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Trigonometric Functions 

      There are six basic trigonometric functions used in Trigonometry. These 

functions are trigonometric ratios. The six basic trigonometric functions 

are sine function, cosine function, secant function, co-secant 

function, tangent function, and co-tangent function. The trigonometric 

functions and identities are the ratio of sides of a right-angled triangle. The 

sides of a right triangle are the perpendicular side, hypotenuse, and base, 

which are used to calculate the sine, cosine, tangent, secant, cosecant, and 

cotangent values using trigonometric formulas.   

A right triangle is a triangle with a right angle (90°)  

 

 

For every angle 𝜃 in the triangle, there is the side of the triangle adjacent to 

it, the side opposite of it and the hypotenuse such that 𝑎2 + 𝑏2 = 𝑐2.    

For angle 𝜃, the trigonometric functions are defined as follows:   
 

sin 𝜃 =
opp

hyp
=

 𝑏 

𝑐
                                                 cos 𝜃 =

adj

hyp
=

 𝑎 

𝑐
                               

tan 𝜃 =
sin 𝜃

cos 𝜃
=

opp

adj
=

 𝑏 

𝑎
                                cot 𝜃 =

cos 𝜃

sin 𝜃
=

adj

opp
=

 𝑎 

𝑏
 

sec 𝜃 =
1

cos 𝜃
=

hyp

adj
=

 𝑐 

𝑎
                                 csc 𝜃 =

1

sin 𝜃
=

hyp

opp
=

 𝑐 

𝑏
 

 

https://www.cuemath.com/trigonometry/sine-function/
https://www.cuemath.com/trigonometry/cosine-function/
https://www.cuemath.com/trigonometry/tangent-function/
https://www.cuemath.com/cotangent-formula/
https://www.cuemath.com/trigonometry/trigonometric-identities/
https://www.cuemath.com/trigonometry/secant-function/
https://www.cuemath.com/trigonometry/cosecant-functions/
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Trigonometric Functions Values 

The trigonometric functions have a domain 𝜃, which is in degrees or radians. 

Some of the principal values of 𝜃 for the different trigonometric functions are 

presented below in a table.  

𝜃 

degrees 
0° 30° 45° 60° 90° 180° 270° 360° 

𝜃 

radians 0 
 𝜋

6
 

 𝜋

4
 

 𝜋

3
 

 𝜋

2
 𝜋 

 3𝜋

2
 2𝜋 

sin 𝜃 0 
 1 

2
 

 1 

√2
 

 √3 

2
 1 0 −1 0 

cos 𝜃 1 
 √3 

2
 

 1 

√2
 

 1 

2
 0 −1 0 1 

tan 𝜃 0 
 1 

√3
 1 √3 ∞ 0 ∞ 0 

csc 𝜃 ∞ 2 √2 
 2 

√3
 1 ∞ −1 ∞ 

sec 𝜃 1 
 2 

√3
 √2 2 ∞ −1 ∞ 1 

cot 𝜃 ∞ √3 1 
 1 

√3
 0 ∞ 0 ∞ 

 

Trigonometric functions of negative angles 

sin(−𝜃) = − sin 𝜃      ,     cos(−𝜃) = cos 𝜃     and   tan(−𝜃) = − tan 𝜃 

Some useful relationships among trigonometric functions 

1.     sin2𝑥 + cos2𝑥 = 1,     sec2𝑥 − tan2𝑥 = 1 ,    csc2 𝑥 − cot2𝑥 = 1        

2. sin 2𝑥 = 2 sin 𝑥 cos 𝑥 , cos 2𝑥 = cos2𝑥 − sin2𝑥 = 1 − 2sin2𝑥 = 2cos2𝑥 − 1 

3.  sin2𝑥 =
1 − cos 2𝑥   

2
 ,                                 cos2𝑥 =

1 + cos 2𝑥

2
                   

 

 

 

 

https://www.cuemath.com/geometry/degrees/
https://www.cuemath.com/trigonometry/what-is-a-radian/
https://www.cuemath.com/trigonometry/trigonometric-table/
https://www.cuemath.com/geometry/degrees/
https://www.cuemath.com/trigonometry/what-is-a-radian/
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Graphs of Trigonometric Functions 

 
 

Derivatives of trigonometric functions 

   If 𝑢 is a function 𝑥, the chain rule version of this differentiation rule is  

  

1.
𝑑

𝑑𝑥
(sin 𝑢) = cos 𝑢 .

