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 The equation: a x + b = 0 where a   0 is called a first degree equation in one 

variable which is x 
 

 The equation: a x
2
 + b x + c = 0 where a   0 is called a second degree 

equation in one variable which is x 
 

General Formula: 

The equation: a x
2 

+ b x + c = 0  

where a   0 is of second degree its roots (solutions) gives by the relation 
 

 

Find in   the solution set of each of the following equations: 

            

Solution:                 (   )(   )    

        or          The S.S. = {6 , -1} 

          

Solution:                   (    )    

        or    
  

 
    The S.S. = {0 , 

  

 
} 

Lesson (1) 
Solving quadratic equations in one 

variable 

Lesson objectives 

Solve quadratic equation in one variable algebraically and 

graphically. 

Distinguish between equations, relations and functions. 

Related Links 

Remarks 

Example  

𝑥  
 b ±  b  4ac

 a
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Solution:  4              (    )(    )    

     
 

 
  or    

  

 
    The S.S. = {

 

 
 , 
  

 
} 

           

Solution:                 (   )(   )    

               The S.S. = { } 

General Formula: 

The equation: a x
2 

+ b x + c = 0  

where a   0 is of second degree  

its roots (solutions) gives by the relation 

 

 

Find in   the solution set of each of the following equations: 

        –            (given      )     

Solution:                  

     
   ±            

   
 

     
  ±                   

     
 

  ±     

 
 

  ±      

 
 

      
         

 
    or     

         

 
 

       
         

 
     or     

         

 
     

    The S.S. = {  ,   } 

  

Example  

𝑥  
 b ±  b  4ac

 a
 

a = 1 

b =   6 

c =  11 
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    –                 (given        ) 

Solution:                 

     
   ±            

   
 

     
  ±                 

     
 

  ±    

 
 

  ±      

 
 

      
         

 
    or     

         

 
 

       
           

 
      or     

           

 
      

    The S.S. = {    ,    } 

    
 

 
   

Solution:    
 

 
    multiply by       

                          

     
   ±            

   
 

     
  ±                 

     
 

  ±     

 
 

      
       

 
    or     

       

 
 

    The S.S. = {
       

 
  
       

 
}       

            

Solution:                  

     
   ±            

   
 

     
  ±                

     
 

  ±      

 
 

    The S.S. =   

  

a = 1 

b =   6 

c = 𝟕 

a = 1 

b =   3 

c =  𝟓 

a = 1 

b =   2 

c = 6 
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Practice (1) 
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When solving the quadratic equation in one variable, 
there are three cases: 

 The parabola intersects 

the x-axis at two points 

 The parabola touches 

the x-axis at one point 

 The parabola does not 

intersects the x-axis 
 

 

 

 

 

 

There are two solutions 

for the equation in  . 

The solution set = { , M} 

There is a unique 

solution for the equation 

in  .  

The solution set = {   } 

There is no solution for 

the equation in  . 

The solution set =   

Remember that:  
The coordinates of the vertex of the quadratic equation:  

a x2 + b x + c = 0 is: 

  

 
 b

 a
  𝑓  

 b

  a
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Practice (2) 
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Find the S.S. of each of the following equations graphically , then check the 

result algebraically: 

(1)            take x ∈ [-2 , 4] 
Solution 

 ( )           
  -2 -1 0 1 2 3 4 

 ( ) 7 2 -1 -2 -1 2 7 
 

 

 

   
 b ±  b    4 a c

  a
 

   
  ±                

     
 

  ±    

 
  

     
         

 
        4   

or    
         

 
         4  

  The S.S. = {2.4 , -0.4} 

 

(2)                 

Solution 

 ( )               
The coordinates of the vertex: 

x = 
  

   
 

  

 
        

y = .
  

 
/
 
 .

  

 
/      

 

 
  

  -3 -2 -1   

 
  0 1 2 

 ( ) 0 -4 -6   
 

 
  -6 -4 0 

 

 

  The S.S. = {2 , -3} 

 

 

  

Example  
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Practice (3) 
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The imaginary number "i" is defined as the number whose square equals ( 1) 

i.e. i
2
 =  1 

 

For example: 2i , -3i ,   i , ………….. 

 
     
 

 
 i

1
 = i   i

2
 =  1   i

3
 =  i  i

4
 =   

 i
4n + 1

 = i   i
4n +2

 =  1   i
4n + 3

 =  i  i
4n

 =   
 

 Find each of the following in the simplest form: 

 i
23

     i
37

     i
34

     i
51

   

 i
-23

    i
-35

    i
-54

    i
4n + 25

  

Solution 

 i
23

 = i
3
 =  i  i

37
 = i

1
 = i  

 i
34

 = i
2
 =  1  i

51
 = i

3
 =  i  

 i
-23

 =   i
23

 =   i
3
 =  ( i) = i  i

-35
 =   i

35
 =   i

3
 =  ( i) = i 

 i
-54

 =   i
54

 =   i
2
 =  ( 1) = 1  i

4n + 25
 = i

25
 = i

1
 = i 

Lesson (2) An Introduction in Complex Numbers 

Lesson objectives 

Identify Equality of two complex numbers. 

Explain Operations on the complex numbers. 

Related Links 

Imaginary numbers 

Notice that 

Integer powers of i 

Example  

 

 
 = i1 = i 

 

 
 = i3 =  – i 
 

 
 = i2 = – 1 

No fraction = 1 

     =    i  = ±  i 
÷ 4 

Write the power 
on your calculator 

Shift       S⇔D 
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The complex number is the number which can be written in 

the form "a + bi" where a and b are real numbers.  

 

   

Solve each of the following equations: 

                                

                                  

Solution 
                
 

          

    
    

 
  

                           ±      

   ±                     ±  i 

 

              
 

         

    
   

 
  

                          ±     

   ±                    ±  i 

 

                
 

            

         

    
   

 
                    ±√

   

 
  

   ±√
  

 
                 ±

 

 
 i 

 

 4              
 

 4          

 4       

    
   

 
                    ±√

   

 
  

   ±√
  

 
 i               ±

 

 
 i 

 

  

Complex number 

Example  
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Practice (1) 
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Equality of two complex numbers: 

Two complex numbers are equal if and only if the two real parts are equal and 

the two imaginary parts are equal. 

If: a + b i = c + d i then: a = c and b = d and vice versa. 

 

Find the values of x and y which satisfy each of the following equations: 

 (2x + 1) + 4y i = 5 – 12 i     2x – y + (x   2y) i = 5 + i  

 2x – 3 + (3y + 1) i = 7 + 10 i    3x i + 5 – 3 i – 2 y = 2 – i  

Solution 

   (2x + 1) + 4y i = 5 – 12 i 

  (2x + 1) = 5  & 4y = – 12  

  2x = 5 – 1 = 4     y = 
   

 
 

  x = 2      y =    

   2x – y + (x   2y) i = 5 + i 

  (2x – y) = 5 & (x   2y) = 1  

By using calculator: 

Mode   EQN    1 

  x = 3      y = 1 

   2x – 3 + (3y + 1) i = 7 + 10 i 

  (2x – 3) = 7  & (3y + 1) = 10  

  2x = 7 + 3 = 10  3y = 10 – 1 = 9 

  x = 5     y = 3 

   3x i + 5 – 3 i – 2 y = 2 – i 

  (3x – 3) = – 1   &   (5 – 2y) = 2 

  3x = – 1 + 3 = 2  – 2y = 2 – 5 = –3 

  x = 
 

 
     y = 

 

 
 

 

  

Example  
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Operations on complex numbers 

 
Find in the simplest form the result of each of the following: 

 (7 – 4i) + (2 + i)     (12 – 5i) – (7 – 9i) 

 (2 + 3i) (3 – 4i)     (4 – 3i) (4 + 3i) 

 (5 – 6i) (3 + 2i)     (–2i + 5) (3 + 2i) 

 (4 – 3i) (5 – 2i)     (3i – 4) (2 + 3i) 

Solution 

 (7 – 4i) + (2 + i) = 9 – 2i  (12 – 5i) – (7 – 9i) = 5 + 4i 

 

 (2 + 3i) (3 – 4i) = 6 – 8i + 9i + 12 = 18 + i 

 

 

 (4 – 3i) (4 + 3i) = 16 + 9 = 25 

 

 

 (5 – 6i) (3 + 2i) = 15 + 10i – 18i + 12 = 27 – 8i 

 

 

 (–2i + 5) (3 + 2i) = –6i + 4 + 15 + 10i = 19 + 4i 

 

 

 (4 – 3i) (5 – 2i) = 20 – 8i – 15i – 6 = 14 – 23i 

 

 

 (3i – 4) (2 + 3i) = 6i – 9 – 8 – 12i = –17 – 6i 

 

 

  

Example  
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Practice (2) 
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Conjugate Numbers: 
The two numbers a + b i and a – b i are called conjugate numbers. 

For example: 4 – 3i and 4 + 3i are two conjugate numbers. 

 

Find in the simplest form, the value of each of the following: 

 
        

   
  

  

        
  

     

     
  

       

        
 

 

Solution 

 

 
        

   
 =  

(        )

   
 

   

   
 

        

  
 = –3 – 2i 

 

 
  

        
 = 

  

(        )
 

 (        ) 

(        ) 
 

         

      
 

         

  
  3 + 2i 

 

 

 
     

     
 = 

(     )

(     )
 

(     )

(     )
 

                    

      
 

      

 
 

 

 
 

 

 
   

 

 

 
       

        
 = 

(        )

(        )
 

(        )

(        )
 

                      

       
  

         

  
 

 

  
 

  

  
  

 
 

 
Find the values of x and y which satisfy the equation: 

(     ) (      )

       
        

Solution 

(     ) (      )

       
 

   

       
 

 

       
 

 

(       )
 

(      )

(      )
  

       

      
 

       

  
 

 

 
 

 

 
 i  

   
 

 
      

 

 
  

 
  

Example  

Example  
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Practice (3) 
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Practice (4) 
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+ ve 

The equation has two 

different real roots 

- ve 

The equation has two 

complex roots 

Zero 

The equation has two equal 

real roots 

 

  Investigate the kind of the roots of the equation. 

                                     
                                       

Solution 

                 a = 1 b =  2 c = 5 

   b  –  4 ac  (  )  4            

  The equation has two complex roots  
 

                 a = 1 b =  10 c = 25 

   b  –  4 ac  (   )  4           

  The equation has two equal real roots  
 

            4     a = 3 b = 10 c =  4 

   b  –  4 ac  (  )  4     4   4    

  The equation has two different real roots 
 

                  a = 1 b = 2 c = 2 

   b  –  4 ac  ( )  4       4   

  The equation has two complex roots  

Lesson (3) 
Determining the types of roots of a 

quadratic equation  

Lesson objectives 

determine the type of the two roots of the quadratic 

equation 

 

Related Links 

Discriminant Δ =  b2 – 4 ac 

Example  
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If the two roots of the equation:             4       are equal. 

