Technology Integrated Lesson
Title

Beating Smoky the Bear, Honestly

Content Area

Physics, astronomy, geometry, forensics, history

Description  

You are driving down a two-lane country road running due north and south near Trinidad, Colorado about 11:00 am on Thursday, April 10, 2001.  You are doing the speed limit.  Just as you pass a long row of trees you see a patrol car on the side of the road.  The officer is in the car and there is no sign of radar.  You are not concerned anyway, since you are obeying all laws.  

As you pass the patrol car you notice him in your rear-view window.  He is following you and turns on his flashing lights.  You pull over and are issued a ticket for speeding.  You object and want to know how the officer came to the conclusion you were speeding since obviously no radar was used. 
The officer states that he drove through the shadow of the trees and noted the number of seconds it took from the time the shadow first hit the hood of the patrol car and when the patrol car hood was hit by the sun at the end of the long shadow.  

The patrolman then timed you when you drove through the shadow in the same way.  According to the patrolman, you took less time than he did to go through the shadow and therefore must have been speeding.

You argue that you truly were not speeding and ask the officer when he originally drove through the trees.  The officer said he drove through the trees at 8:00 am at the speed limit and it took him 20 seconds.  The officer states that you drove through the shadow in only 16 seconds.  You argue that the shadow length changes, but the officer issues the ticket anyway.  He tells you that you must argue your case in front of the judge

and must present proof of your contention.

You must develop a proof that will stand up in court based on the officers’ account.

Student Audience

math level of geometry or above

Content Objectives

Technology Objectives

Students will:

· Select and apply technology tools for research, information analysis, problem-solving, and decision-making in physics and math. 

· Investigate and apply simulations in real-world situations.

· Collaborate with peers, experts, and others to contribute to a content-related knowledge base by using technology to compile, synthesize, produce, and disseminate information, models, and other creative works.

· Working in a collaborative group, use appropriate technology tools and resources to communicate information regarding their results.
Teacher Background Information/Pre-Knowledge

Shadows can be used to predict time of day, but can also be used in many other applications involving time.  The time of day, latitude and other significant data is needed in order to do calculations.  This other data is dependent on the issue in question.  This lesson has been designed on multiple levels of math from basic geometry to trigonometry.

The teacher should know how to do metric conversions, basic geometry, especially alternate interior angles, and the Pythagorean theorem.   It helps if the teacher knows some astronomy, especially the use of altitude and azimuth, although a glossary is provided with this lesson.  Teachers who have the Internet should have knowledge of the search engines and how to use them.  This lesson is designed so that programming can be used if the teacher and facilities allow.  The level III version requires knowledge of trigonometry.

Resources

The resources below are dependent on the amount and type of equipment, software, etc, that are available to the teacher.  Level 1 is minimal and

Level 3 is assuming excellent resources.

Level 1 - a calculator or graphing calculator, a print out from the web pages 

Listed or the actual data taken from that page, books on basic geometry and a book or article on sundials


Level 2 - computer with spreadsheet software, Internet connection


Level 3 - computer with a C++ compiler, Internet connection, visualization software

Physical resources for all levels:

Ideally each group would have a set of this equipment, although it could be done as a whole class.

An object that is approximately the size of a piece of construction paper

It may be either two dimensional or three dimensional a sunny day or light source for inside work 

1 or more protractors

1 small ball

1-inch high object (this can be approximate).  A textbook will work. piece of stiff cardboard approximately the size of a piece of paper. Seconds timer or watch with a second hand

Reviewed Web Sites as sources:
Ecliptic 

http://encarta.msn.com/index/conciseindex/4E/04E5A000.htm?z=1&pg=2&br=1

Computing planetary positions.  A detailed online tutorial on how to compute planetary positions.


   http://hotel04.ausys.se/pausch/comp/ppcomp.html

Heavenly Mathematics: Highlights of Cultural Astronomy An interdisciplinary course on cultural astronomy. The course has a goal of imparting an understanding of basic astronomical phenomena and an appreciation of their cultural significance throughout the world.


   http://www.math.nus.edu.sg/aslaksen/teaching/heavenly.shtml

Solar Angle Calculator  - Calculate the suns position hourly for any day or month.


http://www.aie.org.au/melb/material/resource/solar.htm

Aurora Solar Basics: Sun Angle-equations 


   http://aurora.crest.org/basics/solar/angle/2.htm. 


   http://aurora.crest.org/basics/solar/angle/4.htm

Aurora Solar Basics: Sun Angle-2 


  http://aurora.crest.org/basics/solar/angle/2.htm

Latitude and Longitude 
Introduction to latitude and longitude, a way of calculating exactly where you are anyplace on earth and a way to tell time.

http://www-spof.gsfc.nasa.gov/stargaze/Slatlong.htm

GeoAstro Applet Collection 

Display the position of the sun and the moon on the horizon for any date, time and location, and on a world map with day and night regions. The times of rise and setting, the declination, the Greenwich hour angle and the equation of time are computed


   http://www.jgiesen.de/GeoAstro/GeoAstro.htm

What's Your Angle: Sun Shadow Experiment 

 
http://astro.uchicago.edu/ara/southpole.edu/angle.html

Data Collection 


   http://cleo.terc.edu/cleo/browse/template/BrowseDatacollection.cfm?QuestionID...

