Advanced Math – Unit 4 – Trigonometry of Triangles


Comprehensive Curriculum

Concept Correlation

Unit 4: Trigonometry of Triangles

Time Frame:  Regular – 3.5 weeks

Block – 2 weeks

	Big Picture: (Taken from Unit Description and Student Understanding)
· Right triangle trigonometric ratios are reviewed and used to solve right triangles. 

· Fundamental trigonometric identities

· The Law of Sines and the Law of Cosines are used to solve oblique triangles.

· Vector operations to solve aviation and physics problems

· Triangles are solved using various combinations of sides and angles. 

· Triangle trigonometry is used to model and solve real-life problems.  

· Vector operations and graphical representation of vectors

	Guiding Questions
	Activities

The essential activities are denoted by an asterisk.
	GLEs
	Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Categorize non-linear graphs and their equations as quadratic, cubic, exponential, logarithmic, step function, rational, trigonometric, or absolute value (A-3-H) (P-5-H) (Synthesis)
8

Calculate angle measures in degrees, minutes, and seconds (M-1-H) (Application)
11

Use the Law of Sines and the Law of Cosines to solve problems involving triangle measurements (M-4-H) (Application)
14

Represent translations, reflections, rotations, and dilations of plane figures using sketches, coordinates, vectors, and matrices (G-3-H) (Application)
16

Reflections

	Concept 1:  

Triangle Trigonometry

33. Can the student solve real-life problems involving right triangles?  

34. Can the student use the Law of Cosines and Law of Sines to model and solve real-life problems?

35. Can students find the areas of oblique triangles?

36. Can students use the fundamental trig identities

37.  Can students represent vectors as directed line segments?

38. Can students write the component form of vectors?

39. Can students add, subtract, multiply and find the magnitude of the vector algebraically?

40. Can students find the direction angles of vectors?

41. Can students use vectors to model and solve real-life problems involving quantities that have both size and direction?
	*26 – Solving Right Triangles (GQ 33,36)
	8
	

	
	*27 – Solving Right Triangles using Real-life situations (GQ 33,34)
	8
	

	
	*28 – Solving Oblique Triangles (GQ 34,35)
	11, 14
	

	
	*29 – Real-life Problems Involving Oblique Triangles (34,35)

830- Practice with Vectors (GQ 37,38,40)

*31- Vectors and Navigation (GQ 40,41)

*32- Algebraic Representation of Vectors (GQ 39)


	11, 14

11,14,16

11,14,16

11,14,16


	


 Unit 4 –  Concept : Triangle Trigonometry

GLEs

*Bolded GLEs are assessed in this unit

	8
	Categorize non-linear graphs and their equations as quadratic, cubic, exponential, logarithmic, step function, rational, trigonometric, or absolute value (A-3-H) (P-5-H) (Synthesis)

	11
	Calculate angle measures in degrees, minutes, and seconds (M-1-H) (Application)

	14
	Use the Law of Sines and the Law of Cosines to solve problems involving triangle measurements (M-4-H) (Application)

	16
	Represent translations, reflections, rotations, and dilations of plane figures using sketches, coordinates, vectors, and matrices (G-3-H) (Application)


	Purpose/Guiding Questions:

· Solve real-life problems involving right triangles

· Use the Law of Cosines and the Law of Sines to model and solve real-life problems

· Find the areas of oblique triangles

· Develop and use the fundamental trig identities to find trig rations of triangles

· Use vectors to solve real-life problems
	Key Concepts and Vocabulary:

· Sine, cosine, tangent, secant

· Cosecant, cotangent

· Angles of elevation/depression

· Line of sight, oblique triangles

· Law of Sines, Law of Cosines

· Degree/Minute/Second andgle measurement

· Vectors

· Bearing, heading, air & ground speed

	Assessment Ideas:

· A writing assessment should be assigned for the unit. Students have added to their notebook glossary throughout this unit.  They have also had a short writing assignment with each of their activities.  Therefore, one of the assessments should cover this material.  Look for understanding of how the term or concept is used.  

Use verbs such as show, describe, justify, or compare and contrast.

· Students should complete three “spirals” during this unit. Review of previously learned concepts should be ongoing throughout the unit.  One of the favorite methods is a weekly “spiral”, a handout of 10 or so problems covering work previously taught in the course. Tie them to the study guide for a unit test or a midterm exam. The Spiral BLM is an example of one on Right Triangle Trigonometry (Activity 1). Another should give students more practice on vectors.

