Physics 30
Unit C: Electromagnetic Radiation
describe, qualitatively, how all accelerating charges produce EMR 

compare and contrast the constituents of the electromagnetic spectrum on the basis of frequency and wavelength 

explain the propagation of EMR in terms of perpendicular electric and magnetic fields that are varying with time and travelling away from their source at the speed of light

explain, qualitatively, various methods of measuring the speed of EMR
1. Describe the following three scientists methods for measuring the speed of light:
a. Galileo
b. Roemer
c. Michelson








2. If Michelson used an eight sided mirror to measure the speed of light, and obtained an image when the mirror was rotating 3.12 x 104 RPM, what is the speed of t light calculated if the fixed mirror was placed 35.0 km away from the rotating mirror? (2.91 x 108 m/s)












3. If Michelson used a six sided mirror to measure the speed of light and obtained an image when the mirror was rotating 4.88 x 104 RPM, what is the calculated speed of light if the fixed mirror was placed 30.0 km from the rotating mirror? (2.93 x 108m/s)
















describe, quantitatively, the phenomena of reflection and refraction, including total internal
4. A ray of light travels from air into a liquid, as shown in Figure 18-25. The ray is incident upon the liquid at an angle of 30.0°. The angle of refraction is 22.0°. Using Snell's law, calculate the index of refraction of the liquid. 





5. Light travels from flint glass into ethanol. The angle of refraction in the ethanol is 25.0°. What is the angle of incidence in the glass?







6.  beam of light strikes the flat, glass side of a water filled aquarium at an angle of 40.0° to the normal. For glass, n = 1.50.
a. At what angle does the beam enter the glass?
b. At what angle does the beam enter the water?
7. Use the index of refraction of diamond to calculate the speed of light in diamond. 
8. Find the critical angle for a diamond in air. 
9. A thick sheet of plastic, n = 1.500, is used as the side of an aquarium tank. Light reflected from a fish in the water has an angle of incidence of 35.0°. At what angle does the light enter the air?
10. A light source is located 2.0 m below the surface of a swimming pool and  1.5 m from one edge of the pool, as shown in


11. The pool below  is filled to the top with water. [image: ]
a. At what angle does the light reaching the edge of the pool leave the water?
b. Does this cause the light viewed from this angle to appear deeper or shallower than it actually is?
12. A diamond's index of refraction for red light, 656 nm, is 2.410, while that for blue light, 434 nm, is 2.450. Suppose that white light is incident on the diamond at 30.00. Find the angles of refraction for red and blue light.
a. The index of refraction of crown glass is 1.53 for violet light, and it is 1.51 for red light.
b. What is the speed of violet light in crown glass?
c.  What is the speed of red light in crown glass?
13. The critical angle for a special glass in air is 41.0°. What is the critical angle if the glass is immersed in water?
14.  A ray of light in a tank of water has an angle of incidence of 55.0°. What is the angle of refraction in air?


15. The ray of light shown in the figure 18-27 is incident upon a 60°-60°-60° glass prism, ng = 1.5. Determine the angle, , ,  to the nearest degree.
[image: ]
16. The speed of light in a clear plastic is 1.90 X 108 m/s. A ray of light strikes the plastic at an angle of 22.00. At what angle is the ray refracted?






















17. A light ray enters a block of crown glass, as illustrated in the figure. Use a ray diagram to trace the path of the ray until it leaves the glass. Label all angles of incidence, refraction and reflection for the ray.
[image: ]

describe, quantitatively, simple optical 
systems, consisting of only one component, for both lenses and curved mirrors

describe, qualitatively and quantitatively, how refraction supports the wave model of EMR, using Snell’s Law
18. The focal length of a convex lens is 17 cm. A candle is placed 34 cm in front of the lens. Make a ray diagram to locate the image.
19. A converging lens has a focal length of 25.5 cm. If it is placed 72.5 cm from an object, at what distance from the lens will the image be?
20. If an object is 10.0 cm from a converging lens that has a focal length of 5.00 cm, how far from the lens will the image be?
21. A convex lens is needed to produce an image that is 0.75 times the size of the object and located 24 cm from the lens on the other side. What focal length should be specified?
22. An object is located 14.0 cm from a convex lens that has a focal length of 6.0 cm. The object is 2.4 cm high.
a. Draw a ray diagram to determine the location, size, and orientation of the image.
b. Solve the problem mathematically.
23. A 3.0-cm-tall object is placed 22 cm in front of a converging lens. A real image is formed 11 cm from the lens. What is the size of the image?
24. 
A 3.0-cm-tall object is placed 15.0 cm in front of a converging lens. A real image is formed 10.0 cm from the lens. 
a. What is the focal length of the lens?
b. If the original lens is replaced with a lens having twice the focal length, what are the image position, size, and orientation?


