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1. The mechanical energy of a ball is the sum of all energy outside of the ball. The mechanical energy of a baseball in flight is the result of motion and position above Earth. Its thermal energy is the total kinetic and potential energy of all particles that compose the ball. The baseball will have thermal energy even if it has an external energy of zero.


2. Because temperature is defined in classical physics as the average kinetic energy of particles, temperature in a true vacuum is undefined because there are no particles.


3. No. The particles in a liquid have a wide distribution of speeds. However, as the temperature increases, the average speed increases.


4. a. Either scale is correct. The difference between the scales at any time is 273, insignificant when compared to 1.5x107 degrees. b. Yes. The scale is important. Fahrenheit would be almost double.


5. No. The metal knob and the wood are at the same temperature. However, the metal knob conducts the thermal energy of your fingers away from the point of contact much more rapidly than does the wood. Therefore, your fingers feel colder touching the metal than the wood.


6. No. We measure temperature changes and infer heat transfer from these measurements.


7. No. Heat, not temperature, flows from warmer to colder objects. Temperature changes are equal only if the product of the mass and specific heat are the same.


8. Yes. If the object is at its melting (boiling) point, the added energy will go into the energy of the particles, causing a change of state, not temperature.








9. Energy is released when it freezes.


10. Water will vaporize from the wet canvas cover, which requires energy. some of the energy will come from the water in the canteen, which will lower its temperature. The rest of the energy will come from the outside air, which will not be able to ‘warm’ the canteen water.


11. Vaporization. Changing liquid Freon to vapor requires energy. Heat is drawn from the air in the house for this, so the air becomes cooler.


12. Initially, on average, the particles in the burner are moving much faster because it is warm, while in the pot, the particles are moving slower because it is cold. As the pot heats up, the particles move faster, and more particles now have a more random motion than at the beginning. The final state is less ordered than the initial state.


13. No. The water is at the same temperature in either case; therefore the pasta cooks at the same rate.


14. a. � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


b.� EMBED Equation.DSMT4  ��� Substitute...


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


c. Celsius and Kelvin can never be equal.


15. If the same amount of heat is removed by the ice from equal amounts of methanol and water, the methanol will have a greater drop in temperature because it has a lower specific heat.


16. It takes less water than other liquids to transfer a given amount of heat to air.


17. Aluminum. The specific heat of aluminum is higher than the specific heat of lead, and it can release more heat through the same temperature change.





18. Vaporization requires energy, which comes from your skin. The more easily a liquid vaporizes, the faster the energy is drawn from your skin, and the cooler it feels.


19. The freezing of the water releases thermal energy that slightly warms the air and reduces the amount of heat extracted from the fruit. Also, a layer of ice over the fruit slightly insulates the fruit from the cold.


20. No. The more massive Block A has a larger thermal energy and can heat the water to a higher temperature.


21. � EMBED Equation.DSMT4  ���


22. 14.01 K


23. 1.64 x 104 J


24. 1.00 x 103 � EMBED Equation.DSMT4  ���


25. 1.59 x 104 J


26. 171 � EMBED Equation.DSMT4  ���


27. � EMBED Equation.DSMT4  ���


28. � EMBED Equation.DSMT4  ���


29. .9 L


30. 3.7 x 102 s


31. 15 kg


32. 6.68 x 106 J


33. 2.47 x 105 � EMBED Equation.DSMT4  ���


34. � EMBED Equation.DSMT4  ���


35. 3.09 x 104 J


36. � EMBED Equation.DSMT4  ���


37. 1.0 x 10 m, or about three flights of stairs





1. Force is a push or pull. Pressure is F per unit area.


2. The pressure at the top also increases.


3. They are the same


4. No, Archimedes’ principle has no application under conditions of weightlessness.


5. The pressure will decrease according to Bernoulli’s principle.


6. They differ in volume.


7. The razor blade should be placed carefully and flatly onto the surface of the water. This will reduce its weight per unit area of water on which it will rest. The surface tension of the water is then sufficient to support the reduced weight per unit area of the blade.


