EDUCATION
WORKSHOP

Setting
the Stage
Episode 3:
Let there be light
--SC Grades 4 & 8
NC Grades 4 & 6

S OU T H C AROL I NA STAT E S TA N DA R D S
Student Objective:
The student will demonstrate an understanding of the properties of light and sound as forms of energy.
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.

8.P.3: The student will demonstrate an understanding
of the properties and behaviors of waves.
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.
Vocabulary: light wave, translucent, transparent,
opaque, reflection, refraction, absorption, wattage.

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.

NORT H C A ROL I NA S TAT E S TA N DA R D S
4.P.3 Recognize that energy takes various forms that
may be grouped based on their interaction with matter.
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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.

PA RT I - W H AT I S L IGH T ?
Light travels in waves and in a straight line until
it hits an object. Like waves moving in the ocean,
light waves go up and down; the distance
between the up and down movement is called a
wavelength.
The color of light depends on its wavelength. Red
light has the longest wavelength. Violet light has
the shortest wavelength. Orange, yellow, green,
blue, and indigo have wavelengths in between

those of red and violet. When light waves of
all the colors travel together, the light looks
white.
We use light for many purposes, and we get
light from natural sources, like the huge ball
of burning gas we call the sun and artificial
sources like lamps.

PART I I - H I S TORY OF
L IGH T BU L B S
Who gets credit for the invention of the lightbulb? Thomas
Edison did not invent the first lightbulb; he invented the first
light bulb that could be reproduced for commercial purposes.
There were 22 inventors of the lightbulb before Edison got
around to it.
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Thomas Edison’s Light Bulb
Thomas Edison’s patent drawing for an
improvement in electric lamps, patented
January 27, 1880; Records of the Patent
and Trademark Office; Record Group 241;
National Archives.

In 1802, Humphry Davy invented the first electric light. He
connected wires to a battery with a piece of carbon, and it
produced light. Seventy years later, Edison’s team found that
a carbonized bamboo filament could make light last for 1200
hours. That was the birth of the commercialized lightbulb; it
was simply the difference of finding the right filament to make
the bulb last. He also invented other items that were needed
to make the light bulb practical for use in homes, including
safety fuses and on/off switches.

FUN FACT: Edison had a tough time in school and was eventually homeschooled by his mother. He
was also partially deaf in one ear. These obstacles did not prevent Edison from inventing some of our
most influential devices and patenting over 1000 of them!

PA RT I I I - T H E AT E R L IGH T S
In theater, light is a necessity. Without it, the audience would not be able to see the
performer. Light helps tell the story and brings excitement to the production. In a theater,
light is used to provide visibility, motivation, composition, and mood.
But have you ever really thought about where that lights comes from and who is controlling
it? That is the responsibility of an electrical engineer, and today you are going to hear from
the Gaillard Center’s own Head Electrical Engineer, David Kerr.
In the Gaillard Center, we use a light called the ellipsoidal reflector light. It directs light
through a barrel and contains an ellipsoidal reflector, which is half of a mirrored dome.
The reflector collects all of the light from the bulb and distributes it through a lens in a
controllable spotlight. The electrical engineer can put the spotlight on a particular subject
and it keeps the light from spreading out.
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LEFT: Ellipsoidal Reflector Light
Gillette, J. Michael (2003). Designing
With Light: An Introduction to Stage
Lighting, Fourth Edition. McGraw Hill.
p. 60. ISBN 0-7674-2733-5.

ABOVE: An Ellipsoidal Reflector
from a Leko
Gillette, J. Michael (November 10, 2004).
Theatrical Design and Production:
An Introduction to Scene Design and
Construction, Lighting, Sound, Costume,
and Makeup. McGraw Hill. p. 365. ISBN
0-07-256262-5.

PA RT I V - V I DE O WOR K S HOP
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CLICK THE IMAGE
ABOVE TO WATCH
THE WORKSHOP

What is happening when you use an ellipsoidal
reflector light? Let’s find out. Watch this short
video from the Gaillard Center’s Head Electrical
Engineer, David Kerr.

PA RT I V - V I DE O WOR K S HOP
As Dave explained, the household light bulb has a different
shape than the lamps we use in theater. This is so they can
light up a large area in your home. They are also anywhere
from 20-100 watts. Wattage is a term we use to measure
electrical power.
The lamps we use in theater are much more powerful and
contain up to 550 watts to 750 watts of electrical power; this
is so we can light up distant objects. The spotlights we use
in theater have reflectors. This helps focus the light from
the lamp into a beam. This is because in theater we use
spotlight to focus on a specific area.

Household Light Bulb

Additionally, the 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 the lens tube focuses the light into a nice tight
beam to light a specific area.
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Theater Lamp

Shutter Barrel

PA RT V - E X PE R I M E N T S
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.
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6. Present a conclusion: what happened? Was your hypothesis correct or
incorrect? What did you learn?

