

Geometry  - Unit 5



Ascension Parish Comprehensive Curriculum

Concept Correlation

Unit 5:  Similarity and Trigonometry

Time Frame:  Regular – 4 weeks

Block – 2 weeks

	Big Picture: (Taken from Unit Description and Student Understanding)
· This unit addresses the measurement side of the similarity relationship which is extended to the Pythagorean Theorem, its converse, and their applications. 
· The three basic trigonometric relationships are defined and applied to right triangle situations.
· Students apply their knowledge of similar triangles to finding the missing measures of sides of similar triangles. 

· This work is extended with use of the Pythagorean Theorem to find the length of missing sides in a right triangle. 

· The converse of the Pythagorean Theorem is used to determine whether a given triangle is a right, acute, or obtuse triangle. 

· Using sine, cosine, and tangent to find lengths of sides or measures of angles in right triangles and their relationship to similarity will be mastered.

	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Predict the effect of operations on real numbers (e.g., the quotient of a positive number divided by a positive number less than 1 is greater than the original dividend) (N-3-H)

2
Define sine, cosine, and tangent in ratio form and calculate them using technology (N-6-H) (Application)
3

DOCUMENTATION
Use ratios and proportional reasoning to solve a variety of real-life problems including similar figures and scale drawings (N-6-H) (M-4-H) (Application)
4

Model and use trigonometric ratios to solve problems involving right triangles (M-4-H) (N-6-H) (Application)
8

Apply the Pythagorean theorem in both abstract and real-life settings (G-2-H) (Application 

12

Determine angle measures and side lengths of right and similar triangles using trigonometric ratios and properties of similarity, including congruence (G-5-H) (M-4-H) (Analysis)
18

Reflections

	Concept 1:  Similarity, Ratio, Scale Drawings, Mid-segment Theorem

21.  Can students use proportions to find the lengths of missing sides of similar triangles?


	*44 – Striking Similarity (GQ 24)
	4, 10
	

	
	45 – Similarity and Ratios (GQ 21)
	4
	

	
	*46A – Exploring Similarity Using Scale Drawings (GQ 21)
	2, 4, 10
	

	
	*46B – Exploring Similarity using Scale Drawings (GQ 21)
	2, 4, 10
	

	
	47 – Spotlight on Similarity (GQ 21)
	2, 4, 19, 23
	

	
	*48 – Applying Similar Figures (GQ 21)
	2, 4, 18
	

	
	*49 – Similar or Not? (GQ 21)
	10, 17, 19, 23
	

	
	*50 – Parts of Similar Triangles (GQ 21)
	2, 4, 10
	

	
	51– Mid-segment Theorem for Triangles (GQ 21)
	4, 10, 18
	

	
	52 - Math Masters (GQ 21)


	4, 10
	

	Concept 2:  Pythagorean Theorem, Trigonometry

22. Can students use similar triangles and other properties to prove and apply the Pythagorean Theorem and its converse?

23.Can students relate trigonometric ratio use to knowledge of similar triangles?

24. Can students use sine, cosine, and tangent to find the measures of missing sides or angle measures in a right triangle? 

	*53 – Pythagorean Theorem – (GQ 22)
	12
	

	
	54 – Proving the Pythagorean Theorem and Its Converse (GQ 22)

	17, 19, 23
	

	
	*55 – Application of the Converse of the Pythagorean Theorem (GQ 21, 22)
	10, 12
	

	
	56 – Trigonometry (Using technology) (GQ 23, 24)
	3, 8, 12
	

	
	*57– Special Right Triangles (GQ 23,24)
	1, 3, 10, 12, 18
	

	
	*58 – Trigonometry (GQ 24)
	2, 3 ,8, 12, 18
	


Unit 5 – Concept 1:  Similarity, Ratio, Scale Drawings, Midsegment Theorem

GLEs

*Bolded GLEs are assessed in this unit

	Number and Number Relations

	1
	Simplify and determine the value of radical expressions (N-2-H)(N-7-H) (Comprehension)

	2
	Predict the effect of operations on real numbers (e.g., the quotient of a positive number divided by a positive number less than 1 is greater than the original dividend) (N-3-H) (Comprehension)

	4
	Use ratios and proportional reasoning to solve a variety of real-life problems including similar figures and scale drawings (N-6-H) (M-4-H) (Application)

	Geometry

	10
	Form and test conjectures concerning geometric relationships including lines, angles, and polygons (i.e., triangles, quadrilaterals, and n-gons), with and without technology (G-1-H) (G-4-H) (G-6-H) (Evaluation)

	17
	Compare and contrast inductive and deductive reasoning approaches to justify conjectures and solve problems (G-4-H) (G-6-H) (Analysis)

	18
	Determine angle measures and side lengths of right and similar triangles using trigonometric ratios and properties of similarity, including congruence (G-5-H) (M-4-H) (Analysis)


	Purpose/Guiding Questions:

· Use proportions to find the lengths of missing sides of similar triangles


	Key Concepts and Vocabulary:

· Similar

· Ratios and Proportions

· Scale drawing

· Scale factor

· Corresponding parts

· Midsegment Theorem for Triangles 



	Assessment Ideas:

· The student will create a portfolio containing samples of his/her activities. For instance, the student could choose a particular drawing from class and enlarge it using a given scale. In this entry he/she would also explain the process and how to prove that the new drawing is similar to the given drawing.

