Geometry 
Unit 5
Triangles, parallel lines & area
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WHAT THIS UNIT IS ABOUT

In this lesson you will be exploring more about the area of parallelograms and triangles. You will need to remember that a parallelogram is made up of two congruent triangles. 

The Theorems you will be proving appear to be about triangles, but they are actually logical extensions of the properties you have learned about parallelograms.

You will again be solving some rider problems based on the theorems. You will need to demonstrate that you can keep a cool head and use the properties that you have already proved to solve new problems.
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In this unit you will
· Demonstrate that you can make parallelograms from congruent triangles, rectangles by rearranging a  parallelogram and therefore deduce the relationship between the areas of triangles on the same base between the same parallel lines.

· Prove the theorem that triangles on the same base and on the same side thereof are equal in area if they lie between the same parallel lines.

· Prove the theorem that triangles on the same base (or equal bases) and on the same side thereof are between same parallel lines if they are equal in area.

· Prove that the line segment joining the midpoints of two sides of a triangle is parallel to the third side, and equal to half the third side.

· Prove the line passing through the midpoint of one side of a triangle, parallel to another side, bisects the third side.

· Solve rider problems using the above properties of triangles, parallelograms & parallel lines.

Activity 1

Investigating the Properties of Triangles

1.1
Triangles and area
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Theorem
Triangles on the same base

and on the same side thereof

are equal in area if they lie

between the same parallel lines.

Use the procedure below and see activity 1.2 in unit 2 to demonstrate this theorem.

· Make two copies of each triangle opposite.

· See if you can make two parallelograms out of the congruent triangles.

· Then see if you can make a rectangle out of each parallelogram.
· How does the area of the rectangle relate to the area of the Parallelogram.
· How does the area of the parallelograms relate to the area of each triangle?
· What can you conclude about the areas of the four triangles?

1.2
Triangles and line segments
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Theorem
The line segment joining the

midpoints of two sides of a 

triangle is parallel to the third

side and is equal to one half of

the third side.

In the figure, D is the midpoint of line segment

AB and E is the midpoint of line segment AC.  

Make a copy of ΔADE (Or trace it) and place (AED on (ACB.

· Does point E bisect line segment AC? (AE=AC?)

· Is (AED = (ACB? What can you say about line segments DE and BC?

· What will you do to show that D bisects line segment AB?

· If you use two copies of ΔADE, using one copy to place  (AED on (ACB and the other to simultaneously place (ADE on (ABC, what can you conclude about the line segment DE as compared with BC? 

1.3
Triangles and bisections
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Theorem
The line passing through the 

midpoint of one side of a triangle,

parallel to another side, bisects

the third side.

In the figure, D is the midpoint of side AB and 
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· Place a copy of ΔADE such that angles AED and ACB coincide. Does E bisect side AC?

· Had line segments DE and BC not been parallel, why would E not bisect side AC?

Activity 2

Proofs of Triangle Theorems

Prove each of the theorems below. Use the information in the help box as a guide.
1.1 Triangle between parallel lines
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Theorem:
Triangles on the same base and on the

same side thereof are equal in area if

they lie between the same parallel lines.

Given: Line segment AB║ Line segment DC.

Construction: Draw heights AE and BF
Prove: Area ΔADC = Area ΔDBC
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1.2 Triangles with equal area on the same base

Theorem:
Triangles on the same base (or equal bases)

and on the same side thereof are between

same parallel lines if they are equal in area. 
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Given: Area ΔADC = Area ΔBCD

Prove: AB║ DC

1.3 Joining the midpoints of triangles

Theorem:
The line segment joining the midpoints

of two sides of a triangle is parallel to the
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third side and is equal to one half of the third side.
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Given: Line segment DE joins midpoints D and E, respectively of sides AB and AC.
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Prove: a)  
DE      BC

    
 b) 
DE = ½ BC
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Construction: Draw FC   BD to meet DE produced to F.
1.4 A midpoint, a parallel line and a triangle

Theorem:
The line passing through the midpoint of one side
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side,
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bisects the third side.