8. The adhesion between the alcohol and the glass is greater than the cohesion between the alcohol molecules. The adhesion between the mercury and the glass is less than the cohesion between the mercury molecules.


9. It cools the air above it by drawing heat from the air to melt the ice.


10. It takes energy to vaporize the water in the canvas bag. The energy comes from the water in the canteen, thus cooling it.


11. The body is cooled by vaporizing water (perspiration). Vaporization is reduced when there is already a lot of water in the air.


12. Crystalline solids have an organized geometric pattern. Amorphous solids lack a consistent pattern.


13. Yes, elasticity is the ability of an object to return to its original form when the forces are removed.


14. No, the coefficient of linear expansion is equal to the ratio � EMBED Equation.DSMT4  ���. As long as the units of length are the same, they divide equally.


15. Both fill any volume and consist of particles that are widely separated. The particles in plasmas are charged, while those in a gas are not.


16. Those in the plasma state are charge; those in the gaseous state are neutral.


17. The pressure has increased because the constant force is now applied to a smaller area.


18. Pa = N/m2 = � EMBED Equation.DSMT4  ���





19. The pitcher. The amount of water is not important. The water in the pitcher is deeper so it will have a larger pressure at its bottom.


20. It would sink deeper. The volume remains the same, but mass has been added to the ship, so it sinks deeper in the water.


21. (include buoyancy, density, forces)


22. The cohesive forces are strongest in mercury and weakest in acetone. The stronger the cohesive force, the more spherical the drop will be.


23. Cohesive forces are greater in water than in alcohol, and the boiling point of water is higher.


24. Alcohol for both because weaker cohesive forces increase vaporization and decrease the boiling temperature.


25. The size of the hole increases. The cut-out circle expands as well.


26. The soft glass tube A expands three times as much as does the Pyrex glass of tube B. The greater expansion of tube A gives it a wider opening or cross section than that of tube B. The equal volume of water fills the expanded cross section and thus will not rise as high in tube A. The lower coefficient of expansion of Pyrex glass prevents the glass from shattering with rapid increases and decreases in temperature.


27. The coefficients of expansion of platinum and glass are similar, whereas the coefficients of expansion of copper and glass are different enough that different contraction rates break the seal.





28. Yes, higher humidity means more vapor in the air and less evaporation of water (perspiration) from the skin.


29. a. 1  b. 2  c. 6  d. 6  e. 6


30. a. 7.4 N   b. 150 Pa


31. a. 1.5 x 102 kPa  b. 49 kPa


32. 94 kPa


33. 8.4 x 102 Pa


34. a. 1.7 x 10-2 m3   b. 5.4 x 103 kg/m3


35. a. 203 N    b. 197 N


36. 5.0 N


37. 31 N


38. 8.9 N


39. 9.8 N. The buoyant force depends only on the volume of the water displaced.


40. 10.0 N


41. a. 2.5 x 103 N  b. 75 cm


42. a. 9.0 x 102 N  b. .60 m


43. 5.3 m/s2 


44. 3.1 x 10-2 m


45. � EMBED Equation.DSMT4  ���


46. 5.0 x 102 L


47. 7.6 x 10-2 cm3


48. 2.45 cm3





1. Two. Energy is transferred by particle transfer and by waves. There are many examples that be given of each, a baseball and a bullet for particle transfer vs sound waves and light waves.


2. The difference is that mechanical waves require a physical medium to travel through and electromagnetic waves do not need a physical medium.


3. A transverse wave causes the particles of the medium to vibrate perpendicular to the wave direction. A longitudinal wave causes the particles to vibrate in a direction parallel to the wave direction. Surface waves have both characteristics.


4. Once the pulse has passed, the point is exactly as it was before the pulse arrived.


5. A pulse is a single disturbance in a medium, whereas a wave consists of several adjacent disturbances.


6. Frequency is the number of vibrations per second of a part of the medium. Velocity describes the motion of the wave through the medium.


