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4.P.4 The student will demonstrate an 
understanding of the properties of light and 
sound as forms of energy. 

4.P.4A. Conceptual Understanding - Light, as a form 
of energy, has specific properties including color and 
brightness. Light travels in a straight line until it strikes 
an object. The way light reacts when it strikes an object 
depends on the object’s properties. 

The standards below are omitted from 
the CCSD FOSS kit:
4.P.4A.5 Plan and conduct scientific investigations to 
explain how light behaves when it strikes transparent, 
translucent, and opaque materials. 

4.P.4A.4 Develop and use models to describe how light 
travels and interacts when it strikes an object (including 
reflection, refraction, and absorption) using evidence from 
observations.

4.P.4A.3 Obtain and communicate information 
to explain how the visibility of an object is related 
to light. 

4.P.4A.2 Analyze and interpret data from observations and 
measurements to describe how the apparent brightness of 
light can vary as a result of the distance and intensity of the 
light source.

SOUTH CAROLINA STATE STANDARDSSOUTH CAROLINA STATE STANDARDS
8.P.3 The student will demonstrate an understanding of the 
properties and behaviors of waves. 

8.P.3A.1 Construct explanations of the relationship between 
matter and energy based on the characteristics of mechanical 
and light waves. 

8.P.3A.2 Develop and use models to exemplify the basic 
properties of waves (including frequency, amplitude, 
wavelength, and speed). 

8.P.3A.3 Analyze and interpret data to describe the behavior 
of waves (including refraction, reflection, transmission, and 
absorption) as they interact with various materials.
 
8.P.3A.5 Construct explanations for how humans see color as 
a result of the transmission, absorption, and reflection of light 
waves by various materials (including reflection, refraction, and 
absorption) using evidence from observations.

Vocabulary: reflect, refract, absorb, transparent, 
opaque, shutters, pan, tilt, light waves, 
mechanical waves, wavelengths.

4.P.3 Recognize that energy takes various forms that may 
be grouped based on their interaction with matter. 

4.P.3.1 Recognize the basic forms of energy (light, sound, 
heat, electrical, and magnetic) as the ability to cause 
motion or create change. 

4.P.3.2 Recognize that light travels in a straight line until it 
strikes an object or travels from one medium to another, 
and that light can be reflected, refracted, and absorbed.

6.P.1 Understand the properties of waves and the wavelike 
property of energy in earthquakes, light and sound waves. 

6.P.1.1 Compare the properties of waves to the wavelike 
property of energy in earthquakes, light and sound.

NORTH CAROLINA STATE STANDARDSNORTH CAROLINA STATE STANDARDS
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PART I  -  HISTORY OF THEATRICAL SPOTLIGHTSPART I  -  HISTORY OF THEATRICAL SPOTLIGHTS

Spotlights are a necessity in theater; without lights, the stage would not be visible. In early 
times, the Greeks built their theaters facing east to west so they could perform plays in the 
afternoon and have the natural sunlight hit the actors, but not those seated in the orchestra. 
They used the natural light of the sun to make the performers visible. 

Through the years, theater houses were built without a roof to let the light fall upon the stage. 
Later on, candlelight and chandeliers were used. 

In the 1820s, the Limelight was invented by Goldsworthy Gurney. He discovered that if he 
used an incense burner, he could create a controllable illumination effect. He mixed oxygen 
and hydrogen to create a powerful flame as a spotlight. People referred to it as being “in the 
Limelight,” a term still heard today.

Limelight Diagram
Theresa knott (original); 
Pbroks13 (redraw), 
CC BY-SA 2.5 via 
Wikimedia Common

The Globe Theatre (London)
No author provided. Flux 
Garden commonswiki assumed 
(based on copyright claims), 
CC BY-SA 2.5 via Wikimedia 
Commons
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PART II  -  VIDEO WORKSHOPPART II  -  VIDEO WORKSHOP

CLICK THE IMAGE 
ABOVE TO WATCH 
THE WORKSHOP

https://youtu.be/sk3tVW6HKe0
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PART II  -  VIDEO WORKSHOPPART II  -  VIDEO WORKSHOP

Lens Barrel without Shutters

Lens Barrel with Shutters

In Dave’s video, we learned that theatrical spotlights 
are unique because of the shutter barrel and the lens 
tube. The shutter barrel contains metal plates that 
allow us to shape the beam of light. Then lens tube 
focuses the light into a tight beam to light a specific 
area.

(Eighth Grade Extension)
There are mechanical waves like sound waves. Light 
waves are not mechanical; they are electromagnetic 
waves called photons. As light waves travel, they move 
up and down like waves in the ocean. The distance 
between the peak and the valley of the wave is called 
the wavelength. When a light wave strikes an object, 
some of the waves bounce off of the object. This 
process is called reflection. When the light waves 
bounce off an object, some of the light is absorbed 
and some reflected. The reflected portion is identified 
by our eyes and brain, which results in our eyes seeing 
different colors. 

Light Waves Reflecting 
Off an Object
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PART III  -  EXPERIMENTSPART III  -  EXPERIMENTS

Before you begin the experiments, you will need a science notebook. Use 
your science notebook to document the scientific process for each one of the 
experiments. Include one drawing of each experiment in your science 
notebook as part of your response.

1. Ask a question: what are we trying to find out?

2. Gather information and observe: what do you know about this topic?

3. Make a hypothesis: what do you think will happen?

4. Experiment and test your hypothesis.

5. Analyze your test results.

6. Present a conclusion: what happened? Was your hypothesis correct or 
incorrect? What did you learn?
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PART III  -  EXPERIMENTSPART III  -  EXPERIMENTS

Experiment 1 - Bend a Light WaveExperiment 1 - Bend a Light Wave

Supplies:
• Glass of water
• White paper 
• Sunlight

Instructions
1. Fill a glass with water and take it outside in the 
sun or by a sunny window.