Find the real value of k and hence find the two roots. 

Solution 

            4        a = 1 b =  k  4 c = 2 k + 5 
 

  The two roots of the equation are equal         

   b  –  4 ac  (   4)  4    (    )    

  k
2
 + 8k + 16 – 8k – 20 = 0      k

2
 – 4 = 0 

  k
2
 = 4          k = ± 4  ±  

If k = 2 

             4       

     ( )     ( )  4       

             

     

If k =  2 

             4       

     (  )     (  )  4       

             

     

 

 

a x
2
 + b x + c = 0 

Let the two roots L and M: 

Sum of roots = 
   

 
 

            

           
   Product of roots = 

 

 
 

         

           
 

 

Notes: 

1. Additive inverse.      (        )     

2. Multiplicative inverse.     ( , 
 

 
 )   

3. Double (twice).      (      ) 

4. Three times the other.     (       )  

5. Exceeds the other by 3.     (        ) 
 

Example  
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Find the sum and product of two roots: 

            –           

Sum of roots = 
   

 
 

  

 
 Product of roots = 

 

 
 

  

 
 

 

                

     4          

Sum of roots = 
   

 
 

 

 
 Product of roots = 

 

 
 

 

 
 

 

      –       –          
   

Sum of roots = 
   

 
 

  

 
   Product of roots = 

 

 
 

   

 
 

 

 

Find the value of   which make one of the two roots of the equation: 

           twice the additive inverse of the other root. 

Solution 

 

Let the two roots be:   and     

  Sum of roots = 
   

 
 

   

 
       Sum of roots (  &    ) =    

                   

  Product of roots = 
 

 
 

   

 
       Product of roots (  &    ) =      

                      

                ±    ±   

  

Example  

Example  
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If (a   2) x
2 
+ (a + 1) x = 6, then find the value of a in each of the following: 

i) The sum of its roots is 3.   

ii) The product of the two roots is   6. 

Solution 

  (a   2) x
2 
+ (a + 1) x = 6      (a   2) x

2 
+ (a + 1) x – 6 = 0 

i) The sum of its roots is 3.   

  Sum of roots = 
   

 
 

 (    )

(     )
   

  3 (a – 2) =   (a + 1)       3a – 6 =   a   1 

  3 a + a =   1 +       4 a = 5     a = 
 

 
 

 

ii) The product of the two roots is   6. 

  Product of roots = 
 

 
 

  

(     )
    

   (a – 2) =        a = 1 + 2     a = 3 

 

 

Find the satisfying condition which makes one of the roots of the equation:  

             equal the additive inverse of twice the other root. 

Solution 

Let the two roots be:   and     

  Sum of roots = 
   

 
            

 

 
  

  Product of roots = 
 

 
       

 
 

 
   .

 

 
/
 
      

 

 
  

    

  
   c   

    

 
 

 a c     b       a c + 2 b
2
 = 0  The require condition 

  

Example  

Example  
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Practice (1) 
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x
2
   (sum of roots) x + product roots = 0 

 

Form the quadratic equation whose roots are: 

(i) 2,  3    (ii) 6i ,  6i   (iii) 
        

    
, 
        

     
 

Solution 

(i) 2,  3 

  Sum of roots =  1     

  Product of roots =  6 

  The equation:           

(ii) 6i ,  6i  

  Sum of roots =       

  Product of roots =    

  The equation:          

 

(iii) 
        

    
, 
        

     
 

        

    
 

(        )

(    )
 

(    )

(    )
  

            
               

     
 

   

 
    

       

     
 

(       )

(     )
 

(     )

(     )
  

            
                

     
 

     

 
     

  Sum of roots =       

  Product of roots = 4 

  The equation:     4     

Lesson (4) 

Relation between the Two Roots of 
the Second Degree Equation and the 

Coefficients of its Terms  

Lesson objectives 

Find the sum of the two roots of a given quadratic 

equation. 

Find the product of the two roots. 

Find a quadratic equation in terms of another quadratic 

equation 

Related Links 

Example  
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Practice (1) 
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If      are the roots of the equation x

2 
– 6 x + 10 = 0 

Form the equation whose roots are: 

(a)            (b)         

(c) 
 

 
  
 

 
             (d) 

 

 
  
 

 
 

Solution 

 

 

(a)           

  The sum of roots = (    )  (   )       4    4     

  The product of roots = (    )(   )            4 

           (    )  4         4      

  The equation is:             
 

(b)         

  The sum of roots =           

  The product of roots =        (   )           

  The equation is:              
 

(c) 
 

 
  
 

 
  

  The sum of roots = 
 

 
  

 

 
 

     

   
 

 

  
 

 

 
 

  The product of roots = 
 

 
   

 

 
 

 

   
 

 

  
  

  The equation is:    
 

 
  

 

  
                     

 

(d) 
 

 
  
 

 
  

  The sum of roots = 
 

 
  

 

 
 

        

   
 

  

  
 

 

 
 

  The product of roots = 
 

 
   

 

 
    

  The equation is:    
 

 
                      

  

Example  
Procedure 

 𝛼   𝛽  
   

 
    

 𝛼 𝛽  
 

 
      

α   β      (  )  

 α   β     
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If L & M are the roots of the equation a x
2
 + b x + b = 0 

Prove that 
 

 
 

 

 
     and form the equation whose roots are 

 

 
  
 

 
. 

Solution  

  L + M = 
   

 
       L M = 

 

 
 

  
 

 
 

 

 
 

      

   
  (L + M) ÷ (L M) = 

   

 
÷

 

 
       

 

 
 

 

 
      

 

  The sum of roots = 
 

 
  

 

 
 

     

   
    

  The product of roots = 
 

 
  

 

 
 

 

   
 

 

 
  

  The equation is:      
 

 
      b   

  The equation is: b    b     a    
 

 

 

If the ratio between the two roots of the equation: 

 x
2 
 + a x + b = 0 equals 2 : 3 prove that: 25 b = 6 a

2
 

Solution  

Let the two roots be: 2   & 3    

  The sum of roots = 
   

 
       Sum of roots = 2   + 3   = 5   

  5     a            
 

 
 

  The product of roots = 
 

 
      Product of roots = 2     3   = 6     

  6    = b         . 
 

 
/
 
   

     
  

  
          25 b = 6 a

2
 

  

Example  

Example  
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If L, M are the roots of equation:   

3 – 2 x  x
2 
= 0 Form the equation whose  

Roots are L + 
 

 
 , M + 

 

 
 

Solution  

3 – 2 x  x
2 
= 0     x

2 
+ 2 x – 3 = 0 

  The sum of roots  = .  
 

 
/ + .  

 

 
/  (   )  .

 

 
 

 

 
/ 

     = (   )  .
     

   
/     .

  

  
/  

 

 
 

 

  The product of roots = .  
 

 
/ .  

 

 
/          

 

   
 

             
 

  
  

 

 
 

      

  The equation is:    
 

 
  

 

 
          

  The equation is:      4   4    

 

If (1 + i) is one of the roots of the equation                  where a ∈ R* 

then find: (A) The other root    (B) the value of a 

Solution 

Let the other root be:      

  Sum of roots = 
 

 
        (1 + i) +    = 2 

    2 – (1 + i) = (1 – i)      The other root = (1 – i)   (A)  

 

  Product of roots = 
 

 
  a      (1 + i) (1 – i) = a  

  1 + 1 = a         a = 2      (B) 

  

Example  

Example  

Procedure 

     
   

 
 

  

 
     

     
 

 
 

  

 
      

       (  )   (  )  
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Practice (2) 
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First: The constant function F(x) = c  where c    

So, the sign f (x) is like the sign of c.   for all  ∈   

For example: 

(1) F(x) = 7    f (x) is +ve for all   ∈   

(2) F(x) =  3    f (x) is –ve for all   ∈   

Second: The linear function F(x) = a x + b    where a             

Let a x + b = 0, then x = 
   

 
        

 

 

 

Determine the sign the function: 

 F(x) = 2 x – 6      F(x) =       

Solution 

 F(x) = 2 x – 6   F(x) =       

Put:  2 x – 6 = 0 

                                     

Put:       = 0 

                      
 

 
              

  

 ( ) 

 

+ ve at x ∈ ]3 ,  [ 

 ( ) 

 

+ ve at x ∈ ]   , 
 

 
 [ 

zero at x = 3 zero at x = 
 

 
 

  ve at x ∈ ]   , 3[   ve at x ∈ ] 
 

 
 ,  [ 

Lesson (5) The sign of the function 

Lesson objectives 

Investigate the sign of constant function. 

Investigate the sign of linear function. 

Investigate the sign of quadratic function. 

Related Links 

Example  
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Third: The quadratic function F(x) = ax
2 
+ b x + c   

Case (1):   If: b
2 
– 4 a c > 0             (two different real roots) {    }  

 
 

 

Case (2):   If: b
2
 – 4 ac = 0                         (equal roots) { } 
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Case (3):  If: b2 – 4 ac < 0                         (no real roots)  

 

 

  Determine the sign the function:  

 F(x) =           

Solution 

Put:                      or          

 

 
 

 ( ) 

 

+ ve at x ∈   [ 3 , 1] 

zero at x ∈ {-3 , 1} 

  ve at x ∈ ]   , 1[ 

  

  

Example  

     

     

0 0 
+ + + + + + + + +  + + + + + + + + +               
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 F(x) =          

Solution 

Put:              (two comples numbers)  

 

 

 ( ) is + ve for every x ∈   
 

 F(x) = 4           

Solution 

Put: 4                     
 

 
   

 

 ( ) 

 

+ ve at x ∈   {
 

 
} 

 

zero at x 
 

 
 

 

Practice  

 

  

     + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

     

 

 
  

0 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + 
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Solving the quadratic inequality in one variable 
 

 
Solve the inequality:           > 0 

Solution 

           > 0 

Put:                       or         

 

  The S.S. =   ,     -  or The S.S. = ]   ,   [   ]6 ,  [ 

   
Solve the inequality:                

Solution 

 

            0 

Put:                     or       4 

 

  The S.S. =   -  4   ,  or The S.S. = ]   ,  4]   [3 ,  [ 

Lesson (6) Quadratic Inequalities in one variable  

Lesson objectives 

Solve the quadratic inequality in one variable. 

