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Lesson Descriptions
The project on Light Luminosity and the Inverse Square Law (ISL) consists of five lessons on the
mathematics and properties of light. Students progress from conducting a simple lighting
experiment to solving systems of quadratic equations. Each lesson should take one day to complete;
doing all six in a row should take just over one week.
Lesson 1 – Two Lighting Examples and Cookies
The entire class is involved in a lighting experiment using the overhead projector. The students are
then arranged into film crews consisting of four member to design an additional lighting experiment.
The experiment builds the background knowledge necessary to gain an intuitive understanding of
the ISL and the advanced mathematics that are associated with these lessons. Lesson 1 is a
prerequisite for Lessons 2, 3, 4, and 5.
Lesson 2 – Lighting Experiment
Each film crew group conducts a lighting experiment using flashlights. The purpose of the
experiment is to determine the relationship between light intensity, light dispersion and distance of
the light source, and to gain an intuitive understanding of properties of light and the ISL.
Lesson 3 – Exterior Night Scene – Park Bench
The film crew groups take what they have learned about the properties of light and the Inverse
Square Law and apply it to a real world setting: filming an exterior night scene for a motion picture
and carrying out calculations and graphing the ISL.
Lesson 4 – Review – Solving Equations and Using the Quadratic Formula
The entire class is involved with reviewing the mathematical properties necessary to complete
Lesson 5. The review includes solving systems of equations in two variables, solving quadratic
equations, and applying the quadratic formula.
Lesson 5 – Exterior Night Scene – Street
The film crew groups apply what they have learned from Lessons 1, 2, 3, and 4 to solve another
lighting problem about filming an exterior night scene. In this lesson, students will need to be able
to solve systems of equations and use the quadratic formula.
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Learning Objectives
Lesson 1: Learn to work in film crews and cooperate with constructions
Lesson 2: Determine relationships
Intuitive understanding
Lesson 3: Determine proportions
Work with inverses
Calculate squares
Take square roots
Graphing the inverse square
Lesson 4 and 5: Solving systems of equations in two variables
Solving quadratic equations
Quadratic formula
Squaring
Square roots

Materials
Overhead Projector
Flashlights
Card Board
Measuring Tapes
Rulers
Scissors
Tape
Large Drawing Paper
Multi-colored Pencils and Pens
Graphing Calculators
Area of Light Dispersion Diagram
Cookic-Square cut out
Grouping Cards*
*

Grouping cards are an option teachers can choose to randomly partner students together for the
lessons. Teachers cut out the various objects, and in random order, give to students as they enter
the classroom. Teacher may opt to put the cards on students desks before they enter the
classroom. Have students match their grouping card with the other student(s) that have the same
card and begin the lessons.
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Lesson 1 – Two Lighting Examples and Cookies
Pre-Reading: Background Information on the Properties of Light
Hand out “Background Information on the Properties of Light.” Have students read the
background information with a partner. One student in the pair reads the first paragraph aloud
while the other student circles unfamiliar words and phrases. The partners switch roles so that the
second student reads aloud while the first circles unfamiliar words and phrases. Each pair of
students continues reading the background information, switching roles for each paragraph. When
discussing this with your students, you might want to bring in a candle or one of those electric
Christmas candles to help your students visualize the light intensity of one candlepower and the
illumination of one footcandle.
When the students have finished reading, conduct a whole-class discussion on the background
information. Have each pair of students share one unknown word or phrase with the class. On an
overhead transparency write the unknown words and phrases. As a class, brainstorm definitions.
Have students create a vocabulary list containing the unknown words and phrases with matching
definitions.

Pre-Activities: Two Examples
There are two examples to perform with your students prior to beginning the student lessons. The
examples are designed to show how area change is related to perimeter change, encourage students
to develop a method for making calculations with the Inverse Square Law, and provide students
with an intuitive understanding of the Inverse Square Law. The examples are opposites of each
other. In example 1 we see how distance from an object is related to change of area. In example 2
we see how area is related to change of distance. Have different students carry out the
measurements.
Example 1
Tape the area diagram on the wall. Place the Cucaloris or Cookie Square cut-out on the overhead
projector. In the motion picture industry, a Cucaloris is a light shaping device that is commonly
called a “cookie.” Aim the projector at the “Area of Light Dispersion Diagram” and move the
projector so that just one of the squares in the diagram is illuminated. Measure the distance from
the projector to the wall. Have students record the measurement.
Move the projector so that four squares of the diagram are illuminated. Measure the distance from
the projector to the wall. Record the measurement.
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Ask students: What did you find out? How does this measurement relate to the first measurement? What
conclusions can you make in regard to the distance moved from the diagram and the area change of the diagram?
Predict how the distance will change when you move the projector so that all nine squares of the diagram are
illuminated.
Now move the projector so that all nine squares of the diagram are illuminated. Measure the
distance from the projector to the wall. Record the measurement.
Ask students: What did you find out? How does this measurement relate to the first measurement? What
conclusions can you make in regard to the distance moved from the diagram and the area change of the diagram? Is
there a method you could use to figure out how the change in area affects the change in distance other than doing an
experiment? What do you notice about the light that is being used to fill the square? As the light source is

moved back the light is spread over more area and the light on the wall seems dimmer.