PA RT V - E X PE R I M E N T S
Experiment 1 - Shadow Puppets
In Dave’s video, he mentions the translucent lightbulbs used in
our home versus the transparent lightbulbs used in the theater.
Translucent means you can somewhat see through the object
like wax paper or a plastic grocery bag. Transparent means
you can see through the object completely like water or glass.
Opaque means you cannot see through the object at all like
wood or metal. We are going to create a shadow puppet theater
using examples of all three types of materials and understand
how light behaves differently when it shines through each one.
Use the rubric on page 11 when making your video.
Instructions
1. In your science notebook, design two characters that will star in
your shadow puppet theater. As part of your design, include how
you will use three contrasting materials to demonstrate opaque,
transparent, and translucent.

Supplies:
• Lamp or flashlight
• An opaque material

(construction paper, cardstock,
tin foil, clay, soda box)

• A translucent material

(wax paper, tissue paper, toilet paper, thin
paper, envelope, grocery store plastic bag)

• A transparent material

(Ziploc bag, Saran-wrap, clear tape, clear
water or soda bottle)

• Scissors
• Popsicle stick, skewer, pencil or
a thin stick from outside

2. Write three to five sentences of dialogue between your
characters explaining how light reacts to their different parts.
3. Build your characters. Each character can be cut out of opaque material, but each needs additional
parts showing transparent and translucent. For example, if I cut out a cat shape out of opaque paper. I
will then cut holes for eyes and put clear tape over the eyes to demonstrate transparency. Lastly, I will
cut out a blank space for the cat’s belly. But this time, I will tape a piece of wax paper over the belly that
I colored red to demonstrate translucent. Then, I will tape my character on the top of the stick.
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4. Set up your theater. You need a dark room and a lamp. Go into a dark space without a window like a
closet or bathroom. Set up your lamp with no shade and turn your lamp on. Now, position your shadow
characters between the lamp and the wall, holding them each by the stick handle. Your characters will
appear on the wall. Practice.
5. Set up a device to record your show or have someone at home help out.
6. Start your performance. Tell your story with your two characters. At the end, explain how the light is
reacting to the three materials: opaque, translucent, and transparent. Be as creative or as funny as you
like! Use your rubric to make sure you include all requirements.
7. Write about it in your science journal upon completion and email your teacher the recording.

PA RT V - E X PE R I M E N T S
Experiment 2 - Broken Pencil Magic Trick
We know about reflection, when light hits an object and
bounces back towards us; this is how we are able to see things
around us. We know about absorption, when an object takes
the light in and absorbs it all like the trunk of a tree or anything
opaque. But what about refraction? Refraction is the bending of
a light wave. In the experiment below, we will test this theory.

Supplies:
• A glass of water
• A pencil

Instructions
1. Fill a glass halfway with water.
2. Place a pencil in the glass.
3. View the glass from the side, not directly down from
the top. Does the pencil look different?
4. Why does the pencil appear broken? This is due to
refraction. Light travels in waves. When light travels
through air, the waves can run smoothly, but it is more
challenging for light to travel through water. The light
waves slow down and bend as they travel through water.
This results in two different views of the pencil.

Setting
the Stage
Episode 3:
Let there be light

9

5. Now that you know about refraction, perform this
as a magic trick for someone at home and have them
record you. Show them that as a magician, you can
break a pencil and magically make it whole again. At the
end of the video explain how refraction works. If you want to try a different refraction trick,
experiment with your own ideas or check out the Amazing Water Trick here. Use the rubric
on page 11 to make sure you include all requirements.
6. Write about the experiment in your science notebook and send the video to your teacher.

PA RT V - E X PE R I M E N T S
Experiment 3 - Make a Reflective Lampshade
In the video, Dave talks about our lampshades at home
being reflective and translucent. How would that change
if we lined our lampshade with aluminum foil? Would the
lampshade become reflective like an ellipsoidal light with
an opaque shade?

Supplies:
• Lamp with a shade
• Aluminum foil

Instructions
1. Turn on a lamp in your classroom or at home. Take a picture of the lamp so we can
compare how the light is distributed.
2. Turn off the lamp and remove the shade.
3. Cover the entire shade in aluminum foil.
4. Put the shade back on the lamp and turn it on.
5. Take a picture and compare.

Did making a lampshade mirrored
and opaque change the direction or
the power of the light coming from
the lamp?
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Explain how they compare and
contrast in your science notebook.
Use a Venn diagram to compare the
two types of lampshades and the
difference between the direction of
the light. Include four similarities
and four differences. This diagram
will serve as your assessment.

Opaque
Lampshade

Mirrored
Lampshade

C I TAT IONS AN D R E SOU RC E S
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.

Explore More Resources

Rubrics

Interactive Lights and Colors

Experiment 1 Rubric (4.P.4A.5)
Experiment 2 Rubric (4.P.4A.4 and 8.P.3A.3)
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https://www.dkfindout.com/us/science/amazing-inventions/light-bulb/
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https://kids.britannica.com/kids/article/light/353386

S P ONSOR S AN D S U PP ORT E R S

Setting the Stage is presented in part by:

the

Kennedy-Herterich
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