List two ways to increase the resolution (decrease the angle of separation) of an optical device.
The following question is about human eye resolution.
113. A car has headlights (( = 470 nm) located 0.65 m apart. What is the maximum distance they can be away and still be just resolved by the human eye (diameter of 2.2 mm)?
The following questions are about radio telescope resolution.
114. A radio telescope having a diameter of 75 m is receiving radio signals of 1.8 GHz from two stars that are 85 light years (ly) away and separated by 0.050 ly.  Can the telescope resolve the images of the two stars? Show calculations.
115. How far from the above radio telescope would an identical one need to be placed in order to resolve the same two stars. Assume the two telescopes together act as a single one having a diameter equal to their separation.
An electron microscope (EM) uses electrons which have been accelerated under a p.d. of 850 V. 
116. Find the angle of separation that this particular EM will provide.

117. Compare the EM’s resolution with the resolution of a light microscope observing light having a wavelength of 550 nm.
The following questions are about the resolvance of diffraction gratings.
118. Define the resolvance of a diffraction in terms of average wavelength and difference in wavelength.

 119. Explain why the resolvance of a grating is proportional to the number of lines N it has.

120. Explain why the resolvance of a grating is proportional to the order of diffraction m.
Two lines of an emission spectrum are visible, having wavelengths of 475.0 nm and 475.5 nm. A diffraction grating is illuminated with a beam of this light having a width of 0.7500 mm.
121. What is the resolvance of this grating?

122. Find the minimum number of lines under the beam needed for the resolvance of the order 2 spectrum.
123. Will the order 1 spectrum be resolved? _____. Explain.

124. Find the minimum number of lines per mm needed in this particular diffraction grating.
A spectroscope that uses a 2.35-cm diffraction grating having 725 lines per millimeter.  Light incident on it having a wavelength of 475 nm. 
125. Calculate the smallest difference in wavelength that can be resolved in the third order.

126. Find the resolvance of the grating. 


The following question is about the resolvance of CDs, DVDs, and BluRay devices.
127. Describe the significance of resolution in the development of devices such as CDs (780 nm),  DVDs (650 nm), and BluRay (405 nm).
Topic 9.5 – Doppler effect


128. What is the Doppler effect. How can you tell which way the duck is moving from  the picture?

129. Explain the Doppler effect by reference to wavefront diagrams for a moving source.

130. Write the Doppler effect equation for sound in the case of a moving source.

131. Write the Doppler effect equation for sound in the case of a moving observer.

132. A police car traveling at 34 ms-1 has a siren emitting a sound at a constant 525 Hz. The speed of sound is 340 ms-1. Make a sketch of the frequency vs. the time heard by an observer on the side of the road. Be sure to label the frequency axis with the actual values of the maximum, middle, and minimum frequencies.
133. The same police car is now parked on the road. Its siren emits sound at 525 Hz, and sound travels at 340 ms-1. Now the observer is on a motorcycle traveling at 34 ms-1 on the road. Make a sketch of the frequency vs. the time heard by the observer. Be sure to label the frequency axis with the actual values of the maximum, middle, and minimum frequencies.
134. A star in another galaxy is traveling away from us at a speed of 2.8(106 ms-1. It has a known absorption spectrum line that should be located at 420 nm on an identical stationary star. Where is this line located on the spectrum of the moving star?
135. The spectrum of the sun is shown on the bottom. The spectrum of a star that is similar to the sun and very far away is shown on the top. Find the relative velocity between the star and the sun. Then state whether it is approaching us, or receding from us.

136. List three examples in which the Doppler effect is used to measure speed.
137. Use the binomial theorem and the formulas for the Doppler effect for waves to derive the formula for the Doppler effect for light.
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