7. They are the same.


8. a. Speed of the waves cannot be changed. b. Frequency can be changed by changing the frequency at which the waves are generated.


9. The speed of the wave is uniform, along the direction of the spring. The coil has a vibratory motion perpendicular to the spring.


10. The amplitude is one-half the total up and down motion; the period is the amount of time it takes you to up and back down; the wavelength is the distance to the top of the next wave when you are on a wave crest; the speed is how fast the waves are traveling; the frequency is how many times you move up in one time unit. 








11. Amplitude is the maximum displacement (positive) of a wave from the rest or equilibrium position.


12. The amplitude of the wave represents the amount of energy transferred.


13. The amount of reflection is determined by the difference between the properties of the new medium and the properties of the old medium. The greater the difference, the greater the reflection.


14. The reflected pulse is inverted.


15. The reflected pulse is upright.


16. The frequency depends only on the rate the thin rope is shaken and the thin rope causes the vibrations in the thick rope.


17. No. Energy is not lost. The total energy remains the same, but it is redistributed. The nodal areas have less energy and the antinodal areas have more energy.


18. Nothing, the spring doesn’t move.


19. Bare areas are antinodal regions where there is maximum vibration. Sugar-covered areas are nodal regions where there is no vibration.


20. A standing wave exists and the string can be touched at any of its five nodal points.


21. The pulse will be inverted.


22. The superposition of two or more waves is interference. The superposition of two waves with equal but opposite amplitudes results in destructive interference. The superposition of two waves with amplitudes in the same direction results in constructive interference; all waves; it is a prime test for wave nature.


23. Case 1: Longitudinal waves


      Case 2: Transverse waves 





13. Sound travels about 1 mile in 5s, so divide the number of seconds by 5.


14. a. There is no change in frequency.


      b. The wavelength increases.


15. First, if you heard a sound, you would have heard it after you saw the explosion. Sound waves travel much slower than electromagnetic waves.


Second, in space the density of matter is so small that sound waves do not propagate. Hence, no sound was heard.


16. a. The pitch of the horn moving toward you would be higher.  b. The pitch of the horn moving away from you would be lower.


17. a. They would differ in intensity. Larger insects would reflect more of the sound energy back to the bat. b. An insect flying toward the bat would return an echo of higher frequency. An insect flying away would return a lower frequency to the bat.


18. a. Frequency will increase.


      b. Wavelength will decrease.


      c. Wave velocity will not change.


      d. Amplitude will remain the same.


19. A 40db sound has sound pressures 100 times greater.


20. � EMBED Equation.DSMT4  ��� If v increases and � EMBED Equation.DSMT4  ��� is fixed, f increases.


21. Resonance tubes for marimbas must be produced at the right length for each note.


22. The frequencies get farther apart.


23. The pitch is increased; f is twice as high for an open vs closed pipe.


24. 2.1 km


25. 7.0 x 102 m


26. 5700 m/s


27. 1.0 km


28. .0175 s


29. 5.485 m





30. 1.45 x 103 m/s


31. 5.15 x 103 m/s


32. 9.8 x 104 Hz


33. 3.53 x 10-4 m


34. a. 335 Hz  b. 356 Hz


35. a. 2.80 x 102 Hz  b. 2.60 x 102 Hz


36. a. 40  b. 50 db


37. a. 10  b. 100


38. 5.36 s


39. 9.0 cm


40. 540 Hz


41. 2.9 kHz


42. 2.6 kHz


43. a. 10.5 m  b. 8.20 Hz


44. 442 Hz, 448 Hz


45. 740 Hz, 1100 Hz, 1500 Hz


46. 1100 Hz, 1900 Hz, 2600 Hz


47. a. 1.0 x 10-6 N   b. 1.5 x 10-6 N  c. .58 Pa


48. a. 35.7 Hz  b. .10 m


49. 6.70 x 102 mm


50. 2.3 m/s


51. a. 68.6 m/s  b. No








8. Whenever a ray of light passes from one medium to another at some angle, the ray is refracted in such a way that the ratio of the sine of the angle of incidence to the sine of the angle of refraction is a constant for all angles.