Given: 
D is midpoint of side AB, i.e. AD = DB.
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DE    BC

Prove: 
AE = EC

Construction: 
Join DC and EB
 2.5

Recap: Important Properties of Triangles. 

Complete the sentences below 

1. Triangles on the same base and on the same side thereof are equal in area if 


2. Triangles on the same base (or equal bases) and on the same side thereof are between same parallel lines if ____________________________________________________.
3.  The line segment joining the midpoints of two sides of a triangle is parallel to the third side and is ____________________________________________________________.

4. The line passing through the midpoint of one side of a triangle, parallel to another side, _____________________________________________________________________.

Activity 3

Solving Riders on Area and Triangles

Use the information above and your knowledge of Triangles and parallel lines to solve the following riders.

Triangles on the same base and on the same side thereof are equal in area if they lie between the same parallel lines.

Triangles on the same base (or equal bases) and on the same side thereof are between same parallel lines if they are equal in area. 

The line segment joining the midpoints of two sides of a triangle is parallel to the third side and is equal to one half of the third side.

The line passing through the midpoint of one side of a triangle, parallel to another side, bisects the third side.

3.2
BC = 10 units, AD = DB, AE = EC, AB║FC,


FC = 4 units. EAC is a straight line.


Calculate:

a) DE

b) AB


3.2
 In the figure BE = ED, and AD = DC.

Prove:

a) Area ΔAED = Area ΔBEC

b) 4(area ΔDEC = area ΔABC


3.3
In ΔABC, D, E and F are the midpoints of AB, AC and BC respectively.

a) BC = 130 mm, DF = 50mm.

Calculate:

i) DE

ii) AC

iii) EF if perimeter of ΔABC is 340mm.

b) AB = AC and (A = 50(.

Calculate:

i) (B    ii) (BDE    iii) (DEF

c) DE = 30 mm, EF = 40mm and DF = 35mm.

Find

i) BC   ii) AC   iii) AB

d) FE = 118mm, DE = 123mm = DF.

Find

i)
the perimeter of  ΔABC.

e) (DFE = 55(and (DEF = 50(.

Find

i) (A ii) (B iii) (C.

 List Assessment: Unit 5


Score

Comment
Weighting
Total Points

Correctly proved that triangles on the same base and on the same side thereof are equal in area if they lie between the same parallel lines.

 Activity 2 Theorem 1
1     2     3     4
1


Correctly proved that triangles on the same base (or equal bases) and on the same side thereof are between same parallel lines if they are equal in area.

Activity 2 Theorem 2
1     2     3     4
1


Correctly Prove that the line segment joining the midpoints of two sides of a triangle is parallel to the third side, and equal to half the third side.
Activity 2 Theorem 3
1     2     3     4
2


Correctly proved that the line passing through the midpoint of one side of a triangle, parallel to another side, bisects the third side.

Activity 2 Theorem 4
1     2     3     4


1


Correctly solved different rider problems that demonstrate the ability to use known properties of parallelograms and triangles to make logical deductions that contribute towards the proof of something new. 

Activity 3  1.1, 1.2 and 1.3
1     2     3     4
5


Total Score
Max = 4 x 10 = 40


How to score
4 points
= Perfectly correct, clearly explained and presented

3 points
= Mostly correct, mostly understood and understandably presented.

2 points
= Partially understood, some aspects correctly explained.

1 point 
= Completed with a little understanding.

Multiply score by weighting to get final score for that Outcome

Add up each outcomes score to get your Total Score
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Help box





Use the fact that area A of a triangle with base b and height h is A = ½ bh.
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Help box





The two line segments will be parallel if the heights of the two triangles are the same. 
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Help box





Prove that ΔDAE(ΔEFC and that quad DFCB is a parallelogram.
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Help box





If triangles ADE and DEC have the same area, their bases will be equal, because they have the same height. So compare the areas of triangles ADE and EDB as well as those of EDB and DEC.
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Architects like Mies van Rohe, who designed the Seagram building in New York (above), need to have a very good understanding of geometry.
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