Activity – Specific Assessments: Activity 44


	Resources:

Glencoe 4.5, 6.2, 6.3, 6.4

PLATO Instructional Resources:

· GLE 1:

· Algebra I, Part 1-Basic Number Ideas; Sq Roots

· GLE 4:

· Geom &  Meas 2-Triangles & Lines; Proportionality

· GLE 17:

· Geom & Meas 2-Intro to Geom; Post & Thms

	Materials Needed:  

· Grid paper

· Equilateral triangle pattern blocks

· Geometer’s Sketchpad




Instructional Activities

Note:  Essential Activities are denoted by an asterisk (*) and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

 *Activity 44:  Striking Similarity (GLEs: 4, 10) (CC Activity 1)

Materials List: pencil, paper, grid paper, ruler, protractor, Striking Similarity BLM

· Have students work in pairs. Each pair should be given a copy of the Striking Similarity BLM. Students should also be given a piece of grid paper which has squares sized differently than the BLM (larger or smaller) but that has the same number of squares. For instance, on the BLM, the grid is 8 x 10 and each square is 1 centimeter. The students should be given a section of grid paper that also has 8 squares by 10 squares but the squares are a different size. Students will then reproduce the shapes on the blank grid by drawing the segments in the corresponding squares on the blank grid. Once students have enlarged or reduced the figures (be careful not to have the students reduce the figures too much), have students measure the segments and angles of both the original drawing on the BLM and the new drawing. Have students participate in a discussion that describes the relationship between pairs of corresponding angles and segments in the original and enlarged/reduced figures. Remind students about the information obtained in the previous unit on corresponding sides and angles of similar triangles and have the students develop a definition for similar figures. 

· Have students complete a RAFT writing (view literacy strategy descriptions) to apply their knowledge of similar figures. This form of writing gives students the freedom to project themselves into unique roles and look at content from unique perspectives. From these roles and perspectives, RAFT writing is used to explain processes, describe a point of view, envision a potential job or assignment, or solve a problem. This kind of writing should be creative and informative.
· Students should write the following RAFT:

R – Role—the role of the writer is a regular polygon like an equilateral triangle, a square, or some other regular polygon (the polygon can be assigned to each student or chosen by the student).    
A – Audience—the regular polygon will be writing to other polygons in their family. For instance, equilateral triangles should write to scalene triangles or non-equilateral isosceles triangles; squares should write to non-square rectangles, non-square parallelograms, trapezoids, etc.; other polygons should write to non-regular polygons in their same family.

F – Form—the form of this writing is a letter

T – Topic—the focus of this writing is to explain why the regular polygon cannot be the non-regular polygon’s partner because they are not similar. 

· In their RAFTed letters, students should include the definition of similar figures and an explanation of why the two figures are not similar. They can include drawings to help their explanation if they choose. Students should include these writings in their portfolios.
	Activity – Specific Assessment

The teacher will give the student a floor plan for a house. The floor plan should not have any measurements on it. The student will enlarge the floor plan to the size of a poster using a given scale. The student will find the actual dimensions of the rooms and the dimensions of the entire house from the scale used to create the floor plan.




Activity 45:  Similarity and Ratios (GLE: 4) (CC Activity 2) (Optional)

Materials List: pencil, paper, pattern blocks, Similarity and Ratios BLM, centimeter cubes or sugar cubes, learning logs    

· In groups of three or four, Instruct students to use equilateral triangle pattern blocks and cubes to make generalizations about the ratios of sides, areas, and volumes in similar figures using an activity like the one below. Give each student a copy of the Similarity and Ratios BLM so he/she can follow the directions and answer the questions that follow.
· Given an equilateral triangle, create a similar triangle so the ratio of side lengths is 2:1. What is the ratio of areas of the two similar triangles? If there are not enough pattern blocks for each group to create the correct triangle, have students trace the pattern blocks to create the similar triangles.  Next, have students use pattern blocks to create a triangle similar to the original triangle so the ratio of side lengths is 3:1. What is the ratio of the areas of these two similar triangles? 

The sketches below are not included in the BLM but are provided here to illustrate what the students should be creating at their desks as they are working through the BLM.

Sample sketches:
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· Have students use other pattern block shapes to investigate other similar polygons in the same manner as described above and record their findings in the tables provided on the Similarity and Ratios BLM. An example of the table is provided below for easy reference. The easiest pattern blocks to use would be parallelograms and rhombi.  This can be accomplished using hexagons as well. Students can use triangles and rhombi to fill in “empty” space and to know how the area of the rectangles and rhombi relate to the area of the hexagon. Prior to completing this activity in class, “experiment” with other types of polygons to determine what obstacles students may encounter. 

	description of similar shapes 
	Ratio of sides 
	ratio of areas 

	. 
	. 
	. 

	. 
	. 
	. 

	. 
	. 
	. 

	. 
	. 
	. 


· Based on your investigations in the two activities, make a generalization. If the ratio of sides of two similar polygons is n:1, what would the ratio of areas be?

· Given a cube, create a similar cube with ratio of edges 2:1 using cm or sugar cubes. What is the ratio of volumes? Create a similar cube with ratio of edges 3:1. What is the ratio of volumes? If the edges of two cubes were in a ratio of n:1, what would the ratio of volumes be? Have students record their observations in the tables on the Similarity and Ratios BLM and use their observations to answer the question, “If the edges of two cubes were in a ratio of n:1, what would the ratio of volumes be?” An example of the table is provided below.

	description of similar 3-D shapes 
	Ratio of edges 
	ratio of volumes 

	. 
	. 
	. 

	. 
	. 
	. 

	. 
	. 
	. 

	. 
	. 
	. 


· At the completion of this activity, have students answer the following prompt in their math learning logs (view literacy strategy descriptions): 

Using what you have learned about the relationships between the ratio of the sides and the ratio of the areas of similar figures, determine the relationship between the ratio of the sides and the ratio of the perimeters of those same similar figures. Be sure to explain your reasoning and provide examples/calculations to aid your explanation.