9. The angle of incidence must be in air. Letting substance #1 be air, then n1 = 1.000 and � EMBED Equation.DSMT4  ��� so 


� EMBED Equation.DSMT4  ���


10. Critical Angle refers to the incident angle that causes a refracted ray to lie right on the boundary or interface between the two materials.


It is the incident angle, which, if exceeded, will cause total internal reflection.


11. The ray is totally reflected and none of the light is refracted.


12. Mirages are caused by a phenomenon of light refraction.


13. The speeds of the different colors of light traveling through the air are the same.


14. White light travels through diamond and is dispersed, which means that each color of light has a different index of refraction.


15. Less light is reflected back to the car from a wet road.


16. The smoother and glossier the pages are, the less diffuse reflection the light will have and the greater the glare from the page.


17. No, optical density is related to the speed of light in the block and has nothing to do with the block’s volume.





31. 7 x 10-7 m


32. 3.84 x 108 m


33. 5.0 x 102 s


34. 3.03 m


35. 1.0 x 1010 Hz


36. 2.0 lx


37. 3.2 m


38. 1.4 x 103 lm; Thus, the 100W (1620 lm)


setting is needed.


39. 36 cd


40. a. 4.2 x 109 m  b. 27 km/s


      c. 3.0 x 10 km/s, so fairly accurate


41. 3 x 104 km; The mirror would be half this distance, or 15 000 km away. Earth is 


40 000 km in circumference, so this is 3/8 of the way around Earth.


42. 2.3 m


43. 1.31 x 103 lm


44. 15 m





Chapter 17


1. Light can interfere, be reflected or refracted


2. Parallel rays are reflected parallel. The result is an image of the origin of the rays. When light is reflected from a rough surface, it is reflected in many different directions, scattered and diffused, hence no image.


3. Yes, each individual ray follows the law of reflection but because the surface is rough, the normal lines are not parallel and neither are the reflected rays.


4. Any line that is perpendicular to the surface at any point.


5. The angle of incidence is larger than the angle of refraction because air has a smaller index of refraction.


6. The angle of incidence is smaller than the angle of refraction because glass has a larger index of refraction.


7. When light meets a new medium, it bends. If the medium is anything but a vacuum, light travels more slowly.








24. The frequency of the waves will increase; the speed will remain the same; the wavelength will decrease.


25. As the frequency increases, the period will decrease.


26. As the frequency increases, the wavelength will decrease.


27. About four times the energy.


28. The bottom, because the difference in media is greater in this case.


29. The period of the vibration must equal the time for the wave to go back and forth across the pan to create constructive interference.


30. AM wavelengths are longer, and therefore, the diffraction is more. The waves are bent more.


31. A-more rigid, B-less, 


     C-less, D-more


32. 10 s


33. 5.0 m/s


34. a. .29 m/s   b. .21 s


35. a. 2.4 m/s   b. 2.9 m


36. 6.0 x 10-7 m


37. a. 190m to 550m   b. 2.8m to 3.4m


38. a. 1500 m/s   b. 1.00 x 10-6 s


      c. 1.00 x 10-6 s; the period and frequency remain unchanged


39. a. 470 Hz  b. 240 complete waves


      c. 170 m


40. 1350 m


41. a. 1/4 wavelength   b. .72 s


      c. 1.4 Hz


42. 4.2 m/s


43. 870 000 m


44. 63.7 N


46. .90 m/s


47. a. 2.4 x 10-3 s


      b. Pulses are inverted when reflected from a more dense medium so returning pulse is down (below).


      c. 15cm from the other end, where


the distances traveled are the same.