Related Links 

Example  

     

     

0 0 
+ + + + + + + + +  + + + + + + + + +               

Example  

     

 4   

0 0 
+ + + + + + + + +  + + + + + + + + +               
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Solve the inequality:               

Solution 

         < 0 

Put:                  4  or         

 
  The S.S. = -     4,   

  
Solve the inequality:           

Solution 

                         

Put:                      

 
  The S.S. =   

 

Solve the inequality:            

Solution 

                            

Put:                    4   

 

  The S.S. =   * 4+ 

  

Example  

     

   4 

0 0 
+ + + + + + + + +  + + + + + + + + +               

Example  

     

   

0 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + 

Example  

     

 4 

 

0 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + 
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Practice  
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Two polygons P1& P2 (same number of sides) are said to be similar if: 

1) The corresponding angles are equal in measure.  

2) The corresponding sides are proportional.  

 

 

1) Any two congruent polygons are similar.  

2) Any two regular polygons (same number of sides) are similar.  

[Any two squares are similar – any two equilateral triangles are similar]  

 

 
If polygon ABCD ~ polygon XYZL then:  

   A     X ,   B     Y ,   C     Z ,   D     L 

 
  

  
 
  

  
 
  

  
 
  

  
  k (similarity ratio), k   0 

The scale factor of similarity of polygon ABCD  

to polygon XYZL equals k, and scale factor of  

similarity of polygon XYZL to polygon ABCD equals 
 

 
 

Lesson (1) Similarity of Polygons 

Lesson objectives 

Identify the concept of similarity. 

Classify Similarity of polygons. 

Identify drawing Scale. 

Identify Golden rectangle and golden ratio. 

Related Links 

Definition 

Notes:  

Remark 
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The two polygons ABCD & XYZL are similar find the missing elements? 

 
Solution 

  polygon ABCD   polygon XYZL 

  m (  A) = m (  X) = 65  

 
  

  
 
  

  
 
  

  
 
  

  
  

  

 
 
  

  
 
  

 
 
  

 
 

  AB = 15 cm   ,  YZ = 6 cm  &  CD = 40 cm 

 

   
In the figure opposite:  

polygon ABCD ~ polygon EFGH. 

 Find the scale factor of similarity  

of polygon ABCD to polygon EFGH. 

 Find the values of x and y. 
 

Solution 

  polygon ABCD ~ polygon EFGH 

  The scale factor o similarity = 
  

  
 
  

 
 
 

 
  

 
  

  
 
  

  
 
  

  
 
  

  
  

(   )

 
 
  

 
 
  

 
 

      cm 

                = 7 cm   

Example  

Example  
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In the opposite figure: 

m (  A) = m (  D),  m (  B) = m (  E)  

AB = 20 cm, BC = 15 cm and DE = 6 cm  

 Prove thatABC ~ DEO   

 Find the length of   ̅̅ ̅̅   

Solution 

In   ABC &   DEO: 

  m (  A) = m (  D) & m (  B) = m (  E)   m (  C) = m (  O) 

    ABC ~   DEO  
  

  
 
  

  
 
  

  
  

 
  

 
 
  

  
    EO = 4.5 cm 

 

 

If polygon M1 ~ polygon M2, then 
               

               
 = Similarity ratio (scale factor) 

 

In the figure opposite:  

  ABC ~   DEF, DE = 8 cm, EF = 9 cm,  

FD = 10 cm. If the perimeter of   ABC = 81cm. 

Find the side lengths of   ABC 

Solution 

    ABC ~   DEF  
  

  
 
  

  
 
  

  
 
                  

                  
  

 
  

 
 
  

 
 
  

  
 
  

  
  

  AB = 24 cm  , BC = 27 cm  &  CA = 30 cm 

  

Example  

Notice that:  

Example  
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Similarity ratio of two polygons 

Let K be the similarity ratio of polygon M1 to polygon M2 

If: K > 1   then polygon M1 is an enlargement of polygon M2 

0 < K < 1   then polygon M1 is a shrinking of polygon M2 

    K = 1   then polygon M1 is congruent to polygon M2 

In general: you can use the similarity ratio in calculation of the dimensions of 

similar figures. 

 

ABCD is a rectangle in which AB = 5 cm and BC = 8 cm. Find the 

dimensions of another rectangle similar to it, if: 

 Scale factor = 1.4       Scale factor = 0.6 

Solution 

Let the rectangle XYZL   the rectangle ABCD  

 
  

  
 
  

  
 
  

  
 
  

  
  scale factor 

 If the scale factor = 1.4    
  

  
 
  

  
         

  

 
 
  

 
     

   XY = 7 cm   &  YZ = 8.4 cm  [Enlargement] 

 If the scale factor = 0.6    
  

  
 
  

  
         

  

 
 
  

 
     

   XY = 3 cm   &  YZ = 4.8 cm  [Shrinking] 

  

  

Example  
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First case:  

Two triangles are similar if the measures of the corresponding angles of two 

triangles are equal. 

If m (  A) = m (  X)  

m (  B) = m (  Y)  

m (  E) = m (  Z) 

    ABC ~ XYZ  

Special cases:  

1) Any two congruent triangles are similar.  

2) Any two isosceles triangles are similar it the measure of one the base angles in 

one of them is equal to the measure of the base angle of other.  

3) Two right angle triangles are similar if one of the acute angles in one is equal 

to the measure of a cote angle of other.  
 

The Second Case:  

 Two triangles are similar if the measure of an angle of a triangle equals the 

measure of an angle of another triangle, and the lengths of the sides enclosing by 

these two angles are proportional. 

If m (  A) = m (  X)  

And  
  

  
  
  

  
  

    ABC     XYZ 

Lesson (2) Similarity of Triangles 

Lesson objectives 

Classify Cases of similarity of triangles. 

Identify the properties of the perpendicular drawn from the 

vertex of the right angle to the hypotenuse of the right 

angled triangle. 

Related Links 
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The Third Case:  

Two triangles are similar if the corresponding sides of two triangles are 

proportional. 

 

If  
  

  
  
  

  
  
  

  
 

    ABC ~   DEF 

 
In the opposite figure: 

  ̅̅ ̅̅  //   ̅̅̅̅  Prove that: 

 (1)   AED ~   BEC  

 (2) AE . EC = DE . EB  

Solution 

In   AED and   BEC: 

     ̅̅ ̅̅  //   ̅̅̅̅          AED ~   BEC    (1) 

 
  

  
 
  

  
 
  

  
       AE . EC = DE . EB    (2) 

   
In the opposite figure: 

ABC is a triangle in which: 

  ̅̅ ̅̅  //   ̅̅̅̅ , AE = 14 cm, ED = 12 cm, 

BD = 4 cm and BC = 15 cm 

Find the length of each of   ̅̅ ̅̅ ,   ̅̅ ̅̅  and   ̅̅ ̅̅   

Solution 

In   ABC and   ADE: 

     ̅̅̅̅  //   ̅̅ ̅̅           ABC ~   ADE 

 
  

  
 
  

  
 
  

  
   

    

  
 
  

  
 
  

  
  

  AC = 17.5 cm      
    

  
 
  

  
 
 

 
 

  5 AD = 4 AD + 16      AD = 16 cm 

  AB = 16 + 4 = 20 cm 

Example  

Example  
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.  
In the opposite figure: 

BC = 20 cm and CY = 6.4 cm 

In   ABC, draw   ̅̅̅̅  //   ̅̅̅̅  

If YX = 12 cm, then find the length of   ̅̅̅̅  

Solution 

    ̅̅̅̅  //   ̅̅̅̅            ABC ~   AXY 

 
  

  
 
  

  
 
  

  
  

  

  
 
  

  
 
      

  
 

 
      

  
 
  

  
 
 

 
   5 AY = 3 AY + 19.2 

  2 AY = 19.2 cm    AY = 9.6 cm         AC = 9.6 + 6.4 = 16 cm 

 
In the opposite figure: 

ABC is a triangle in which:  

AC = 6 cm, AD = 4 cm and BD = 5 cm 

(1) Prove that   ACD     ABC  

(2)    is a tangent to the circumcircle of BCD 

Solution 

In   ACD and   ABC: 

    A is a common angle 

  
  

  
 
 

 
 
 

 
        

  

  
 
 

 
 
 

 
 

  
  

  
 
  

  
  

    ACD     ABC        (1) 

  m (  ACD) = m (  ABC) 

     is a tangent to the circumcircle of BCD   (2) 

  

Example  

Example  
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In the opposite figure: 

AB = 6 cm, BC = 12 cm, CA = 8 cm 

OC = 3 cm, DB = 4.5 cm, OD = 6 cm. 

Prove that:  

(1) Δ ABC ~ Δ DBO.  

(2) Δ EOC is isosceles.  

Solution 

In   ABC and   DBO: 

  
  

  
 
 

   
 
 

 
 

  
  

  
 
  

 
 
 

 
 

  
  

  
 
 

 
 
 

 
 

 
  

  
 
  

  
 
  

  
 
 

 
 

  Δ ABC ~ Δ DBO       (1) 

  m (  BCA) = m (  BOD)  From similarity 

  m (  BOD) = m (  EOC)   V.O.A. 

  m (  BCA) = m (  EOC) 

  Δ EOC is isosceles       (2) 

 

 

  

Example  
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Corollary 

  DAB ~   ACB ~    DCA         (Why?) 

Deduce the Euclid's theorem:  

(1) (AB)
2
 = BD . BC  (2) (AC)

2
 = CD . BC 

(3) (AD)
2
 = BD . CD  (4) AD = 

         

  
 

Proof 

    DAB ~   ACB 

 
  

  
 
  

  
 
  

  
     (AB)

2
 = BD . CB  

 

   DCA ~   ACB 

 
  

  
 
  

  
 
  

  
     (AC)

2
 = DC . CB  

 

   DAB ~    DCA 

 
  

  
 
  

  
 
  

  
     (AD)

2
 = BD . CD  

  

   DAB ~   ACB 

 
  

  
 
  

  
 
  

  
     AD = 
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  ̅̅ ̅̅  and   ̅̅ ̅̅  are two intersecting chords at D in a circle, where D is the 

midpoint of   ̅̅ ̅̅ . Prove that: (BD)
2
 = AD   DH 

Solution 

In   ABC: 

  m (  B) = 90  

  AC = √(  )  (  )  √        = 50 cm 

    ⃗⃗⃗⃗  ⃗     ̅̅̅̅   

  BD = 
         

  
 
         

  
    cm 

  3 BH = 5 HD       
  

  
 
 

 
     each part = 

  

 
   cm 

  BH = 5   3 = 15 cm   &     HD = 3   3 = 9 cm 

 

If AB = 6 cm and BC = 9 cm. in   ABC let point D be the midpoint of    ̅̅ ̅̅  

and   H     ̅̅ ̅̅  such that BH = 2 cm. 

