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1. Real Numbers

★ Real Number System

◆ Real Number System

  

Real Numbers 
Rational Numbers 

Irrational Numbers (non-repeating and non-terminating decimals)
  ,  ,  ,   , ⋯

Non-Integers (repeating or terminating decimals)




  , 


  , 


 , 


 , ⋯

Integers 

Negative Integers , ,  ⋯

Whole Numbers
, , ,  ⋯

Natural Numbers
, ,   ⋯

Zero , ±, ± , ⋯

∙Rational Numbers (Q):  Any real numbers that can be written in the form 
 .  (∈ℤ, ∈ℤ and ≠)

                         (e.g.)    

 ,      
 ,      

 ,    


∙ Irrational Numbers (Q ′ ):  Any real numbers that cannot be written in the form 
 .

                           Irrational numbers are non-repeating and non-terminating decimals.

                         (e.g.)   ,     ,    

∙ Integers (Z):   ± ± ± ± 

∙Whole Numbers (W):       

∙Natural Numbers (N):      

        

Real Numbers (R)

  Rational Numbers (Q)                           Irrational Numbers (Q ′)
  

  
Integers (Z) 

  
  



 

 

 

  Whole Numbers (W ) 

 
 

 

Natural 
Numbers (N) 

 

     

 
 

 

    



  
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[EX12] Match each number with its corresponding point on the number line. Then arrange the numbers in 
order from least to greatest. Do not use a calculator. 

①  ,  ,  ,   ,  

       

B C D E F



A

②  ,   ,  ,  ,  

         

A B C D E F G

[EX13] Determine whether each number is rational or irrational.

①  ②  ③  ④   

⑤ 



 ⑥  ⑦ 



 ⑧ 

[EX14] Given  ≈  and  ≈  , estimate the value of the following without using a calculator. 

①                        ②                          ③             
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◆ Removing Brackets

                                                 

(Example 4) Simplify. 
①                

 (Method 1) Horizontal Addition                         (Method 2) Vertical Addition      

                                              

                                                   

                                                              

②     

 (Method 1) Horizontal Subtraction                      (Method 2) Vertical Subtraction 

                                            

                                                       

                                                              
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[EX8] Simplify.
①       ②     

③     ④      

                                                
⑤         ⑥         

⑦             ⑧            
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⑲    ⑳    ㉑    

㉒     ㉓      ㉔   

㉕      ㉖  
  

  ㉗  
  

 

(Example 6) Expand and simplify: 

①                                   

      
     

                                 

②  

                
                                                 

Multiply the two binomials first.
Then multiply the result by .

[EX8] Expand and simplify.
①    ②   

③   
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(Example 2) Factor.

①     

  

             

               

                 û

             

             

                 û

             

               

                   ü

              

             

                   û

                                                              ∴       

③                                        ④    

  

             

               

                 ü                              

             

               

                 ü

                                       
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[EX2] Factor.

①     ②     ③    

④     ⑤     ⑥    

⑦      ⑧     ⑨    
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3. Relations and Functions

★ Relations

◆ Relation 
  A relation is a set of ordered pairs   or  . 

◆ Domain
  The set of the input values or   values in the ordered pairs is called the domain of the relation.
    is called the independent variable. 

◆ Range
  The set of the output values or   values in the ordered pairs is called the range of the relation.
    is called the dependent variable because its value depends on the value of .

 

 

 

 

 

(Example 1) Consider the relation        .
① Express the relation:

  ⑴ as a table                ⑵ as an arrow diagram              ⑶ as a graph   

                                                                                          

② Find the domain and range.                

      Domain    ,  Range                                  
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3

1

2

3

4

 

 

[EX1] Consider the relation          .
① Express the relation:
  ⑴ as a table                ⑵ as an arrow diagram              ⑶ as a graph   

  

 

                                                    

② Find the domain and range.