1. Sound waves can be described by frequency, wavelength, and amplitude.


2. Sound waves in air consist of a series of compressions (maximum pressure) and rarefactions (minimum pressure) of air. As each compression of air reaches the ribbons, they move in the direction of the wave motion, then back with each rarefaction.


3. The velocity of sound is greater in solids than in gases. Therefore, sound travels faster in steel rails than in air, and the rails help focus the sound so it does not die out as quickly as in air.


4. Light travels at 3.0 x 108 m/s while sound travels at about 343 m/s. Officials would see the smoke before they would hear the pistol fire. The times would be less than actual if sound were used.


5. All types of waves.


6. Doctors can measure Doppler shift from sound reflected by the moving blood cells. Because the blood is moving, sound gets Doppler shifted, and the compressions either get piled up or spaced apart. This alters the frequency of the wave.


7. The frequency of the note is the same as the natural resonance of the crystal, causing its molecules to increase their amplitude of vibration as energy from the sound is accepted. 


8. While marching in step, a certain frequency is established that could resonate the bridge into destructive oscillation. No single frequency is maintained under “route step.”


9. Sound waves can be reflected, Doppler shifted, and superpositioned so that they interfere. Beats are a result of interference.


10. The length of the tube should be � EMBED Equation.DSMT4  ���.


11. The slide of a trombone varies pitch by changing the length of the resonating column of vibrating air.


12. The sound quality or timbre.





1. Light comes through the vacuum of space from the sun.


2. 400nm to 700nm


3. Violet light has the shortest wavelength.


4. The speed of the wave, v, was changed to the speed of light, c.


5. A luminous body emits light. An illuminated body reflects light.


6. It is mainly illuminated. The filament is luminous; the frosted glass is illuminated. You can barely see the hot filament through the frosted glass.


7. Ordinary nonluminous objects are illuminated by reflected light, allowing them to be seen.


8. a. candela, cd   b. lux, lx   c. lumen, lm


9. a. ‘l’  b. ‘E’   c. ‘P’


10. A transparent object is a material through which light can pass without distortion. A translucent object allows light to pass but distorts the light to the point where images are not discernible. An opaque object does not allow light to pass through.


11. White light is a combination of all the colors, or at least the primary colors.


12. Black is not a color but is the absence of all color. An object appears to be black because little, if any, light is being reflected from it.


13. red, cyan; green, magenta; blue, yellow


14. yellow, blue; cyan, red; magenta, green


15. Sound waves are longitudinal, not transverse. Particles of the medium move parallel to the wave motion rather than perpendicular (needed for polarization).


16. As the frequency increases, the wavelength decreases.


17. The illumination on a surface is directly proportional to the intensity of the source and inversely proportional to the square of the distance of the surface from the source.








18. Illumination � EMBED Equation.DSMT4  ���; hence,


the illumination at screen B will be one-fourth that at screen A because it is twice as far from the source.


19. No, distance is doubled, so the page is illuminated 1/4 as much.


20. The insides are painted black because black does not reflect any light, and thus there is no interference while observing or photographing objects.


22. Blue pigment of a police car will absorb the red and yellow light. Dark blue police cars would not be very visible. If a community wants its police cars visible, they should select yellow cars.


23. No, in a weightless environment, the soap film would not be thicker at the bottom.


24. Light scattered from the atmosphere is polarized, but light scattered from the clouds is not. By rotating the filter, the photographer can reduce the amount of polarized light reaching the film.


25. a. Cellophane reflects red light and either absorbs or transmits blue and green light.  


  b. Cellophane transmits red light.  


  c. Blue and green light are absorbed.


26. Green and red


27. Yellow


28. Black. Almost no light would get through.


29. Mix cyan and magenta


30. When light interacts with a thin film, constructive and destructive interference is produced; no, reflections off the top and bottom 


surfaces are inverted.








18. An angle of incidence of � EMBED Equation.DSMT4  ��� allows light to go through unchanged.


19. a. � EMBED Equation.DSMT4  ���  b. � EMBED Equation.DSMT4  ���  c. It is refracted away from the normal.  d. The ray leaving the glass is parallel to the ray entering, but it is at a different location.


