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Physics, Unit 10, Light, Objectives and Review, Worksheet (key)

1. Sketch the electromagnetic spectrum include all 7 regions in order from low frequency to high frequency.
low frequency 









high frequency

long wavelength 









short wavelength

low danger










high danger
radio         microwaves        infrared waves
   visible light
   ultraviolet waves      x-rays      gamma rays
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2. Give an application of each region of the electromagnetic spectrum.
Radio Waves – used for communication; Microwaves – used to cook, Infrared waves – heat waves; 
Visible Light – detected by your eyes; Ultraviolet waves – cause sunburns; X–rays – penetrates tissue; Gamma Rays – most energetic, do the most damage
3. What is the speed of light in a vacuum? 3 x 108 m/s, 300,000 km/s, 186,000 miles/s
4. How is a light wave produced? Light waves are produced by accelerating electric charges, often these accelerating electric charges are electrons that are moving from a higher energy level to a lower energy level around the atom.
5. What do polarized lenses in sunglasses primarily reduce? Glare 
6. (a) What are the primary colors of light? (b) What are the primary colors of pigment? (a) The primary colors of light are red, blue, and green.   (b) The primary colors of pigment are cyan, magenta, and yellow.
7. What is a complementary color? A complimentary color of light is that color that, when shown with its complimentary color, produces white light. A complimentary color of pigment is that color that, when shown with its complimentary color, produces black pigment. 
8. (a) What color results from the combination of magenta and green light?  (b) blue and green light? 
(c) red, blue and green light?   (a) white light   (b) cyan light   (c) white light
9. (a) What color results from the combination of yellow and cyan paint?  (b) cyan and magenta paint? 
(c) yellow, magenta, and cyan paint?   (a) green paint   (b) blue paint   (c) black paint
10. (a) What color results when a yellow light is shined on cyan paper?  (b) red light on a green leaf? 
(c) blue light on magenta handkerchief?   (a) green light   (b) black color   (c) blue light 

11.  Why is it that you can see a faint blue spot after staring at the sun? The faint blue spot is an afterimage. 
       While staring at an object, some of your nerve cells in your retina are being stimulated by the light from the    

       sun and its surroundings. When you look away, especially at a white background, many other nerve cells 
       suddenly become stimulated. Your brain interprets this as more light stimulating these cells and little if none 
       stimulating the original cells. The result is a “negative” image. Since blue light and yellow light are 
       complimentary colors (negative images of one another), you will see a blue spot.  
12.  What part of the human eye absorbs light and sends signals to the brain? The retina through the optic nerve    

       (cranial nerve II)
14.  What is the purpose of cones and rods on your retina? The cones detect color light. The rods detect black and 
       white light.
15.  (a) Why the sky is blue?  (b) Why are sunsets red?   (a) The tiniest molecules (such as N2 and O2) in the air 
       scatter the highest frequency light (blue and violet). Our eyes don’t detect violet light that well. This is why 
       we see the sky as blue.   (b) Only low frequencies of light (red and orange) are scattered on the long path 

       they travel through the atmosphere to get to the point where sunsets occur. This is because, in this longer 

       path, light waves will run into larger particles like dust and other larger molecules that will scatter lower 

       frequency light This is why sunsets are reddish orange. 
16.  State the law of reflection. The angle of incidence equals the angle of reflection.
17.  Draw a light ray that reflects off a flat surface with an angle of reflection of 60°. Label both angles, normal 
        line, and both light rays.
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18.  Draw a light ray as it passes from air into a piece of glass and back into the air again. Which way does the light bend 
        relative to the normal line?








         air
glass
      air


= normal 










= air/glass and glass/air boundary


        The light bends toward the normal when going from air to glass. The light bends away from the normal when 
        going from glass to air.
19.  Does light speed up or slow down when it leaves water into the air? Light speeds up because it is traveling from a 
       more dense to a less dense medium. 
20.  Why does light travel slower through glass than it does through a vacuum? Because light waves are somewhat 

       obstructed by the atoms of the glass which slow the light waves down a little. 
21.  How is white light separated into the various colors of the rainbow by a prism? Light is separated when traveling 

       through a prism by phenomenon of dispersion. The higher frequency waves (blue and violet) will travel 
       slower and bend more when traveling going through the prism. The lower frequency waves (red and orange) 
       will travel faster and bend less when traveling through the prism.

22.  (a) Which color of light travels slowest through transparent materials? b) Which travels fastest?   (a) The 
       Higher frequency waves (blue and violet) will travel slower and bend more when traveling going through the 
       prism. (b) The lower frequency waves (red and orange) will travel faster and bend less when traveling 
       through the prism.
23.  What causes the total internal reflection of light as it travels from water to the air? Light that is traveling 
       from a more dense to a less dense medium at an angle greater than the critical angle will be totally internally 
       reflected. 

24.  Explain how water droplets in the atmosphere form a rainbow. Rainbows are created by the dispersion of light as 

       it passes through little water droplets. The water droplets behave like little prisms. Light reflection, light 
       refraction, and light dispersion occur when light interacts with these little water droplets to form rainbows.  
Problems

1. A ray of light traveling in air strikes the surface of mineral oil at an angle of 23.1o with the normal to the surface. If the

    light travels at 2.17 x 108 m/s through the oil, a. what is the index of refraction of the oil?    b. what is the angle of

    refraction?

    θi = 23.1o, v = 2.17 x 108 m/s, ni = 1.00, c = 3 x 108 m/s, θr = ?

    a. nr = c / v  =  3 x 108 m/s  /  2.17 x 108 m/s  =  1.38 = nr
    b. ni sin θi  =  nr sin θr       sin θr  =  (ni sin θi) / nr         θr  =  sin–1[(ni sin θi) / nr]       

    θr = sin–1[(1.00)(sin 23.1o) / 1.38]        θr  =  16.5o         
2. A ray of light with a vacuum wavelength of 550 nm traveling in air enters a slab of transparent material. The
    incoming ray makes an angle of 40o with the normal, and the refracted ray makes an angle of 26o with the normal. Find

    the index of refraction of the transparent material. Assume that the index of refraction of air for 550 nm wavelength light

    is 1.00. 
    θi = 40o, θr = 26o, ni = 1.00, nr = ?

    ni sin θi  =  nr sin θr         nr  =  (ni sin θi) / sin θr          nr = (1.00)(0.6428) / 0.4384        nr  =  1.47 

3. Light traveling in air (n = 1.00) enters a crown glass prism’s flat side (n = 1.52) at an angle of 45o. Will the light pass

    through the prism’s other side or will it be totally internally reflected? 
    θi = 45o, n = 1.00 (air), n = 1.52 (crown glass), θc = ?
    sin θc = nr / ni (for ni > nr)       sin θc = 1.00 / 1.52       sin θc = 0.6578        θc = sin–1(0.6578)        θc = 41.1o
    45o > θc (41.1o)      The light will be totally internally reflected.
4. A fiber-optic cable used for telecommunications has an index of refraction of 1.53. For total internal reflection of light to

    occur inside the cable, what is the minimum angle of incidence to the inside wall of the cable if the cable is in:      a. air

    b. water 
    ni = 1.53 (cable), nr = 1.00 (air), nr = 1.33 (water), θc (air) = ?, θc (water) = ? 

    a. sin θc = nr / ni       θc = sin–1(nr / ni)  =  sin–1(1.00 / 1.53)      θc = 40.8o
    b. sin θc = nr / ni       θc = sin–1(nr / ni)  =  sin–1(1.33 / 1.53)      θc = 60.4o