 

 
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[EX4] Find the slope of each line.
①

  



 

⑴

⑵

⑶

⑷

⑸

⑹

 

⑴                  ⑵                  ⑶              

⑷                  ⑸                  ⑹              

②

  



 

⑹

⑴

⑵

⑶

⑷

⑸
⑴                  ⑵                  ⑶              

⑷                  ⑸                  ⑹              

[EX5] Graph the line passing through each point with each given slope.

①   with slope  ⑴     ⑵  

              ②   with slope  ⑴     ⑵     

  



 

⑴

⑵

                     

  



 

③    with slope  ⑴     ⑵                ④   with slope  ⑴      ⑵     

  



 
                     

  



 
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★ Point-Slope Form of Linear Equations,       

 The equation of a line through   with a slope of   is       .

◆ Slope
 ∙ If   , the line rises from left to right.

 ∙ If   , the line falls from left to right. 
      

C
opyright 

ⓒ
 by IC

PL

      

Point

Slope

  

  






  




   



  



 

  

  

[Proof] 
  Consider a line through    with a slope of  . 

  Let     be an arbitrary point on the line. 
   

Slope of the line:     

  

Multiply both sides by   :         
           
               ∴       



     





  

(Example 1) Consider the equation     


 . 

⑴ Find the slope of the line and identify a point on the line. ⑵ Graph the line.

         

        

⑴    


     ⇐          

       

 ,      

  ∴ Slope   
 ,  Point:  

⑵ 

   



  
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(Example 2) Maya earns a monthly base salary plus a commission on each beauty product she sells. 
In one month, she sold $14 500 worth of products and earned $3034. The following month, her sales 
totaled $21 750, and her earnings were $4049.
① Find her commission rate.

    ⇒  The line passes through the points     and    .  

             
  

 


        ∴ Maya’s commission rate is .

② Write the equation representing Maya’s monthly earnings  , in dollars, in terms of her product sales 
 , in dollars.

    ⇒  Write the equation in point-slope form:           

                                                       
                                                  
                                            ∴      
③ Find her monthly base salary.

    ⇒  When   ,            
                                                 ∴ Maya’s monthly base salary is .
                   
④ If her total sales this month is $35 000, how much will she earn?

    ⇒  When    ,             

                                                 ∴ Maya will earn .

[EX14] A sneaker store employee earns a monthly base salary plus a commission on every pair of sneakers 
he sells. In March, he sold $28 800 worth of sneakers, earning him $4 448. The following month, he sold  
$36 000 worth of sneakers and earned $5 168.
① Find his commission rate.

② Write the equation representing the employee’s earnings  , in dollars, in terms of his sales  , in dollars.

③ Find his monthly base salary.

④ If his total sales this month is $30 000, how much will he earn?
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★ Solving Systems of Linear Equations by Elimination

◆ Solving Systems of Equations by Elimination
Step 1. Rewrite both equations in standard form,      .
Step 2. Multiply one or more of the equations by a non-zero number to make the coefficients of one 
        variable equal.
Step 3. Add or subtract the equations to eliminate one variable, then solve for the other variable.
Step 4. Substitute the solution into either original equation, then solve for the eliminated variable.
Step 5. Write the solution as an ordered pair.

(Example 1) Solve by elimination: 








    

    

 (Method 1) Addition

 

                                         

                                        
  (Multiply by )

  (Leave alone)


        

         

Add the equations to eliminate the 
variable , then solve for .    

   Substitute  for  in one of the original equations:     
                                                                   ∴  The solution is   .

 (Method 2) Subtraction

 

                                         

                                       
  (Leave alone)

  (Multiply by )


        

          

Subtract the equations to eliminate 
the variable , then solve for .    

   Substitute  for  in one of the original equations:     
                                                                   ∴  The solution is   .

[EX1] Solve each system of equations by elimination.

① 








    

    
② 








    

    
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(Example 5) A motorboat travels 48 km upstream in 3 hours and returns downstream in 2 hours. Find the 
speed of the motorboat in still water and the speed of the current.   

    Let  be the speed of the motorboat, and  be the speed of the current.