· A learning log is a notebook students keep in order to record ideas, questions, reactions, and new understandings. Students should use their math learning log other times in class in addition to those listed throughout the curriculum.  This will provide opportunities to demonstrate understanding.   
*Activity 46A:  Exploring Similarity Using Scale Drawings (GLEs: 2, 4, 10) (CC Activity 3)

Materials List: Internet access or printed copy of instructions, boxes (full or empty—enough to have one for each group), rulers, pencil, graph paper, scissors, tape, calculator


[image: image2.wmf]

 EMBED Equation.3  [image: image3.wmf]
· Visit the website

http://www.eduref.org/cgibin/printlessons.cgi/Virtual/Lessons/Mathematics/Geometry/GEO0003.html to access the information for this activity which allows students to use their knowledge of similar figures. There should be no need for students to access the website since the material can be printed for the class. This website provides instructions for students to create scale models applying their knowledge of similar figures. When the students are creating their scale models, they will have to decide on a different scale so that the model is not the same size as the box they were given. They will calculate the scale factor in the last step of the activity. Before the students calculate the surface area and volume of the original and scale model, have students predict what they think the surface area and volume should be based on the measurements of the two figures.  .  This will assist students in determining if their solutions are reasonable and allows them to apply the information learned in Activity 41. Then have the students calculate the surface area and volume of the boxes, and the scale factors for the length, surface area, and volume. Since students are measuring the items themselves, help them to understand why their results may not be exactly what theory says they should be.
*Activity 46B:  Exploring Similarity Using Scale Drawings (GLEs: 2, 4, 10) (Teacher-Made)

The following is a possible project idea.  Students are to create a model of a rectangular solid and compare its properties to those of the original box.

Krewe de Geometry Parade

Model Mardi Gras Floats

Objective: To explore properties of similarity by creating models using measurement and calculation.

Directions: You will create a model of a rectangular solid and compare its properties to those of the original box (whose measurements are given below).  This will be worth one (1) test grade therefore if you do not complete this assignment, you will receive a zero!  Be neat and be creative.  Decorate your mini box as a float for the Krewe de Geometry Parade!  All projects will be due 

.  There will be no exceptions!  You will need the following materials: 


Ruler




Pencil




Construction Paper or Poster Board




Scissors




Tape




Miscellaneous Items Needed for Decorating

Given the measurements of a rectangular solid:


Length = 36 cm


Width = 18 cm


Height = 13 cm

I. Building The Box

* Use a ruler to measure and draw the 6 sides of your “mini box” on the construction paper or poster board.  

* Record your measurements in the table below the nearest centimeter.

* The measurement of each side must be proportional to the corresponding side of the original box.  The scale factor you use is up to you.  (for example, 
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* Carefully cut out each side.

* Neatly tape or fasten them together to form your “mini box.”

* Decorate your “mini box” as a float for the 2006 Krewe de Geometry parade.  Be colorful and creative.  

* Write your name and class number on the bottom of your float.

II.  Properties of Similarity

* Complete the following table and answer the questions that follow.

	
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	
	

	Mini Box


	
	
	
	
	


1.  What scale factor did you use for length, width and height? 

2.  What is the ratio of the surface areas?  The volumes?

Model Mardi Gras Floats

Grading Rubric

I. Building The Box
Sides are Proportional



0
5
10
15
20



Neatness:




0
5
10
15
20




*Used a ruler/straightedge 

*Sides were neatly cut








*Neatly fastened together








*Name & Class # on bottom of float





Float was creative and colorful

0
5
10
15
20

II. Properties of Similarity
Table was completed
 correctly

0
5
10
15
20

Questions 1 & 2 answered correctly

0
5
10
15
20






Total: 


/100 points

Important hints & reminders:

* You must turn in this sheet with your project.

* If you lose this sheet, you will lose 10 points of your project grade.

* Your floats should be neat and colorful.  Take pride in your work.

* No two floats should look exactly alike!

Answer Key for Possible Scale Factors:

	1/4
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	2,700 cm2
	8,424 cm3

	Mini Box


	9 cm
	4.5 cm
	3.4 cm
	172.125 cm2
	136.7 cm3


	1/3
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	2700 cm2
	8424 cm3

	Mini Box


	12 cm
	6 cm
	4.3 cm
	300 cm2
	312 cm3


	1/2
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	2700 cm2
	8424 cm3

	Mini Box


	18 cm
	9 cm
	6.5 cm
	675 cm2
	1,053 cm3


	2/3
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	2700 cm2
	8424 cm3

	Mini Box


	24 cm
	12 cm
	8.7 cm
	1200 cm2
	2496 cm3


	3/4
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	2700 cm2
	8424 cm3

	Mini Box


	27 cm
	13.5 cm
	9.8 cm
	1518.75 cm2
	3553.875 cm3


	
	Length
	Width
	Height
	Total Surface Area
	Volume

	Original Box
	36 cm
	18 cm
	13 cm
	2700 cm2
	8424 cm3


Activity 47: Spotlight on Similarity (GLEs: 2, 4, 19, 23) (CC Activity 4) (Optional)

Materials List: pencil, paper, Spotlight on Similarity BLM, overhead projector

· Use the Spotlight on Similarity BLM to make a transparency for the overhead (or a copy can be made for each student) to help students investigate the following problem:

· A spotlight at point P throws out a beam of light.

· The light shines on a screen that can be moved closer to or farther from the light. The screen at position A is a distance A from the light and at position B is a distance B.

· The lengths a and b indicate the lengths of the light patch on the screen. 

[image: image5.png]screen: screen:
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· Show that the ratio of the length b to the length a depends only on the distances A and B, and not on the angle y of the beam to the perpendicular nor on the angle x of the beam itself. 

· Using similar triangle relationships, 
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 because the triangles are similar. Hence, 
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 is independent of the angles x and y and is the scale factor relating the distances of the two screens and the sizes of the images on the two screens. 

