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SC Grade 4 & 8
NC Grades 4

S O U T H C A R OL I N A S TAT E S TA N DA R D S
4.P.4A.3 Obtain and communicate information to explain how the visibility of an object is related
to light.
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.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.

N O R T H C A R OL I N A 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.

PART I - WOR K S H OP VI D E O
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CLICK THE IMAGE
ABOVE TO WATCH
THE WORKSHOP

In Episode 4, Hunter showed us how we send video signals
using HDMI cables and how a projector creates an image.
But how does the camera collect that image?

PART I I - EVOL U T I ON OF T H E C A M E R A
Camera Obscura
The camera can be dated back to the Middle Ages where a physicist by the name of Alhazen discovered
the idea of Camera Obscura, which means “dark chamber.”1 In ancient times, people used Camera
Obscura to view eclipses of the sun. In the simplest form, Camera Obscura was a dark room with a
small hole in one wall. If you look at the diagram, you can see how when it was bright outside, light
would enter through the hole and would project an upside-down image of the outside onto the wall of
the opposite hole.
In an article from the Library of Congress, “Louis-Jacques-Mandé Daguerre invented the daguerreotype
process in France. The invention was announced to the public on August 19, 1839 at a meeting of
the French Academy of Sciences in Paris.”2 The daguerreotype was the first successful photographic
process that consisted of an image being imprinted on a copper plate. This idea eventually led to the
first creation of the pinhole camera. Typically, a pinhole camera is a black box with one tiny hole on one
of the sides. Photographers would place film on the wall opposite of the pinhole to capture images.
According to an article from HowStuffWorks, William Henry Fox, an Englishman, was the first to create
this paper film. If using a pinhole camera, the film would need to be exposed for a long time since the
pinhole was so tiny and let little light in. The pinhole camera acts as a lens. “The pinhole forces every
point emitting light in the scene to form a small point on the film, so the image is crisp.”3

LIGHT RAYS
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PART I I - EVOL U T I ON OF T H E C A M E R A

Traditional Film Camera
© Kameraprojekt Graz 2015 /
Wikimedia Commons / CC BY-SA 4.0

Traditional Cameras
Cameras have evolved out of the pinhole camera and now
contain more parts to create better photographs. According
to Kids Britannica, “A traditional camera is a light proof box—
which can vary in shape according to the type or brand of
camera—with an opening at one end where light can be
admitted and a device at the other end to hold film.”4 These
two pieces control how much light comes into the camera.
Cameras have lenses to filter the light coming through and
direct it to the film that is stored in the camera.5 The film,
which is coated in special chemicals, reacts to the light and
records the image on film. Photographers take this film and
develop it in more chemicals to make prints on the paper.
Digital Cameras
In today’s world, we now have access to digital cameras. A
digital camera works similarly to that of a traditional camera,
but instead of capturing an image on film, it captures it on an
electric chip. The electric chip is a light sensor that turns the
images into electric signals.6
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Digital Camera
Jacek Halicki, CC BY-SA 4.0, via
Wikimedia Commons

Projectors
Hunter describes that a projector works in the same way. The
projector lens captures the light from our surroundings and
the sensor chip takes in the image and turns it into a signal
to send down the HDMI cable. The HDMI cable connects
the projector to a video switcher where video switchers can
select camera shots.

Britannica Kids Online, s.v. “Camera,” accessed December 6, 2021,
https://kids.britannica.com/kids/article/camera/399387
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WATCH THE VIDEO BY TED-ED TO LEARN MORE
ABOUT THE EVOLUTION OF THE CAMERA

PART I I I - C A M ER A OP E R AT I O N S
In Episode 11, we learned how lighting can be used to create special effects and set the mood
for a performance. In this workshop, we learned that cameras can be controlled with four
basic operations that can also create special effects and set the mood for a performance. The
four basic operations are:
Pan: move the camera left and right
Tilt: move the camera up and down
Focus: make the image sharp or fuzzy
Zoom: bring the subject closer or farther away
Hunter describes how you can combine different operations to create special effects, like the
Vertigo shot. The camera is placed on a dolly that rolls the camera backward and forwards. As
the camera moves, the operator zooms the camera in and out on the subject. This creates the
effect where the background appears as if it is growing or shrinking while the subject, stays
the same size.
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PART I V - EX P ER I M EN T
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?