   

Distance 

(km)
Speed 

(kph)
Time 

(h)

Upstream   

Downstream   

① ②     

            

                ∴       

      ①        ∴   

 ∴ The speed of the boat in still water is  
     and the speed of the current is  .   ·

    ⇒    ①
    ⇒    ②



     

[EX5] Solve each of the following problems. Show your work.
① A plane travels 3360 km from Vancouver to Toronto in 5 hours with a tail wind. The return trip takes 6 

hours with a head wind. If the wind speed is constant, find the speed of the plane in still air and the 
speed of the wind.

② Two motorboats are 280 km apart and are traveling toward each other. One boat’s speed is 40 km/h 
faster than the other. If they meet after 2 hours, find the speed of each motorboat.

③ Philip traveled 970 km from Vancouver to Calgary, by car and train. He traveled part of the journey by car 
at 80 km/h, then took a train for the remaining distance at 100 km/h. If the entire trip took 10.5 hours, how 
many hours did he spend driving, and how many did he spend on the train?
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★ Arithmetic Series

◆ A series is the sum of all terms in a sequence. 

   (e.g.)      ⋯  is a sequence.
                   ⋯  is a series. 

   The sum of the first  terms of a series is denoted by  .
          
            
              
                
             ⋮
                  ⋯     

◆ An arithmetic series is the sum of the terms of an arithmetic sequence. The sum of the first  terms 
 of an arithmetic series is given by 

                         

  


  
 

  where   is the sum of the first  terms,   is the th term,  is the first term,  is the number of 

terms, and  is the common difference.

[Proof]
   Let  be the sum of the first 100 natural number. 

                       ⋯        

  
   

                   There are  pairs of .          ∴    ×      
 

   The same method can be used to find .
   Let  be the sum of the first  terms of the arithmetic series.
                  ⋯           where  is the last term.

  

                   There are 
  pairs of  .      ∴  

    ⑴

   Substitute    for  in ⑴. 

              
 



 


        ∴  
    ⑵
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

  
    














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8. Right Triangle Trigonometry

★ Special Right Triangles

◆ 45°- 45°- 90° (Isosceles Right Triangle)      ◆ 30°- 60°- 90° (Half an Equilateral Triangle)

 



°

°

(Example 1) Find the values of  and  , using the ratio of the sides. 
①                                                 ② 

  

③ 




 


    ∴   




 


  ∴   




 


 

  


 ·

·

    (Rationalize denominator)

∴     




 


  ⇒     

           ∴   




 


    ∴   




 


  ∴   

 



 

°

°





 

°

°

 

[EX1] Find the values of   and  , using the ratio of the sides. Do not use a calculator. 

①  

 





 

°

°

② 

  

 



 

°

°

③

 



 

°

°

° °

°







°

°







°

°
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(Example 4) Use a calculator to solve for  , to one decimal place. ° ≤  ≤ °.

                           sin  


  Step 1. Press MODE. Scroll down to Radian Degree, select Degree, then press ENTER.

          

  Step 2. Press  2nd  MODE. Press  2nd   SIN  and type  , then press ENTER. 

                    ∴   °

[EX5] Use a calculator to solve for  , in degrees to one decimal place. ° ≤  ≤ °.

① sin  


                     ② cos                    ③ tan  


  

 

     sin                   cos                    tan  

  ∴                             ∴                             ∴  

  

④ tan                    ⑤ cos  


                      ⑥ sin  

⑦ sin                    ⑧ tan                    ⑨ cos  
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⑤

 


°







 

⑥ 

  

  











°



(Example 9) Use a calculator to find the length of side  in the diagram, to one decimal place. 
            

 
In ∆ , ∠  °.
In ∆, ∠  °.

In ∆ ,  tan°  
   ⇒     tan°

In ∆,  tan°  
   ⇒     tan°   

        ⇒  tan°  tan°   
  Factor out the .    tan°  tan°  

              ∴  tan°  tan°


  ≈  



 





° °



[EX10] Use a calculator to find the length of side   in each diagram, to one decimal place. 