Example 2
Remove the diagram from the wall. Keep the Cookie Square cut-out on the overhead projector.
Place the projector six feet from the wall. Measure the dimensions of the light square on the wall.
Record your findings.
Ask students: What will happen to the light square if we move the projector forward (toward the wall) so that the
projector is half as far from the wall, i.e. 3 feet from the wall?
Move the projector to three feet from the wall. Measure the dimensions of the light square. Record
your findings.
Ask students: What will happen to the light square if the projector is moved a third as close to the wall as from the
starting position, i.e. 2 feet from the wall? How will the dimensions of the light square change? How will the area
change?

Description for Student Lesson – Cookies
Students will work in film crews containing four members. Each film crew is comprised of a
cinematographer, a gaffer, a key grip, and best boy. The cinematographer determines the visual
look of the film, decides what format camera to shoot the movie in, decides with the gaffer what
lights to use for the movie, and is the “head honcho” of a film set. The gaffer is the head lighting
technician on a film set who works closely with the cinematographer. The key grip is the boss of
the other grips and works directly for the gaffer. The best boy is the key grip’s “right hand.” The
entire film crew needs to work together on the set to solve the following lighting problems.
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Each film crew will conduct a lighting experiment using a flashlight and a cookie. The cookie will be
attached to the flashlight with a ruler and tape. Have each film crew make a different shape cookie.
For example, have one film crew make a square, another film crew make a right triangle, regular
pentagon, trapezoid, regular octagon, and circle etc. Have each film crew put their names on their
cookies. Once the cookies are made, have students share their film crews’ cookie with the class.
Place the materials at the front of the classroom. Members from each film crew will collect the
materials.

Student Lesson 1 – Cookies
Step 1.

Make a Cookie
A cookie is a light shaping tool that is used in a lighting scheme for a scene of a movie or
play. Its real name is cucaloris but it is called a “cookie” for short. A cookie is a cut-out
shape that you place in front of a light source to cast a shape on a wall. You can make a
cookie by cutting out a shape in card board or other similar material. A cookie can also be
mini-blinds, a tree branch, or other items placed in front of a light to cast a shape.
In this step your film crew will construct a cookie out of a piece of cardboard. Have the best
boy collect the materials for the cookie from the front of the classroom.
You will use the cookie by placing it in front of the flashlight to create a shape of light on
the wall.
To make the cookie for this assignment:
 Cinematographer decides on the shape of the cookie from the following list
o Square
o Right Triangle
o Regular Pentagon
o Trapezoid
o Regular Octagon
o Circle
 The key grip and best boy measure and draw with a ruler the shape chosen by the
cinematographer in the center of the cardboard. Don’t make the shape too big.
 The key grip and best boy cut-out the shape from the cardboard.
 The gaffer writes the names of each crew member on the cookie.
 The cinematographer writes on the cookie the equation for the area of the shape.
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Use the Cookie to Make a Flashlight Experiment Tool
The best boy will collect the materials from the front of the classroom to construct the
flashlight experiment tool. The gaffer and key grip will construct the flashlight experiment
tool like the one in the picture below.

 Tape the ruler to the flashlight in a way so that at least 5 inches of ruler stick out

from the front of the flashlight.
 Make a slit in the cookie centered under the cut-out shape. The slit should be just

big enough for the ruler to slide into and hold the cookie securely.
 Slide the cookie onto the ruler about one inch.
 Tape the cookie onto the ruler.

The flashlight experiment tool will be used in Lesson 2 for a lighting experiment.
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Lesson 2: Lighting Experiment
Preparation for Lesson 2
Have the gaffer from each film crew collect the crew’s flashlight experiment tool from the front of
the classroom.
Shut off the lights in the classroom to make it easier to see the light shapes on the wall made by the
flashlight.

Note: Answers for Lesson 2—Parts 1, 2, and 3 will vary depending upon the size and shape of each
film crew’s cookie, the intensity of the flashlight beam, and the distance from the wall, and if
students use a different distance from the wall than the distances provided.

Note: In Part 3, your students will need to do some trial and error to figure it out.
Student Lesson 2
The gaffer will hold the flashlight experiment tool. The key grip and the best boy will take
measurements of the distance from the front of the flashlight (not from the cookie) to the wall.
They will also take the measurements of the shape of light on the wall. The cinematographer will
record the findings and determine the area. All crew members will discuss observations.
Part 1 – Increase Distance from Flashlight to Wall
Exercise 1.

Position the front of the flashlight 16 inches from a wall in your classroom. Record
the distance in the “Measurement Chart” at the end of this lesson. Aim the flashlight
at the wall so that you can see the shape of light made by the cookie. Make sure that
the flashlight experiment tool is parallel to the floor, not at an angle.
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a. Measure the dimensions of the shape on the wall. Record your findings in the

“Measurement Chart.”
b. Calculate the area of the light shape. Record the area in the “Measurement Chart.”
c. Observe the illumination on the wall and write your observations in the
“Measurement Chart.” For example, maybe the light is very bright on the wall and
the outline of the shape very crisp and easy to see. Maybe the light looks yellow or
white.
Exercise 2.