Prove that: (1)   DBH ~   CBA   (2) ADHC is a cyclic quadrilateral 

Solution 

In   DBH and   CBA: 

 
  

  
 
 

 
 
 

 
        

  

  
 
 

 
 
 

 
 

 
  

  
 
  

  
       is common angle 

    DBH ~   CBA      (1) 

  m (  BDH) = m (  BCA)  

  ADHC is a cyclic quadrilateral    (2) 

  

Example  

Example  
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Δ ABC inscribed in circle,   ̅̅ ̅̅  is a tangent to the circle at B cut   ⃗⃗⃗⃗  ⃗ at D.  

Show that: (1) Δ DBA ~ Δ DCB   (2) (DB)
2
 = (DA) (DC) 

Solution 

In Δ DBA and Δ DCB: 

    ̅̅ ̅̅  is a tangent to the circle at B 

  m (  DAB ) = m (  DBC) (on   ̂) 

(the measure of the inscribed angle = the measure of the tangency angle) 

    D is a common angle 

  m (  DBA ) = m (  DCB)     Δ DBA ~ Δ DCB    (1) 

 
  

  
 
  

  
 
  

  
        (DB)

2
 = (DA) (DC)    (2) 

 

In the opposite figure: 

ABCD is a parallelogram. 

Prove that:   CDH     OBC 

Solution 

  ABCD is a parallelogram 

    ⃗⃗⃗⃗  ⃗ //   ̅̅ ̅̅  

     CDH ~   OAH     

    ̅̅ ̅̅  //   ̅̅̅̅  

     OBC ~   OAH     

From  & :      CDH     OBC  [Discus another solution?!] 

  

Example  

Example  
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 The ratio between the areas of two similar triangles equals the square of the 

ratio between the lengths of any two corresponding sides of the two triangles. 

If   ABC     DEF   
   (     )

   (     )
  (

  

  
)
 
  (

  

  
)
 
  (

  

  
)
 
 

 

 The ratio between the areas of two similar polygons equals the square of the 

ratio between the lengths of any two corresponding of the two polygons. 

If P1 (ABCDE)    P2 (XYZLO)    
   (  )

   (  )
  (

  

  
)
 
  (

  

  
)
 
  (

  

  
)
 
  ….. 

 

Corollary: The ratio between the perimeters of two similar polygons is equal to 

the ratio between any two corresponding sides of the two polygons. 

 

Δ ABC ~ Δ DEF & S.A. of (Δ ABC) = 9 S.A of (DEF) & DE = 5 cm. find AB 

Solution 

  Δ ABC ~ Δ DEF  
       (     ) 

       (     )
 (
  

  
)
 

 

 
  

 
 
(  ) 

  
  (  )  = 225   AB = √    = 15 cm 

  

Lesson (3) 
The Relation Between the Areas of 

two Similar Polygons 

Lesson objectives 

Determine the relation between the perimeters of two 

similar polygons and similarity ratio (scale factor). 

Recognize the relation between areas of two similar 

polygons and similarity ratio. 

Related Links 

Example  
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Δ XYZ in which  
  

  
  
 

 
 the circle passing through the vertices of this   is 

drawn. The tangent at X is drawn to cut   ⃗⃗⃗⃗  ⃗ at E. prove that: 
  (      )

  (      )
 
  

  
  

Solution 

 

In Δ EXY and Δ EZX: 

    ̅̅̅̅  is a tangent to the circle at X 

  m (  EYX ) = m (  EXZ) (on   ̂) 

(the measure of the inscribed angle = the measure of the tangency angle) 

    E is a common angle 

  m (  EXY ) = m (  EZX) 

  Δ EXY   Δ EZX 

 
  (      )

  (      )
 (
  

  
)
 

 (
 

 
)

 

 
  

  
 

 
  (      )

  (      )
 
     

  
 
  

  
 

 
  (      )

  (      )
 
  

  
 

 

 

  

Example  
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In the opposite figure: 

  ̅̅ ̅̅  and   ̅̅ ̅̅  are two non-interesting  

chords in a circle.  

If   ̅̅ ̅̅      ̅̅ ̅̅  = {E} and AC = 3 BD.  

Find: 
                              

                    
 

Solution 

  AC = 3 BD 

  
  

  
 
 

 
 

  ABDC is a cyclic quadrilateral 

  m (  EAC ) = m (  EDB) 

  m (  ECA ) = m (  EBD) 

    E is common angle 

  Δ EAC   Δ EDB 

 
  (      )

  (      )
 (
  

  
)

 

 (
 

 
)

 

 
 

 
 

 
  (           )

  (      )
 
   

 
 
 

 
 

 
                              

                    
 
 

 
 

 

  

Example  
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 The ratio between the lengths of two corresponding sides of two similar 

polygon is 1 : 2 what is the ratio between there areas and what is the ratio 

between their perimeters. 

Solution 

 
  

  
 
 

 
   

  

  
 (
 

 
)
 
 
 

 
   

  

  
 
  

  
 
 

 
  

 

 The ratio between the areas of two similar polygon is 4 : 9 what is the 

ratio between their corresponding sides, what is the ratio between their 

perimeters. 

Solution 

 
  

  
 
 

 
   

  

  
 √

 

 
 
 

 
   

  

  
 
  

  
 
 

 
  

 

 The ratio between the perimeters of two similar polygons is 3 : 4 if the 

area of first polygon is 45 cm
2
, Find area of the second polygon. 

Solution 

 
  

  
 
 

 
   

  

  
 (
 

 
)
 
 
 

  
   

  

  
 
 

  
    P2 = 80 cm

2
 

 

 The ratio is between the lengths of two corresponding sides of two similar 

polygons is 2 : 3, if the sum of areas of the two a polygons equals 143 cm
2
, 

Find the area of each. 

Solution 

 
  

  
 
 

 
   

  

  
 (
 

 
)
 
 
 

 
  

A1 : A2 : sum   A1 = 44 cm
2
 

And 

  A1 = 99 cm
2
 

 4 : 9 : 13 

 :  : 143 

  

Example  
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Well known Problems 

   

  
 

If   ⃗⃗ ⃗⃗  ⃗     ⃗⃗ ⃗⃗  ⃗ = { M} 

  MA   MB = MC   MD 

If   ̅̅ ̅̅      ̅̅ ̅̅  = { M} 

  MA   MB = MC   MD 

If   ̅̅ ̅̅  is a  tangent 

  (MC)
2
 = MA   MB 

 

 
 Complete:   

(1) EA . EB = …………………….. 

Solution: EA   EB = EC   ED 

(2) If: AE = 30 cm, EC = 10 cm. and ED = 12 cm, then EB = …………………...… 

Solution:   EA   EB = EC   ED   30   EB = 10   12   EB = 4 cm 
 

(3) If: EA = 3 cm, EB = 6 cm. and EC = 2 cm, then ED = ………………………...…..… 

Solution:   EA   EB = EC   ED   3   6 = 10   ED   ED = 1.8 cm 

(4) If: EA = 2x cm, EB = 3x cm., EC = 3 cm and ED = 8 cm, then x = ……...….… 

Solution:   EA   EB = EC   ED   2    3  = 3   8 

   6   = 24      = 4     = √  = 2 cm 
 

(5) If: EA = (15 – x) cm, EB = x cm., EC = 9 cm and ED = 4 cm, then x = …..… 

Solution:   EA   EB = EC   ED   (    )     = 9   4 

                               =       or      =      

Lesson (4) Applications of Similarity in the circle 

Lesson objectives 

Identify the relation between two intersecting chords in a circle. 

Classify the relation between two secants to the circle from a 

point outside it. 

Solve problems, and life applications using similarity of polygons 

in a circle. 

Related Links 

Example  
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 Complete:   

(1) MA   MB = ………………………………………..… 

Solution: MA   MB = MC   MD 
 

(2) MA = 3 cm, AB = x cm, MC = 2 cm and CD = 6.5 cm, then x = …………….… 

Solution:   MA   MB = MC   MD   3   (   ) = 2   8.5 

         = 18       = 9      = 3     = √  cm 
 

(3) MA = x cm, AB = 2x cm, MC = 3 cm and CD = 6 cm, then x = ……………. 

Solution:   MA   MB = MC   MD   x   (    ) = 3   9 

        = 27       = 27      = 9     =   cm 
 

(4) MA = x cm, AB = 5 cm, MC = 3 cm and CD = 9 cm, then x = ……………. 

Solution:   MA   MB = MC   MD   x   (   ) = 3   12 

         = 36                  =   cm 
 

 Complete:   

(1) MA. MB = ………………………………………..… 

Solution: MA   MB = (MC)
2
 

 

(2) MC = x cm, MA = 4 cm and AB = 5 cm, then x = …………….… 

Solution:   MA   MB = (MC)
2
   4   9 = x

2
 

      = 36     √       =   cm 
 

(3) MC = 8 cm, MA = x cm and AB = 12 cm, then x = …………….… 

Solution:   MA   MB = (MC)
2
   x   (    ) =    

          = 64                   =   cm 
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In the opposite figure: 

A and B are the points of intersection of  

two circles. A common tangent is drawn  

touching them at X & Y. 

If   ⃡⃗⃗⃗  ⃗     ⃡⃗⃗⃗  ⃗ = }C{ show that C is mid-point of   ̅̅ ̅̅ . 

Solution  

    ⃗⃗ ⃗⃗  is a tangent at X      (CX)
2
 = CA   CB  (1) 

    ⃗⃗ ⃗⃗  is a tangent at Y      (CY)
2
 = CA   CB  (2) 

From (1) and (2):      (CX)
2
 = (CY)

2
  

  CX = CY       C is mid-point of   ̅̅̅̅  

 

ABC is a triangle in which AB = 15 cm, AC = 12 cm. D     ̅̅ ̅̅  where AD = 

4cm, E     ̅̅ ̅̅  where AE = 5cm. 

Prove that the figure DBCE is a cyclic quadrilateral.  

Solution  

I              AED:  

    A is common angle 

  
  

  
 
  

 
       

  

  
 
  

 
   

 
  

  
 
  

  
  

    ABC     AED   

  m (  ABC) = m (  AED)  (the exterior = the interior opposite) 

  DBCE is a cyclic quadrilateral 

  

Example  

Example  
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  ABC in which AB = 8 cm, AC = 4 cm, D     ⃗⃗⃗⃗  ⃗, D     ̅̅ ̅̅  where CD = 12 cm. 