· The students should be divided into groups to work the problems. Choose a problem or problems that require more work than the textbook problems. They can be problems such as those put out by the National Society of Professional Surveyors in their annual TRIG-STAR contest. This is a contest based on the practical application of Trigonometry. The website is http://www.nspsmo.org/trig_star/index.shtml Give each group a different problem.

Scoring rubric based on 

1. teacher observation of group interaction and work

2. explanation of each group’s problem to class 

3.   work handed in by each member of the group

· Weekly spirals reviewing previously learned concepts

· Teacher made assessment including constructed response

· Teacher made assessment including questions which look for understanding in terms or concepts with verbs such as show, describe, justify, or compare and contrast.

· Teacher made assessment including application of concepts to real life situations

Activity-Specific Assessments:  Activities 26,28, 30



	Resources:

·  Glencoe 5.2, 5.4, 5.5, 5.6, 5.7, 5.8, 7.1, 8.1, 8.2


	Materials Needed:

· Scientific/graphing calculator


The first two activities in this unit will review material covered in geometry. Students have covered the sine, cosine, and tangent ratios, their uses and applications in Unit 5 in the geometry course. Special right triangles are also covered in that course.  The Pretest Triangle Trigonometry BLM for this unit is designed to discover how much students remember. 

Sample Activities

Ongoing: Glossary  

Materials List: index cards, What do You Know About Triangle Trig and Vectors?  BLM, pencil

Continue the use of the glossary activity in this unit.  Students will repeat the two methods used in Units1, 2, and 3 to help them understand the vocabulary for Unit 4. Begin by having each student complete a self-assessment of his/her knowledge of the terms using a modified vocabulary self awareness chart (view literacy strategy descriptions), What Do You Know About Triangle Trig and Vectors? BLM. Do not give the students definitions or examples at this stage. Ask the students to rate their understanding of each term with a “+” (understand well), a “?” (limited understanding or unsure) or a “ –”(don’t know). Over the course of the unit students are to return to the chart, add information or examples, and re-evaluate their understandings of the terms or concepts. 

Students should continue to add to their vocabulary cards (view literacy strategy descriptions) introduced in Unit 1.  Make sure that the students are staying current with the vocabulary cards. Time should be given at the beginning of each activity for students to bring them up to date. 
Students should add to their glossary the following terms as they are encountered in the unit: sine, cosine, tangent, secant, cosecant, cotangent, exact value, angles of elevation and depression, line of sight, degree, minute, second used as angle measurement, oblique triangles, Law of Sines, Law of Cosines, vector, initial point, terminal point, vector in standard position, unit vectors, zero vector, equal vectors, magnitude of a vector, scalar, horizontal, and vertical components of a vector, bearing, heading, air speed, ground speed, true course
Note:  The 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 26:  Solving Right Triangles 

(GLEs: Grade 10: 3, 8, 12, Grade 11/12: 11)

Materials List: Solving Right Triangles BLM, pencil, paper, calculator

Students need to be familiar with the following vocabulary for this activity: sine, cosine, tangent, secant, cosecant, cotangent, exact value

This activity is a review of Right Triangle Trigonometry studied in Geometry as well as an introduction to the other trigonometric ratios and the fundamental identities.  Students should be able to

· identify the side opposite and the side adjacent to an angle in a right triangle 

· identify an included angle

· identify the side opposite an angle

· identify and use sine, cosine, tangent, secant, cosecant, and cotangent

· work with the Pythagorean Theorem

· work with the fundamental identities

This is also an ideal time to review with the students some of the properties of geometric figures that might be used as part of a Triangle Trigonometry problem.  Students should review the properties of the 30-60-90 degree and 45-45-90 degree triangles and be able to give the exact values for each of the trig ratios for those angles.  They should know how to find the exact values of the sine, cosine, and tangent ratios for each of those angles. 

They should also have practice in finding the angle when the ratio is given. This is also the time to introduce them to the fundamental identities. Use the Pythagorean Theorem to develop sin2( + cos2( = 1, then the reciprocal and quotient identities to develop 

1 + tan2( = sec2( and 1 + cot2( = csc2(.