25. A diverging lens has a focal length of 15.0 cm. An object placed near it forms a 2.0-cm-high image at a distance of 5.0 cm from the lens. 
a. What are the object position and object height?
b. The diverging lens is now replaced by a converging lens with the same focal length. What are the image position, height, and orientation? Is it a virtual image or a real image?
26. Camera lenses are described in terms of their focal length. A 50.0-mm lens has a focal length of 50.0 mm.
a. A camera with a 50.0-mm lens is focused on an object 3.0 m away. What is the image position?
b. A 1000.0-mm lens is focused on an object 125 m away. What is the image position?
27. To clearly read a book 25 cm away, a farsighted girl needs the image to be 45 cm from her eyes. What focal length is needed for the lenses in her eyeglasses?
28. The convex lens of a copy machine has a focal length of 25.0 cm. A letter to be copied is placed 40.0 cm from the lens.
a. How far from the lens is the copy paper?
b. How much larger will the copy be?


29. A camera lens with a focal length of 35 mm is used to photograph a distant object. How far from the lens is the real image of the object? Explain.A slide of an onion cell is placed 12 mm from the objective lens of a microscope. The focal length of the objective lens is 10.0 mm.
a. How far from the lens is the image formed?
b. What is the magnification of this image?
c. The real image formed is located 10.0 mm beneath the eyepiece lens. If the focal length of the eyepiece is 20.0 mm, where does the final image appear?
d. What is the final magnification of this compound system?
30. The optical system of a toy refracting telescope consists of a converging objective lens with a focal length of 20.0 cm, located 25.0 cm from a converging eyepiece lens with a focal length of 4.05 cm. The telescope is used to view a 1O.0-cm-high object, located 425 cm from the objective lens.
a. What are the image position, height, and orientation as formed by the objective lens? Is this a real or virtual image?
b. The objective lens image becomes the object for the eyepiece lens. What are the image position, height, and orientation that a person sees when looking into the telescope? Is this a real or virtual image?
c. What is the magnification of the telescope?

describe, qualitatively, how the results of Young’s double-slit experiment support the wave model of light

solve double-slit and diffraction grating problems using, [image: ]
1. Calculate the angle of deviation of the 1st order maximum produced by directing monochromatic light (= 4.10 x 102 nm) through a diffraction grating in which the slits are 6.00 x 10-6 m apart. (3.92)

2. How far apart are the slits of a diffraction grating if the 3rd order maximum is observed to be deviated 24.0° from the central maximum when monochromatic light of wavelength 6.30 x 102 nm is used? (4.65 x 106 m)

3. How many lines per meter does a diffraction grating have if the 2nd order minimum occurs at an angle of deviation of 16.0° when light with a wavelength of 5.30 x 102 nm is used?  (3.47 x 105)

4. Calculate the wavelength of monochromatic light used in a diffraction experiment if the 1 sl order maximum is observed at an angle of deviation of 26.0° when a diffraction grating ruled with 1.00 x 106 lines/m is used. (4.38 x 10-7 m)

5. Monochromatic light is directed at a diffraction grating ruled with 5.00 x 104 lines/m. The maxima on a screen 1 .50 m away are 3.11 x 10-2 m apart. What is the wavelength of the light?  (4.15 x 10-7 m)

6. A student doing a diffraction experiment used light with a wavelength of 5.10 x 102 nm. He found that the distance between the 2nd order minimum and the central maximum was 1.02 x 10-1 m on a screen 1.00 m from the grating. What is the separation between the slits on the grating? (7.50 x 10-6)

7. A diffraction grating has 5.00 x 105 lines/m. How many orders of maximum can be observed if the grating is illuminated with monochromatic light of wavelength of 5.80 x 10-7 m? (3)

8. White light contains wavelengths from 4.00 x 10-7 m to 7.00 x 10-7 m. This white light is directed on a diffraction grating ruled with 5.50 x 104 lines/m. How wide is the first order spectrum on a screen that is 1 .25 m away from the grating? (2.06 x 10-2m)

9. Monochromatic light ,with a frequency of 6.50 x 1014 Hz is directed on a diffraction grating ruled with 4.00 x 104 lines/m. An interference pattern is produced on a screen 1.10 m from the grating. How far is the 1st order maximum from the central maximum?(2.03 x 10-2 m)

10. Monochromatic light with a frequency of 5.50 x 1014 Hz is directed onto a diffraction grating ruled with 6.00 x 103 lines/m. What is the distance between the 3rd bright band and the 5th dark band of the interference pattern formed on a screen 2.50 m from the grating? (1.23 x 10-2m)