· Once students develop an understanding of the term scale factor, give students the measurements of certain figures and a scale factor. Have them predict whether the new figure is going to be larger or smaller than the given measures and then check themselves by finding the actual measures by using proportions.

 *Activity 48:  Applying Similar Figures (GLEs: 2, 4, 18) (CC Activity 5)

*A handout to follow this activity is provided at the end of this concept.

Materials List: pencil, paper, calculator 

· Give students various real-life situations in which similar triangles are used to find missing measures (i.e. shadow problems, distance across a river, width of a lake). The types of triangles should vary. Have students discuss why the triangles are similar before finding the requested missing measures. Provide students with practice in determining the missing sides of other pairs of similar figures in real-life settings.

· Example:

Alex is having a snapshot of his grandparents enlarged. The original snapshot is 4 inches by 6 inches. He needs the enlarged photo to be at least 13 inches on the shortest side. What must the minimum length be of the longer side? Solution: 19.5 in.
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 *Activity 49:  Similar or Not? (GLEs: 10, 17, 19, 23) (CC Unit 4, Activity 13)

*A handout to follow this activity is provided at the end of this concept.

Materials List: pencil, paper

Begin by using student questions for purposeful learning (SQPL) (view literacy strategy descriptions). To implement this strategy teachers develop a thought-provoking statement related to the topic about to be discussed. The statement does not have to be factually true, but it should generate some level of curiosity for the students. For this activity, pose the statement “All triangles are similar.” This statement can be written on the board, projected on the overhead, or stated orally for the students to write in their notebooks. Allow the students to ponder the statement for a moment and ask them to think of some questions they might have, related to the statement. After a minute or two, have students pair up and generate two or three questions they would like to have answered that relate to the statement. When all of the pairs have developed their questions, have one member from each pair share their questions with the class. As the questions are read aloud, write them on the board or overhead. Students should also copy these in their notebooks. When questions are repeated or are very similar to others which have already been posed, those questions should be starred or highlighted in some way. Once all of the students’ questions have been shared, look over the list and determine if the teacher needs to add his/her own questions. The list should include the following questions:

· What is the definition of similar polygons?

· Can isosceles triangles be similar to scalene or equilateral triangles? 

· Can acute triangles be similar to obtuse or right triangles?

· Are congruent triangles similar?

· What must be true about two triangles in order for them to be similar? 

· How can you prove two triangles are similar?

· What is the proof that all triangles are similar?

At this point, be sure the students have copied all of the questions in their notebooks and continue with the lesson as follows. Tell the students to pay attention, as the material is presented, to find the answers to the questions posted on the board.  Focus on those questions which have been starred or highlighted. Periodically, stop throughout the lesson to allow the student pairs to discuss which questions have been answered from the list. This may be followed with a whole class discussion so all students are sure to have the correct answers to each question. 

· Review with students the definition of similar figures. Use different activities which allow students to formalize the definition (i.e., corresponding angles are congruent and corresponding sides have the same ratios). For example:

· Have students construct a pair of triangles in which the angles are congruent, but the side lengths are not the same. Have students determine the ratios of the corresponding sides of the two triangles. 

· Draw a triangle on a transparency and label the diagram with the measures of the angles and sides. Use an overhead projector to display the triangle’s image on the chalkboard or whiteboard. Have various students measure the angles and sides of the image and then determine the ratios of the corresponding sides. (This also works well as a teacher demonstration.)

· Reinforce with students that constructing triangles with congruent angles (AA or AAA), creates similar, but not necessarily congruent, triangles. Lead a discussion about why congruent triangles are considered to be similar. Provide activities that allow students to investigate SSS and SAS similarity. 

· Once students have developed the definition of similar figures, provide students with diagrams that have pairs of similar triangles. Have students prove these triangles similar using the SSS similarity, SAS similarity, and AA similarity. Some pairs of triangles should also be congruent. 

· To end the lesson, review the questions posed by the students and be sure all students have the answers to the questions for further study.

 *Activity 50:  Parts of Similar Triangles (GLEs: 2, 4, 10) (CC Unit 4, Activity 6) 
*A handout to follow this activity is provided at the end of this concept.

Materials List: pencil, paper, automatic drawing program (optional), ruler, protractor

· Students should investigate how the lengths of the special segments (altitude, median, angle bisector)  in similar triangles relate to the measures of the sides of the similar triangles. Have them construct similar triangles, either with a drawing program or by hand, and draw their altitudes, angle bisectors, and medians. Instruct students to determine the scale factors of the sides and compare them to the ratios of the special segments. 

· Have students refer to their math learning log entries relating to the ratio of the perimeters of the similar triangles. Lead a class discussion to summarize that the ratios of the sides, altitudes, medians, angle bisectors, medians, and perimeters in similar figures are equal.

 Activity 51:  Midsegment Theorem for Triangles (GLEs: 4, 10, 18) (CC Unit 5, Activity 7) (Optional)

Materials List: pencil, tracing or patty paper, scissors, ruler, protractors
· Separate the class into groups of four. Give each group a sheet of tracing paper (or patty paper) and have them draw a triangle of any type and cut it out. Have students:

1. Find the midpoints of any two sides of the triangle by folding.

2. Fold (or draw) the segment that connects the two midpoints. Tell students that this is the midsegment and have them define the term based on what they have done so far.

3. Unfold the triangle and make any observations that look true about the triangle and the midsegment.

4. Fold and unfold the remaining two midsegments of the triangle.

5. Have students make observations regarding the three midsegments of the triangle. Ask them to look for a geometrical relationship between the midsegments and the sides and to determine the numerical relationship between the lengths of the midsegments and the lengths of the sides (i. e., each midsegment is parallel to one side of the triangle and has a length that is one-half the length of that side).

