
 

 

 

 
 

INVESTIGATE THE EQUIVALENCE OF TWO TRIGONOMETRIC  EXPRESSIONS: 
 

• Many formulas in science (especially Physics) contain trigonometric functions 

• Identities can reduce the time it takes to work with formulas with trigonometric functions 

ex.  torque (𝜏):  𝜏 = 𝑟𝐹 𝑠𝑖𝑛𝜃     work (W):  𝑊 = 𝐹𝛿𝑟 𝑐𝑜𝑠𝜃    magnetic forces (𝐹𝐵):  𝐹𝐵 = 𝑞𝑣𝐵 𝑠𝑖𝑛𝜃 

 

A model rocket that is launched with an angle of elevation 𝜃 is modeled by each equation: 

  

𝑑 =  
(𝑣0)2𝑠𝑖𝑛2𝜃

𝑔
       OR  𝑑 =  

2(𝑣0)2

𝑔
(𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜃𝑠𝑖𝑛2𝜃)            𝐝:   𝐡𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞 

                     𝛉:   𝐚𝐧𝐠𝐥𝐞 𝐨𝐟 𝐞𝐥𝐞𝐯𝐚𝐭𝐢𝐨𝐧 
𝐠:   𝐟𝐨𝐫𝐜𝐞 𝐨𝐟 𝐠𝐫𝐚𝐯𝐢𝐭𝐲 
𝐯𝟎: 𝐢𝐧𝐢𝐭𝐢𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 

 

1.  Verify the two equations are equivalent when 𝑣0 = 14 𝑚/𝑠  and 𝑔 = 9.8 𝑚/𝑠2 

a) Method 1:  Graphical Methods  b)  Method 2:  Numerical Methods 

 

 

 

 

 

 

 

 Which parts are common to both formulas? 

  

 

 

2. Write an identity with the parts of the formulas that are not common. 

 

 

  

3. Use your knowledge of identities to rewrite each side and show that they are equivalent. 

 

 

 

 

 

4. Why do numerical and graphical verification fail to prove that an identity is true? 
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VERIFY VERSUS PROVE THAT AN EQUATION IS AN IDENTITY 
  

• Trigonometric Identity: a trigonometric equation that is true for all permissible 

values of the variable in the expressions on both sides of the equation. 

➔ We can use identities to simplify expressions OR to prove other identities 
 

  We can VERIFY identities 

•  numerically by substituting a value in for the variable.  Result: the LHS = RHS  
 

• graphically by graphing the LHS→Y1 and RHS → Y2.       Result: identical graphs 
    

       We can PROVE identities by  

•  algebraically  Result: the LHS = RHS for all values of x 

 

EX. 1: a)  Verify that 1 − 𝑠𝑖𝑛2𝑥 = 𝑠𝑖𝑛𝑥 𝑐𝑜𝑠𝑥 𝑐𝑜𝑡𝑥 for some values of x. 

                 Determine the non-permissible value(s) for x. Work in degrees. 

 

  

 

 

 
    Method 1:  Graphical Methods   Method 2:  Numerical Methods     

        
        1 − 𝑠𝑖𝑛2𝑥 = 𝑠𝑖𝑛𝑥 𝑐𝑜𝑠𝑥 𝑐𝑜𝑡𝑥 
 

 

 

 

 

       D: [−360°, 360°]   R: [−3, 3] 

  
𝑌1 =  1 − 𝑠𝑖𝑛2𝑥 
   𝑌2 = 𝑠𝑖𝑛𝑥 𝑐𝑜𝑠𝑥 𝑐𝑜𝑡𝑥 

 

b) Prove for all permissible values : 
              

                                    1 − 𝑠𝑖𝑛2𝑥 = 𝑠𝑖𝑛𝑥 𝑐𝑜𝑠𝑥 𝑐𝑜𝑡𝑥 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

1)  complex fractions        

2)  factoring   

3)  conjugates  
4)  common denominators 

 

 

 

Use 𝑥 = 30° 



 

MATHEMATICAL TECHNIQUES USED FOR PROVING IDENTITIES  
 

• In addition to the basic identities we have been using, we will learn a few more techniques 

(complex fractions, factoring, conjugates,common denominators) to prove identities. 
 