20. The angle of refraction will decrease as the index of refraction increases.


21. The angle in substance A is smaller, so it has the larger index of refraction.


22. As the index of refraction of a material increases, the speed of light in that material decreases.


23. The critical angle decreases as the index of refraction increases.


24. Air and glass have the smaller critical angle of � EMBED Equation.DSMT4  ���. The critical angle for air and water is � EMBED Equation.DSMT4  ���.


25. The incident angles with which the two bottom rays strike the surface of the glass are greater than the critical angle for glass, and therefore, total internal reflection occurs.


27. Even though Greenland is below the horizon, it is visible as a mirage due to the refraction of light.


28. Violet light travels slower in a prism than does red light.


29. Red light because it is refracted least by glass.


30. The sun’s rays come from behind you at an angle less than or equal to 42 degrees with the horizon. When you are facing south in the northern hemisphere, the sun is never behind you at an angle of 42 degrees or less.


31. a. � EMBED Equation.DSMT4  ���  b. � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���





36. � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


    c. � EMBED Equation.DSMT4  ���


47. 8 mm


48. � EMBED Equation.DSMT4  ���


49. 2.7 min


50. � EMBED Equation.DSMT4  ���


51. 1.41


52. There is no angle for which � EMBED Equation.DSMT4  ���


reflection.


53. � EMBED Equation.DSMT4  ���


54. Red light, � EMBED Equation.DSMT4  ���, Blue light, � EMBED Equation.DSMT4  ���


55. a. 1.96 x 108 m/s  b. 1.99 x 108 m/s


57. � EMBED Equation.DSMT4  ���


ray in the glass strikes the surface at a 62 degree angle, total internal reflection 


58. a. Red, � EMBED Equation.DSMT4  ���; Blue, � EMBED Equation.DSMT4  ���


c. Diamond has a much smaller critical angle than crown glass. As a result, less light incident upon a diamond will pass completely through. More light reflects internally and comes back out of the top of the diamond. Blue light has a smaller critical angle than red. More red will emerge from a diamond and often the diamond is said to have ‘fire.’


59. red, � EMBED Equation.DSMT4  ���;blue, � EMBED Equation.DSMT4  ���; difference, � EMBED Equation.DSMT4  ���


60. Both leave at � EMBED Equation.DSMT4  ���.


61. � EMBED Equation.DSMT4  ���





1. The image is upright, virtual, as far in back of the mirror as the object is in front, and the same size as the object.


2. The image is on a line that is perpendicular to the mirror and the same distance behind the mirror as the object is in front.


3. All virtual images are upright and are the result of divergent rays.


4. No, the rays do not converge at a virtual image. No image forms and the student would not get a picture. Some virtual images are behind the mirror. 


5. Place a sheet of plain paper or photographic film at the image location and you should be able to find the image.


6. The focal length of a plane mirror is infinite. Yes. 1/f = 1/di + 1/do, so 


� EMBED Equation.DSMT4  ���.


7. Object must be located between F and the mirror.


8. Convex mirrors are used as rearview mirrors because they allow for a wide range of view, allowing the driver to see a much larger area than is afforded by ordinary mirrors.


9. Rays parallel to the axis that strike the edges of the concave spherical mirror are not reflected through the focal point. This effect is called spherical aberration.


10. The image will be between F and 2F,


inverted, real, and smaller than the object.


11. The index of refraction of the material from which the lens is made also determines the focus.


12. Another lens is included in the optics system of the projector to invert the image again. As a result, the image is upright.


13. The image will be at C, the center of curvature, inverted, real and the same size.


14. The image will be between C and F, will be inverted, real, and smaller.





15. The image will be beyond C, inverted, real, and larger than the object.


16. You should order a parabolic mirror to eliminate spherical aberration.


17. The image in a convex mirror is always virtual, upright, smaller, and located closer to the mirror than the object.


18. You can use only a concave mirror with the object beyond the focal point. A convex mirror will not form a real image.