The Fundamental Trigonometric Identities

The Reciprocal Identities
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The Quotient Identities
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The Pythagorean Identities
sin2( + cos2( = 1

1 + tan2( = sec2( 
1 + cot2( = csc2(
Give the students the Solving Right Triangles BLMs as a classroom exercise. The activity asks that students give the answer as an exact value which means to write the answer in simplest radical form. At this writing there are universities that give the placement/credit tests in Trigonometry without calculator. Therefore it is important that students review simplification of radicals.   Standardized tests will have the multiple choice answers in simplest radical form. 


[image: image7]
*Activity 27: Solving Right Triangles using Real-life situations 

(GLEs: Grade 10: 3, 8, 12, Grade 11/12: 11)

Materials List: Right Triangles in the Real World BLM, pencil, paper, calculator

Students need to be familiar with the following vocabulary for this activity: degrees, minutes, and seconds as used in angle measurement, angle of elevation, angle of depression, line of sight

This activity gives students a chance to see how the process of solving a right triangle can be used in real-life.  Angles of depression usually give students some trouble.  The writing exercise is designed to help students clarify in their minds as to how an angle of depression is constructed.

This would also be a good time to review significant digits with the students and to incorporate angle measures. 

A length measured to




an angle measured to 

     1 significant digit
          corresponds to                        10 o
     2 significant digits           corresponds to                         1o
     3 significant digits           corresponds to                         0.1o or 10’

     4 significant digits           corresponds to                         0.01o or 1’

When you multiply or divide measurements, round the answer to the least number of significant digits in any of the numbers.

Example 1: 

When the angle of elevation of the sun is 53 o, a tree casts a shadow 6.5 meters long. How tall is the tree?

Solution:

Let x be the height of the tree. Then tan 53 o =
[image: image8.emf]x


6


5


.




x

65 .


x = 6.5(tan 53 o) 

   = 8.625…

   = 8.6 meters tall

In view of the accuracy of the given data, the answer should be 2 significant digits.

Example 2:  

A ladder 4.20 meters long is leaning against a building. The foot of the ladder is 1.75 meters from the building. Find the angle the ladder makes with the ground and the distance it reaches up the building.

Solution:

Let x = the distance the ladder reaches up the building

x2 + 1.752 = 4.202
x = 3.82 meters

Let a be the angle the ladder makes with the ground

cos a = 
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a = cos-1(.416)

a = 65.4 o or 65 o 20’

Hand out Right Triangles in the Real World BLMs. Students should

· Draw a picture and identify the known quantities

· Set up the problem using the desired trigonometric ratio

· Give their answers in significant digits for the angles and sides

This is an excellent activity for group work.

 *Activity 28: Solving Oblique Triangles

(GLEs: 11, 14)

Materials List: Solving Oblique Triangles BLM, pencil, paper, calculator

Students need to be familiar with the following vocabulary for this activity: oblique triangles, Law of Sines, Law of Cosines

Mathematicians have proven that a unique triangle can be constructed if given

· two sides and the included angle (SAS)

· three sides (SSS)

· two angles and the included side (ASA)

· two angles and a third side (AAS)

Having the measures of two sides and one angle (SSA) will not necessarily determine a triangle.  Given two sides and the included angle or three sides, students will use the Law of Cosines.  Given two angles and the included side or two angles and the side opposite one of the angles, students will use the Law of Sines.  The Law of Sines is also used with what is called the ambiguous case. This applies to triangles for which two sides and the angle opposite one of them are known.  It is called the ambiguous case because the given information can result in one triangle, two triangles, or no triangle.  This exercise gives a student practice in (1) determining whether or not the information will produce a unique triangle and (2) selecting which formula to use.  Students should understand that they should not use the Law of Sines to find angle measures unless they know in advance whether the angle is obtuse or acute.  This activity will utilize a modified word grid (view literacy strategy descriptions). Word grids are utilized to elicit student participation in learning important terms and concepts. This is a modification of the standard word grid in that students fill in cells with more than checks, pluses, or minuses. This word grid will give students practice in 

· applying the geometric postulates of SAS, SSS, ASA, AAS and SSA to the given information

· choosing the correct formula 

· applying that formula to find the missing sides and/or angles and

· writing the angles in degrees, minutes, and seconds. 

Distribute the Solving Oblique Triangles BLMs. This is an excellent activity for group work. Group members will work together to complete each cell of the BLM. After each group is finished allow the groups to compare answers. Finish this activity by quizzing the students on their application of the postulates and their choices of the formula.   