𝑑𝑢

𝑑𝑥
         

2.
𝑑

𝑑𝑥
(cos 𝑢) = − sin 𝑢 .

𝑑𝑢

𝑑𝑥
     

3.
𝑑

𝑑𝑥
(tan 𝑢) = sec2𝑢.

𝑑𝑢

𝑑𝑥
              

4.
𝑑

𝑑𝑥
(cot 𝑢) = −csc2𝑢.

𝑑𝑢

𝑑𝑥
             

5.
𝑑

𝑑𝑥
(sec 𝑢) = sec 𝑢 tan 𝑢 .

𝑑𝑢

𝑑𝑥
  

6.
𝑑

𝑑𝑥
(csc 𝑢) = − csc 𝑢 cot 𝑢 .

𝑑𝑢

𝑑𝑥
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Example 1: Find the derivatives of the functions 

 1.  𝑦 = sin2𝑥      ⇨   𝑦 = (sin 𝑥)2       ⇨    
𝑑𝑦

𝑑𝑥
= 2 sin 𝑥 cos 𝑥 = sin 2𝑥  

2.  𝑦 = cos(𝑥2)    ⇨   
𝑑𝑦

𝑑𝑥
= −2𝑥 sin(𝑥2) 

3.  𝑦 = tan √𝑥      ⇨    
𝑑𝑦

𝑑𝑥
= sec2√𝑥 ×

1

2√𝑥
=

sec2√𝑥

2√𝑥
 

4.  𝑦 = 𝑥2 sec 3𝑥    ⇨   
𝑑𝑦

𝑑𝑥
= 3𝑥2 sec 3𝑥 tan 3𝑥 + 2𝑥 sec 3𝑥 

                                                  = 𝑥 sec 3𝑥 (2 + 3𝑥 tan 3𝑥) 

5.  𝑦 = √sin 2𝑥    ⇨   𝑦 = (sin 2𝑥)1 2⁄ ⇨   
𝑑𝑦

𝑑𝑥
=

 1 

 2 
(sin 2𝑥)−1 2⁄ × cos 2𝑥 × 2 

                                                =
 cos 2𝑥 

 √sin 2𝑥 
 

Example 2: If   𝑦 = tan 2𝑡   and   𝑥 = sec 2𝑡   show that    
𝑑𝑦

𝑑𝑥
= csc 2𝑡  

𝑑𝑦

𝑑𝑡
= 2 sec2 2𝑡       ,        

𝑑𝑥

𝑑𝑡
= 2 sec 2𝑡 tan 2𝑡 

                 
𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
×

𝑑𝑡

𝑑𝑥
= 2 sec2 2𝑡 ×

1

2 sec 2𝑡 tan 2𝑡
=

sec 2𝑡

tan 2𝑡
 

=
 

1
cos 2𝑡

  

sin 2𝑡
cos 2𝑡

=
1

sin 2𝑡
= csc 2𝑡         

Example3: If 𝑦 = 𝜃 − cos 𝜃  and 𝑥 = 𝜃 + cos 𝜃 ; (0 ≤ 𝜃 ≤
𝜋

2
) show that 

𝑑𝑦

𝑑𝑥

= (sec 𝜃 + tan 𝜃)2 

𝑑𝑦

𝑑𝜃
= 1 + sin 𝜃      and    

𝑑𝑥

𝑑𝜃
= 1 − sin 𝜃  

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝜃
×

𝑑𝜃

𝑑𝑥
=

1 + sin 𝜃

1 − sin 𝜃
 

𝑑𝑦

𝑑𝑥
=

1 + sin 𝜃

1 − sin 𝜃
×

1 + sin 𝜃

1 + sin 𝜃
=

1 + 2 sin 𝜃 + sin2 𝜃

1 − sin2 𝜃
=

1 + 2 sin 𝜃 + sin2 𝜃

cos2 𝜃
 

𝑑𝑦

𝑑𝑥
=

1

cos2 𝜃
+

2 sin 𝜃

cos2 𝜃
+

sin2 𝜃

cos2 𝜃
= sec2 𝜃 + 2 sec 𝜃 tan 𝜃 + tan2 𝜃 = (sec 𝜃 + tan 𝜃)2 
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trigonometric functions  Inverse    

  The inverse trigonometric functions are defined to be the inverses of 

particular parts of the trigonometric functions; parts that do have inverses.          

