Danielle Murnane and Kristen Wall     



    

AMTNYS Lesson Plan

MAED 417/419


How does the Buffalo Measure up?

 Indirect measurement 

Description: This lesson is designed to be a fun and interactive lesson, which engages students in finding creative ways to measure objects using indirect measurement. It is intended for high school/ middle school students. Indirect measurement is a technique used to find measurements when directly measuring the object is not possible. It makes use of similar figures, proportions and properties of right triangles in order to find the unknown heights and/or distances. For example, we would use indirect measurement if we were trying to find the height of HSBC Arena. We couldn’t physically measure the building that would be dangerous and difficult. It would be easier to use right triangles or similar triangles. Then, by using known information and gathering our own information, we can find the height of the building or an unknown distance.
Professional Standards:

NYS MST Standards/ Performance Indicators:

· A.A.42 Find the sine, cosine, and tangent ratios of an angle of a right triangle, given the lengths of the sides 
· A.A.44 Find the measure of a side of a right triangle, given an acute angle and the length of another side 

· G.PS.5 Choose an effective approach to solve a problem from a variety of strategies 

· G.PS.7 Work in collaboration with others to propose, critique, evaluate, and value alternative approaches to problem solving 

· G.PS.8 Determine information required to solve a problem, choose methods for obtaining the information, and define parameters for acceptable solutions 

· G.CM.8 Reflect on strategies of others in relation to one’s own strategy 

· G.CN.6 Recognize and apply mathematics to situations in the outside world 

NCTM standards: 

· explore relationships (including congruence and similarity) among classes of two- and three-dimensional geometric objects, make and test conjectures about them, and solve problems involving them; 

· use trigonometric relationships to determine lengths and angle measures. 

· use geometric ideas to solve problems in, and gain insights into, other disciplines and other areas of interest such as art and architecture. 

· Recognize and apply mathematics in contexts outside of mathematics. 

Following the conclusion of this lesson, students should be able to:

· Apply right triangle trigonometry, properties of similar triangles to indirect measurement problems. 

· Given supplies, such as a protractor and string, find the height of an object. 

Instructional Protocol: Have the students get into groups. Each group will get an indirect measurement packet, and be told that they need to find the height of the school building or the distance between two school landmarks.  The groups will fill out the included lab report. The teacher should check groups’ procedure and approve it or give suggestions for improvement before they start the experiment. When their plan is approved, the students will use their procedure to find the height of their school building or the distance between two school landmarks. After the groups finish the class will compare their results. Then, they will work on follow up questions.
History:


Thales from Miletus was one of the earliest Greek mathematicians who live from about 624 to 547 B.C.E.  Little is known about Thales since most of the stories about him were only recorded hundred of year after his death. The little that we do know about him though shows him to be a wise and philosophical man who asked questions no one could answer. Thales is said to have had a great understanding of geometry and its theories. He understood properties of similar triangles as well as right triangles and was able to use them in a practical application.  Although exactly how Thales came to the conclusions he did isn’t always so clear he is still created for being one of the first to apply geometry to solve real world questions.

Thales is said to have liked to travel and study other places of the world. Egypt in particular was where he spent most of his time and knew much about. It is said that one day he asked the question of to how tall the pyramids were. No one could answer him so he made it his mission to try and figure it out. He began to study shadows and properties of right triangles. Thales realized that at a certain time an object shadow would be the same length at its height, creating a 45-45-90 right triangle. With this knowledge Thales used a stick, which he knew the height of, to determine when the sun was at the right spot to cast a shadow on the pyramids so that its shadow would be the same as its height. From there Thales was able to pace of the shadow as well as half the base to determine the pyramids height. 
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Thales is also said to have applied the idea of triangle congruence, angles side angle, to determine the distance a ship was at sea. He is credited to have proved the theorems that the base angles of an isosceles triangle are equal and that vertical angles are equal. He is also credited with proving that the diameter of a circle divided the circle into two equal parts. Even though the exact method Thales used is unknown, it is clear that he used theories of isosceles triangles by creating two equal angles on the shore at which he had a known base of. From there he could accomplish finding the measurements of the sides of the isosceles triangle and in turn figure out the distance the ship was from shore. 
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Height Indirect Measurement Activity:
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Students begin by forming groups of three or four and picking up a packet from the front of the room. Packets will consist of:

· A protractor, washer on a string and a straw with tape.
· A mirror. 
· Ruler and a long piece of sting.


Begin by having the student in their groups brainstorm ideas of how they could use these object to measure the height of the school. Have the groups share their ideas and discuss with the class how each would work or not. 

Lab Outline:
 Title: How Tall Is Our High School?
Problem:  Without using a ruler or a tape measure, how can we find the height of our school building?