[image: image10]
*Activity 29: Real-life Problems Involving Oblique Triangles

(GLEs: 11, 14)

Materials List: Real-Life Problems Involving Oblique Triangles BLM, pencil, paper, calculator

This activity gives students practice in solving real-life problems using the Laws of Sines and Cosines.  Areas of triangles are also included since the area formula 
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 uses the same information needed in the Law of Cosines (SAS). When all three sides are given, the student can use Heros Formula 
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 where s is the semi perimeter (one half the perimeter). 

An excellent source of problems is TRIG-STAR. This is an annual contest conducted by the National Society of Professional Surveyors. Go to their website http://www.nspsmo.org/trig_star/index.shtml for information. Click on NSPS Trig-Star located in the bar on the left hand side of their home page and choose sample tests. They have 5 sample tests with answer keys. One of the problems from the 2002-03 test is on the Real-Life Problems Involving Oblique Triangles BLM. It is #7.

Students will need to know how to interpret a compass reading. In surveying, a compass reading is usually given as an acute angle from the north-south line towards the east or west as shown below. 


[image: image13]The Real-Life Problems Involving Oblique Triangles BLM contains several different types of problems that require the use of either the Law of Sines or the Law of Cosines to solve. Below is an example of a surveying problem.

A surveyor needs to find the area of the plot of land described below:

From the edge of Bayou Blue  proceed 195 feet due east along Basile Road, then along a bearing of S36oE for 260 feet, then along a bearing of S68oW for 385 feet, and finally along a line back to the starting point. 
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From the bearings given, (ABC = 90o + 36o or 126 o.

(BCD = 180 o – (36 o + 68 o) or 76 o 

To find the area of ABCD, divide the quadrilateral into two triangles ABC and ADC.

Area of triangle ABC is 
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To find the area of triangle ADC find (a) AC and (b) (ACD.

(a) Use the Law of Cosines to find AC.
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(b) To find (ACD use the Law of Sines to find (ACB. 
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(ACB = 23.3o
Therefore, (ACD = (BCD - (ACB.

                 (ACD = 76 o – 23.3 o
                             = 52.7 o 

To find the area of triangle ACD:
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The area of quadrilateral ABCD is 82,688 ft2.

Distribute the Real-Life Problems Involving Oblique Triangles BLMs for the students to work on in their groups.

Activity 30: Practice with Vectors (GLEs: 11, 14, 16)

Materials List: Practice with Vectors BLM, graph paper, ruler, protractor, pencil, calculator

Students need to be familiar with the following vocabulary for this activity: vector, initial point, terminal point, zero vector, equal vectors, magnitude of a vector, scalar, components of a vector, resultant, bearing, heading, true course, ground speed, air speed

Vectors are important tools in the study of problems involving speed and direction, force, work and energy. Vectors have been added to triangle trigonometry in this curriculum guide because so many of the real-life problems in trigonometry use vectors. This activity will cover geometric vectors. 

A vector is a quantity that has both magnitude and direction. Force and velocity are examples of vector quantities. The physical quantities of speed, mass, or length are described by magnitude alone. There is no direction involved.

· Geometric Vectors

To represent a vector use a directed line segment or arrow with a bold faced letter to represent it. A bold faced letter in italics is also used in some text books.


[image: image21]
 Vectors are equal if and only if they have the same magnitude and the same direction.

· Definition of vector addition

The sum of two vectors goes from the beginning of the first vector to the end of the second vector representing the ultimate displacement. Their sum is called the resultant vector. In the diagram below the first vector is 
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u




 u

 and the second vector is
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If w = v + u then u and v are called components of w and w is referred to as the resultant of u and v.   

· Scalar multiplication

To find the product of rv of a scalar r and a vector v, multiply the length of v by |r|.  If r < 0, then reverse the direction.

[image: image27.png]/ / ot /




Given the vectors v and u shown below:    


[image: image28]
Sketch the linear combination of (a) –u + 3v and (b) u – 2v. Be sure that the magnitude and direction are carefully measured.

(a) –u + 3v
[image: image29.png]



(b) u – 2v

[image: image30.png]



The magnitude of a vector is also called the norm of a vector or the absolute value of a vector and written |v| or ||v|| depending on the textbook used.