①  

 

 







 



°

°

② 

  

 

°







 

°


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★ Applications of Trigonometry

◆ Solving Applications of Trigonometry
Step 1. Read the problem carefully to identify the given informations (angles and sides) and the value
        to be found.

Step 2. Draw a clear diagram with the given informations and the unknown value.
        If necessary, draw auxiliary lines to form a right triangle. 

Step 3. Choose one of the trigonometric ratios: sin , cos , or tan . 

Step 4. Setup and solve the equation.

Step 5. Check the solutions by using the original words of the problem. 
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(Example 1) A student stands 30 m from the base of an oak tree. His eye level is 1.7 m above the 
ground and he measures the angle of elevation to the top of the tree to be 36°. Find the height of the 
oak tree, to the nearest tenth of a meter.
 
            

 

   

     tan 


   ⇒   tan°  


   ⇒     tan°  

      Height of the oak tree   Eye level  

                               

                                                   ∴ The height of the oak tree is   . 

[EX1] ― [EX24] Round your answer to the nearest tenth.
[EX1] A camera is placed on the ground 80 m from the base of a flagpole. If the angle of elevation to the 
top of the flagpole is 30°, find the height of the pole.

[EX2] From a fishing boat, the angle of elevation to the top of a cliff is 12°. If the distance from the boat to 
the base of the cliff is 320 m, find the height of the cliff.

Note

Angle of Elevation

Angle of Depression

°

 



 
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[EX9]
① 
   

 

          
         
        





∴   ·  

② 
   

          
         
        





∴   ·  

③ 
   

  

          
         
        





∴   ·  

④ 
   

 

          
          
          





 ∴   ·  

⑤ 
   

         
         
         





 ∴   ·  

[EX10]
①   ·

   ·

∴    ·  

   ②    · ·
   ·

∴    · ·  

③   ·

   ·

∴    ·  

④    ·
   · ·

  · ∴    · ·  

[EX11]
① 
   

 

         
        


∴   ··

 

② 
   

          
         
        





∴   ···

 

③ 
   

  

          
         
        





∴   ···

 

④ 
   

 

 

          
          
          
          






 ∴   ··· ·

 

⑤ 
   

 

          
          
          
           






 ∴   ··· ·

 

[EX12]

①  


 ②  


③  


④  


⑤  


⑥  


[EX13]
    

          
          


 ∴    

[EX14]

   

         
         
           





 ∴   ·  
[EX15]
    

          
         
        





 ∴     ⇒        ⇒   ×
 × 

  

[EX16]
    

          
          
          





 
    ····

  

∴    

[EX17]

   

          
          
          





    ··· 
  

  

∴  

 

[EX18]
    

 

            
            
            
            







  

 
   ····

  ⇒     

                 ∴ The smallest 4-digit number is .  

★ Square Roots and Cube Roots: p22
[EX1] ①  ②  ③  ④      · · ⑤ 

[EX2] ①   ②   ③   ④   ⑤    ⑥  

      ⑦    ⑧   ⑨   ⑩ 





 


⑪ 





 


  ⑫ 





 


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[EX2] 
①     

              

                 

                  
 

②     

              

                 

                  
 

③     

               

               

                 
 

④     

                

                 

                  
 

⑤     

              

                 

                 
 

⑥     

               

               

                 
 

⑦     

                   

                   

                      
  

⑧     

               

                 

                  
 

⑨     

                   

                   

                     
    

⑩      

                   

                  

                    
  

⑪     

                   

                   

                      
  

⑫      

                   

                  

                    
  

⑬     

               

                 

                  
 

⑭     

               

                 

                  
 

⑮     

               

                 

                  
 

⑯   ⑰   ⑱       
⑲   ⑳   ㉑  
㉒    
  

㉓    

  

㉔    
  

㉕   ㉖   ㉗  
[EX3] 
①     ②   ③    

④   ⑤   ⑥       

[EX4] 
①   ②   ③  

④   

 
⑤   

 

⑥   

 

⑦   

 
⑧   

 

⑨   

 

[EX5]
① Let   .        