· If there is access to a computer drawing program such as Geometer’s Sketchpad®, use it to construct the midsegments of several other triangles to determine if the observations made in the part above hold true. 

· Lead the class in a discussion which includes the use of similar triangles to prove the Midsegment Theorem (the segment connecting the midpoints of two sides of a triangle is parallel to the third side and is half its length). Ask students to discuss the relationship of the triangle formed by the three midsegments to the original triangle (i.e., the inner triangle is similar to the original and its perimeter is half the perimeter of the original triangle).

Activity 52: Math Masters (GLEs: 4, 10)    

Materials List: expert attire (optional), pencil, paper

Use a modified professor know-it-all (view literacy strategy descriptions) strategy to review all of the concepts taught concerning similar figures. The professor know-it-all strategy allows students to question “experts” concerning a topic that has been studied through reading from a text, a lecture, a field trip, or any other information source. The only modification to the strategy is that students could be called “Math Masters” rather than professor know-it-alls as high school students might be more receptive to the name. To implement the strategy, divide the class into groups of three or four. Give the students time to review the material covered in the last seven activities concerning similar figures. Tell the students, groups will be called on randomly to come to the front of the room and provide “expert” answers to questions from their peers about similar figures. Ask the groups to generate 3 – 5 questions about similar figures they think they might be asked or that they would like to ask other experts. Provide novelty items like ties, graduation caps, lab coats, clipboards, etc., to don when the students are the Math Masters. 

After giving the students time to review material and create their questions, call a group to the front of the room and ask its members to face the class standing shoulder to shoulder. The Math Masters invite questions from the other groups. With the first question, model how the Math Masters should answer their peers’ questions. Students should huddle together after each question to discuss and decide upon the answer, then have the spokesperson give the answer.    

Direct the students to think carefully about the answer they receive and to challenge or correct the Math Masters if the answers are not correct or need additional information. After 5 minutes or so, have a new group take its place as Math Masters and continue the process. 

Some questions that might be asked are: 

· What is the definition of similar figures?

· What information must be provided to prove that two triangles are similar?

· Are all triangles similar?

· Are all quadrilaterals similar?

· Are squares similar to rectangles?

· How do the areas of similar figures relate to the scale factor of the figures?

· How do the perimeters of similar figures relate to the scale factor of the figures?

· How do the volumes of similar solids relate to the scale factor of the given solids?

· How does the measure of the midsegment of a triangle relate to the measure of the side?

The activity is complete when all groups have had a chance to be Math Masters or the peers have no new questions to ask the experts.

Activity 48 Worksheet

Solve the following problems.  For all problems, draw a diagram, show all work, and circle all answers.  Round answers to the nearest tenth and be sure to include all units!

1. Cecelia wanted to find the height of a certain tree for a report in her biology class.  She measured the shadow of the tree and found it was 5 m.  At the same time, her shadow was 0.8 m long.  If Cecelia is 1.6m long, how tall is the tree?

2. To estimate the height of a pole, a basketball player exactly 2 m tall stood so that the ends of his shadow and the shadow of the pole coincided.  The player’s shadow is 1.6 m and the length of the pole’s shadow is 4.4 m.  How tall was the pole?

3. Frank stands so that his shadow and the shadow of the flagpole are in line and have the same tip.  Frank’s height is 178 cm and his shadow is 267 cm long when the pole’s shadow is 921 cm long.  How tall is the flagpole?

4. At a ground distance of 1.5 miles from takeoff, a plane’s altitude is 1000 yards.  Assuming a constant angle of ascent, find its altitude 5 miles from take off.

5. You can estimate the height of a flagpole by placing a mirror on level ground so that you see the top of the flagpole in it.  Melissa is 172 cm tall.  Her eyes are 12 cm from the top of her head.  By measurement, 
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is about 120 cm and
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is about 4.5 m.  From physics, it is known that 
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  Explain why the triangles are similar and find the approximate height of the pole.
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Activity 49 Worksheet

Similar or Not?
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Measure the length of each side in centimeters (to the tenth) and each angle to the nearest degree.  Record your measurements in the spaces below the triangles.

AB = 





HI = 



BC = 





IJ = 




AC = 





HJ = 
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1. Are these two triangles similar?

2. Explain your conclusion in complete sentences.

Determine if each pair of triangles is similar.  Explain your reasoning.

1.


2.


Activity 50 Worksheet

                 B

Measure the requested segments to the nearest centimeter! Complete the chart below.

	
	Triangle ABC
	Triangle DEF
	Scale Factor of Triangle ABC to Triangle DEF

	Side Lengths


	
	
	

	Altitudes
	
	
	

	Angle Bisectors
	
	
	

	Medians
	
	
	

	Perimeter
	
	
	


Unit 5 – Concept 2:  Pythagorean Theorem, Trigonometry

GLEs

	GLE #
	GLE Text and Benchmarks

	Number and Number Relations

	1
	Simplify and determine the value of radical expressions. (N-2-H)(N-7-H) (Comprehension)

	3
	Define sine, cosine, and tangent in ratio form and calculate them using technology (N-6-H) (Application) 

	Measurement

	8
	Model and use trigonometric ratios to solve problems involving right triangles (M-4-H) (N-6-H) (Application)

	Geometry

	12
	Apply the Pythagorean theorem in both abstract and real-life settings (G-2-H) (Application)

	17
	Compare and contrast inductive and deducting reasoning approaches to justify conjectures and solve problems.  (G-4-H)(G-6-H) (Analysis) 

	18
	Determine angle measures and side lengths of right and similar triangles using trigonometric ratios and properties of similarity, including congruence (G-5-H) (M-4-H) (Application)

	19
	Develop formal and informal proofs (e.g., Pythagorean theorem, flow charts, paragraphs) (G-6-H) (Evaluation)

	Data Analysis, Probability, and Discrete Math

	23
	Draw and justify conclusions based on the use of logic (e.g., conditional statements, converse, inverse, and contrapositive).  (D-8-H)(G-6-H)(N-7-H) (Analysis)


	Purpose/Guiding Questions:

· Use similar triangles and other properties to prove and apply the Pythagorean theorem and its converse

· Relate trigonometric ratio use to knowledge of similar triangles

· Use sine, cosine, and tangent to find the measures of missing sides or angle measures in a right triangle

 
	Key Concepts and Vocabulary:

· Special right triangles

· Sine

· Cosine 

· Tangent

· Inverse trig functions


	Assessment Ideas:

· The student will complete journal entries for this unit. For example:

· Discuss the proof for the special right triangles: 30°-60°-90° and 45°-45°-90°. In your discussion, explain why this information can be generalized to all triangles that have these angle measures.