Position the flashlight 32 inches from a wall in your classroom. Record the distance
in the “Measurement Chart.” Aim the flashlight at the wall so that you can see the
shape of light made by the cookie.
a. Measure the dimensions of the shape on the wall. Record your findings in the
“Measurement Chart.”
b. Calculate the area of the light shape. Record the area in the “Measurement Chart.”
c. Observe the illumination on the wall. Compare it with your observations from
exercise 1. Write your observations in the “Measurement Chart.”

Exercise 3.

Position the flashlight 48 inches from a wall in your classroom. Record the distance
in the “Measurement Chart.” Aim the flashlight at the wall so that you can see the
shape of light made by the cookie.
a. Measure the dimensions of the shape on the wall. Record your findings in the
“Measurement Chart.”
b. Calculate the area of the light shape. Record the area in the “Measurement Chart.”
c. Observe the illumination on the wall. Compare it with your observations from
exercise 1 and exercise 2. Write your observations in the “Measurement Chart.”
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How has the distance to the wall changed from exercise 1 to exercise 2 and from
exercise 1 to exercise 3? First the distance to the wall was doubled and then

the distance was tripled.

a. How has the change in distance affected the shape of light on the wall? When the

distance to the wall was doubled the area of the light shape increased by four.
It didn’t double in size; it got four times as big. When the distance was
tripled, the light shape increased by 9. It didn’t triple in size; it got 9 times
bigger.

b. How has the illumination been affected? The light got dimmer and dimmer very

fast. When the distance was tripled, it was hard to see the edges of the light
shape on the wall and made our measurements inaccurate.

Part 2 – Decrease Distance from Flashlight to Wall
In this part of the lesson you will decrease the distance from the flashlight to the wall and determine
the change in area of the light shape. You can choose your own starting distance or use the 30
inches used in exercise 1. After completing exercise 1 use half the distance for exercise 2, and a third
of the distance for exercise 3. Remember to record your distances in the “Measurement Chart.”
Switch roles so that the key grip holds the flashlight experiment tool, the gaffer and cinematographer
take all measurements, and the best boy records the measurements in the chart and determines the
area. All crew members discuss observations.
Exercise 1.

Position the flashlight 30 inches from a wall in your classroom (choose your own
starting distance if you want). Record the distance in the “Measurement Chart.”
Aim the flashlight at the wall so that you can see the shape of light made by the
cookie.
a. Measure the dimensions of the shape on the wall. Record your findings in the
“Measurement Chart.”
b. Calculate the area of the light shape. Record the area in the “Measurement Chart.”
c. Observe the illumination on the wall and write your observations in the
“Measurement Chart.”

Exercise 2.

Position the flashlight half the distance from your starting point to the wall Record
the distance in the Measurement Chart on the next page. Aim the flashlight at the
wall so that you can see the shape of light made by the cookie.
a. Measure the dimensions of the shape on the wall. Record your findings in the
“Measurement Chart.”
b. Calculate the area of the light shape. Record the area in the “Measurement Chart.”
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c. Observe the illumination on the wall and write your observations in the

“Measurement Chart.”
Exercise 3.

Position the flashlight a third of the distance from your starting point to the wall.
Record the distance in the Measurement Chart on the next page. Aim the flashlight
at the wall so that you can see the shape of light by the cookie.
a. Measure the dimensions of the shape on the wall. Record your findings in the
“Measurement Chart.”
b. Calculate the area of the light shape. Record the area in the “Measurement Chart.”
c. Observe the illumination on the wall and write your observations in the
“Measurement Chart.”

Exercise 4.

How has the distance to the wall changed? First we halved the distance to the

Exercise 5.

How has the change in distance affected the shape of light on the wall? When we

Exercise 6.

How has the Illumination been affected? The light got brighter and brighter

wall. Then we moved closer to the wall to 1/3 of the original distance.

halved the distance to the wall the area of the light shape decreased by four.
It didn’t decrease by two in size; it got 1/4 times smaller. When the distance
was a third of the original distance, the light shape decreased by 9. It didn’t
decrease by three in size; it got 1/9 times smaller.
very fast. When the distance was a third of the original distance it was really
easy to see the edges of the light shape on the wall and made our
measurements more accurate.
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Measurement Chart

Note: all answers in chart all samples. Student answers will vary.
Cookie Shape: for example: Square
Equation for Area: for example: A = s 2
Part
Number

Exercise
Number

Distance
from Wall
(inches)

Measurements
of Light Shape
on Wall
(sides, height,
base, radius)

Area of
Light
Shape
(in²)

1

16”

6” x 6”

36 in²

2

32”

12” x 12”

3

48”

18”x18”

324 in²

1

30”

12”x12”

144 in²

2

15”

6”x6”

36 in²

144 in²

Part #1

Observations
of Distance and
Area
How does the
distance relate
to the area?
N/A

When we double
the distance to
the wall, the area
of the square
increased by 4.
We thought the
area would
double also but it
didn’t, it got four
times bigger.
When we triple
the distance to
the wall, the area
of the square
increased by 9.
We thought the
area would triple
also but it didn’t,
it got nine times
bigger.

Observations of
Illumination

Light very bright.
Sharp, well-defined
edges to shape on wall.
The light got dimmer
and spread out. The
edges are not as welldefined.

