SPIRIT 2.0 Lesson: 

“... Light My Fire...”

==========================Lesson Header ==========================

Lesson Title: Light My Fire!

Draft Date: June 7, 2010
1st Author (Writer): Craig Ford

Instructional Component Used: Plane Mirrors 

(Law of Reflection : Angle of Incidence = Angle of Reflection)
Grade Level: 9 -12 Physical Science, Physics

Content (what is taught): 

· Angle i = angle r

· Drawing diagrams

· Vectors and vector diagrams

Context (how it is taught):

· Experiment/Discovery exercise to determine relationship between angle i and angle r

· Describe methods of drawing diagrams of experimental designs

· Relate angles and diagram drawing to vector diagrams


Activity Description:

Students will investigate the relationship between angle of incidence and angle of reflection using graphical and physical models.  Each student will create a model to demonstrate their ability to calculate and then create a model that accurately shows that angle of incidence and angle of reflection. Students will further demonstrate this by calculating angles that will be required to cause a laser beam to strike a remote stationary target.

Standards:
Science 
Technology

SA1, SA2
TD1, TD2, TD3
Engineering
Math


MD2

Materials List: 

· Laser Pen 

· Planar (Flat) mirror(s) 
· Protractor

Asking Questions (…Light My Fire…)

Summary:  Students will investigate the relationship between angle of incidence, normal, and angle of reflection.  Students will draw diagrams that illustrate the Law of Reflection.

Outline: 

· Demonstrate reflection of a beam of light from the surface of a planar mirror

· Change the angles of incidence and reflection in order to show the relationship between the two

· Demonstrate that changing the angle of incidence you can adjust and “aim” the beam to strike a given surface

Activity:  Using a pen laser and a planar mirror, demonstrate how light reflects from a mirror. Demonstrate different types of mirrors (front and rear surfaced).  Demonstrate ‘pin sighting’ experiment.  NOTE: Look for this in Physics workbooks… Demonstrate locations of images and where a reflected ray will return using lasers and common.

	Questions
	Answers

	How can you ‘aim’ reflected light?
	Light reflects at an angle equal to it incident angle as measured from the “normal”.

	Is there a way to ‘predetermine’ the angles?
	Angle of incidence = Angle of reflection.

	How is angle of reflection used in a car mirror?
	The image from the mirror must be adjusted in order for the driver to see what is behind the car.


Exploring Concepts (…Light My Fire…)

Summary:  Students will investigate the relationship between the angle of reflection and incidence by creating various situations using a planar mirror and laser. 

Outline: 

· Students will setup a planar mirror in a stand and use a pen laser to create and measure angles of incidence and reflection
· Students will draw a graphic diagram showing the angles of incidence and reflection of the laser beam

· Students will be given a remote target to ‘engage’ with their lasers

· Students will draw diagrams of their experimental setup

Activity:  Students will investigate the relationship between angle of incidence and angle of reflection using graphical and physical models. Each student will create a diagram to demonstrate their ability to calculate, and then create a model that accurately shows that the angle of incidence and angle of reflection. Students will further demonstrate this by calculating angles that will be required to cause a laser beam to strike a remote stationary target.
Instructing Concepts (…Light My Fire…)

Putting “Plane Mirrors” in Recognizable terms: When we observe an image in a plane mirror, it is a ‘mirror image’ that is, it is reversed from the object.

Putting “Plane Mirrors” in Conceptual terms: When you look in a plane mirror, you see the ‘virtual image’ behind the mirror.  A virtual image cannot be touched or captured by a camera.
Putting “Plane Mirrors” in Mathematical terms: When a ray of light strikes a plane mirror, it is reflected off at the same angle with which it strikes.  The angles are measured from the normal or from the perpendicular to the mirror.  The virtual image is located the same distance from the mirror as the object.  The incident angle = the reflected angle.   i angle = r angle


Putting “Plane Mirrors” in Process terms:  Even though the light rays seem to pass through the mirror, we know that they do not.  They seem to come directly from the object to the eye of the observer, but we know this is not possible.  This is why you can’t project a virtual image.

Putting “Plane Mirrors” in Applicable terms: Plane mirrors are abundantly plentiful.  They serve several functions in our everyday living; applying cosmetics, decorative displays, some optical instruments, reversed lettering on the front of an ambulance.
Organizing Learning (…Light My Fire…)

Summary:  Students will be given a several solar ovens.  These can be constructed by the instructor or students.  Students will analyze the solar ovens by observing the angle of reflection and incidence.  
Outline: 

· Students will analyze solar ovens to see angle of reflection and incidence in application

· Students will use knowledge of angle of reflection and incidence to predict which oven will be the most efficient

· Tests will be conducted to see if predictions are correct

· Improvements will be made to the other designs to see if changing the angles makes a noticeable difference.
Activity:  In this activity, students will investigate the relationship between angle of incidence and angle of reflection using solar ovens.  They will be given several solar ovens that the instructor or students have created.  By measuring the angle of reflection and incidence, students will record the measurements and predict which oven should be the most efficient.  After predictions are recorded, the ovens will be tested to see if the predictions are correct.  Finally, students will try to improve the efficiency of the solar ovens by using their knowledge of angle of reflection and angle of incidence.  

	Solar Oven
	Measured Angles
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Understanding Learning (…Light My Fire…)

Summary:  Students will answer questions regarding angles of incidence and reflection for various example problems using calculators and diagrams.  Students will complete diagrams which demonstrate the concepts involved in the Law of Reflection, including labeling diagrams and ray drawings. 

Outline: 

· Formative assessment of plane mirrors (angle of reflection and angle of incidence)

· Summative assessment of plane mirrors (angle of reflection and angle of incidence)

Activity:  Students will answer a writing prompt and perform calculations relating to plane mirrors (angle of reflection/angle of incidence).

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Were the students able to measure angles of reflection / incidence during activities?

2) Are students able to create diagrams of their experimental setups?

3) Can students state the relationship between the angles of incidence and reflection?

Summative Assessment

Students can answer the following writing prompt:

Explain how angle of reflection and angle of incidence are mathematically related and then give three examples where this concept can be applied in the real world. 

Students can answer/perform the following:

1) Given a solar oven, students will measure the angles of incidence and reflection using a protractor.

2) Calculate the angles of incidence and reflection given one or the other.

3) Draw an accurate ray diagram of their experimental setup.

4) Describe how Law of Reflection can be used to direct a laser beam to a remote target using ray diagrams and angle calculations.
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