                     

                     

                     
          

          

   

② Let    .        

                   

                     

                     
          

          

     

    
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Chapter Review Exercises: p154
1. ① ⑴

 

 

 

 

 

 

⑵

 

-3

-1

1

4



-2

2

0

-3

 ⑶ ②        

      

2. ⑴            3. ⑴              

   ⑵         

       

   ⑵

1

2

3

4

5



3

6

8

5

 ⑶ 
 

 

 

 

  

   
 

4. ① ⑴    ≤≤ ∈ 
   ≤≤ ∈ 

      ⑵          

② ⑴         ∈ 
    ≤  ∈ 

   ⑵         

③ ⑴    ≤ ∈ 
   ≤  ≥ ∈ 

   ⑵   ∞       ∪  ∞

5. ①

⑴    ≥  ∈ 
   ∈ 

⑵ Not a function.

②

⑴    ∈ 
        ∈ 

⑵ Function; 1-to-1.

③

⑴    ≤ ∈ 
        

⑵ Function; Not 1-to-1.

④

⑴       ≥ ∈ 
   ∈ 

⑵ Function; 1-to-1.

6. ①       

     

②         

       

        

③ 
          



      
 


 

④     

  

  

7. ①      

     

 

②          

           

     

③ 
               



                



    
     

④       

    

     

   

8. ①   ②   ③   ④      ⑤     ⑥  ≤  ≤  ⑦     

   ⑧           ⑨           ⑩ 
  

 

9. ① ⑴

 

 

 

 

 

 

② ⑴

 

 

 

 

 

 

⑵ Function ⑶    ∈ 
   ≥  ∈ 

⑵ Function ⑶    ∈ 
      ≤  ∈ 

③ ⑴

 

 

 

 

 
 

④ ⑴

 

 

 ± ≈ ±

 ±

 ± ≈ ±

 
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8. ⑴ 
 ⑵  ⑶ 

 ⑷  

 ⑸  ⑹ undefined

9. ①

 

  



 

②

 

  



 
 

10.  
  

 

      

      

   ∴   

11. Let the point be  

     
  

 



    

  

  

∴  

12. Slope of AB = Slope of BC

     
  

  

  




  



  
⇒

      
    

  

13. ⑴    

∆
∆

 

  

 


  

⑵ Change in value   ·   

                  

14. ①







     











 ② Sasha:   
  

 


 

   Benson:   
  

 


 

③ Sasha   ·   

   Benson  ·   

   ∴ Sasha saves $200 more than Benson.

15.    ≤ 
 ≤ 

 ≤ 

   

∴  

16. ①

Sales ($)

Earnings ($)

 30000

5460



4380

 42000

②    
  

  


  ∴ 

③      

  

  
 

              
    

 

17. ①  
  

 

  

 


 



 

⇒

     
    

  

  



 ②  
  

· 

  
 

 


· 


 

   

⇒

   


 

    

  

  ③ Let the point P be   

 

  
· 


 



  
 

 
⇒

      
  

∴  

 

18. ① 

 

 

0
1
2

4
2
0

 



 



 

②

 

 

0
2
4

╺2
1
4

 



 



19. ①     

    

  

∴   

    ②     

     

    


  

   


 ∴   

     ③       

  



           
  

        

  ⇒ ∴   


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[EX9] ①     

  


   ∴   



       

    

  


  

       

∴   


  

②     

   


  


∴   

           

    

  

∴     

③     

  


   ∴    



          

  

∴ ­  

∴    


  

④    
  

 


  



∴    



       

    

   


    



∴    


  



[EX10] ①       



   ∴ perpendicular

②   

 


   



   ∴ parallel

③   

   


 



   ∴ neither

④    

   


    

   ∴ perpendicular

[EX11] ①  
  

 



      

   ∴  

   ②     

   


  

∴    



   

⇒

    
  

 



      

   ∴  

   

[EX12]
⑴

 

 



 









⑵   
  

 


 

       

       

∴     

⑶

 

 



 









⑷    


    

    

  


     



∴    


  



[EX13] Radius ⊥ Tangent line.