· Explain how the Pythagorean theorem can be used to determine if a triangle is a right, obtuse, or acute triangle.

· The student will find pictures of similar figures in magazines, newspapers, or other publications and explain how he/she knows that the figures are similar. The teacher will challenge the student to find pairs of similar figures that are not congruent.

Activity – Specific Assessments: Activity 53



	Resources:
Glencoe 7.2, 7.3, 7.4

PLATO Instructional Resources:

· GLE 1:

· Algebra I, Part 1-Basic Number Ideas; Sq Roots

· GLE 3:

· Trig-Trig Functions; Right Triangle Functions

· GLE 8:

· Trig-Trig Functions; Right Triangle Functions

· GLE 17:

· Geom & Meas 2-Intro to Geom; Post & Thms

· GLE 19:

· Geom & Meas 2-Triangles & Lines; Proportionality



	Materials Needed:

· Geometer’s Sketchpad  

· Manipulatives

· Patty  paper

· Standard trig table




Instructional Activities

Note:  Essential Activities are denoted by an asterisk (*) and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 53:  Pythagorean Theorem (GLE: 12) (CC Activity 8)

Materials List: pencil, paper
· Provide students with a pair of similar right triangles whose leg measures are known. Ask students to determine if the triangles are similar and, if so, to provide a proof (i.e., the right angles are congruent and the legs in the two triangles are proportional) to support their ideas. Have students calculate the length of the hypotenuse of each triangle. 

· Ask: What is the scale factor between the two similar triangles? Is the hypotenuse of one triangle a multiple of the hypotenuse of the second triangle? What is the multiple? Students should recognize and use common Pythagorean triples (e.g., 3-4-5, 5-12-13, 7-24-25, 8-15-17) and their multiples as shortcuts to solving problems. For example, if a right triangle has lengths of 15, ____, 39, the missing side is 36 since 15, 36, 39 is three times 5-12-13.

Activity 54:  Proving the Pythagorean Theorem and Its Converse (GLEs: 17, 19, 23) (CC Activity 9)

· Have students prove the Pythagorean Theorem and its converse. To prove the Pythagorean Theorem, have students use manipulatives or patty paper to construct squares with side lengths of a, b, and c to show that a2 + b2 = c2. Have students test the converse of the Pythagorean Theorem by constructing a triangle using the same three lengths a, b, and c. 

· Lead a class discussion in which students indicate that the SSS triangle congruence postulate verifies that all triangle of lengths a, b, and c are congruent and the triangle constructed must be congruent to the original triangle.

 *Activity 55:  Application of the Converse of the Pythagorean Theorem (GLEs: 10, 12) (CC Activity 10)

Materials List: pencil, paper, automatic drawing program, protractors (if drawing program is unavailable) 

· In this activity students should apply the converse of the Pythagorean Theorem to determine if a triangle is right, acute, or obtuse. Begin by reviewing the converse of the Pythagorean theorem as a method of determining whether three segment measures could represent the measures of a right triangle. Give the students several different sets of measures that form a triangle (be sure that most of them are NOT right triangles). Have students apply the converse of the Pythagorean Theorem to determine which of the trios forms a right triangle. 
· Using a computer drawing program like Geometer’s Sketchpad, have students construct triangles using side lengths that do not form right triangles to determine that some triangles are acute while others are obtuse. Have students make a conjecture about the sum of the squares of the smaller sides in relation to the square of the largest side in acute and obtuse triangles. Students should explain that if 
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 then the triangle is obtuse and if 
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, then the triangle is acute. Ask students to classify other triangles based only on the lengths of their sides.
· If a drawing program is not available, provide students with diagrams in which the triangles have been drawn to scale and the lengths of sides are labeled. Have students apply the Pythagorean Theorem (or the rules concerning Pythagorean triples) to determine which triangles are right triangles. For the remaining triangles, have students use a protractor to measure angles, classify each triangle as acute or obtuse, and then determine the relationship between a2 + b2 and c2 in the two types of triangles.

Activity 56:  Discovering Trigonometry (Using Technology) (GLEs: 3, 8, 12) (CC Activity 11)

Materials List: Internet access for each student (or pairs of students), pencil, paper
The website, http://catcode.com/trig/index.html, provides a series of activities that define and help explain the uses of trigonometry. The activities help students to expand their understandings of similar figures as they apply to the study of trigonometry. Only the first five activities and the activity titled “A Quick Review” should be viewed. Be sure that the computers students will be working on have Java enabled, so students can use the interactive activities. This cannot be printed because the interactivity with the figures will be lost. If necessary, students may be paired depending on class size and the number of available computers.  If students do not have access to the Internet, present this information using presentation equipment. Create notes from the information presented on the website which students will be able to use for the remainder of the activity.