Hypothesis:  Here is where the students should format their ideas of how they are actually going to solve for the height.

Procedure: This should be a step by step process of how the student will go about finding the height of the building. In this section they should included any proportions they will be setting up as well as any outside knowledge they will be using of right and similar triangle in order to calculate the height.

Data: This section should be comprised of the information gathered during the experiment, whether it be the angle of elevation or any the distance you need to find.
Conclusion:  After comparing measurement with the class, students should find three other objects to find the measurement of. They also should for at least one new object, use a different method to solve for the height.

Reaction: Reflecting on the experiment will give the student the opportunity to explore real world applications of indirect measurement. They should give there though on what professions would use this instrument and why they would be using indirect measurement in the first place. 
Name____________________________

Indirect Measurement Lab: Height

Without using a measuring tape or ruler, how are you going to find the height of the school?
After completing this worksheet, write up your lab to be handed in. Make sure you include all the key points of the experiment and any failed idea you attempted.

Title:

Problem:

Procedure: (Use this information to create a step by step process of the experiment)
1.  What are the materials in you packet?
2.  What are some ways to find the height of something? Can we use known information and compare them? Is there a geometry method that we could use?

3. What prior information will we need in order to find the height of something?
4. Geometry plays a huge role is this experiment. List some properties of proving similar triangles and some know fact when solving for missing components of right triangles.
Hypothesis: 
1. What can we predict is going to be the method of solving for the height?

Data: (after you find the height of the school building, try find other objects to measure the height of. Also try out some other tools and methods)
1.  Object: __________________________________________________

Tools given: ___________________________________________________
Height: ___________________________________________________

2. Object: __________________________________________________

Tools given: ___________________________________________________
Height: ___________________________________________________

3. Object: __________________________________________________

Tools given: ___________________________________________________

Height: ___________________________________________________

4. Object: __________________________________________________

Tools given: ___________________________________________________               Height: ___________________________________________________

Conclusion:
1. What tools and method did you use do to solve for the height of the school building?

2. What other object did you measure? What other tools did you use?

Reaction:

1. What did you think about this experiment? 

2. Would you ever need to do this in real life? If so how and why would you use indirect measurement to find the height of something?
To find height:

Clinometers:  
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This tool is used to find angles of elevation and depression. By standing x distance from the object you are trying to measure hold the clinometers at eye level. While looking through the straw find the top of the object you are measure. Once the top of object becomes clear though the straw, take note at where the string and washer lye on the protractor. That measurement is the angle that you need to set up your proportion. It is the angle that the two similar triangles have in share. 
How to make a Clinometers-
Supplies: 

· Protractor

· Washer

·  String

·  Straw
· Tape 

Steps:
1. Using a small piece of string tie one end to the washer and the other to the center hole of the protractor.
2. Take the straw and tape it to the straight side of the protractor, so that it lies straight and flat against the edge.

Mirror: 
[image: image4.wmf]
This tool uses the idea that the angles of reflection are congruent and proportions in similar triangles. Start by marking the center point of the mirror. Next place the mirror on the ground x ft from the object of which you want to find the height. Now, move away from the mirror until the reflection of the object you are measuring matches the point on the mirror; then measure how far away you are from the mirror. Using the fact that similar triangles are proportional and that you know the two distances and your height, you can now so set up a proportion and solve for the missing value. 
Ruler and String:
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This is a simple was to use indirect measurement. By tacking a long piece of string to the bottom of the object we use the string and ruler to create similar triangle. Walk away from the object placing the string to eyes. Now hold the ruler far enough from yourself so that the top of the ruler lines up with the top of the object and the bottom of the ruler lines up with the bottom of the object, while still touching the string. This creates similar triangles so that now you just have to set up your proportions to solve for the height of the object.

Distance Indirect Measurement Activity:


Students begin by forming groups of three or four and picking up a packet from the front of the room. Packets will consist of:

· A meter stick and an index card.

· A protractor with an arm and a meter stick.


Begin by having the student in their groups brainstorm ideas of how they could use these object to measure the distance between the school and another object. Have the groups share their ideas and discuss with the class how each would work or not. Encourage them to use the information that they found about the school as well as their previous knowledge of indirect measurement.

Lab Outline:

 Title: What is the Distance between the two objects?
Problem:  Without using a ruler or a tape measure, how can we find distance?

Hypothesis:  Here is where the students should format their ideas of how they are actually going to use the instruments to solve for the distance.

Procedure: This should be a step by step process of how the student will go about finding the distance between two objects. In this section they should included any proportions they will be setting up as well as any outside knowledge they will be using of right and similar triangle in order to calculate the distance.