· Properties of vectors:

1. ||v|| = 0 if and only if v = 0

2. ||rv|| = |r| ||v||

3. ||u + v|| = ||u|| + ||v||
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Ly
\\u)r\l\\




· Vectors and Navigation


Be sure that students understand and can use the terms

· bearing -  the angle 
[image: image32.emf]q
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< 360o, measured clockwise, that vector makes with the north

· heading – the bearing of the vector that points in the direction in which a craft, such as a ship or a plane, is aimed

·  true course – the bearing of the vector that points in the direction in which a craft is actually traveling

· ground speed - the speed of a plane relative to the ground

· air speed – the speed of a plane relative to the surrounding air, that is, the speed the plane would actually have if there were no wind
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The diagram above illustrates a plane with an air speed of 300 km/hr and a heading of 40o. This velocity is represented by
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|| is the air speed. The figure also illustrates a wind with a bearing of 90o shown by the vector
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C


r




BC



. The plane has a true course of 50o shown by
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· Headings

Example 1: A heading of 45 degrees    

[image: image39.png]



Example 2: A heading of 230 degrees

[image: image40.png]



· Finding the resultant of two given displacements    
Let v represent the vector 7.0 units due west and u represent the vector 8.0 units along a bearing of 60 degrees as shown below.

[image: image41.jpg]Algebraic Representation of Vectors

The algebraic representation of vectors makes them applicable to many situations. In the
coordinate system below the vector v consists of a 3 unit change in the x-direction and a
-2 unit change in the y-direction.

Insert graphic #5 here.

Write »(3, -2). v is expressed in component form. The numbers 3 and -2 are called
components of v.

Given A(x,,y,) and B(x,,y,). The components of AB can be found by subtracting the
coordinates of 4 and B.

Insert Graphic

AB= (x,— X1, y2 — 1) and the magnitude is found by using the formula

I 4B||= (x, —x,)* + (3, - 3)*

Example: Given A(-1, 3) and B(3, -1).

a) Express 4B in component form.

b) Find the magnitude.

answers:

a) AB = (4,-4)

b || 4B = 442

A ship sails due west for 300 kilometers then changes its heading to 200° and sails 100
km to point C.

Insert graphic 8
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Draw a vector from the initial point of v to the terminal point of u. That vector w is the resultant of u and v. 


[image: image42]
The length of w, ||w||,  can be found using the Law of Cosines. The angle between sides with length 7 and 8 is 30o. 

||w||2 = 
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To find the bearing use the Law of Sines to find the angle made by the vectors v and w 
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Applying significant digits, we obtain 124o. Note: this is an obtuse angle. The sine value of any angle and its supplement is the same. Remind students that they should determine which angle is the correct one. Subtract 90o from that angle to obtain the bearing. 


[image: image46]
Subtracting 90o gives 34o as the bearing.

Distribute the Practice with Vectors BLMs as a classroom exercise. Let students work together to complete the activity.
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Activity 31: Vectors and Navigation (GLEs: 11, 14, 16)

Materials List: Vectors and Navigation BLM, calculator, graph paper, pencil

The purpose of this activity is to give students practice using vectors to solve navigation problems and to work with the vocabulary:  bearing, heading, true course, ground speed, and air speed. To do this, students will be asked to create a story chain (view literacy strategy descriptions) modeled after the example shown below. A story chain is very useful in teaching math concepts, while at the same time giving practice in writing and solving problems. It involves a small group of students writing a story problem. The first student starts the story. The next student adds a sentence then passes it to the third student to do the same. If a group member disagrees with any of the work or information that has been given, the group discusses the work and either agrees to revise the problem or move on as it is written. Once the story is finished and the solution found, each group shares its story with other groups in the class. A new group will work the problem and then check with the group who wrote the problem to determine if its solution is correct. In this particular activity students will write a navigation problem. Each student will take a part and provide the solution for the part he or she writes. Once the problem is completed and the solution agreed upon the group will challenge other groups to solve their problem.

The model problem

Part One: The airspeed of a light plane is 200 mph and is flying on a heading of 90o (due east) from Baton Rouge, LA, to Tallahassee, FL. A 40 mph wind is blowing with a bearing of 160o. The vector representation is shown below:

[image: image47.jpg]subtracting 90° gives 33°33°26” as the bearing.

Hand out the Practice with Vectors BLM as a classroom exercise. Let students work
together to complete the activity.

Students will be asked to create a problem much like the one below.