PART I V - EX P ER I M EN T
Experiment 1 - Pinhole Camera
In Setting the Stage Episode 4, we learned how projectors use a
convex lens to bend light and create a large, or magnified version
of an image. In this workshop, we learned how projectors capture
the light with the sensor chip and turns the image into a signal that
can be sent through an HDMI cable. Camera and projectors rely on
the fact that light travels in a straight line and reflects off a surface
and into your eyes. In this experiment, we are going to combine our
previous knowledge of how projectors and cameras work to create
your own pinhole camera.

LIGHT RAYS

Materials:
• Shoe box
• Black tape
• Scissors
• Aluminum foil
• Thumb tack
• Sun- sensitive paper (Amazon)
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Instructions:
1. To begin the experiment, get a shoebox or small cardboard box and light proof it. You
want to make sure that all holes, cracks, and edges are covered in black tape to block any
unwanted light. This step is crucial to make sure that your photo paper isn’t exposed to light
ahead of time.
2. Next, you are going to measure the middle of one end of the box (length side). On that
spot, cut a small circle out. Next, tape some aluminum foil to the small circle to once again
light proof your box. With the thumb tack, make a small opening in your aluminum foil. This
will allow for some small amount of light to come into the box.

PART I V - EX P ER I M EN T
Experiment 1 - Pinhole Camera
3. On the opposite side of the aluminum foil hole, mark a
spot for your photo paper (it should directly lign up with the
aluminum foil hole).
4. The last part in designing your pinhole camera is to create
the shutter. The shutter is important so that the photo paper
is not over exposed. Tear off a small piece of tape and fold it
in half (it should be big enough to cover the small hole in the
aluminum foil) and attach both sticky sides together. This will
be used as your shutter flap. Using tape, attach it right above
the pinhole. Last, add another small piece of tape underneath
the pinhole so you can tuck in the flap.
5. You are ready to take some pictures! Go into a dark room
to load your photo paper. Tape the paper to the opposite
side of your pinhole. Leave the room and decide what you
want to photograph first. This is the tricky part. You are going to lift the shutter up for
an extended period of time to capture the image on your photo paper. This will take
some experimentation to see how long you need to keep the shutter open.
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6. There are light-sensitive chemicals already on sun-sensitive paper. When the
shutter is open, and the sunlight is exposing the paper, the layer of chemicals on the
film reacts to photons of different colors. Once developed, run your photo paper
under water to seal the image.
7. There are some different variables that you can try out too. What would happen if
you spread sunscreen on the photo paper before exposing it to sunlight? What do you
notice about the shutter and the time you expose the photo paper to sunlight?

PART I V - EX P ER I M EN T
Experiment 2 - Cardboard Light Maze
We have been learning about light and how it travels in a
straight line until it strikes an object or travels from one
medium to another. We have also learned that light can be
reflected, refracted, and absorbed. Hunter tells us that the
lens of the camera works like our eyeballs and captures the
light from our surroundings. In this experiment, you will
create a cardboard maze that blocks the straight line of light.
Your goal is to place mirrors to reflect the light until the light
path exits the maze.

Materials:
• Flat piece of cardboard
• Cardboard
• Metal ruler
• Scissors
• Tape or hot glue
• Pieces of mirror
(Michaels, Walmart and Amazon)
• Flashlight

Instructions:
1. Begin by drawing the layout of the maze on a piece of cardboard. Draw
all the walls, entrance, and exit points. This is the base of the maze.
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2. Next, using a metal ruler, cut out some 1-inch strips of cardboard. Glue
or tape the strips on your drawn lines. You might have to cut your strips
to smaller sizes to fit your design. Measure the line with your ruler, then
make adjustments to your strips.
3. Once your maze is complete, shine the flashlight at the entrance.
Where will your first mirror need to be placed? What about the
angle of it?
4. Continue this process until your light reaches the exit of the maze!
5. You will notice the intensity of the light begins to dim deeper in the maze. Turning off the
lights to solve the maze helps!

R E S O U R C ES
Explore More Resources

Rubric

Watch BrainPOP’s Lesson on Cameras
Watch BrainPOP’s Lesson on Light
Read More about Photography

Pinhole Camera Rubric

Photography Activity
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