5.2 – Pythagorean Theorem, terms of a right triangle, 
Pythagorean triples

Curriculum Outcomes:

D2
apply the properties of similar triangles
D14
apply the Pythagorean Theorem

E7
demonstrate an understanding of and write a proof for the Pythagorean Theorem
E8
use inductive and deductive reasoning when observing patterns, developing properties, and making conjectures
E9
use deductive reasoning, construct logical arguments and be able to determine, when given a logical argument, if it is valid

Right Triangles

A right triangle is one that contains a 90º angle formed by two perpendicular sides that meet at a vertex.  The two remaining angles are acute angles that share the remaining 90º of the triangle.
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The vertices of the triangle are named using capital letters.  The sides of the triangle are line segments and are named using the capital letters at the endpoints and a line is drawn above the two letters.  A square designates the location of the right angle.  In 
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In each of the above triangles, 
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B is the right angle.  Directly opposite this angle is the longest side of the right triangle (
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).  Notice that 
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is opposite the largest angle of the triangle.   This longest side opposite the largest angle is called the hypotenuse.

If the length of two of the sides of a right triangle is known, the length of the third side can be determined by applying the Pythagorean Theorem.  The Pythagorean Theorem states that the square of the hypotenuse is equal to the sum of the squares of the other two sides.  This statement is written as an equation.

(hyp)² = (side 1)² + (side 2)²

(h)² = (s1)² + (s2) ²

or

c2 = a2 + b2
Example 1:
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Solution 1:
 (h)² = (s1)² + (s2)²

   h² = (14)² + (12)²

   h² = 340

To determine the value of h 
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     h = 18.44 units 

or: h = 18.4 units
Example 2:
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Solution 2:

             (h)² = (s1)² + (s2)²






           (24)² = (11)² + (s2)²


(24)² - (11)² = (s2)²



 455 = s2²
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  21.33 units = s2 


Or side 
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 = 21.3 units long.

Example 3:
After leaving Cornwall harbour, a fishing boat travels north for 2.4 km. it then

turns east and travels for 1.8 km before turning and sailing back to the harbour.  How far is it back to the harbour?



Solution 3:

(h)² = (s1)² + (s2)²

(
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)² = (2.4)² + (1.8)²
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 = 3 km

Therefore, it is 3 km back to the harbour.

Exercises: 


For each of the following, write an equation involving the unknown quantity and solve for that variable.

1)





3) A 7 m ladder is leaning against a building where the foot of the ladder is 2.5 m. from the wall.  How far up the wall will the ladder reach?


Pythagorean Triples

The most well known right triangle is the 3 – 4 - 5 triangle. 

The lengths of each side is a whole number and these 

whole numbers make a2 + b2 = c2 true.

32 + 42 = 52
9 + 16 = 25

      25 = 25

These numbers form a Pythagorean triple. The product 

of the three numbers of a Pythagorean triple is a multiple 

of 60 (or is divisible by 60).

Example 4:
Let us look at other right triangles where all the sides are whole numbers. Which set(s) are Pythagorean triples?

a) 5 – 12 - 13 

a2 + b2 = c2
     
5 × 12 × 13 = 780
52 + 122 = 132

780 ÷ 60 = 13
25 + 144 = 169

169 = 169

b) 7 – 24 - 25 

a2 + b2 = c2
     
7 × 24 × 25 = 4200
72 + 242 = 252

4200 ÷ 60 = 70
49 + 576 = 625

625 = 625

c) 6 – 7 - 25 

a2 + b2 = c2
     
6 × 7 × 25 = 1050
62 + 72 = 252

1050 ÷ 60 = 17.5
36 + 49 = 625

85 ≠ 625

d) 8 – 14 - 17 

a2 + b2 = c2 
     
8 × 14 × 17 = 1904
82 + 142 = 172

1904 ÷ 60 = 31.73
64 + 196 = 289 

260 ≠ 289

Therefore a and b are Pythagorean triples because they satisfy the a2 + b2 = c2 rule and are also divisible by 60, but c and d are not.

Exercises:   Which of the following set(s) are Pythagorean triples?

1. 12 – 16 – 20
2. 5 – 7 – 9
3. 15 – 20 – 25
4. 33 – 44 – 55
5. 6 – 9 – 12
Answers: 

Pythagorean Theorem
1. 
         (h)² = (s1)² + (s2)²
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              50² = 48² + (
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(h)² = (s1)² + (s2)²
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5 units = 
[image: image40.wmf]AC


In 
[image: image41.wmf]D

ABC

     (h)² = (s1)² + (s2)²
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(h)² = (s1)² + (s2)²

(7) ²  = (2.5) ² + (s2)²

(7) ²  - (2.5) ² = (s2)²
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6.54 m = s2

Therefore, the ladder stretches 6.5 m up the wall against the building.
Pythagorean Triples 
1. 12 – 16 – 20

a2 + b2 = c2
     
12 × 16 × 20 = 3840
122 + 162 = 202

3840 ÷ 60 = 64
144 + 256 = 400

400 = 400


Therefore Yes – this is a Pythagorean Triple.

2. 5 – 7 – 9

a2 + b2 = c2
     
5 × 7 × 9 = 315
52 + 72 = 92

315 ÷ 60 = 5.25
25 + 49 = 81

74 ≠ 81



Therefore No – this is not a Pythagorean Triple.

3. 15 – 20 – 25

a2 + b2 = c2
     
15 × 20 × 25 = 7500
152 + 202 = 252

7500 ÷ 60 = 125
225 + 400 = 625

625 = 625


Therefore Yes – this is a Pythagorean Triple.

4. 33 – 44 – 55

a2 + b2 = c2
     
33 × 44 × 55 = 79860
332 + 442 = 552

79860 ÷ 60 = 1331
1089 + 1936 = 3025

3025 = 3025


Therefore Yes – this is a Pythagorean Triple.

5. 6 – 9 – 12

a2 + b2 = c2
     
6 × 9 × 12 = 648
62 + 92 = 122

648 ÷ 60 = 10.8
36 + 81 = 144

117 ≠ 144


Therefore No – this is not a Pythagorean Triple.
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