Prove that   ̅̅ ̅̅  touches the circle which passes through the points B, C, and D  

Solution 

  (AB)
2
 = 8

2
 = 64 

  AC   AD = 4   16 = 64 

  (AB)
2
 = AC   AD 

    ̅̅ ̅̅  touches the circle which passes  

through the points B, C, and D 

 

 

A ladder of length 4 meters rests on a horizontal 

rough ground, and with the other end on a 

hemispheric tank, as in the figure opposite, If the 

lower end of the ladder is 2 meters far from the 

base of the tank. 

Find the length of the radius of the sphere's tank. 

Solution 

  (AB)
2
 = AC   AD 

  42
 = 2   AD 

  AD = 8 m 

  CD = 8 – 2 = 6 m 

  The length of the radius of the sphere's tank = 3 m  

 

  

Example  

Example  



First Secondary 2021-2022 
 

37                                                      First Term | Geometry 
 

Practice   
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First Secondary 2021-2022 
 

43                                                      First Term | Geometry 
 

 

  



First Secondary 2021-2022 
 

44                                                      First Term | Geometry 
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If a straight Line is drawn parallel to one side of a triangle cutting the other two 

sides, then it divides them into four segments of proportional lengths.  

 
If ABC is triangle    and         ̅̅ ̅̅  //   ̅̅̅̅  

  
  

  
  
  

  
   

  

  
  
  

  
     

  

  
  
  

  
 

  

 

 
In opposite figure: 

ABC is a triangle,   ̅̅ ̅̅  //   ̅̅ ̅̅   

, AD = 2.4 cm, DB = 3.6 cm 

and EC = 4.8 cm. 

Find: the length of   ̅̅ ̅̅   

Solution 

In   ABC: 

    ̅̅ ̅̅  //   ̅̅̅̅        
  

  
  
  

  
  

 
   

   
  
  

   
        AE = 

           

   
     cm 

  

Lesson (1) Parallel lines and proportional parts 

Lesson objectives 

Classify Properties of the straight line which is parallel to any 

side of a triangle. 

Use proportion in calculation of lengths and in prove relations 

to line segments resulting from the transversals of parallel lines. 

Modeling and solving life problems including parallel lines and 

their transversals 

Related Links 

Example  
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In opposite figure: 

ABC is a triangle, where AE = 3 cm, 

EC = 4.5 cm, AD = 2 cm and DB = 3 cm 

Prove that:   ̅̅ ̅̅  //   ̅̅ ̅̅   

Solution 

In   ABC: 

 
  

  
 
 

 
       

  

  
 
 

   
 
 

 
  

 
  

  
  
  

  
          ̅̅ ̅̅  //   ̅̅̅̅    

 

In opposite figure:        

ABC is a triangle in which  

  ̅̅ ̅̅  //   ̅̅ ̅̅  and   ̅̅ ̅̅  //   ̅̅ ̅̅ , AE = 3 cm, 

AD = 4 cm and DB = 2 cm 

Find the length of:   ̅̅̅̅  and   ̅̅̅̅  

Solution 

    ̅̅ ̅̅  //   ̅̅̅̅        
  

  
  
  

  
  

 
 

 
  
 

  
        EF = 

       

 
     cm   

    ̅̅̅̅  //   ̅̅̅̅        
  

  
  
  

  
  

 
 

 
  
   

  
        FC = 

         

 
      cm   

  

Example  

Example  
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ABCD is a quadrilateral, Y     ̅̅ ̅̅  ,   ̅̅ ̅̅  is drawn parallel to   ̅̅ ̅̅  to intersect 

  ̅̅ ̅̅  at X &   ̅̅̅̅  is drawn parallel to   ̅̅ ̅̅  to intersect   ̅̅ ̅̅  at Z.  

Show that:   ̅̅̅̅  //   ̅̅ ̅̅   

Solution 

In   ABD: 

    ̅̅̅̅  //   ̅̅ ̅̅      
  

  
  
  

  
    

In   BCD: 

    ̅̅̅̅  //   ̅̅ ̅̅      
  

  
  
  

  
   

From  & :    

 
  

  
 
  

  
       ̅̅̅̅  //   ̅̅̅̅  

 

ABCD is a trapezium in which   ̅̅ ̅̅  //   ̅̅ ̅̅  and   ̅̅ ̅̅      ̅̅ ̅̅  = { M }  

If AM = 2.5 cm , BD = 
  

 
 cm , MC = 3 cm and AD = 4.5 cm ,  

Then find the length of:   ̅̅ ̅̅ ̅ ,   ̅̅ ̅̅ ̅ and   ̅̅ ̅̅  

Solution 

    ̅̅ ̅̅  //   ̅̅̅̅       
  

  
  
  

  
  

 
  
  

 

  
   

   
      MD = 

  

 
        

   
 
  

 
 cm   

  BM = 
  

 
 
  

 
   cm 

In   ADM &   CBM: 

    ̅̅ ̅̅  //   ̅̅̅̅          ADM     CBM  

 
  

  
 
  

  
 
  

  
    

   

  
 
   

 
      CB = 5.4 cm 

  

Example  

Example  
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Practice (1)   
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If two transversals cuts several parallel Lines, so the lengths of the corresponding 

segments on the two transversals are proportional. 

If L1 // L2 // L3 // L4 

And M1, M2 are two transversals 

  
  

  
  
  

  
  
  

  
  

OR 

  
  

  
  
  

  
  
  

  
  …………….  

 
In the opposite figure:  

  ̅̅ ̅̅  //   ̅̅ ̅̅  //   ̅̅̅̅  , OX = 6 cm, OA = 4 cm 

, BC = 5 cm and XZ = 15 cm 

Find the length of   ̅̅̅̅  ,   ̅̅ ̅̅   
Solution  

   ̅̅̅̅  //   ̅̅̅̅  //   ̅̅̅̅        

 
  

  
  
  

  
  

 
 

  
  
 

 
  

  YZ = 
       

 
     cm 

  XY = 15 – 7.5 = 7.5 cm  

   ̅̅̅̅  //   ̅̅̅̅  //   ̅̅̅̅        

 
  

  
  
  

  
  

 
 

  
  
 

   
        

  AB = 
         

 
   cm  

Talis Theorem  

Example  
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In the opposite figure: 

  ̅̅ ̅̅  //   ̅̅ ̅̅ ,   ̅̅ ̅̅  //   ̅̅ ̅̅  

Prove that: (OB)
2
 = OA . OE 

Solution  

In   ABC: 

    ̅̅ ̅̅  //   ̅̅̅̅        
  

  
  
  

  
    

    ̅̅̅̅  //   ̅̅ ̅̅        
  

  
  
  

  
    

From  & : 

 
  

  
 
  

  
         (OB)

2
 = OA . OE 

 

 

ABC is a triangle, D & H     ̅̅ ̅̅  Let   ⃗⃗ ⃗⃗  ⃗ and   ⃗⃗⃗⃗⃗⃗  be drawn parallel to   ̅̅ ̅̅  and 

intersect   ̅̅ ̅̅  at X & Y respectively. If AD = 
 

 
 BH, DH = 3AD & AC = 24 cm , 

then find the length of each of:   ̅̅ ̅̅  ,   ̅̅ ̅̅  and   ̅̅̅̅  

Solution  
 

In   ABC: 

   ̅̅ ̅̅  //   ̅̅ ̅̅  //   ̅̅̅̅   

  
  

  
 
  

  
      

 

 
 
  

  
 

  AX = 
        

 
   cm 

 
  

  
 
  

  
       

 

 
 
 

  
 

  XY = 
       

 
    cm 

  YC = 24 – (12 + 4) = 8 cm  

  

Example  

Example  
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Practice (2)   
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The bisector of the Interior or (exterior) angle of a triangle at any vertex divided 

the opposite side of the triangle internally or (externally) into two parts the ratio 

between their lengths is equal to the ratio between the lengths of other two sides. 

 

Given:   ̅̅ ̅̅  bisects   BAC  

Construction: Draw   ̅̅ ̅̅  //   ̅̅ ̅̅   

R.T.P.: Prove that   
  

  
  
  

  
                 

Proof:     ̅̅ ̅̅  //   ̅̅ ̅̅  

    m (  2) = m (  4)  (Alternative angle) 

  & m (  1) = m (  3)  (Corresponding angle) 

    m (  1) = m (  2)  (Given) 

    m (  3) = m (  4) 

    AO = AC         ̅̅ ̅̅  //   ̅̅ ̅̅  

    
  

  
  
  

  
                     

  

  
  
  

  
                                 

Lesson (2)  Angle Bisectors & proportional parts 

Lesson objectives 

Classify Properties of bisectors of angles of triangles. 

Use proportion to calculate the lengths of line segments 

resulting from bisecting an angle in a triangle. 

Modeling and solving life problems including bisectors of 

angles of triangle. 

Related Links 
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Remarks:  

 Converse Of Theorem:   

If:  
  

  
  
  

  
                 

 

    ̅̅ ̅̅  bisects   BAC 

 

 

 The bisector interior and exterior:   

 The interior bisector  The exterior bisector                                                     

i.e.     ̅̅ ̅̅     ̅̅̅̅  

 

 

  
  

  
  
  

  
 

    ⃗⃗⃗⃗  ⃗ bisects   BAC      
  

  
  
  

  
    (i) 

    ⃗⃗⃗⃗  ⃗ bisects exterior   BAC    
  

  
  
  

  
    (ii) 

From (i) & (ii):        
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In the opposite figure: 

  ̅̅ ̅̅  bisects   BAC and  

  ̅̅ ̅̅  bisects exterior   BAC   

AB = 5 cm, AC = 3 cm, BD = 4 cm 

Find the length of   ̅̅ ̅̅   

Solution 

    ⃗⃗⃗⃗  ⃗ bisects   BAC 

  
  

  
  
  

  
      

 

 
  
 

  
    

  CD = 
     

 
 = 2.4 cm  

    ⃗⃗⃗⃗  ⃗ bisects exterior   BAC 

  
  

  
  
  

  
      

 

 
  
  

  
    

  
 

 
  
       

  
 

  BC = 4 + 2.4 = 6.4 cm    
 

 
  
        

  
   

  5 CE = 3 (CE + 6.4) 

  5 CE = 3 CE + 19.2     2 CE = 19.2   

  CE = 
    

 
 = 9.6 cm 

  ED = 9.6 + 2.4 = 12 cm 
 

Well-known problem: 

If   ⃗⃗⃗⃗  ⃗ bisects   A in   ABC internally and intersects   ̅̅̅̅  at D 

then: AD = √                  

  

Example  
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ABC is a triangle in which AB = 27 cm, AC = 15 cm.   ⃗⃗⃗⃗⃗⃗  bisects   A and 

intersects   ̅̅ ̅̅  at D. If BD = 18 cm & CD = 10. Calculate the length of   ̅̅ ̅̅ . 

