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Instructional Component Used: Inverse-Square Law

Grade Level: 9-12 Physical Science; Astronomy

Content (what is taught): 

· Intensity of light versus distance

· The inverse-square law

· Examples of the inverse-square law

Context (how it is taught):

· Certain quantities decrease with increased distance

· The intensity of light decreases as an observer moves farther from the source

· There is a regular pattern governing the decrease in light intensity called the inverse-square law

· Any number of quantities decrease according to this pattern, including the apparent brightness of stars in the sky, the effects of gravity, the strength of electrical interaction between charged particles and the intensity of radiation

Activity Description:

Students are asked to consider how the intensity or brightness of light changes with distance.  After making conjectures, the students will watch an introductory video to introduce the inverse square law.  After that, students will measure the intensity of light falling on a screen at various distances and articulate that light intensity decreases with the distance squared.

Standards:

Math: MB1




Science: SB3
Technology: TA3



Engineering: EB1
Materials List: 
· Foam board

· Centimeter grid

· Mini-mag light replacement bulb

· Connecting wires

· 1.5 AA battery

Asking Questions: (Inverse-Square Law)

Summary: Students conjecture how the brightness of light changes with distance.

Outline: 

· Students are shown a flashlight and asked how the brightness of the light might change as it is moved nearer or closer to them

· Students are asked to consider how other quantities change with distance

Activity: In a darkened room, shine a flashlight.  Students are asked to predict how the brightness of the flashlight would change, if at all, if the flashlight were down the hallway.  Students are asked to conjecture how the brightness would change if the flashlight twice as far away?  Students are also asked if they can think of other effects that change with distance in a way similar to light.

	Questions
	Answers

	What happens to the brightness of the flashlight if I move to the back of the room?
	Gets dimmer

	What would happen if I moved to the end of the hall?
	Much dimmer

	Suppose I am a certain distance from you and shine the flashlight at you.  Then I move twice as far away from you.  What will happen to the brightness of the light?  Will the light be half as bright?  What if I cut the distance in half?  Would the brightness of the light double?
	Many students will state that if the light is moved twice as far away, it will be half as bright

	Can you think of other quantities which change the same way that the intensity of light changes?
	Students may have various responses

	How do you think the intensity of radiation changes with distance?  For example, Becton-Dickenson uses intense radiation to sterilize some of their products.  Would it be useful for worked in this department to have some idea how radiation changes with distance?
	Important information for the workers in the sterilization unit
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Exploring Concepts: (Inverse-Square Law)

Summary:  Students watch a (tongue in cheek) explanation of the inverse-square law as it applies to the intensity of light with respect to distance.
Outline: 

· Students view the brief video and respond to selected questions during and after the viewing

Activity: View the clip “The Inverse-Square Law: A Beginner’s Guide” (link below), which purports to show how the inverse square law affects the operation of a “butter gun”.  As the clip is viewed, students answer the following questions and share those answers in a large group discussion when the clip is finished.


Questions to answer during viewing:

1) What is the purpose of the butter gun?

2) The first time the narrator uses the gun, there is a problem.  What is the problem and the narrator’s solution to this dilemma?

3) What did the narrator fail to consider when he moved the screen back twice as far?  Why did his solution fail?

4) When the screen is moved back twice as far, the gun can cover four slices instead of one slice.  What happens to the thickness of the layer of butter on the bread when the gun is moved back?  Why does the thickness change?

5) What if the narrator had moved the screen three times as far back?  How many pieces of bread would the gun be able to butter?  How thick would the butter be spread on the bread?
Resources:  

· The video clip on the ‘butter gun’ and its connection to the inverse-square law is found at:
http://www.youtube.com/watch?v=JW3tT0L2gpc&feature=player_detailpage
Instructing Concepts: (Inverse-Square Law)

Inverse-Square Law

Putting “Inverse Square Law” in Recognizable Terms:  The Inverse-Square Law occurs in several “real world” contexts.  As one variable increases, another linked variable decreases proportionally to the square of the first variable.
Putting “Inverse-Square Law” in Conceptual Terms:  The Inverse-Square Law is a nonlinear relationship.  It can be roughly modeled by using the portion of a hyperbola in the first quadrant centered at the origin.  The Inverse-Square Law can be translated into an equation where the second quantity is equal to a constant k divided by the first quantity squared.  (The constant k is called the constant of proportionality).
Putting “Inverse Square Law” in Mathematical Terms:  If the dependent variable is called y and the independent variable is called x, the equation representing the function is:  y=k/x2 and y is said to be inversely proportional to the square of x.  The relationship will be a curve that approaches the x and y axes but will never touch them thereby making the axes asymptotes of the graph. 