The light was very dim
and it was hard to
measure the
dimensions because we
couldn’t see the edges
very well.

Part #2
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Area of
Light
Shape
(in²)

3

10”

4”x4”

16 in²

1

16”

6” x 6”

36 in²

2

2 16”

2 6 × 2 6

72 in²

3

3 16”

3 6 × 3 6

108 in²

Observations
of Distance and
Area
How does the
distance relate
to the area?

Observations of
Illumination

Part #3

Exercise 7.

Comparing the results from parts 1 and 2, what relationship do you see between the
distance from the flashlight to the wall and the size of the light shape on the wall?

The area of the light shape increases or decreases not as double distance
gives double area or triple distance gives triple area. The area changes by the
square when the distance is doubled or by the cube when the distance is
tripled.
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Part 3: Increase Area of Light Shape
In this part of the lesson you will increase the area of the light shape and determine your distance
from the flashlight to the wall.
Switch roles again so that the cinematographer holds the flashlight, the gaffer and the grip do the
measurements. and the key grip records the measurements in the chart and determines the areas. All
crew members discuss observations.
Exercise 1.
a.
b.
c.

Exercise 2.
a.
b.

Exercise 3.

a.
b.

Position the flashlight 16 inches from a wall in your classroom (choose your own
starting distance if you want to). Record the distance in the “Measurement Chart.”
Measure the dimensions of the shape on the wall. Record your findings in the
“Measurement Chart.”
Calculate the area of the light shape. Record the area in the “Measurement Chart.”
Observe the illumination on the wall and write your observations in the
“Measurement Chart.”
Move the flashlight back away from the wall until you double the area of your light
shape. Record the dimensions of the light shape in the “Measurement Chart.”
Measure the distance from the flashlight to the wall. Record the distance in the
“Measurement Chart.”
Observe the illumination on the wall and write your observations in the
“Measurement Chart.”
Move the flashlight back away from the wall until you triple the area of your light
shape. Record the dimensions and area of the light shape in the “Measurement
Chart.”
Measure the distance from the flashlight to the wall. Record the distance in the
“Measurement Chart.”
Observe the illumination on the wall and write your observations in the
“Measurement Chart.”

Exercise 4.

How has the area of the light shape changed? First the area of the light shape

Exercise 5.

How has doubling the area affected the distance of the flashlight from the wall?
How has tripling the area affected the distance? Sample Response: When we

double and then the area tripled.

doubled the area of the light shape, the distance increased by the 2 times.
It didn’t increase by two in distance like we thought it would. When we
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tripled the area, the distance increased by the 3 times. It didn’t increase by
three times.
Exercise 6.

Comparing the results from parts 1, 2, and 3, what relationships do you see between
distance from the flashlight to the wall and the size of the light shape on the wall?
Provide an example with you answer. Sample response: The area size of the

light shape increases or decreases by the square. For example, tripling the
distance made the area increase by nine times not by three times. Also, when
the area of the light shape was doubled, the distance increased by the 2
times.

Post-Activity
When the film crews have finished the experiment, have each film crew share the results with the
whole class. You want them to discover that, no matter what shape cookie you have, the property is
the same. That is, the area of the light shape on the wall is related to the square of the distance.
You double the distance to the wall, the area of the shape increases by four. You triple the distance
to the wall, the area increases by 9. You half the distance to the wall, the area changes by 1/4. You
third the distance to the wall, the area changes by 1/9.
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Lesson 3: Exterior Night Scene – Park Bench
Pre-Lesson Activity
You will first want to review the Inverse Square Law (ISL) with your students before they regroup
into film crews and begin the exercises.
Explain the Inverse Square Law:
Inverse Square Law:
I
E= 2
d
E is Illumination measured in footcandles (fc)
I is light intensity of the light source measured in candlepower or candela (cd)
d is distance from the light source measured in feet (ft)
Illumination is a measurement of the amount of light at the object or subject; the amount of light
that falls onto the subject from the light source. Light intensity describes the amount of light at the
light source or the light bulb itself. Also, notice that we are talking about the amount of light falling
on an area, d 2 .
The names footcandle and candlepower are derived from actual candles. One footcandle is the
amount of light at a distance of one foot away from one candle emitting one candlepower of light.
Preparing for Lesson 3
After reviewing the ISL, have students regroup into their film crews from Lesson 1.
Place the large drawing paper and multi-colored pencils and pens at the front of the classroom.
Have the key grip and best boy from each film crew collect the materials necessary to draw a
diagram of the night scene. Make sure that each student draws part of the night scene diagram.