2. Place your glass in the direct sunlight.

3. Put a piece of white paper in the spot next to 
the glass where the reflection lands.

4. Write your conclusion in your science journal. 
Can you find a rainbow? 

When light enters the glass of water, it slows 
down since it is harder for a light wave to pass 
through a liquid versus a gas. As the light exits 
the water, it bends or refracts. The light is broken 
into colors as a result. Different colors travel at 
different speeds. As the colors travel, it results in 
the rainbow you see on the white paper.  
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Experiment 2 - Theater Style Lamp with ShuttersExperiment 2 - Theater Style Lamp with Shutters

Supplies:
• Empty toilet paper or paper towel roll
• Scissors
• Flashlight or light on a smartphone

Instructions
1. Take your toilet paper roll and flashlight into a dark 
spot. Observe what happens to the light when you hold 
the flashlight up to the end of the paper roll and shine the 
light down it. This will be your lens tube and the flashlight 
is your artificial source of light.

2. Now, hold your toilet paper tube in your hand. Make 
four symmetrical cuts approximately a half-inch long at the 
end of the tube. Fold these rectangles back and forth so 

they can easily move. The toilet paper roll is your lens and the flaps you created serve as your shutters.

3. Go into a dark area of your home or classroom and shine the flashlight through your lens barrel 
again. Fold the shutters back and forth and observe how the light waves change. This is how to expand 
and focus spotlights in the theater. When you move your lamp side to side, it is called a pan. When you 
move your lamp up and down, it is called a tilt.

4. To extend your learning, try using a more powerful flashlight in your lens tube and observe how the 
brightness of the light can affect its distance. You can also move your beam closer to the wall and then 
farther away; observe how the intensity changes. 

5. Lastly, theaters use a cyclorama, or a white curtain across the back of the stage. The reason it is white 
is to reflect the light from the spotlight. Try focusing your beam on a dark wall verses a white wall. Do 
you see a difference?

6. In your science journal, write your conclusion. What is the purpose of a lens tube and shutters and 
how does it affect the light? Why is it important to have light in a theater? 

PART III  -  EXPERIMENTSPART III  -  EXPERIMENTS
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ASSESSMENTSASSESSMENTS

Grade 4Grade 4

1. When you move the shutters on your barrel, how does it affect the light? Do the opaque 
shutters change the light? (4.P.4A.5) 

2. In theater, we use cycloramas to reflect the spotlight. You focused your beam on a light 
surface and then a dark surface. How did the light appear differently? (4.P.4A.4)

3. Without spotlights, a theater would remain dark. Spotlights make it possible to see 
the performers and the set. Without spotlights in the theater, would the stage be visible? 
(4.P.4A.3)

4. Based on your observations with your makeshift spotlight, how does distance affect the 
intensity of the light? (4.P.4A.2)

Grade 8Grade 8

1. When you move the shutters on your barrel, how does it affect the light? Do the opaque 
shutters change the light? (8.P.3A.3)

2. In theater, we use cycloramas to reflect the spotlight. You focused your beam on a light 
surface and then a dark surface. How did the light appear differently? What about when 
you separated the light wave through the glass of water? Explain how that was refraction. 
(8.P.3A.5)

3. What is the difference between a mechanical wave and a light wave? (8.P.3A.1)

4. In the glass of water experiment, how did this model show the basic properties of a 
wavelength and speed of light? (8.P.3A.2)
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CITATIONS AND RESOURCESCITATIONS AND RESOURCES

Research for this lesson plan:

• https://en.wikipedia.org/wiki/Stage_lighting#:~:text=The%20earliest%20known%20form%20of,those%20

seated%20in%20the%20orchestra

• https://en.wikipedia.org/wiki/Limelight

Photos for this lesson plan:

Limelight Diagram: https://commons.wikimedia.org/wiki/File:Limelight_diagram.svg

The Globe Theatre: https://commons.wikimedia.org/wiki/File:The_Globe_Theatre,_Panorama_Innenraum,_

London.jpg

David Kerr began his professional career in the entertainment business in Charleston, SC in 
1995. He worked as a local stagehand and studio mechanic for about two years in concert 
venues, theaters, and film sets. He worked in a variety of departments such as electrics, 
carpentry, props, and wardrobe.

In 1998, Dave began his North American touring career working as head electrician for the 
Broadway musicals, The King and I, Annie, and Rent. In 2003, he moved to New York City and 
accepted the head electrician position for Alvin Ailey American Dance Theater. Dave toured 
internationally with AAADT for thirteen years. 

After eighteen years of touring, he has worked in hundreds of theaters in forty-nine states and 
over twenty countries across five continents. In 2016, Dave returned to the very theater where 
his journey began twenty-two years ago, the Charleston Gaillard Center.

https://en.wikipedia.org/wiki/Stage_lighting#:~:text=The%20earliest%20known%20form%20of,those%20seat
https://en.wikipedia.org/wiki/Stage_lighting#:~:text=The%20earliest%20known%20form%20of,those%20seat
https://en.wikipedia.org/wiki/Limelight
https://commons.wikimedia.org/wiki/File:Limelight_diagram.svg
https://commons.wikimedia.org/wiki/File:The_Globe_Theatre,_Panorama_Innenraum,_London.jpg
https://commons.wikimedia.org/wiki/File:The_Globe_Theatre,_Panorama_Innenraum,_London.jpg
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SPONSORS AND SUPPORTERSSPONSORS AND SUPPORTERS

Setting the Stage is presented in part by:

the
Kennedy-Herterich