The airspeed of a light plane is 200 mph and is flying on a heading of 90° (due east) from
Baton Rouge, LA to Tallahassee, FL. A 40 mph wind is blowing with a bearing of 160°.

N
200 moh i

Ll

40
mph

a) Find the ground speed.
b) Find the true course of the airplane.
¢) What heading should the pilot use so that the true course will be 90°?
d) What will the ground speed be then?
In the figure below
» u represents the velocity of the plane relative to the air
» v the velocity of the plane relative to the ground
» w the wind velocity
» 0 the true course

N ad 160°
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Part Two: Find the ground speed of the airplane. In the diagram below 

u represents the velocity of the plane relative to the air

v the velocity of the plane relative to the ground

w the wind velocity


[image: image48.emf]q
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 the true course

[image: image49.jpg]subtracting 90° gives 33°33°26” as the bearing.

Hand out the Practice with Vectors BLM as a classroom exercise. Let students work
together to complete the activity.

Students will be asked to create a problem much like the one below.

The airspeed of a light plane is 200 mph and is flying on a heading of 90° (due east) from
Baton Rouge, LA to Tallahassee, FL. A 40 mph wind is blowing with a bearing of 160°.

N
200 moh i

Ll
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mph

a) Find the ground speed.
b) Find the true course of the airplane.
¢) What heading should the pilot use so that the true course will be 90°?
d) What will the ground speed be then?
In the figure below
» u represents the velocity of the plane relative to the air
» v the velocity of the plane relative to the ground
» w the wind velocity
» 0 the true course

N ad 160°

>
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To find the ground speed use the Law of Cosines:
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. The angle 
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is 110o (90o + 20o)

Solution:


[image: image52.emf]v
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=2002 + 402 – 2(200)(40)cos110o 

   v =  217 mph

Part Three: Because of the wind the true course of the airplane will not be the heading. Find the true course of the airplane. To do this find 
[image: image53.emf]b






,the angle made by vectors u(the airspeed) and v(the ground speed), using the Law of Sines.

Solution:


[image: image54.emf]



 EMBED Equation  [image: image55.wmf]sin
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   =10.8o or 10 o48’ 

The true course is 90o + 10o 48’ 

100 o 48’

Part Four: What heading should the pilot set so that the true course is 90 o?

Draw a new diagram.


[image: image56]

[image: image57]
Solution:

To find 
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 use the Law of Sines

: 
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Then 
[image: image60.emf]q
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 = 90o – 10.8 o
              = 79.2 o
The pilot should change course to 79.2 o or 79 o 10’ in order to reach Tallahassee, FL.

The story chain will work as follows:

Divide the students into groups of four. Each group is to write a problem, find its solution, and then challenge the other groups in the class to solve the problem. There is a set of directions and a page to record the problem in the blackline master section. Give each student in the group both of these sheets. Each person in the group is to record the problem. Use one of them for the group solution and use the other three to pass out for the challenge. 

Student #1 will begin the story picking the starting city and ending city, finding the latitude and longitude for each,and determining the direction in which the plane will fly. He or she will then choose an airplane from the list found on the Vectors and Navigation BLM to determine the air speed of the plane and fill in the information on the story page. The student should then begin the solutions page drawing and labeling the vectors for airspeed and wind speed. 

Student #2 will draw in the vector representing the ground speed of the airplane, find the angle formed by u (the velocity of the plane) and w (the wind velocity), then find the ground speed. All work should be shown on the solutions page.

Student # 3 will find the true course of the airplane and put his or her work on the solutions page. 

Student #4 will determine the heading needed so that the plane will fly on the needed course to reach the correct destination. A vector diagram should be drawn showing
[image: image61.emf]q






, the needed course correction. 

Hand each student a copy of Vectors and Navigation BLM and go over the directions for creating the problem. Explain what is expected of each person in the group.   

Activity 32: Algebraic Representation of Vectors (GLEs:11, 14, 16)

Materials List: Algebraic Representation of Vectors BLM, pencil, paper, graph paper, calculator

Students need to be familiar with the following vocabulary: horizontal and vertical components of a vector, vector in standard position, unit vectors

In the coordinate system below, the vector v consists of a 3 unit change in the x-direction and a -2 unit change in the y direction.

[image: image62.png]



The numbers -2 and 3 are called components of v. We can write v = (3, -2). Since vectors with the same magnitude and direction are equal we can draw an infinite number of vectors with the components of (3, -2).