Note: During the activity, make sure that each student has the opportunity to add to the diagram,

either by drawing parts of the diagram or adding notation and titles. Each student in the film crew
should sign his/her name to the diagram. When the students have completed the diagram have each
film crew share its diagram with the class.
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Student Lesson 3: Exterior Night Scene – Park Bench
Your film crew is on location filming an exterior night scene. At the first location the
cinematographer wants to shoot the night scene in a park with two actors sitting on a park bench
talking under a tree. The cinematographer wants to have 50 footcandles of light falling through the
tree branches onto the actors.
You want to place your lights high in the air so that the light can fall through the tree branches. The
lights to use are ones attached to a light array on a crane.
Because of park rules, you cannot drive the crane with the light array into the park. The nearest you
can park the light is 300 feet away from the shooting location.
Some questions the cinematographer and gaffer ask themselves are: How do you light this scene?
What candlepower lights do you need? The cinematographer wants to begin filming the scene in
one hour.
Part 1 – Draw a Diagram of the Scene
Your film crew will draw a schematic diagram of the location of the night scene’s setting. Have the
key grip and best boy collect drawing paper, pencils, markers, and pens from the front of the
classroom.
Include in the schematic diagram the position of the light source, the park bench, the tree, and the
two actors. Make notations on your diagram regarding the distance to light source, the footcandles
at the park bench, the light position, and the light’s candlepower.
Also include other things that are in the park to enhance your diagram and the scene. For instance,
you might want to add a swing set, a barbeque grill, a pond, etc. The additional notations and
drawings on the diagram will add important, interesting, necessary, and helpful information to your
diagram.
Each crew member must add to the diagram either by drawing parts of the diagram or adding
notation and titles. Everyone on the film crew should sign his/her name on the diagram.
The cinematographer will show your schematic diagram to the class and explain the details of the
drawing.
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Part 2
Exercise 1.

The nearest you can position the light is 300 feet from the location. The
cinematographer wants the park bench lit to 50 footcandles. Determine the
candlepower of the light needed to light the scene.
Distance = 300 feet
Illumination = 50 footcandles
Candlepower Lights = 4,500,000 cd

50 fc =

I
( 300 ft ) 2

50 fc =

I
90 ,000 ft 2

I = 50 × 90 ,000 = 4 , 500 ,000 cd
When the light is 300 feet away from the location the Light Intensity is
4,500,000 cd.
Exercise 2.

The gaffer needs to give the cinematographer what he/she wants but also tries to
anticipate what else he/she might need. For example, one of the actors might decide
to stand up and walk around. How would you handle this? You need to make sure
there is a little bit of extra lighted area in case the unexpected happens. It is
especially true here because you are placing your light far away and up in the air.
The cinematographer and the gaffer decide to move the light twice as far away in
order to spread more light at the location. The cinematographer still wants 50
footcandles of light falling on the park bench. If you move the light further away the
light needs to be brighter in order to keep the location at 50 footcandles.
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What is the candlepower of the light that you need to keep the scene lit at 50
footcandles when the light is twice as far away as in exercise 1?

When the distance is doubled the new candlepower will be four times as
great.
Solution:
50 fc =

I
( 2 × 300 ft ) 2

I = 4 × 50 × 300 2
= 4 × 4 , 500 ,000 = 18 ,000 ,000 cd
Exercise 3.

Given the original candlepower of the light from the solution to exercise 1, the
original footcandles at the location from exercise 1, and the original distance the light
was from the location, complete the following.
Original candlepower is Solution: 4,500,000 cd
Original footcandles is Solution: 50 fc
Original distance is Solution: 300 ft
a. What happens to the illumination at the location if you double the distance from the

light to the location? Record your answer in the “Distance vs. Illumination Table” at
the end of the lesson.

1
The Illumination at the location decreases by 1 4 , 50 × = 12.5 fc .
4
4 , 500 ,000
Alternative Solution: E =
= 12.5 fc
( 2 × 300 )2
b. Determine the illumination at the location when the distance to the location is

tripled. Record your answer in the “Distance vs. Illumination Table.”

1
The Illumination at the location decreases by 1 9 , 50 × ≈ 5.56 fc .
9
4 , 500 ,000
≈ 5.56 fc
Alternative Solution: E =
( 3 × 300 )2
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For exercises c through g, the location manager convinces the park service to let your
film crew move the light onto the grass and closer to your location.
c. The cinematographer will calculate the illumination at the location when the light is

moved closer to the set by half of the original distance? Record your answer in the
“Distance vs. Illumination Table.”

The Illumination at the location gets brighter by 4, 50 × 4 = 200 fc .
Alternative Solution: E =

4 , 500 ,000
1

 × 300 
2


2

= 200 fc

d. The gaffer will calculate the distance of the light from the location if the illumination

at the location is quadrupled or becomes four times brighter at the location? Record
your answer in the “Distance vs. Illumination Table.”

The distance decreases by 1 2 .

4 , 500 ,000
. Then the distance
d2
4 , 500 ,000
4 , 500 ,000
=
d=
200
50 × 4
300
= 150 ft
d=
2

Alternative Solution: first note that 200 fc =

can be calculated by:

e. The key grip will calculate the distance of the light from the location if the

illumination at the location is doubled or becomes two times brighter at the location?
Record your answer in the “Distance vs. Illumination Table.”

First note that 100 fc = 50 × 2 =
d=

4 , 500 ,000
then to calculate the distance:
d2

4 , 500 ,000 300
=
50 × 2
2

d ≈ 212 ft

Vicki L. Hill, Ph.D.
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The best boy will calculate the distance of the light from the location if the
illumination at the location tripled or becomes three times brighter at the location?
Record your answer in the “Distance vs. Illumination Table.”