SunPosition.com - The Solar Model 


   http://www.sunposition.com/model.html

 Eratosthenes Experiment 


http://youth.net/eratosthenes/welcome.html

Timeline

This project can be done in three periods if the class is quite adept and has a good math background.  However, slower classes will need more days and the project can be expanded to a week or more and modified to include more complexity.  

Sequence of Activities
ENGAGE - Pose the problem in question by reading the story.
Divide students into groups of two or more students.  

If the day is sunny let students go outside so the sun is the light source.

Set up the book and cardboard so they make a ramp.

Place the object so that it casts a shadow at the base of the ramp.  If students are inside


The light source must be powerful enough to cast a visible shadow. 

This may involve adjusting the light source in the classroom, as well, by turning off the lights and/or covering the windows.

Place the ball at the top of the ramp so that gravity is the only force carrying the down the ramp.  Let the ball roll down the ramp and note the apparent time it takes to move through the shadow of the object.

 
Change the angle of the object so that the shadow is shorter.

Repeat rolling the ball down the ramp in the same way, again noting the apparent time 


it takes for the ball to move through the shadow.

Ask students what effect changing the angle of the light source had on the

Travel time of the ball through the shadow and how that information could

be used to solve the problem in question.

EXPLORE

Release the students to discuss their problem.  Suggest they explore what

they would need to know about the shadow locations to solve the problem and where they might find that information.  Students should draw diagrams of the shadows observed in the engagement activity, including ray diagrams indicating the angles of the suns rays.  If needed they should reference geometry books or the Internet to determine what geometric proofs are involved.

Students should explore what they need to know about the sun and the shadow it casts to solve the problem.  Reference astronomy sources (hardcopy or internet) to determine the altitude and azimuth of the sun at a given location, date and time.   Key words are sidereal time, clock time, altitude, azimuth, hour angle, and ecliptic.

Have students determine what is given, both numerically and what those numbers represent.  

Level I:
All data needed for students without Internet access is

provided below:


Students with Internet access can find this information on the web.

Geographic data for Trinidad, CO.




Longitude
104.50566W




Latitude
37.1685N




Altitude
6025 ft above sea level




Time zone
Greenwich Mean Time - 7 hours




Sun angle in Trinidad, CO for April 10, 2001.
   

Time

Altitude
Azimuth Hour angle

8:00 am 
14.33

84.84

75.48

9:00 am 
26.10

74.99

60.48

10:00 am
37.46

63.05

45.23

11:00 am
47.32

47.75

30.23

12:00 am
54.54

27.28

15.47

1:00 pm 
57.51

0.87

0.47

2:00 pm 
54.91

-25.79

-14.53

3:00 pm 
47.78

-46.98

-29.54

4:00 pm 
38.01

-62.53

-44.54

This can be calculated using an interactive calculator at the following site: 

http://susdesign.com/sunangle/


It is up to the teacher at this point to decide just how many calculations and how much data to give the students.  Explanations of possibilities are explored in the evaluation section and incorporated various levels of technology and math skills.  The time allotted to the project is also a large factor in determining how much to leave to the student.

EXPLAIN

Have a student volunteer to discuss the principle of alternate interior angles and how it relates to this problem.  Have several students volunteer to discuss information they obtained about sun angles at the location in question and/or ways to either find or calculate this information for other locations.  Provide a copy of this information to each student either on the board or electronically.  Have a student explain the mathematical equation needed to solve this problem.

Direct the class in determining the equation or series of geometric proofs and algebra (or trig) to calculate the length of the shadow at the given date, time, and location in the problem.  Direct the class in determining the equation or series of equations to calculate velocity as a function of the length of the shadow and time recorded to pass through the shadow.  For this equation you may use algebra or calculus solutions.

Solve the equations for the specific problem on your math level as a proof to present to the "court" in the traffic violation problem.

Explore the effect of the length of the car on the problem.  Does it influence the results at all?  Why or why not.

EXTEND

Ask students to contribute extensions for this problem.  For example:

Change the dates and times the officer made his initial observation and the time the student drove through the shadow.

What would happen if the road were not true N and S?  What if it was E and W or 34 degrees off north?  How would you have to modify the equations?


What if the date was different?  How would that influence a change in the equation?


What if the times were different?  How would that influence a change in the

equation?  How could you incorporate an equation that would calculate finding the sun angle into the overall problem?

How does this model change over years?  Decades?  Centuries? And why?

EVALUATION

Level 1 students:

Create a draw document representing the ray diagram for this problem.

Program your graphing calculator to produce output using these equations or use a standard calculator to find velocity given displacement and time.  It is up to the teacher to determine the math level of the students so that their problem matches their ability.  The simples is calculating d = vt, but more advanced students could actually do the calculations to find the location of the sun in the sky as given below.

Level 2 students:

Create an animation of this problem for one location with a variable date 

and time.

Create an excel spreadsheet that allows the user to enter the altitude of

the sun computes the values automatically and creates a graph from the data.  

Level 3 students:

Create an interactive animation of this problem that represents any latitude, date or time.

Create written code that asks for the latitude, time of travel in the shadow, and accesses a database on solar altitude to calculate velocity.

This can be expanded to include having the students calculate the sun angle given the latitude, longitude, altitude, date, and time zone.  The most advanced students could incorporate precession of the equinoxes into the problem.
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