Given:
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[image: image64.wmf]uuur

AB

 can be found by subtracting the coordinates of A and B.  
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[image: image66.wmf]uuur

AB

= (x2 – x1, y2 – y1) and the components are x2 – x1and y2 – y1. The magnitude is found by using the formula for distance between two points:

||
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Example 1: 

Given A(-1, 3) and B(3, -1).

a) Find the components and express 
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 in component form.

b) Find the magnitude.

a) The components are 4 and -4 and
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 = (4, -4)

b) ||
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The following operations are defined for 
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· Addition
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· Subtraction:  
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· Scalar multiplication: 
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Example 2: 

Given 
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= (5,2) and 
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= (1,3).

Find:

(1) 
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Solution

(5, 2) + 2(1,3)

= (5, 2) + (2, 6)

= (7, 8)

Verify this geometrically using graph paper. Draw 
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with their initial points at the origin of a coordinate system. Then slide 2
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so that its initial point is at the terminal point of 
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. Draw the resultant 
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. Note that its terminal point is at the point (7,8).

Example 3: Suppose an airplane is climbing with a horizontal velocity of 325 miles per hour and a vertical velocity of 180 miles per hour. Let 
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be unit vectors in the horizontal and vertical directions. In this problem each has a velocity of 1 mph.

We can then say that the velocity vector 
[image: image91.emf]r


v




 v

 is the sum of the horizontal velocity 325
[image: image92.emf]r


i




 i

 and the vertical velocity 180
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, so 
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are called the horizontal and vertical components of 
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. What is the velocity of the airplane?
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         = 372 mph

Example 4: Vector 
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 has a magnitude 4 and a direction 45o from the horizontal. Resolve 
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into horizontal and vertical components.  
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Example 5: Vector 
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 is 6 at 40o and vector 
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is 4 at 110o. Find the resultant 
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 as:

a) The sum of two components

b) A magnitude and direction angle

Solution:

a) 
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       = (6cos40o + 4cos110o) 
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       = 3.228…
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        = 67.0o
Hand out the Algebraic Representation of Vectors BLMs. Let the students work in their groups. 

Name/School_________________________________
Unit No.:______________

Grade            ________________________________
Unit Name:________________

Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).

Assessment


The student will demonstrate proficiency in his/her understanding and use of the right triangle ratios.   Sample questions to use:


1. In triangle ABC� EMBED Equation  ��� Find the length of side b.  


2.� EMBED Equation  ���.  Find the other five trigonometric ratios.


3. In triangle ABC � EMBED Equation  ���,  side a = 4, and side b = 8.  Find � EMBED Equation  ���.


4. Geometric shapes containing right triangles that require students to find the missing sides or angles.


5. Trigonometric ratios of the special right triangles (non-calculator)


6.  Simplifying or proving identities. 











Assessment


The students will demonstrate proficiency in his/her ability to determine (a) whether or not the given information will result in a unique triangle and (b) which formula should be used to solve the triangle.
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A vector has an initial point and a terminal point.





        initial 


        point





terminal point





u� EMBED Equation  ���





v





u+v





u





v





60o





N





7





8





w





w





8





60o





N





w





v





� EMBED Equation  ����





u’ = airspeed (200 mph)


v’ = groundspeed


� EMBED Equation  ���= angle made by vectors u’ and v’


� EMBED Equation  ���= angle made by vector u’ and w, the wind vector
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� EMBED Equation  ���


� EMBED Equation  ���





160o





x� EMBED Equation  ���





� EMBED Equation  ���� EMBED Equation  ���      4


  45o








(x, y)





Let (x, y) be the point at the head of � EMBED Equation  ���. By the definitions of sine and cosine, � EMBED Equation  ��� and � EMBED Equation  ���


Therefore, x = 2.83 and y = 2.83. 


So � EMBED Equation  ��� = 2.83i + 2.83j








 y� EMBED Equation  ���





If � EMBED Equation  ��� is a vector in the direction � EMBED Equation  ��� in standard position, then � EMBED Equation  ��� = x� EMBED Equation  ���+ y� EMBED Equation  ���


where x = ||� EMBED Equation  ���||cos � EMBED Equation  ��� and y = ||� EMBED Equation  ���||sin� EMBED Equation  ���





Activity – Specific Assessment





Students should demonstrate proficiency in using vector notation as well as adding and subtracting vectors both algebraically and geometrically.  
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