The inverse sine function, denoted by sin−1 𝑥    (some books use the 

notation arcsin(𝑥)), is defined to be the inverse of the restricted sine 

function. A similar idea holds for all the other inverse trigonometric 

functions. It is important here to note that in this case the “ − 1” is not an  

exponent and so, sin−1 𝑥 ≠
1

sin 𝑥
 

In inverse trigonometric functions the “ − 1” looks like an exponent but it 

isn’t, it is simply a notation that we use to denote the fact that we’re dealing 

with an inverse trigonometric function.  It is a notation that we use in this 

case to denote inverse trigonometric functions.  If we had really wanted 

exponentiation to denote 1 over sine, we would use the following: 

                 (sin 𝑥)−1 =
1

sin 𝑥
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Derivatives of inverse trigonometric functions 

Let 𝑢 be a function  𝑥, the derivatives of inverse trigonometric functions are: 

1.
𝑑

𝑑𝑥
(sin−1 𝑢) =

1

√1 − 𝑢2 
.
𝑑𝑢

𝑑𝑥
                    2.

𝑑

𝑑𝑥
(cos−1 𝑢) =

−1

√1 − 𝑢2 
.
𝑑𝑢

𝑑𝑥
        

3.
𝑑

𝑑𝑥
(tan−1 𝑢) =

1

1 + 𝑢2
.
𝑑𝑢

𝑑𝑥
                       4.

𝑑

𝑑𝑥
(cot−1 𝑢) =

−1

1 + 𝑢2
.
𝑑𝑢

𝑑𝑥
       

5.
𝑑

𝑑𝑥
(sec−1 𝑢) =

1

|𝑢|√𝑢2 − 1
.
𝑑𝑢 

𝑑𝑥
             6.

𝑑

𝑑𝑥
(csc−1 𝑢) =

−1

|𝑢|√𝑢2 − 1
.
𝑑𝑢

𝑑𝑥
  

Example 4: Find the derivative for 

1. 𝑦 = sin−1 2𝑥   ⇨       
𝑑𝑦

𝑑𝑥
=

1

√1 − (2𝑥)2 
× 2 =

2

√1 − 4𝑥2 
 

2. 𝑦 = 3𝑥 cos−1 3𝑥 − √1 − 9𝑥2        

  
𝑑𝑦

𝑑𝑥
= 3𝑥 ×

−1

√1 − (3𝑥)2 
× 3 + 3 cos−1 3𝑥 −

−18𝑥

2√1 − 9𝑥2 
 

         =
−9𝑥

√1 − 9𝑥2 
+ 3 cos−1 3𝑥 +

9𝑥

√1 − 9𝑥2 
= 3 cos−1 3𝑥 

3. 𝑦 = 2√𝑥 tan−1 √𝑥       

  
𝑑𝑦

𝑑𝑥
= 2√𝑥 ×

1

1 + (√𝑥)
2 ×

1

2√𝑥
+ 2 tan−1 √𝑥 ×

1

2√𝑥
=

1

1 + 𝑥
+

tan−1 √𝑥

√𝑥
 

   

 

Find derivative in each of the following problems(1 − 4)  

1.   𝑦 = sec2 2𝑥                                2.   𝑦 = 𝑥2 sin 𝑥 + 2𝑥 cos 𝑥 − 2 sin 𝑥 

3.   𝑦 = √𝑥2 − 1 − sec−1 𝑥          4.  𝑦 =  2𝑥 cos−1 √𝑥 + sin−1 √𝑥 − 2√𝑥 − 𝑥2 

5.   If   𝑦 = 1 − sin 𝜃   and   𝑥 = 𝜃 − sin 𝜃   find    
𝑑𝑦

𝑑𝑥
       

6.   If   𝑦 = sec−1 𝑡   and   𝑥 = √𝑡2 − 1  find    
𝑑𝑦

𝑑𝑥
       