Solution 

    ⃗⃗⃗⃗  ⃗ bisects   A 

  AD = √                  

  AD = √                  

  AD = 15 cm 

 

LMN is a triangle, k is mid-point of   ̅̅ ̅̅ ̅ ,   ⃗⃗⃗⃗ ⃗⃗  bisects   LMN & cuts   ̅̅ ̅̅  at X.  

Draw   ⃗⃗⃗⃗  ⃗ //   ̅̅ ̅̅ ̅ cuts   ̅̅ ̅̅  at Y. If Lk = LM prove that   ̅̅ ̅̅  bisect   LKN 

Solution 

In   LMK: 

    ⃗⃗⃗⃗⃗⃗  bisects   LMN    

  
  

  
  
  

  
   

In   LMN: 

    ⃗⃗ ⃗⃗   //   ̅̅̅̅̅     

  
  

  
  
  

  
   

From  & :      
  

  
  
  

  
 

  MK = KN  &    LK = LM 

  
  

  
  
  

  
         ⃗⃗⃗⃗⃗⃗  bisects   LMN 

  

Example  

Example  
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  ̅̅ ̅̅  is a median of   ABC,   ADB is bisected by a bisector meets   ̅̅ ̅̅  at X 

and   ̅̅ ̅̅  //   ̅̅ ̅̅  meets   ̅̅ ̅̅  at Y. Prove that   ̅̅ ̅̅  bisects   ADC. 

Solution 

In   ABD: 

    ⃗⃗⃗⃗  ⃗ bisects   ADB     
  

  
  
  

  
   

In   ABC: 

    ̅̅̅̅  //   ̅̅̅̅        
  

  
  
  

  
   

From  & :      
  

  
  
  

  
 

    ̅̅ ̅̅  is a median of   ABC    BD = CD 

  
  

  
  
  

  
         ⃗⃗⃗⃗  ⃗ bisects   ADC 

 

ABCD is a quadrilateral AB = 6 cm, BC = 9 cm, CD = 6 cm, DA = 4 cm,   ⃗⃗⃗⃗  ⃗ 

bisect   A to cut   ̅̅ ̅̅  at E. 

(i) Find the ratio BE : ED    

(ii) Show that   ⃗⃗⃗⃗  ⃗ bisect   BCD 

Solution 

 In   ABD: 

    ⃗⃗⃗⃗  ⃗ bisects   BAD    
  

  
  
  

  
   

 
  

  
 
 

 
 
 

 
     

  BE : ED = 3 : 2 (i) 

In   BCD: 

  
  

  
  
 

 
 
 

 
     

  

  
  
  

  
 

    ⃗⃗ ⃗⃗   bisects   BCD  (ii) 

Example  

Example  
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Practice   
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First: Power of a point with respect to a circle 

Power of the point A w.r. to the circle M whose radius r is the real number PM(A) 

where: PM(A) = (AM)
2
   r

2
 

Important Notes: 

 You can expect the position of point A w.r. to the circle M 

If: PM (A) > 0 then A lies outside the circle. 

     PM (A) = 0 then A lies on the circle. 

     PM (A) < 0 then A lies inside the circle. 

 

 If the point A lies outside the circle M 

then : PM (A) = (AM)
2
   r

2
 

                      = (AM   r) (AM + r)  

                      = AB   AC = (AD)
2
 

  Length of the tangent drawn from A to circle M = √   ( )  

 

 If the point A lies inside the circle M  

then: PM (A) = (AM)
2
   r

2
 

                     = (AM   r) (AM + r) 

                     =   (r   AM) (AM + r)  

                     =   AB   AC 

Lesson (3) 
 Applications of Proportionality in the 

Circle 

Lesson objectives 

Find the power of a point w.r.to the circle. 

Determine the position of a point w.r. to the circle. 

Find the measures of the resulting angles from the intersection 

of chords and tangents in the circle. 

Related Links 
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Determine the position of each of the following points A, B and C w.r. to the 

circle M in which its radius equals 5cm, if: 

PM (A) = 11, PM (B) = 0, PM (C) =  16, then calculate the distance between each 

point to the center of the circle. 

Solution 

 

 

The radius of circle M equals 31cm. The point A lies at 23cm distance from its 

radius center. Draw the chord   ̅̅̅̅  where A     ̅̅̅̅  , AB = 3 AC. Calculate: 

(A) Length of the chord   ̅̅̅̅  and the center of the circle. 

(B) The distance between the chord   ̅̅̅̅  

Solution 

 

  

Example  

Example  
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Practice (1)   
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Second: secant, tangent, and measures of angles 

m (  BEC) = 
 

 
 [ m (  ̂) + m (  ̂) ] m (  A) = 

 

 
  [ m (  ̂)    m (  ̂) ] 

 

 
 

 

 

 

 
In each of the following figures: Find the value of the symbol: 

 

 
 

 

 
 

 

 
 

   
 

 
(        )  

       

      
 

 
(        )  

     180°   110° = 70°  

               
       

 

 
 

 

 
 

 

 
 

   
 

 
(        )  

       

             
        

              
       

 

  

Example  
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Practice (2)   
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 The measure of the directed angle is positive if the direction of the arrow from 

the initial side to the terminal side is anticlockwise rotation. 

 The measure of the directed angle is negative if the direction of the arrows is a 

clockwise rotation. 

 
 Each directed angle in its standard position has two measures. One of them is 

positive, the other one is negative, the sum of their absolute values = 360º 

 If  º is the positive measure, then its negative measure =  º – 360º 

 If (  º) is the positive measure, then its negative measure = 360º –  º. 

  

Lesson (1) Directed Angle 

Lesson objectives 

Identify Concept of directed angle. 

Identify Standard position of directed angle. 

Identify Positive and negative measure of the directed angle. 

Express Position of the directed angle in the coordinates 

plane. 

Related Links 

The measure of the directed angle AOB ≠ 

the measure of the directed angle BOA. 

Positive and negative measures of the directed angle  

Remarks 

θ° =  θ° ± n ×  360° 

Co-terminal angles: If θº is the measure of the directed angle in its 

standard position, then the co-terminal angles can be fined by: 
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Determine the quadrant in which each of the following angles lies: 

 48º   217º   135º   295º   270º 

Solution 

 48º  lies in 1
st
 quadrant  

 217º  lies in 3
rd

 quadrant 

 135º  lies in 2
nd

 quadrant 

 295º  lies in 4
th

 quadrant 

 270º  lies in y-axis 

 

  

Determine the negative measure of the angles whose measures as follows: 

 32º   270º   56º   210º   315º  

Solution 

 32º The negative measure = 32º – 360º = – 328º [32º   – 328º]  

 270º The negative measure = 270º – 360º = – 90º [270º   – 90º] 

 56º The negative measure = 56º – 360º = – 304º [56º   – 304º] 

 210º The negative measure = 210º – 360º = – 150º [210º   – 150º] 

 315º The negative measure = 315º – 360º = – 45º [315º   – 45º] 

 

  

Example  

Example  
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Determine the positive measure of each of the following angles: 

 –46º   –246º   –186º   –300º   –97º 

Solution 
 

 – 46º The positive measure = –46º + 360º = 314º  [–46º   314º]  

 –246º The positive measure = –246º + 360º = 114º [–246º   114º] 

 –186º The positive measure = –186º + 360º = 174º [–186º   174º] 

 –300º The positive measure = –300º + 360º = 60º  [–300º   60º] 

 –97º The positive measure = –97º + 360º = 263º  [–97º   263º] 

  

 

Determine the quadrant in which each of the following angles lies: 

 530º     1652º     – 740º    

Solution 

 530º         530º equivalent to 170º 

  170º lies in 2
nd

 quadrant      530º lies in 2
nd

 quadrant    

 

 1652º         1652º equivalent to 212º 

  212º lies in 3
rd

 quadrant      1652º lies in 3
rd

 quadrant  

   

 – 740º         – 740º equivalent to 340º 

  340º lies in 4
th

 quadrant      – 740º lies in 4
th

 quadrant 
  

 

  

Example  

Example  



First Secondary 2021-2022 

 

4                                                  First Term | Trigonometry 
 

Practice   
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  1º = 60  ,    = 60   

 

The radian measure of a central angle in a circle  

 

 

     = 
 

 
             =       ×             =  

 

     

Lesson (2) Systems of Measuring Angle 

Lesson objectives 

Identify Concept of radian measure of an angle. 

Classify Relation between radian and degree measure. 

Find the length of an arc in a circle. 

Related Links 

Systems for measuring 

angles 
First: Degree measure system 

Second: Radian measure system 

= 
𝐓𝐡𝐞 𝐥𝐞𝐧𝐠𝐭𝐡 𝐨𝐟 𝐭𝐡𝐞 𝐚𝐫𝐜 𝐬𝐮𝐛𝐭𝐞𝐧𝐝𝐞𝐝 𝐛𝐲 𝐭𝐡𝐞 𝐚𝐧𝐠𝐥𝐞

𝐓𝐡𝐞 𝐫𝐚𝐝𝐢𝐮𝐬 𝐥𝐞𝐧𝐠𝐭𝐡 𝐨𝐟 𝐭𝐡𝐢𝐬 𝐜𝐢𝐫𝐜𝐥𝐞
 

Important Rules 
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●                       

●  °                    180º 

 

 

 
 °

   °
= 

    

 
               =  ° × 

 

   °
          ° =       ×  

   °

 
 

 
Find the degree measure (in degree, minute and second) of each of the 

following angles whose radian measures is        
 

Solution 

       =        ×    °   =       ° =    °         

 

 
Find the degree measure and radian measure of the central angle that subtends 

an arc of length L in a circle of radius length r if L = 12 cm., r = 10 cm.   