4 , 500 ,000
d2
4 , 500 ,000
1
= 300 ×
d=
50 × 3
3

First note that 150 = 50 × 3 =

then to calculate the distance:

d ≈ 173 ft
g. All crew members will calculate the distance of the light from the location if the

illumination at the location is to be half as bright? Record your answer in the
“Distance vs. Illumination Table.”

1 4 , 500 ,000
=
then calculate the distance:
2
d2
4 , 500 ,000
4 , 500 ,000 × 2
=
= 9 ,000 × 2
d=
1
50
50 ×
2

First note that 25 fc = 50 ×

d = 300 × 2
d ≈ 424 ft
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Distance vs. Illumination Table for the Light Source
Exercise

Distance from Light
Source to Location

Illumination

300ft

50fc

a

600ft

12.5fc

b

900ft

5.56fc

c

150ft

200fc

d

150ft

200fc

e

212ft

100fc

f

173ft

150fc

g

424ft

25ft

1
3

Exercise 4.

Construct a connected scatter plot graph of distance vs. illumination for the light
that your film crew is using to light your night scene. Use the results from the
“Distance vs. Illumination Table” to construct your graph. Include the candle power
of the light source in the title of the graph. Use the graph paper on the next page.
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Sample graph:
Distance vs. Illumination for a Light
with
Candlepower = 4,500,000 cd

Illumination (footcandles)

250
200
150
100
50
0
0

200

400

600

800

1000

Distance (feet)
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Lesson 4: Review – Solving Equations and Using the Quadratic Formula
Before students proceed to Lesson #5, review the Quadratic Formula, solving systems of equations
and solving by graphing.
Quadratic Formula
For a Quadratic Equation of the form ax 2 + bx + c = 0, with a ≠ 0, the solutions for x can be
found by using the Quadratic Formula:
x=

−b ± b 2 − 4ac
2a

Example 1 – The Quadratic Formula
Instruct students to work with a partner for “Example 1 – The Quadratic Formula” example. Place
the “Example A – Quadratic Formula” transparency on the overhead for the discussion.
Example A.

Given the equation x 2 + 5x + 6 = 0 . Solve for x .
Point out to your students that they can solve Quadratic Equations by factoring as
well as by using the Quadratic Formula. Sometimes it is faster and easier to factor
than to use the Quadratic Formula. In this example it is most likely easier to factor
the equation, but the solution provided shows how to solve by factoring, by the
quadratic equation and by graphing.

First:

Solve by Factoring

x2 + 5 x +6 =0
( x + 2 )( x + 3 ) = 0
So we have, x + 2 = 0 or x + 3 = 0
This gives x = −2 or x = −3.
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Solve using the Quadratic Formula

−5 ± 5 2 − 4 ⋅ 1 ⋅ 6
−5 ± 25 − 24
x=
=
2 ⋅1
2

x=

x=

−5 ± 1

2
−5 + 1

2

=

=

-4
2

−5 ± 1

2
or x =

−5 − 1

2

=

−6

2

So then x = −2 or x = −3

Third:

Solve by Graphing
Students can use their graphing calculators to solve by graphing. Input y = 0 and
y = x 2 + 5x + 6 into the calculator and hit the Graph button. The window settings

might need to be changed. Explain to students how to enter equations into the
graphing calculator and how to change window settings.
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Graph of y = x^2 +5x +6
y-axis
35
30
25
20
15
10
5
x-axis
-10

0
-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

3

4

-5

Example B.

Quadratic Equation Solution.
Here is an example where it is easier to use the Quadratic Formula.
Given the equation 3x 2 − 13x + 10 = 0 . Solve for x .
Using the Quadratic Equation the solution is:

x=

− ( −13 ) ±

( −13 )2 − 4 ⋅ 3 ⋅ 10
2 ⋅3

13 ± 169 − 120 13 ± 49
=
6
9
13 ± 7
x=
6
13 + 7 20
13 − 7 6
=
=
then x =
or x =
6
6
6
6
x=
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This calculation gives two solutions to the equation:
x = 3.3 and x = 1
the solutions are also called the roots of the equation.
Example #2 - Solving Systems of Equations
Given the system of equations:
y = x2 −3
y = 2x − 4

Solve for x and y . The system can be solved by graphing the two equations and finding the point
of intersection or be solved algebraically.
Example A.

Solve the system of equations graphically
Students can use their graphing calculators to solve by graphing. Input
y = x 2 − 3 and y = 2x − 4 into the calculator and hit the “Graph” button. The

window settings might need to be changed. Explain to students how to enter
equations into the graphing calculator and how to change window settings.
The point where the two graphs intersect is the solution to the system of equations.
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Graph of y=x^2-3 and y=2x-4
y-axis
8
6
4
2
0
-4

-3

-2

-1

-2

0

1

2

3

4

x-axis

-4
-6
-8
-10
-12

Example B.