11. A diffraction grating with lines 0.030 mm apart produces an interference pattern on a screen 1.00 m away. If the maxima are 1.7 cm apart, what is the frequency of the light used? (5.9 x 1014 Hz)

12. A student used a diffraction grating ruled with 6.20 x 104 lines/m to measure the frequency of a  monochromatic light. If the nodal lines are 0.0522 m apart at a distance of 1.50 m from the grating, what is the frequency of the light used? (5.34 x 1014 Hz)

13. Using the information contained in previous question, determine the distance between nodal lines if the grating was changed to 9.30 x 104 lines/m while all other variables remained unchanged. (7.83 x 102m)

14. Using the information contained in question 12, determine the distance between nodal lines at a distance of 3.00 m if all other variables remained unchanged. (0.104 m) 

15. Using the information contained in question 12, determine the distance between nodal lines if the frequency of the light was changed to four-fifths of its original frequency while all other variables remained unchanged. (6.52 x 10-2 m)
compare and contrast the visible  spectra produced by diffraction gratings and triangular prisms.

16. Using sketches, show how white light can be separated into the spectrum using 
a. A triangular prism
b. A diffraction grating
Be sure to indicate the colours of at least one spectral band










Review
17. A block of glass has a critical angle of 45.0°. What is its index of refraction?
18. Find the speed of light in antimony trioxide if it has an index of refraction of 2.35.
19. 
A 3.0-cm-tall object is placed 20 cm in front of a converging lens. A real image is formed 10 cm from the lens. What is the focal length of the lens?
20. How many more minutes would it take light from the Sun to reach Earth if the space between them were filled with water rather than a vacuum? The Sun is 1.5 X lO8 km from Earth.
21. What is the focal length of the lenses in your eyes when you read a book that is 35.0 cm from them? The distance from each lens to the retina is 0.19 mm.
22. 
It is impossible to see through adjacent sides of a square block of glass with an index of refraction of 1.5. The side adjacent to the side that an observer is looking through acts as a mirror. Figure 18-30 shows the limiting case for the adjacent side to not act like a mirror. Use your knowledge of geometry and critical angles to show that this ray configuration is not achievable when nglass = 1.5.
[image: ]

23. Yellow light falls on a diffraction grating. On a screen behind the grating 
24. Light falls on a pair of slits 19.0 p.m apart and 80.0 cm from a screen, as shown. The first-order bright band is 1.90 cm from the central bright band. What is the wavelength of the light?
[image: ]
25. Light of wavelength 542 nm falls on a double slit. First-order bright bands appear 4.00 cm from the central bright band. The screen is 1.20 m from the slits. How far apart are the slits?
26. Samir shines a red laser pointer through three different double-slit setups. In setup A, the slits are separated by 0.150 mm and the screen is 0.60 m away from the slits. In setup B, the slits are separated by 0.175 mm and the screen is 0.80 m away. Setup C has the slits separated by 0.150 mm and the screen a distance of 0.80 m away. Rank the three setups according to the separation between the central bright band and the first-order bright band, from least to most separation. Explain your reasons for your answer.

27. Monochromatic light passes through a single slit with a width of 0.010 cm and falls on a screen 100 cm away, as shown. If the width of the central band is 1.20 cm, what is the wavelength of the light?
[image: ]
28. A good diffraction grating has 2.5 X 103 lines per cm. What is the distance between two lines in the grating?
29. Light with a wavelength of 4.50 x 10-5cm passes through a single slit and falls on a screen 100 cm away. If the slit is 0.015 cm wide, what is the distance from the center of the pattern to the first dark band?
30. Monochromatic light with a wavelength of 425 nm passes through a single slit and falls on a screen 75 cm away. If the central right band is 0.60 cm wide, what is the width of the slit? 
31. Marie uses an old 33  rpm record as a diffraction grating. She shines a laser, λ= 632.8 nm, on the record, as shown. On a screen 4.0 m from the record, a series of red dots 21 mm apart are visible.
[image: ]
a. How many ridges are there in a centimeter along the radius of the record
b. Marie checks her results by noting that the ridges represent a song that lasts 4.01 minutes and takes up 16 mm on the record. How many ridges should there be in a centimeter?
32. A spectroscope uses a grating with 12,000 lines/cm. Find the angles at which red light, 632 nm, and blue light, 421 nm, have first-order bright lines.

33. Yellow light falls on a diffraction grating. On a screen behind the grating, you see three spots: one at zero degrees, where there is no diffraction, and one each at + 30° and - 30°. You now add a blue light of equal intensity that is in the same direction as the yellow light. What pattern of spots will you now see on the screen?
34. Blue light of wavelength passes through a single slit of width w. A diffraction pattern appears on a screen. If you now replace the blue light with a green light of wavelength 1.5 λblue, to what width should you change the slit to get the original pattern back
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