Solution 

L = 12 cm. , r = 10 cm.      =
 

 
=

  

  
=        

 ° =       ×    °    = 68.75° = 68° 45' 18'' 

 

   
Find the radius length of the circle if the measure of the central angle drawn 

in it is   and the length of subtends arc (L) if: =   0  6       = 3  3      
Solution 

 =              =            =
 

    
=

     

        
=       

 

 

Relation between the degree measure and the radian  

Important Rules 

Example  

Example  

Example  
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Find the length of the arc in a circle with radius length r to nearest one 

decimal digit of cm. if it is opposite to a central angle with measure   if: 

 =  0      =    3       

Solution 

 =         =          =     ×  =        ×   =         

 

 

 

Solution 

  ° =   °  

[measure of the central angle = 2 measure of the inscribed angle] 

    =   ° ×      ° = 
 

 
    =

 

    =
 

 

 
 

=
  

 
    

  Circumference of the circle = 2     = 2 ×  ×
  

 
 = 24 cm 

 

 

 Solution 

  Area of   MAB = 32    
 

 
      ×       =    

    ×   =          =          =   cm 

    =   ° ×      ° = 
 

 
     (  ̂) =     ×  =

 

 
 ×  =    cm 

  Perimeter of shaded part = 8 + 8 +    = 28.57 cm 

Example  

Example  

Example  
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Practice (1)  
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Practice (2)  
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       =   

 

 

 
● Cos (  + 2n  ) = Cos   = x         

● Sin (  + 2n  ) = Sin   = y 

● Tan (  + 2n  ) = Tan   = 
 

 
 

 

      =  
 

     
       =  

 

     
       =  

 

     
 

     =  
 

     
       =  

 

     
       =  

 

     
 

 

Lesson (3) Trigonometric functions 

Lesson objectives 

Identify Unit circle. 

Define Basic trigonometric functions. 

Find Reciprocals of basic trigonometric functions. 

Recognize Signs of the trigonometric functions. 

Related Links 

The unit circle 

The basic trigonometric functions  

Cos 𝜃 = 𝑥  

Sin 𝜃 = 𝑦 

Tan 𝜃 = 
𝑦

𝑥
 = 

Sin θ

Cos θ
        

The co-terminal angles have the same trigonometric functions 

Definition of the reciprocals of the basic trigonometric functions  
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Determine the signs of the following trigonometric functions: 

 tan 320º   sin 160º   sec 750º   csc 
   

 
    cos (–200º) 

Solution 

 tan 320º      320º lies in 4
th

 quadrant 

  tan 320º is negative 
 

 sin 160º      160º lies in 2
nd

 quadrant 

  sin 160º is positive 
 

 sec 750º      750º = 30º lies in 1
st
 quadrant 

  sec 750º is positive 
 

 csc 
   

 
      

   

 
 = 

   

 
×   0°   =    ° lies in 2

nd
  quadrant 

  csc 
   

 
 is positive 

 

 cos (–200º)     –200º = –200º + 360º = 160º lies in 2
nd

 quadrant 

  cos (–200º) is negative 

 

 

 

The signs of the 

trigonometric 

functions  

Example  
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If θ is the measure of a directed angle in its standard position, B is the point 

of the intersection of its terminal side with the unit circle, find all 

trigonometric functions of θ in each of the following cases: 

 ( 
 

 
  

 

 
)    (

 

  
  

  

  
)    (0.6 , y) , y > 0 

Solution 

 ( 
 

 
  

 

 
)     is –ve & y is +ve    ( 

 

 
  

 

 
) lies in 2

nd
 quadrant 

Sin   = 
 

 
 Cos   =  

 

 
 Tan   =  

 

 
 

Csc   = 
 

 
 Sec   =  

 

 
 Cot   =  

 

 
 

 

 (
 

  
  

  

  
)     is +ve & y is +ve    (

 

  
  

  

  
) lies in 1

st
 quadrant 

      =  
  

  
        =  

 

  
    n   =  

  

 
  

       =  
  

  
        =  

  

 
        =  

 

  
  

   

 (0.6 , y) , y > 0       =       (0.6)
2
 + y

2
 = 1 

  y
2
 = 1 – 0.36    y

2
 = 0.64      y = ±√0 6 = 0   (y > 0) 

  (
 

 
  

 

 
)      is +ve & y is +ve    (

 

 
  

 

 
) lies in 1

st
 quadrant 

      =  
 

 
        =  

 

 
    n   =  

 

 
  

      =  
 

 
        =  

 

 
        =  

 

 
  

   

Example  
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If θ     
  

 
       and cos θ = 

 

  
 , find all trigonometric functions of θ 

Solution  

  cos θ = 
 

  
     =

 

  
         =       

  (
 

  
)
 
 + y

 2
 = 1     y

2
 =   

  

   
    y

2
 = 

   

   
    

  y = ±√
   

   
=  

  

  
 

      =   
  

  
        =  

 

  
    n   =   

  

 
  

      =   
  

  
        =  

  

 
        =   

 

  
  

Special Angles 
 

 

 

 

 

 

 

 

 

  Find the value of: 

4 sin 30º sin 90º – cos 0º sec 60º + 5 tan 45º + 10 cos
2
 45º sin 270º – tan 30º sin 180º 

Solution 

4 sin 30º sin 90º – cos 0º sec 60º + 5 tan 45º + 10 cos
2
 45º sin 270º – tan 30º sin 180º 

               =  ×
 

 
×    ×    ×    0 × (

√ 

 
)
 

×    
√ 

 
× 0 = 0  

  Sin   Cos   Tan   

0º or 360º 0 1 0 

90º = 
 

 
 1 0 undefined 

180º =   0 -1 0 

270º = 
  

 
 -1 0 undefined 

30º = 
 

 
 

 

 
 

√ 

 
  

 

√ 
  

60º = 
 

 
 √ 

 
  

 

 
  √3 

45º = 
 

 
 

 

√ 
  

 

√ 
  1 

Example  

Example  

θ     
 𝜋

 
   𝜋   
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  Prove that: 

sin
2
 60º + sin

2
 45º + sin

2
 30º = cos

2 
 
 

 
   sin 

 

 
  –  

 

 
  tan

2
  
 

 
  cos π + cos

2
  
 

 
  sin 

  

 
 

Solution 

L.H.S. = sin
2
 60º + sin

2
 45º + sin

2
 30º  

  = (
√ 

 
)
 

 (
√ 

 
)
 

 (
 

 
)
 

=
 

 
         

R.H.S. = cos
2 
 
 

 
   sin 

 

 
  –  

 

 
  tan

2
  
 

 
  cos π + cos

2
  
 

 
  sin 

  

 
 

   = cos
2 
 30° sin  0°  –  

 

 
  tan

2
 60° cos   0° + cos

2
  60° sin   0°   

   = (
√ 

 
)
 

×   
 

 
× (√3)

 
×    (

 

 
)
 
×   =

 

 
       

Practice (1)  

 

  

Example  

Note that: 𝜋 =   0° 
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Practice (2)  
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Practice (3)  
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Remember that: 

  n ( 0°   ) =         ( 0°   ) =      

    ( 0°   ) =   n      ( 0°   ) =      

  n ( 0°   ) =          ( 0°   ) =   n   
 

  n (  ) =    n       (  ) =       

    (  ) =          (  ) =      

  n(  ) =    n       (  ) =       
 

  n (360°   ) =    n       (360°   ) =       

    (360°   ) =          (360°   ) =      

  n (360°   ) =    n       (360°   ) =       
 

  n ( 0°   ) =          ( 0°   ) =      

    ( 0°   ) =    n       ( 0°   ) =       

  n ( 0°   ) =           ( 0°   ) =    n   
 

  n (  0°   ) =   n       (  0°   ) =      

    (  0°   ) =           (  0°   ) =       

  n (  0°   ) =    n       (  0°   ) =       
 

  n (  0   ) =    n       (  0   ) =       

    (  0   ) =           (  0   ) =       

  n (  0   ) =   n       (  0   ) =      
 

 

 

  n (  0   ) =           (  0   ) =       

    (  0   ) =   n       (  0   ) =      

  n (  0   ) =           (  0   ) =    n   

  n (  0   ) =           (  0   ) =       

    (  0   ) =    n       (  0   ) =       

  n (  0   ) =          (  0   ) =   n   

Lesson (4) Related Angles 

Lesson objectives 

Classify the  relation between trigonometric functions of 

angles (𝜃 𝜃 ±  0°) , (𝜃 𝜃 ±   0°) and (𝜃 𝜃 ±   0°). 

Find the general solution of trigonometric equations in the 

form: sin x = cos y , csc x = sec y and tan x = cot y 

. 

Related Links 
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Find the value of each of the following: 

 sin 240º   cos 
   

 
   cos 570º  tan 

    

 
        tan (–150º) 

Solution 

 sin 240º = sin (180º + 60º) =   sin 60º =  
√ 

 
 

 

 cos 
   

 
 = cos 300º = cos (360º   60º) = cos 60º = 

 

 
 

 

 cos 570º = cos 210º = cos (180º + 30º) =   cos 30º =  
√ 

 
  

 

 tan 
    

 
 = tan 840º = tan 120º = tan (180º   60º) =   tan 60º =  √3 

 

 tan (–150º) = tan 210º = tan (180º + 30º) =  tan 30º = 
√ 

 
     

An Important remark 

Example  
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If cos c = – 
 

 
 where c   ]90º , 180º[ , find the value of each of the following: 

 sin (180º – c)      sec (360º – c)    

 cos (–c)       tan (c – 180º) 

 cos (180º + c) – cot (270º + c)        

Solution 

      =      

 (
  

 
)
 
   =      

   =   
  

  
=

 

  
    

  = ±√
 

  
= ±

 

 
    c   ]90º , 180º[ 

  c lies in 2
nd

 quadrant   =
 

 
       sin c = 

 

 
 

      =  
 

 
        =   

 

 
        =

 

 
  

      =
 

 
        =   

 

 
        =

 

 
  

 

 sin (180º – c) = sin c = 
 

 
 

 sec (360º – c) = sec c =   
 

 
 

 cos (–c) = cos c =   
 

 
 

 tan (c – 180º) = tan (c – 180º+ 360º) = sin (180º + c) = – sin c = – 
 

 
 

 cos (180º + c) – cot (270º + c) = – cos c – (– tan c) = – (  
 

 
)  

 

 
=

  

  
   

Example  

𝒙 ⟶ cos 

𝒚 ⟶ sin 
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● If sin   = cos  , then   ±  =   °     °   

● If csc   = sec  , then   ±  =   °     °   

● If tan   = cot  , then    =   °     °   

● If   &   are complementary (sum = 90º), then: sin   = cos  , tan   = cot   

and  csc   = sec    

 

If sin (3 x + 28º) = cos (2 x – 13º) , find the values of x where 0º < x < 90º 

Solution 

  sin (3 x + 28º) = cos (2 x – 13º) 