Solve the system algebraically

Since both equations are equal to y , the equations can be set equal to one
another. Then:
x2 − 3 = 2 x −4
After some algebraic manipulation:

x2 − 3 − 2 x +4 =0
x2 −2x +1 =0
To get the solution, either factor the equation or use the Quadratic Formula.
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Solve by Factoring

x2 −2x +1

( x − 1 )2 = 0
So x − 1 = 0

Then the solution for x is: x = 1
Solving for y yields:
y=1 2 − 3

Then the solution for y is: y = -2
The solution to the system of equations is written as: (x, y) = (1, -2)
Second:

Solve by the Quadratic Formula
Solving first for x yields: x 2 − 2 x + 1 = 0

x=

x=

Solving for y yields:

− ( −2 ) ±

( −2 ) 2 − 4  1  1
21

2
=1
2

y=1 2 − 3

Then the solution for y is: y = -2
The solution to the system of equations is written as: (x, y) = (1, -2)
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Lesson 5: Exterior Night Scene – Street
Description
Your film crew moves to a location of a street lined with row houses. For this exterior night scene,
two actors are walking down the street to their cars. The cinematographer tells you that the entire
city block needs to be lit up. The cinematographer also wants 50 footcandles at the head of the
block and 30 footcandles at the end. The city block is 300 feet long. The truck with the light array
can be parked on any street or in any ally, just not in someone’s front yard.
In this lesson your film crew will draw a schematic drawing of the filming location. Your film crew
will also need to answer a couple of questions before filming can begin:
What light source will you use (the candlepower)?
How far away from the shooting location should the light be placed?

Graphics courtesy of Musco Lighting.
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Part 1
Have the cinematographer and gaffer collect drawing paper, pencils, markers, and pens from the
front of the classroom.
Draw an overview diagram or a side view diagram of the city block where filming is to take place.
Include on your diagram the street, a couple of side streets and cross streets, parked cars, houses,
trees, and the two actors.
Make notations on the diagram regarding the length of the street where filming will take place, the
distance to the light source, the footcandles at beginning and end of the block, the position and
candlepower of the light.

Note: At this point the distance to the light and the candlepower of the light is unknown.
Add any additional notations and drawings on the diagram that you feel are important, interesting,
necessary, or helpful. The additional notations and drawings on the diagram will add important,
interesting, necessary, and helpful information. You will show your diagram to the class and explain
the details of the drawing.
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Sample Overview Diagram of Street Scene
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Part #2
The cinematographer wants 50 footcandles at the beginning of the block and 30 footcandles at the
end. The city block is 300 feet long. Note: The light source is not 300 feet away from the location.
Questions your film crew will answer include: How do you light the scene? How far away is the
light source? What candlepower lights do you need to light the scene?
You might need to use the Quadratic Formula for your calculations.
For an equation of the type ad 2 + bd + c = 0, with a ≠ 0

−b ± b 2 − 4 ac
d=
2a
Hint: To solve this problem you will need to figure out the distance from the head of the block to
the light source, the distance from the end of the block to the light source first. Then, you can use
the results to figure out the candlepower of the light source. You will create three equations and
three unknowns.
Exercise 1.

State the given information
a. Length of city block: Solution: 300 feet
b. Footcandle at the beginning of the block: Solution: 50 fc
c. Footcandle at the end of the block: Solution: 30 fc

Exercise 2.

State the Inverse Square Law and list what the variables mean. E =

I
E is
d

illumination in fc, I is the light intensity of the movie light in cd and d is
distance in ft.
Exercise 3.

State all of the unknowns in this lesson as variables and list what each variable
means. d 1 is the distance from the light to the beginning of the block. d 2 is the

distance from the light to the end of the block. I is the light intensity of the
movie light.
Exercise 4.

Determine the two Inverse Square Law equations that are needed to solve the
lighting problem. One equation is for the beginning of the city block and the other
for the end of the city block.
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I
d1 2

I
d2 2

Solve each ISL equation for I. Record in the “ISL Equations for Night Scene
Table.”

Exercise 5.

ISL beginning solved for I: I = 50 d 12
ISL end solved for I: I = 30 d 22

Knowing that the length of the city block where filming takes place is 300 feet,
determine the equation for the distance between the head of the block and the end
of the block. Record in the “ISL Equations for Night Scene Table” on the next
page. d 2 − d 1 = 300

Exercise 6.

ISL Equations for Night Scene Table

ISL
Equations
for the City
Block

Solve ISL
for I

50

I
50 = 2
d1

I = 50d 12

30

I
30 = 2
d2

= 30d 22

Footcandles
Beginning
of City
Block
End of City
Block

I

Distance between
Beginning and
End of Block

Distance between
Beginning and End
Solved for
d 1 or d 2

d 2 − d 1 = 300

d 2 = d 1 + 300

Distance from Light to the Beginning of the City Block: 1,031 feet (for light in mid-block: 169 ft)
Candela of Light needed to Light the Night Scene: 53,148,050 cd (for light at 169 ft, 858,050 cd)
Exercise 7.

Use substitution and the quadratic formula or graphing to determine the distance the
light is from the locations and the candela of the light you want to use to light the
night scene.
a. State the two ISL equations that are solved for I. I = 50 d 12 and I = 30 d 22
b. Since both the equations from a are equal to the same thing, what is one method for

solving the equations? Equate the two equations to solve.
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c. State the resulting equation using a and b. 50 d 12 = 30 d 22
d. How many unknown variables are in the equation in c? There are two unknowns

and only one equation.

State the variables. d 1 and d 2
e. Using the results in the “ISL Equations for Night Scene Table,” state the

relationship between the two variables listed in d. d 2 = d 1 + 300

f.