Data: This section should be comprised of the information gathered during the experiment, whether it is the angles of change or known distances.

Conclusion:  After comparing measurements with the class, students should find other objects to find the distance of. They also should for at least one new object, use a different method to solve for the height. Encourage the student to combine finding the distance and finding the heights to continue to solve for new objects

Reaction: Reflecting on the experiment will give the student the opportunity to explore real world applications of indirect measurement. They should give there though on what professions would use this instrument and why they would be using indirect measurement in the first place. 

Name____________________________


Indirect Measurement Lab: Distance

Without using a measuring tape or ruler, how are you going to find the distance between the school and another object?

After completing this worksheet, write up your lab to be handed in. Make sure you include all the key points of the experiment and any failed idea you attempted.

Title:

Problem:

Procedure: (Use this information to create a step by step process of the experiment)

1.  What are the materials in you packet?

2.  What are some ways to find the distance of something? Is there a way to use known information? Is there a geometry method that we could use?

3. What prior information will we need in order to find the distance between objects?

HINT:  Geometry plays a huge role is this experiment. When finding the distance we will need to create triangles. This will allow us to easily solve for the distance. Remember what you know about similar triangle and right triangle.  

Hypothesis: 

1. What can we predict is going to be the method of solving for the height?

Data: (after you find the distance of the school and another object, try find other distances as well as try out other tools and methods)
1.  Objects: ___________________________________________________
Tools given: ___________________________________________________

Distance: _____________________________________________________

2. Objects: ___________________________________________________

Tools given: ___________________________________________________
Distance: _____________________________________________________

3. Objects: ___________________________________________________

Tools given: ___________________________________________________

Distance: _____________________________________________________

Conclusion:
1. What tools and method did you use do to solve for the distance between the school building and your other object?

2. What other objects did you find the distance of? What other tools did you use?

Reaction:

1. What did you think about this experiment? 

2. Would you ever need to do this in real life? If so how and why would you use indirect measurement to find the distance of something?

To Find Distance:
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Meter Stick and Index card:


This method of indirect measurement is used to solve for distance when there is a known height. This technique is often used to find the distance between two objects that are too far way to use a measuring tape. Begin by placing a meter stick on the ground vertical toward the object in the distance. Next take the index card and create a slit in the card. Hold it at a 90 degree angle so that it is touching the meter stick. Move the index card back and forth until the object is the size of the slit in the index card. This creates similar triangles. Taking the length of the slit in the index card and using the distance the index card is from the start of the meter stick set them equal to the known height of the distant object and to the unknown distance you are solving for. By setting up this proportion a you can solve for you distance with ease. 
Protractor and meter stick: 
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When trying to find the distance of an object or the distance between two objects and there is no known height, this method comes in handy. It involves your knowledge of right triangles and trigonometry in order to solve for the distance. Begin by facing the distant object and using a specific point as the marker. Set the protractor on the ground and create a 90 degree angle, the arm of the protractor should be toward the object. Next place the meter stick next to the protractor at the 0 degree mark. Use the meter stick to form the adjacent side of the right triangle you are creating. Keep track of how many time you turn the meter stick over so that you know the distance you are moving (three or four time should do). Next re-place the protractor at the new point and by using the arm to a line it to the marker on the object, determine the new degree. This is going to be the tangent angle you need to solve for the distance. Knowing that Tangent = Opposite/Adjacent, you now have enough information to solve for the distance.

New Technology: These are a few examples of new technologies that are available to indirectly measure heights and distances.
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     Abney hand spirit level: The Abney Hand level is a hand level that is a composed of a telescope and a spirit level that is connected to both a vertical scale of slope and degree. As you focus the object the level is adjusted until the bubble becomes center and aligned to the horizontal index line. Then the angle of incline of decline is easily read off the scale. This level can be used to determine height, volume and grade through manipulation of trigonometry. It can also be used to measure degree, percent of grade and topographic elevation.
[image: image9.wmf]Suunto Model 43895: These clinometers can be used to measure heights of trees, towers, buildings, etc. It can also be used to measure slopes and to measure vertical angles. The Suunto Clinometers has two scales in five configurations: Percent and Degrees, Percent and Topographic, Degree and Topographic, 15m and 20m, Percent and Secant for easy conversions and reading no matter what you are measuring.
Bushnell PinSeeker 1500 20-5102 Rangefinder: Used in golf and in hunting this ranger can find the distance from 5 to 1,500 yard away with an accuracy of +/- 1 yard. 
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· Here is a link to a video of us implementing a variety of indirect measurement methods in Buffalo, NY: http://www.youtube.com/watch?v=kj23EI8wLFU 