  (3 x + 28º) ± (2 x – 13º) =  0°  360° n 

  (3 x + 28º)   (2 x – 13º) =  0°  360° n 

 3    °      3° =  0°  360° n 

      ° =   °     °   

  (3 x + 28º)   (2 x – 13º) =  0°  360° n 

 3    °      3° =  0°  360° n  

     ° =   °     °   
  

At n = 0 At n = 0 

      ° =  0° 
   =  0°    ° =   ° 

  =   °   0°          √ 

     ° =  0° 
  =  0°    ° 

  =   °   0°          √ 
  

At n = 1 At n = 1 

      ° =  0°  360° 
   =   0°    ° =  3 ° 

  =   °   0°          √ 

     ° =  0°  360° 
  =   0°    ° 
  =  0 °   0°          × 

 

  The values of x are:  °,   ° &   ° 

 

  

Remarks 

Example  
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If c   ] 0º , 
 

 
 [ and if tan (2c + 15°) = cot (3c – 5°) , find the values of c 

Solution 

  tan (2c + 15º) = cot (3c – 5º)       (2c + 15º)   (3c – 5º) =  0°    0° n 

  2c + 15º + 3c – 5º =  0°    0° n      5c + 10º =  0°    0° n 

At n = 0      

  5c + 10º =  0°     5c =  0°      c =  6°   0°          √ 

At n = 1      

  5c + 10º =  0°    0°   5c =  60°     c =   °   0°          √ 

At n = 2      

  5c + 10º =  0°  360°   5c =   0°     c =   °   0°          √ 

  The values of c are:  °,   ° &   ° 

 

If cos θ = 
 

 
  where θ   ]0º , 360º[ , find the possible values of θ  

Solution 

  cos θ = 
 

 
       

  θ lies in the 1
st
 or 4

th
 quadrant 

Let cos x = 
 

 
      

  =   °    

 

 

 

  in 1
st
 

  θ =   

  θ = 60°  

  in 4
th

 

  θ = (360°   ) 

  θ = 300°  
 

  The values of θ are:  ° &    ° 

Example  

Example  
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 Find the S.S. of the equation: 4 cos
2
 x – 3 = 0 , where x   [ 0 , 2 π ] 

Solution 

 

 

  sin
2
 x = 

 

 
 

  sin x = ±√
 

 
 = ±

√ 

 
 

 

  sin x = 
√ 

 
 

  x lies in 1
st
 or 2

nd
 quad. 

Let sin   = 
√ 

 
      =   ° 

  sin x = –  
√ 

 
 

  x lies in 3
rd

 or 4
th

 quad. 

Let sin   = 
√ 

 
      =   ° 

x in 1
st
 

x =   

  x = 60° 

x in 2
nd

 

x =   0    

  x =   0° 

x in 3
3d

 

x =   0    

  x =   0° 

x in 4
th

 

x = 360    

  x = 300° 
 

  S.S. = { ° ,    ° ,    ° ,    ° } 

 

 

Find the general solution of the equation: sin 2  = cos 5 , which satisfies the 

equation. 

Solution 

  sin 2  = cos 5       5  ± 2  = 90° + 360° n 

  5  ± 2  = 
 

 
 +    n 

 

  5    2  = 
 

 
 +    n   5    2  = 

 

 
 +    n 

  7   = 
 

 
 +    n   3  = 

 

 
 +    n 

     = 
 

  
 + 

  

 
 n      = 

 

 
 + 

  

 
 n 

 

  

Example  

Example  
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Practice (1)  
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First Secondary 2021-2022 

 

35                                                  First Term | Trigonometry 
 

Practice (2)  
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First Secondary 2021-2022 

 

37                                                  First Term | Trigonometry 
 

Practice (3)  
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First Secondary 2021-2022 

 

40                                                  First Term | Trigonometry 
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Lesson (5) Graphing trigonometric functions 

Lesson objectives 

Graph the sine function , and deduce its properties. 

Graph the cosine function, and deduce its properties. 

Related Links 

y = sin x 

y = sin x 



First Secondary 2021-2022 

 

42                                                  First Term | Trigonometry 
 

 

  

y = cos x 

y = cos x 
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Graph the function y = 5 sin 3 x , where 0˚   x   120˚ 

Solution 

  0˚      120˚     0˚  3     360˚ 

 We start to fill second row with angles: 0˚ , 30˚ , 60˚ , 90˚ , 120˚ , …. , 360˚ 

 We fill first row with angles              : 0˚ , 10˚ , 20˚ , 30˚ , 40˚ , ..…. , 120˚ 

 We fill in the third row by the values of the sine of the angles in 2
nd

 row: 

x 0 10 20 30 40 50 60 70 80 90 100 110 120 

3 x 0 30 60 90 120 150 180 210 240 270 300 330 360 

sin 3 x  0 0.5 0.87 1 0.87 0.5 0 -0.5 -0.87 -1 -0.87 -0.5 0 

5 sin 3 x 0 2.5 4.35 5 4.35 2.5 0 -2.5 -4.35 -5 -4.35 -2.5 0 

 

  

Example  

y = 5 sin 3 x 
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Remark In the form of: 

a sin b x & a cos b x , then the range is: [-a , a]     &  Its periodic = 
   °

 
=

   

 
  

  

Complete each of the following: 

(1) If  f (x) = cos 5 x , then the range of the function is ………….…….  [ 1 , 1] 

(2) If  f (x) = 4 sin  x , then the range of the function is ………….…….  [ 4 , 4] 

(3) The function  f :  f  (x) = cos 2 x is a periodic function and its period is ….

             Periodic = 
   °

 
=    ° 

(4) The function  f :  f  (x) = 5 cos 3 x is a periodic function and its period is…. 

Periodic = 
   °

 
=    ° 

(5) If x         , then: ………….    sin  x   ………….   0   sin x  1 

(6) If x          , then: ……….   cos x   ……..…….   -1   cos x  1 

(7) If cos 2 x          , then cos 4 x   […….. , ……..]    [-1, 1] 

(8) If the function y = a sin b x where a and b      is periodic and its period 

is 720º and its range [ 3 , 3] , then a = ………….……. , b = ………….……. 

  Its range = [ 3 , 3]     a = 3 

  Its period = 720°     
   °

 
=    °       b = 

   °

   °
=

 

 
 

  

Example  
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Practice   
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● sin   = 
   

   
  ● csc   = 

   

   
  

● cos   = 
   

   
         ● sec   = 

   

   
 

● tan   = 
   

   
         ● cot   = 

   

   
 

  
  ABC is a right-angled triangle at A where AB = 9 cm. , AC = 12 cm. 

Find the measure of each of   B and   C 

Solution 

In   ABC: 

  m (  A) = 90° 

  BC = √       =    cm 

  sin B = 
  

  
     m (  B) = sin

-1
 
  

  
 = 53° 7' 48'' 

  tan C = 
 

  
     m (  C) = tan

-1
 
  

  
 = 38° 39' 35'' 

 
If 3 csc θ – 5 = 0 , where  0º < θ < 90º , find the value of : sec θ – tan θ 

Solution 

  3 csc θ – 5 = 0  

   

  csc θ = 
 

 
 

 

  sec θ – tan θ = 
 

 
 

 

 
=

 

 
 

 

Lesson (6) 
Trigonometric functions of an acute 

angle 

Example  

Example  

Hypotenuse 

Opposite 
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  ABC is a triangle in which: 

AB = AC =  10 cm. , AC = 12 cm.   ⃗⃗⃗⃗⃗⃗  is drawn     ̅̅ ̅̅  to cut it at D 

 Find the value of: sin B + cos C 

 Find the value of: tan (  CAD) 

 Show that: sin C + cos C > 1 , then find the value of: sin
2
 C + cos

2
 C and 

deduce that: sin
2
 C + cos

2
 < sin C + cos C 

Solution 

    ⃗⃗⃗⃗  ⃗     ̅̅̅̅    

  AD = √ 0  6 =   cm 

   sin B = 
 

  
=

 

 
  &     cos C = 

 

  
=

 

 
 

  sin B + cos C = 
 

 
 

 

 
=

 

 
 

 In   ACD: 

  tan (  CAD) = 
 

 
=

 

 
 

   sin C = 
 

  
=

 

 
  &     cos C = 

 

  
=

 

 
 

  sin C + cos C = 
 

 
 

 

 
=

 

 
=   6   

  sin C + cos C > 1 

  sin
2
 C + cos

2
 C = (

 

 
)
 
 (

 

 
)
 

=   

  sin
2
 C + cos

2
 < sin C + cos C 

 

 

 

 

Example  
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If: sin C = 
 

  
 , where 90º < C < 180º , find the other trigonometric functions 

of angle C  

Solution 
 

  sin C = 
 

  
  

 
 

  C lies on 2
nd

 quadrant 

 

sin C = 
 

  
 cos C =  

  

  
 tan C =  

 

  
 

csc C = 
  

 
 sec C =  

  

  
 cot C =  

  

 
 

 

 

Lesson (6) Finding the measure of an angle 
given the value of on one of its 

Lesson objectives 

 

Find the measure of an angle given a trigonometric function. 

Related Links 

Example  

Opposite 

Hypotenuse 
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If    a is the greatest positive angle where:  

25 sin a =   and  5 tan b    =   , where  b   ]180° , 270°[ , Find m (  c) if:  

tan c = sin (180° – a) cos (90° – b) – 
 

 
 cos (– a) sin (270° – b)  

Solution 

  25 sin a =       sin a = 
 

  
 

  a lies in 1
st
 or 2

nd
 quadrant. 

    a is the greatest positive angle 

  a lies in 2
nd

 quadrant. 

 

  5 tan b     = 0    tan b = 
  

 
 

  b lies in 2
nd

 or 4
th

 quadrant.  

  b   ]180° , 270°[ 

  b lies in 3
rd

 quadrant. 

 

  tan c = sin (180° – a)  cos (90° – b)  – 
 

 
 cos (– a)  sin (270° – b) 

  tan c = sin a × sin b – 
 

 
× cos a × (  cos b) 

  tan c = sin a × sin b + 
 

 
× cos a × cos b 

    = 
 

  
×

   

  
 

 

 
×

   

  
×

  

  
=

   

   
 

  tan c = 
   

   
    c lies in 2

nd
 or 4

th
 quadrant. 

Let tan   = 
  

   
      =   °           

  c in 2
nd

 quadrant = 180°     =    °           

  c in 4
th

 quadrant = 360°     =    °           

  

Example  
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Practice (1)   
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Practice (2)   
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Unit Test 
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