A.  COMPLEX FRACTIONS 

• Simplify the following:        
1

 2
+

1

3
   

5

6
+1

 

 

EX. 2: Use the technique you learned above to prove the following identities: 
 

 a)                                                    
1+𝑐𝑜𝑠𝜃

1+𝑠𝑒𝑐𝜃
= 𝑐𝑜𝑠𝜃 

 

  

 

 

b)                                                   
1+𝑡𝑎𝑛𝜃

1+𝑐𝑜𝑡𝜃
=  

1−𝑡𝑎𝑛𝜃

𝑐𝑜𝑡𝜃−1
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

c)                                              
𝑠𝑖𝑛𝜃+𝑡𝑎𝑛𝜃

1+𝑐𝑜𝑠𝜃
= 𝑠𝑖𝑛𝜃𝑠𝑒𝑐𝜃   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C.  FACTORING  (GCF, difference of squares, trinomial factoring, decomposition…) 

 

• Factor the difference of squares   =− 22 ba   

 

 

 

EX. 3: Use the technique you learned above to prove the following identity: 
 

                                       𝑠𝑖𝑛4𝜃 − 𝑐𝑜𝑠4𝜃 = 𝑠𝑖𝑛2𝜃 − 𝑐𝑜𝑠2𝜃  
 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

EX. 4: Prove for all permissible values 
 

                                      
𝑠𝑖𝑛2𝑥−𝑐𝑜𝑠𝑥

4𝑠𝑖𝑛2𝑥−1
=

𝑠𝑖𝑛2𝑥 𝑐𝑜𝑠𝑥+ 𝑐𝑜𝑠3𝑥

2𝑠𝑖𝑛𝑥+1
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D.  CONJUGATE TRICK 

 

• Rationalize the denominator: 
2

1+ √3
  

 

 

EX. 5: Use the technique you learned above to prove the following identity: 
 

                                                      
𝑠𝑖𝑛𝜃

1+𝑐𝑜𝑠𝜃
=

1−𝑐𝑜𝑠𝜃

𝑠𝑖𝑛𝜃
    

      

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conjugate  of the denominator is: 31 −  



 

E.  COMMON DENOMINATOR 
 

• Add two rational expressions with binomial (2 terms) denominators:   
 

      
a1

1

a1

1

+
+

−
  

 

 

EX. 6: Use the technique you learned above to prove the following identity: 
 

                                     
1

1+𝑐𝑜𝑠𝜃
+ 

1

1−𝑐𝑜𝑠𝜃
= 2𝑐𝑠𝑐2𝜃   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROVE AN IDENTITY USING DOUBLE-ANGLE IDENTITIES 
  

 𝒔𝒊𝒏𝟐𝜽 = 𝟐𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝜽  𝒄𝒐𝒔𝟐𝜽 =  𝒄𝒐𝒔𝟐𝜽 −  𝒔𝒊𝒏𝟐𝜽  𝒕𝒂𝒏𝜽 =  
𝒔𝒊𝒏𝟐𝜽

𝒄𝒐𝒔𝟐𝜽
 

 

EX. 7: Prove for all permissible values 
 

                                                         𝑐𝑜𝑡𝑥 =
𝑠𝑖𝑛2𝑥

1−𝑐𝑜𝑠2𝑥
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

PROVE MORE COMPLICATED IDENTITIES 
  

EX. 8: Prove for all permissible values 
 

                                                       
1

1+𝑠𝑖𝑛𝑥
=

𝑠𝑒𝑐𝑥−𝑠𝑖𝑛𝑥 𝑠𝑒𝑐𝑥

𝑐𝑜𝑠𝑥
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ASSIGNMENT:   1) Worksheet 6.3:  Proving Identities  

2)  pg. 314 # 1-8, 10-13, 15 

  

 

 
 

 

 



 

 

 

 

 
 

I.  Show all steps when completing each of the following proofs   

➔ Divide your paper into 4. Do one proof in each quarter page. 
 

1.  𝑠𝑖𝑛𝜃(𝑠𝑒𝑐𝜃 − 𝑐𝑠𝑐𝜃) = 𝑡𝑎𝑛𝜃 − 1   2.  𝑠𝑒𝑐2𝜃 − 𝑠𝑒𝑐2𝜃 𝑠𝑖𝑛2𝜃 = 1 

 

3.   𝑠𝑖𝑛4𝜃 − 𝑐𝑜𝑠4𝜃 = 2 𝑠𝑖𝑛2𝜃 − 1  4.  𝑡𝑎𝑛2𝜃(1 + 𝑐𝑜𝑡2𝜃) =  𝑠𝑒𝑐2𝜃 

 

5.   𝑐𝑜𝑡𝜃 =  
1+𝑐𝑜𝑡𝜃

1+𝑡𝑎𝑛𝜃
    6.  

1+𝑠𝑒𝑐𝜃

𝑠𝑒𝑐𝜃−1
=  

1+𝑐𝑜𝑠𝜃

1−𝑐𝑜𝑠𝜃
 

 

7.   
1+𝑠𝑖𝑛𝜃

1−𝑠𝑖𝑛𝜃
=  

𝑐𝑠𝑐𝜃+1

𝑐𝑠𝑐𝜃−1
    8.  