Putting “Inverse Square Law” in Process Terms:  Since the inverse-square law is a situation that can be represented as an equation consisting of two variables and a single constant, if two of the values are known, the third may be determined.  The constant of proportionality can be calculated if a single instance of an (x, y) pair is available by multiplying the value of the dependent variable by the corresponding value of the independent variable squared (x2y = k).  Once the variation constant is known, the value of either the dependent variable or the independent variable can be found if the other is known:        x = (k/y)1/2    or     y = k/x2.
Putting “Inverse Square Law” in Applicable Terms:  Inverse variation is applicable in many disciplines.  For example, the strength of the gravitational force acting between two masses decreases with the square of the distance between the objects.  Similarly, the intensity of light from a source reaching an observer decreases with the square of the distance between the two.  This is a key relationship in astronomy—the brightness of a star decreases with the square of the distance between the star and the earth.  Lastly, the intensity of radiation from a source decreases with the square of the distance between the source and the observer.  Imagine a radioactive source sitting on a table—a Geiger counter at a distance of 1 m from the source will give a certain reading.  If the counter is moved to a distance of 2 m, the reading will be ¼ as much.
Organizing Learning: (Inverse-Square Law)

Summary: Students measure the intensity of light on a screen as the screen is moved away from a light source.

Outline: 

· A card with an opening cut in it is placed in front of a light source.  A screen is placed right behind the opening to show that 1 cm2 on the screen is illuminated.

· The screen is moved twice as far from the source, and the area illuminated and light intensity are determined.

· The screen is then moved three times as far from the source, etc.  The area illuminated and intensity of light is recorded at each distance.

· Students will articulate the pattern governing the area illuminated and the intensity of the light falling on the screen.
Activity: Each group of students are given a strip of foam board with a mag light replacement bulb mounted at one end of the board and marks every 5 cm from the light to the other end of the board.  At the first mark (5 cm from the bulb), a card with a one square centimeter opening is mounted perpendicular to the foam board.  A centimeter grid copied on card stock is used as a screen and is placed immediately behind the card with the opening.  Students can see that one square centimeter is illuminated on the screen at a distance of 5 cm from the source.  The screen is moved to the next mark, so that it is twice as far from the light as before.  Students then estimate how many square centimeters of light fall on the screen, as well as the intensity of light on the screen.  (Since the same amount of light that fell on one square centimeter is now spread over four times the area, the intensity or brightness is now one-fourth as much).  The screen is moved farther back in equal increments, so that the screen is twice as far from the source, three times as far from the source, etc.   Learners would be asked to complete the following data table. 


	Distance from Source to Screen (cm)
	Area Illuminated (cm2)
	Light Intensity

	5
	1
	1

	10
	(4)
	(1/4)

	15
	(9)
	(1/9)

	20
	(16)
	(1/16)

	25
	(25)
	(1/25)

	30
	(36)
	(1/36)


Students will make a graph of the Intensity of Light against Distance from the Source (measured in 5 cm increments).  Within the small group, ask students to articulate the pattern governing the intensity of the light falling on the screen with its distance from the source in a short paragraph.  Ideally, the students would recognize that the intensity of light on a screen is the reciprocal of the distance between the source and screen squared.  This relationship is sometimes called “the inverse-square” relationship.
Understanding Learning: (Inverse-Square Law)

Summary: Students will describe in a short paragraph the inverse-square law as it applies to the intensity of light at a distance.

Outline: 

· Formative Assessment of the Inverse-Square Law
· Summative Assessment of the Inverse-Square Law
Activity: Students will answer written and quiz questions related to the inverse square law.
Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Is the card with the opening properly mounted on the foam board?

2) Are the students placing the screen in the right places?

3) Are the students counting the number of squares illuminated correctly?

4) Do students understand why the intensity decreases based on the area over which the light spreads?

Summative Assessment: Students will complete the following writing prompt:

Describe the inverse-square law in a short paragraph in your own words.

Students can complete the following quiz questions:  Complete the following data table showing how the brightness of a star would change if it were moved various distances from the earth:

	Distance between 

Star and earth
	1
	1.5x
	2x
	5x
	10x

	Brightness
	1
	
	
	
	


1) A light is 5 m from a person in a classroom.  If the light were brought closer to the observer, so that the light was only 2.5 m away, what would happen to the brightness?  Include a number value in your answer and explain your response.

2) The inverse-square law is important because it governs how a number of quantities change with distance—not only light from a star, but also the effects of gravity, the strength of static electricity and the intensity of radiation.  Radiation is governed by the inverse-square law as well.  Becton-Dickenson has a unit which sterilizes medical products using radioactivity.  Suppose that a radiation meter measures 2000 units of radiation at a distance of 1 m from the source.  Humans can safely be exposed to 20 units of radiation.  How far from the source can a worker be positioned?  Explain your response.
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