Using the equations from c and e, solve for one of the variables.
Note: Solving for one of the variables gives you the distance the light is from either
the beginning or end of the block.

Solution:
50 d 12 = 30 d 22
50 d 12 = 30 ( d 1 + 300 )

2

(

50 d 12 = 30 d 12 + 600 d 1 + 90 ,000

)

50 d 12 = 30 d 12 + 18 ,000 d 1 + 2 ,700 ,000
0 = −20 d 12 + 18 ,000 d 1 + 2 ,700 ,000

Now use the handy-dandy quadratic formula to find out where to place the
light fixture for our scene.
d1 =

−18 ,000 ± 18 ,000 2 − 4 ( −20 )( 2 ,700 ,000 )

2 ( −20 )

d1 =

−18 ,000 ± 324 ,000 ,000 + 216 ,000 ,000
−40

d1 =

−18 ,000 ± 540 ,000 ,000
−40
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−18 ,000 ± 23 , 238
−40

d1 ≈

−41 , 238
5 , 238
or
−40
−40
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d 1 ≈ 1 ,031 ft or − 131 ft
Notice that one of the answers is positive and the other answer is negative.
Here’s what that means. For d 1 ≈ 1 ,031 ft we position our light 1,031 feet
from the location. For d 1 ≈ −131 ft we position our light in the middle of our
location at -131 + 300 = 169 ft.
d 2 = d 1 + 300
d 2 = d 1 + 300
g. Solve for the second variable from e. d 2 = 1031 + 300 or d 2 = −131 + 300
d 2 = 1331 feet
d 2 = 169 feet

h. The answers to f and g are the distance from the beginning of the block and the end

of the block to the light. Using that information determine the candela of the light
needed to light the night scene. Record the results in the table. Remember: A
candela is a modern term for candlepower. One candela is equivalent to one
candlepower.

If the light is positioned 1,031 ft from the location, the light needs to be
53,148,050 cd.
I = 50 d 12
I = 50 ( 1 ,031 )2
I = 53 ,148 ,050 cd

If the light is positioned at 169 ft from the location, the light needs to be
858,050 cd
I = 50 ( −131 )2
I = 858 ,050 cd
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A big difference, but in one case the light is down the street and needs to
reach a farther distance. In the other case the light is right in the middle of
the location so it doesn’t need to be as bright.
Examples of Lights

Here are some examples of lights that you could use to light the street scene in exercise 2. The
lights would be put on a grid or array and then lifted up into the air on a crane. One company who
designs lighting rigs is Musco. You call the truck with the array of lights a Musco light.
On a grid or array you could use light fixtures of the type:



12,000 watt HMI Fresnel – spot (spotlight setting, narrow beam of light). This light at this
setting has 7,680,000 – 10,240,000 cd (candela).
12,000 watt HMI Fresnel – flood (flood setting, super wide beam of light). This light at this
setting has 480,000 – 640,000 cd (candela).

These are actually the same lights just set to different settings. We talked about how distance of
the light source and area lit up by the light as being related. When a light is in “spot mode” it
lights up a smaller area at a given distance than when it is in “flood mode.”

Graphics courtesy of Musco Lighting
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Links to Interesting Websites

www.musco.com
www.mole.com
www.arri.com
www.led.net
Vocabulary

















Light Intensity – Describes the brightness of a light. Its unit is Candlepower.
Candlepower – The unit of measuring Light Intensity
Candela – A modern term for Candlepower. One Candela is equivalent to One
Candlepower.
Illumination – Amount of light at a given distance from a light source. Its unit is
Footcandle.
Footcandle – The measurement unit of Illumination given in Candlepower per Square
Distance. One Footcandle is the amount of light one foot away from a one Candlepower
source.
Inverse Square Law – Describes the characteristics of light dispersion in terms of the
relationship between Light Intensity and Distance from a light source. E = I 2 where E is
d
Illumination, I is Light Intensity, and d is distance.
Cinematographer – The Cinematographer is responsible for the overall look of a motion
picture; for the picture part of the motion picture. Even though she works for the Director
of the film, she is very much in charge of the filming of the movie. She oversees a large
crew that includes the Gaffer, Best Boy Electric, Key Grip, Best Boy Grip, and many other
individuals.
Photographer – A Photographer could be a Fashion Photographer who photographs fashion
models for magazines, a Photo-Journalist who photographs news events or people that end
up in a newspaper or on TV, or an Artist whose photographs are in museums or art galleries.
Gaffer – The head lighting technician on a motion picture. The Gaffer works for the
Cinematographer helping her design the lighting scheme for the movie.
Key Grip – The boss of the other grips and assistant to the Gaffer.
Best Boy – The Key Grip’s right hand gal or guy.
Grip – A crew member that assists with all movie equipment that is not lighting. A Grip
might rig lighting on an overhead scaffolding but it is up to the Electricians to aim the light
and focus the light.
Electrician – A crew member that places and focuses lights in the manner that the Gaffer
wants.
Disperse – To spread out from a given point.
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Cookie – A piece of cardboard, wood or other similar flat item that has a hole or other shape
cut out o f it. It is placed in front of a light to create patterns on an object, person, wall,
table, etc. in order to make the lighting more interesting. The official name of a cookie is
Cucaloris.
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