Employ a directed reading-thinking activity (DRTA) (view literacy strategy descriptions) to aid students in reading and processing the information presented in the website. The DRTA approach invites students to make predictions and check their predictions through the reading. It requires students to pause as they read the information to ask/answer questions. Take the students through the following steps:
· Introduce background knowledge. Begin the lesson with a discussion about trigonometry. Elicit information students may already know about trigonometry. Many students may have limited prior knowledge of trigonometry, and that is okay. Discuss the title of the activity. Record students’ ideas on the board or chart paper.

· Make predictions. Ask questions that invite predictions, such as: “What do you expect to learn from this activity? Based on what we have learned already, what information do you think the author will include?” Have students write their predictions in their notebooks.

· Read a section of text, stopping at predetermined places to check and revise predictions. The first stopping point may be after students read the Frequently Asked Questions About Trigonometry. Students should reread their predictions and change them if they feel it is necessary. If they decide to change their predictions, they should cite the new evidence for doing so. Repeat this cycle as the students read through the information on trigonometry. Other recommended “stopping” points are after Shadows and Triangle (students should click on “See the difference here” to understand the effect of the moving sun on shadows), Measuring the Sides, sine and cosine, and A Quick Review (instruct the students to go back to the Index and click on A Quick Review to skip the other information at this time—the remaining information is too much to include at this point). Have students consider the following key questions: “What have you learned so far from the text?” (summarize) “Can you support your summary with evidence from the text?” “What do you expect to read next?”   
· Once the reading is completed, use student predictions as a discussion tool. Ask students to reflect on their original predictions and to track their changes in thinking and understanding trigonometry, as they confirmed or revised their predictions. Students should write their statements of overall understanding in their notebooks. 
*Activity 57: Special Right Triangles (GLEs: 1, 3, 10, 12, 18) (CC Activity 12)
*A handout to follow this activity is provided at the end of this concept.

Materials List: pencil, paper, construction materials (compass and straight edge or patty paper), scientific calculator 

· Have students explore special right triangles by starting with an equilateral triangle with side lengths of 2 units. Have students construct an altitude to create two 30°-60°-90° triangles. Identify the parts of the 30°-60°-90° triangle as short leg, long leg, and hypotenuse. The resulting right triangles have a short leg of 1 unit. A 30°-60°-90° triangle whose short leg is 1 is called the unit triangle. Have students use the Pythagorean Theorem to calculate the length of the long leg (side opposite 60°) in simplified radical form. 

· Next, have students create a unit triangle for 45°-45°-90°, using 1 unit as the length of each of the two legs. Using the Pythagorean Theorem, students will calculate the length of the hypotenuse in simplified radical form.

· Repeat the activity several times but use different measures for the sides of the equilateral triangle (e.g., start with an equilateral triangle whose sides are 4 units, 6 units). Do this several times until students see a pattern in the numbers. Write these as formulas: 
short leg =
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hypotenuse and long leg = 
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short leg in 30°-60°-90° triangles. For 45°-45°-90° triangles, the relationship is hypotenuse = 
[image: image27.wmf]2 x

 leg

. Additionally, show students how proportions are an alternative way of calculating the same values. 

· To help students become familiar with the definition of sine and cosine, have them calculate the ratios using the side lengths of special right triangles. Have students use the examples from the above activity and the definition of sine to determine that sin (30) = 
[image: image28.wmf]1

2

. Allow them to use the calculator’s sin function to verify this. (This step may require instruction on the use of the calculator.) 

· Help students to understand that formulas, proportions, and the trig functions are related to each other and that each is a different way to write the ratios that exist. See that students become familiar with the idea that trigonometric functions represent ratios of sides in a right triangle.

 *Activity 58:  Trigonometry (GLEs: 2, 3, 8, 12, 18) (CC Activity 13)

*A handout to follow this activity is provided at the end of this concept.
Materials List: pencil, paper, trig tables, scientific calculators (minimum)

· Extend Activity 57 to define the cosine and tangent ratios in right triangles. Be sure to include information which shows students how to find the measures of the acute angles in a right triangle if the side lengths are known. Assist students in learning to use the calculator to find trig ratios and to use the ratios to solve problems. In order to facilitate understanding, have students read information from a standard trig table. For example, in order to solve
[image: image29.wmf]12
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=

, students need to understand that there is one angle which has the same decimal ratio as 12 divided by 17. Looking through the list of tangent ratios to find this number helps students understand that the calculator has these ratios stored in its memory. When the student requests
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, he/she is requesting the calculator to search for the angle whose ratio is the same as 12 divided by 17. 

· Have students practice finding the measures of missing sides and angles by applying the trigonometric ratios to right triangles. Once an understanding of the process is mastered, have students apply the trigonometric ratios to real-life problems. These problems can be to find the differences between the heights of two buildings, distance two boats are apart from each other, construction of airplanes, angles of elevation or depression, etc.

	Activity – Specific Assessment

This assessment is meant to be a differentiated lesson.  Level A is the least difficult, and Level C is the most difficult.  There are 2 choices for the B level activity.

A. For the following problem, make sure all work is neatly shown and all necessary diagrams have been drawn.  Make sure you define all variables.

Kirk visits Yellow Stone Park and Old Faithful on a perfect day.  His eyes are 6 feet from the ground, and the geyser can reach heights ranging from 90 feet to 184 feet.

1. If Kirk is standing 200 feet from the geyser and the eruption rises 175 feet in the air, what is the angle of elevation to the top of the spray to the nearest degree?

2. In the afternoon, Kirk returns and observes the geyser’s spray reach a height of 123 feet when the angle of elevation is 37(.  How far from the geyser is Kirk standing to the nearest tenth of a foot?

The percent grade of a highway is the ratio of the vertical rise or fall over a given horizontal distance.  The ratio is expressed as a percent to the nearest whole number.  Suppose a highway has a vertical rise of 140 feet for every 2000 feet of horizontal distance.