𝑠𝑖𝑛𝜃+𝑐𝑜𝑠𝜃𝑡𝑎𝑛𝜃

𝑐𝑜𝑡𝜃
=  2𝑡𝑎𝑛𝜃𝑠𝑖𝑛𝜃 

 

9.  
𝑠𝑖𝑛𝜃

1+𝑐𝑜𝑠𝜃
=  

1−𝑐𝑜𝑠𝜃

𝑠𝑖𝑛𝜃
     10.   

𝑡𝑎𝑛𝜃

𝑠𝑒𝑐𝜃+1
=  

𝑠𝑒𝑐𝜃−1

𝑡𝑎𝑛𝜃
    

 

11.  
𝑠𝑖𝑛𝜃

1+𝑐𝑜𝑠𝜃
+  

𝑠𝑖𝑛𝜃

1−𝑐𝑜𝑠𝜃
= 2𝑐𝑠𝑐𝜃    12.   

2

1−𝑠𝑖𝑛𝜃
+ 

2

1+𝑠𝑖𝑛𝜃
= 4𝑠𝑒𝑐2𝜃    

 

13.  
1

1−𝑠𝑖𝑛𝜃
=  

1+ 𝑠𝑖𝑛𝜃

𝑐𝑜𝑠2𝜃
    14.   

1−𝑐𝑜𝑠𝜃

𝑠𝑖𝑛𝜃
=  

𝑡𝑎𝑛𝜃−𝑠𝑖𝑛𝜃

𝑡𝑎𝑛𝜃𝑠𝑖𝑛𝜃
 

 

15.   1 +  𝑠𝑒𝑐2𝜃 𝑠𝑖𝑛2𝜃 =  𝑠𝑒𝑐2𝜃  16.  1 + 𝑐𝑜𝑡2𝜃 =  
1

𝑠𝑖𝑛2𝜃
 

 

17.  
𝑠𝑖𝑛𝜃

1−𝑠𝑖𝑛2𝜃
= 𝑠𝑒𝑐𝜃 𝑡𝑎𝑛𝜃    18.   

𝑐𝑜𝑡𝜃

𝑠𝑒𝑐𝜃
=  

1

𝑠𝑖𝑛𝜃
− 𝑠𝑖𝑛𝜃 

 

19.  
𝑡𝑎𝑛2𝜃−𝑠𝑒𝑐2𝜃

𝑡𝑎𝑛𝜃−𝑠𝑒𝑐𝜃
= 𝑡𝑎𝑛𝜃 + 𝑠𝑒𝑐𝜃   20.   

𝑐𝑜𝑠𝜃

1−𝑠𝑖𝑛𝜃
=  𝑠𝑒𝑐𝜃 + 𝑡𝑎𝑛𝜃  

 

21.  
1+𝑡𝑎𝑛𝜃

1+𝑐𝑜𝑡𝜃
=

𝑠𝑖𝑛𝜃

𝑐𝑜𝑠𝜃
     22.   𝑡𝑎𝑛2𝜃 =   𝑠𝑖𝑛2𝜃(1 +   𝑡𝑎𝑛2𝜃) 

 

23.   𝑠𝑖𝑛4𝜃− 𝑐𝑜𝑠4𝜃 = 2 𝑠𝑖𝑛2𝜃 − 1  24.  𝑡𝑎𝑛𝜃 + 𝑐𝑜𝑡𝜃 = 𝑠𝑒𝑐𝜃𝑐𝑠𝑐𝜃 

 

25.  
2𝑡𝑎𝑛𝜃

𝑠𝑖𝑛2𝜃+𝑐𝑜𝑠2𝜃+𝑡𝑎𝑛2𝜃
= 𝑠𝑖𝑛2𝜃   26.   (𝑠𝑖𝑛2𝜃 −  𝑐𝑜𝑠2𝜃)2 − 𝑠𝑖𝑛22𝜃 = 𝑐𝑜𝑠4𝜃  

 

27.  
𝑐𝑜𝑠2𝜃+1

𝑠𝑖𝑛2𝜃
=

𝑐𝑜𝑠𝜃

𝑠𝑖𝑛𝜃
     28.   

𝑠𝑖𝑛2𝜃

1−𝑐𝑜𝑠2𝜃
= 2𝑐𝑠𝑐2𝑥 − 𝑡𝑎𝑛𝑥  

 

29.  𝑡𝑎𝑛𝜃 =  
1−𝑐𝑜𝑠2𝜃

𝑠𝑖𝑛2𝜃
     30.   2𝑐𝑜𝑠𝜃𝑐𝑠𝑐2𝜃 = 𝑐𝑠𝑐𝜃   
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