    Slope of CP   
  

 


         

   ∴ Slope of the tangent line   


        

    

  


    


⇒

  

  
 

 ∴    


  



[EX14]       

⇒   


  

            

⇒     

    

                  

×  

∴   

    

    The two lines have the same -intercept.   
                  ∴   

[EX15] ①

  

②

  

③

  

       ④

  

⑤

  

⑥

  
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10. ①         

      

    

  

            

  

⇒    

   

      ∴   

②   


⇒    



∴      


  

    

  

 



11. Step 1.    

⇒    


 

     perpendicular line through          

  

   


  


 

   


  



 Step 2. Intersection point:   

  


  


  



         Multiply by 12.           
  

   →   


  


 


 

∴   

 Step 3. Distance PH             

12. Let the two numbers be  and .    

   ⑴     

⑵     


  

      

    

    

 ⑴→⑵        
  

         

∴   

13. Let  and  be the tens digit and the ones digit, respectively.

    ⑴     

⑵         

    

    

   ⑴→⑵         

    

  

    

  ∴ 

   

14. Let  be the number of adult tickets and  be the number of student tickets.    

   ⑴     

⑵     

    

              

    

  

      ∴ 75 adult tickets and 45 student tickets.



15. Let  be the speed of the motorboat and  be the speed of the current.

   

D S T
Up   

Down   

⑴     

    

⑵     

    

              

    

  

     

∴ The speed of the motorboat: 17.5 km/h

   The speed of the current: 2.5 km/h 



16. Let  be the time spent travelling by car and  be the time spent travelling by train.

   

D S T
Car   

Train   

⑴     

⑵     

    

           

    

       ∴ 4 h by car and 1.5 h by train. 


17. Let  be the number of mL of 50% solution used and  be the number of mL of 95% solution used.

   ⑴     

⑵      · 

    

    

            

    

  

     

∴ 500 mL of the 50% solution and 

   400 mL of the 95% solution. 



18.  ① ②       ④
②× ③       ⑤

④⑤    
∴   

       ④      
∴   

       ①        
∴   

    

∴   
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[EX9] 

 

  °

°





  cos°  …
  sin °  …
  


… … × 

 …   

[EX10] 

 

 

°




  cos°  …
  sin °  …
  


… … ×

 …   

[EX11] ①

              


°



sin °  



  sin °  …
  ·  …

  

② 

    


°



sin °  



  sin °  …
  ·  …

  

[EX12] tan °  


  tan °

     tan °  


  tan °

           

tan °  tan °  

 tan °  tan °  

 tan°  tan °


 …   

[EX13] 

   
°

 



°

°

°

tan °  



  tan °

     tan °  


  tan °

           

  tan °  tan °

 …   

   

[EX14]








°

°

tan °  



  tan °

     tan °  


  tan °

           

 tan °  tan °

 …   

[EX15] ∠  ° tan °  


   tan °

∠  ° tan °  


   tan °

           

tan °  tan °  

 tan °  tan °  

    tan°  tan °


 …
  

[EX16] 









°
°

 

° °

∠  ° tan °  


   tan °

∠  ° tan °  


   tan °

           

 tan °  tan °

 …   

 

[EX17] 







°

°



tan °  



  tan °

  tan °  


  tan °

 

     

 tan°  tan °

 …   

[EX18] 

 





°

°






∠  °

tan °    



     tan ° ⑴

 ∠  °

tan °  



  tan ° ⑵

       tan °  tan °

tan °  tan °  tan °

tan °  tan °  tan °

tan °   tan °  tan °

     

 tan°  tan °

tan °

 …   

[EX19] ①

  

  

 °

②

   

  

 °

③

  

  

 °

  

[EX20]

 

  

°

°




 
 

   ·   

cos°  



  cos°

 …   

[EX21]

   

°

°


 



 ·   

 ·   

cos°  


 



 cos°


 …  