19. You may use a concave mirror with the object beyond the center of curvature or a convex mirror with the object anywhere.


20. Convex mirror. It provides a wider visual field.


21. In general, a converging lens is convex - thicker in the middle; a diverging lens is concave - thicker at the edge.


22. Yes, refraction depends on the difference in refractive indices at the interface; therefore, the focal length will be increased.


23. The location of the image would not change.


24. Chromatic aberration for lenses is due to the dispersion of light (different wavelengths have different speeds in the lens and hence, refract at different angles). Mirrors reflect, and reflection is independent of wavelength.


25. 2.4 m


26. 20.0 cm


27. 75 cm


28. 3.0 x 10 cm; -1.8 cm


29. a. -24 cm  b. 9.0 cm


30. 5


31. The ray from the top of head hits mirror halfway between the eyes and the top of the head. The ray from the feet hits mirror halfway between eyes and feet. Distance between the point the two rays hit the mirror is half the total height.





32. b. 4.0 cm  c. -8.0 mm


33. a. A larger, upright image only results from a concave mirror, with object inside the focal point.  b. 32. mm


34. -9.4 cm;  .75 cm


36. a. 66.7 cm   b. 1.67 times


37. a. 51 mm    b. 1.01 x 103 mm


38. 14 cm


39. 56 cm


40. a. 6.0 x 10 mm   b. -5.0


      c. -20.0 mm       d. -10.0


41. +30 cm; 10 cm; The image orientation is not changed.


42. The light that passes through a lens near the edges of a lens is slightly dispersed, since the edges of a lens resemble a prism and refract different wavelengths of light at slightly different angles. The result is that white light is dispersed into its spectrum. The effect is called chromatic aberration.


43. It will get dimmer, because fewer light rays will converge.





Chapter 19


1. When monochromatic light is used, you get a sharp interference patter; if you use white light, you get sets of colored bands.


2. All wavelengths produce the line in the same place.


3. Let light fall on the double slit, and let the interference pattern fall on a sheet of paper. Measure the spacings between the bright bands, x , and use � EMBED Equation.DSMT4  ���.


4. Diffraction is most pronounced around obstacles approximately the same size as the wavelength of the wave. We are more accustomed to obstacles of the size that diffract the much larger wavelength of sound.


5. a. refraction   b. pigments   c. refraction


    d. refraction   e. refraction





6. The difference in wavelengths is 1/2 the wavelength of the color.


7. A full spectrum of color is seen. Because of the variety of wavelengths dark fringes of one wavelength would be filled by bright fringes of another color.


8. The high number of grooves in diffraction gratings increases the intensity of the interference patterns. The grooves closer together produce sharper images of light.


9. Small apertures have large diffraction patterns that limit resolution.


10. Less diffraction results from the short wavelength of blue light.


11. The double-slit pattern consists of equally spaced lines of almost equal brightness. A single-slit pattern has a bright, broad central band and dimmer side bands.


12. The bands get wider and dimmer.


13. Violet light, the color with the shortest wavelength.


14. The interference pattern will be spread farther apart for the 105 lines/cm grating.


15. Many diffraction gratings have a separation of about two to four times the wavelength they are being used with. A picket fence, having a separation of about 10cm, could be used with wavelengths of about 30cm or .3m, which is a longer-wavelength microwave.


16. 451 nm    17. � EMBED Equation.DSMT4  ���  18. 600 nm


19. .3 cm   20. 10-2 cm  22. 4.0 x 10-4 cm


23. red, � EMBED Equation.DSMT4  ���; blues, � EMBED Equation.DSMT4  ���


24. a. 4.4 x 10-3 mm  b. 200 grains/mm


25. 2 cm   26. 6.60x102 nm


27. a. 83 ridges/cm   b. 84 ridges/cm
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