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Waves and Photons

Light acts like a transverse wave in many situations, with properties of frequency and wavelength. In other
situations a beam of light acts like a stream of tiny energetic particles. This Investigation will show some
experimental results that are best explained by thinking of light as a wave, and some that are best explained
by thinking of light as streams of particles. Light has both wave-like and particle-like properties.

A Polarization 
A transverse wave on a spring can oscillate in two perpendicular directions: horizontal (side-to-side) or
vertical (up-down). 

1. Find a partner. Each of you should take one end of the spring and stretch it. Do not let go or the 
spring will snap back suddenly.

2. One person should hold the spring firmly without moving. The other person should shake the 
spring up and down at the right frequency to get a wave (diagram) that oscillates up and down.

3. Shake the spring side to side at the same frequency until you get a  wave that oscillates side-to-side.

B Thinking about what you observed
  a. Describe how the term polarization applies to the two different kinds of waves you made.

  b. How many polarizations are there for a water wave like the one you made in Investigation 20A?

  c. Suppose you shake the spring at an angle halfway between vertical and horizontal. This makes the 
wave also oscillate at the same angle. Is this angle a totally different kind of polarization or can it be 
represented as a combination of the other two waves you made before? You should discuss this 
question with your class because the answer is not simple.

Questions for this Investigation:
How do we know light has both wave-like and particle-like qualities?

Materials
• Light and optics kit 
• Foam cup & water

• Room that may be darkened.
• Polarizing filters

• SlinkyTM spring
• Waterproof marker
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24BC The polarization of light
The two grey plastic squares in the optics kit are made of a special material called a polarizer. 
Some high-quality sunglasses are made of similar materials. 

1. Take one sheet of polarizer and look through it. Observe the effect of looking through the polarizer. 
Try rotating the polarizer and see if it makes a difference.

2. Take a second sheet of polarizer and look through it. Observe the effects, just as with the first sheet.
3. Look through both sheets of polarizer together. Leave one fixed and rotate the other one as shown 

in the illustration above. Observe how much light you see through both polarizers as you rotate the 
second one.

D Thinking about what you observed
  a. What is the difference between polarized and unpolarized light?

  b. Why did the image appear the same when viewed through one polarizer, even when the polarizer was 
rotated to any angle?

  c. Explain why rotating a second polarizer on top of the first polarizer changes the amount of light you see 
coming through. You may use the diagram below for reference. 

  d. Explain how polarization allows two waves to be different even if they have the same frequency, 
amplitude, phase, and wavelength. 
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E Reflecting on what you did
When we say that light is a wave, what exactly is waving? This is a difficult question. 
When you push the north poles of two magnets together, they repel each other while some distance apart. The
magnets feel force without touching because magnets create an energy field in the space around them. The
energy field is what creates forces on other magnets. Electricity also creates an energy field. You may have
felt this energy field in the air during a thunderstorm, or from static electricity on a dry day.

The energy field created by electricity and magnetism can oscillate and it supports waves that move, just as
water supports water waves. These waves are called electromagnetic waves, and light is one of them.
Anything that creates an oscillation of electricity or magnetism creates electromagnetic waves. Moving a
magnet up and down creates electromagnetic waves. If you could shake a magnet 450 trillion times per
second, you would make waves of red light. 

F Why polarizers make good sunglasses
1. Take a cup and draw some letters on the inside about 2 centimeters below the rim. Draw the letters 

with a waterproof permanent marker. Fill the the cup with water. 
2. Place place the cup on a table (or the floor) a couple meters from a window. When you stand over 

the cup you can see the letters through the surface of the water.
3. Position yourself so you can see light from the window reflected of the surface of the water. The 

glare on the surface should prevent you from seeing the letters.
4. Look at the cup (and the glare) through a polarizer as you slowly rotate the polarizer. Notice you 

can see the letters sometimes, and sometimes you can’t.

G Thinking about what you observed
  a. Is there an orientation of the polarizer that allows you to see through the glare? If so, what is it?

  b. What does this experiment tell you about the light that is reflected from the surface of the water 
compared to other light you see?
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24BH Glow-in-the-dark plastic
1. Uncover the greenish-white patch of glow-in-the-

dark plastic (on the underside of the optics board) in 
a darkened room.

2. Cover part of the plastic with your hand or another 
opaque object. Expose the plastic to bright light for a 
few seconds.

3. Turn off the light source, remove the covering, and 
record your observations.

4. Expose the plastic to light completely uncovered.
5. Remove your hand and record your observations.

I The effect of different colors
In this part you will test red, green, and blue light separately. 

1. Allow the glow-in-the-dark material to stop glowing by leaving it in the dark for a few minutes.
2. Switch on the red LED lamp and shine it on the glow-in-the-dark 

material from a distance of about 10 centimeters. Wait 15 seconds 
and take the LED away and record your observations.

3. Try the same experiment again with the red LED 5 centimeters 
away and then again with the LED held right up against the 
surface. Decreasing the distance increases the intensity of the light 
without changing its color.

4. Repeat the procedure with the green LED. Record your 
observations.

5. Repeat the procedure with the blue LED. Record your observations.

J Thinking about what you observed
In answering these questions, think in terms of light and energy. 

  a. Why didn’t the plastic that was covered by your hand glow? Explain in 1-2 sentences.

  b. What is the energy of green light compared to red and blue?

  c. Propose an explanation for why the red and blue lights had different effects on the glow-in-the-dark 
plastic. 

  d. Holding the LED lamp closer to the surface makes the light on the surface brighter. Brighter light 
means more energy. The red light did not make a glow even when it was close, while the blue light 
made a glow even 10 cm away. How does the photon theory of light explain this observation? This is a 
class discussion question and the answer took many years to deduce.
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