1.   Calculate the percent grade of the highway.

2.   Find the angle of elevation that the highway makes with the horizontal.

B1. For the following problem, make sure all work is neatly shown and all necessary diagrams have been drawn.  Make sure you define all variables.
A doctor is using a treadmill to assess the strength of a patient’s heart.  At the beginning of the exam, the 48-inch treadmill is set at an incline of 10(.

1. How far off the horizontal is the raised end of the treadmill at the beginning of the exam?

2. During one stage of the exam, the end of the treadmill is 10 inches above the horizontal.  What is the incline of the treadmill to the nearest degree?

3. Suppose the exam is divided into five stages and the incline of the treadmill is increased 2( for each stage.  Does the end of the treadmill rise the same distance between each stage?

B2. For the following problem, make sure all work is neatly shown and all necessary diagrams have been drawn.  Make sure you define all variables       

Suppose that the safe range of angles for a ladder is 50( and 75(. 

1. Find the height of the lowest window a 20-foot ladder can reach.

2. Find the height of the highest window a 20-foot ladder can reach.

3. If a 20-foot ladder had to be set 8 feet from the base of a building, would it be safe to climb?  Explain.

4. How far away from the building is the base of the 20-foot ladder at its maximum height?

5.   Why are safe ranges important and what would happen if a ladder was set outside the safe range?  Explain.

C.
For the following problem, make sure all work is neatly shown and all necessary diagrams have been drawn.  Make sure you define all variables (t= height of tree).  

1. A tree is 25 ft tall and its shadow is 18 ft long.  At the same time, a nearby tower has a shadow of 30 ft long.  Find the height of the tower.

2. If the tower is 35 feet from the tree, find the angle of elevation from the base of the tree to the top of the tower.

3. A building is located 50 feet past the tower.  The angle of elevation from the top of the building to the top of the tower is 12(.  Find the height of the building.

4.
Find the angle of depression from the building to the base of the tower.

Critical Thinking Questions – Differentiated same as above questions (A – C)

A.  A student states that sin A > sin X because the lengths of the sides of (ABC are greater than the sides of ( XYZ.  Is the student correct?  Explain?


B. Is there an angle whose sine and cosine are equal?  If so, name the angle and explain why the ratios are equal.

C.  Explain why, for any acute angle you choose, sine and cosine will always be less than one, but tangent can be greater than one.
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Activity 58 - Terrific Trig Worksheet

1. If a guy wire for a tree is 14 feet long, making an angle of 
[image: image31.wmf]o

41

 with the ground, how far is the base of the tree from the stake anchoring the tree?

2. The angle of depression from a searchlight to its target is
[image: image32.wmf]o

58

.  How long is the beam of light if the searchlight is 26 feet above the ground?

3. What is the length of an altitude of an equilateral triangle whose sides have lengths of 
[image: image33.wmf]?
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4. The perimeter of a square is 24 units.  What is the length of the diagonal?

5. What is the length of a side of an equilateral triangle whose altitude has a length of 21?

6. Ramon is 65 ½ inches tall.  His shadow is 55 inches long.  What is the approximate angle of elevation of the sun?

7. Find the length of a diagonal of a square if each side is 4 cm.

8. Find the length of the altitude of an equilateral triangle where each side is 10 cm.

9. The sun shines on a tree 25 m tall, so that a shadow 18 m long is cast.  To the nearest degree, find the angle the sun’s rays make with the ground.

10. The tailgate of a truck is 1.12 m from the ground.  How long should a ramp be so the incline from the ground up to the tailgate is 
[image: image34.wmf]?
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 Round your answer to the nearest tenth.

11. A paraskier is being towed behind a boat on a 250-ft. rope. If the angle of elevation is
[image: image35.wmf]o
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, approximately how high is the paraskier from the surface of the water?

12. A ladder rests against a building at a point 63 ft from the ground.  If the ladder makes a 
[image: image36.wmf]o

47

angle with the ground, what is the length of the ladder?

13. The base of an isosceles triangle is 14 cm in length and the angle opposite the base measures
[image: image37.wmf]o

86

.  Find the length of each of the congruent sides.

14. A ski slope has a 
[image: image38.wmf]o
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incline and is 170 yd long.  Find the vertical drop d.
15. A straight water slide is 25 m long and starts at the top of a tower that is 21 m high.  Find the angle between the tower and the slide.

16. For easy access, a sidewalk ramp is supposed to have an angle of 
[image: image39.wmf]o
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or less to the ground.  A ramp to a landing 1.5 m high is 5 m long.  Is the angle 
[image: image40.wmf]o
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or less?  Explain your reasoning.

17. A paraskier is towed behind a boat with a 200 ft rope.  The spotter in the boat estimates the angle of the rope to be 
[image: image41.wmf]o

35

above the horizontal.  Estimate the skier’s height above the water.

18. An 18-ft ladder leans against a house that stands on level ground.  The foot of the ladder is 10  

        feet from the house.  Find the angle that the foot of the ladder makes with the ground.
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Activity-Specific Assessment





Provide instructions for making and using a hypsometer given on the Making a Hypsometer BLM. The student will write a rationale for the proportion that is given in the instructions. The student will determine the height of various objects throughout school showing all calculations necessary to indirectly find the height of the chosen object.





Activity-Specific Assessment





The student will use a clinometer to determine the height of something on the grounds of the school (e.g., flag pole, light post, goal post) using the trigonometric functions. The student will produce a scaled diagram of the measurements made and show all calculations used to indirectly calculate the height of the chosen object using trig functions. Instructions for making a clinometer can be found in most geometry textbooks and on numerous websites, such as: � HYPERLINK "http://web4j1.lane.edu/partners/eweb/ttr/mckenzie/resources/ideabank/clin.html" ��http://web4j1.lane.edu/partners/eweb/ttr/mckenzie/resources/ideabank/clin.html�. 
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