
 

 

Using the Chain Rule to find the Derivative 
The Process: 

1. Given: 𝐹(𝑥) =  𝑓(𝑥)°𝑔(𝑥) 𝑜𝑟 𝐹(𝑥) = 𝑓(𝑔(𝑥)) 

2. Identify 𝑓(𝑥), 𝑓′(𝑥), 𝑔(𝑥), 𝑎𝑛𝑑 𝑔′(𝑥) 

3. 𝐹’(𝑥)  =  𝑓’(𝑔(𝑥))  ∙ 𝑔′(𝑥) 

4. Substitute and simplify 

 

Some other helpful rules: 
𝑑

𝑑𝑥
(𝑐) = 0       

𝑑

𝑑𝑥
[𝑐𝑓(𝑥)] = 𝑐 𝑓′(𝑥)               

𝑑

𝑑𝑥
(𝑥𝑛) = 𝑛𝑥𝑛−1𝑑𝑥   

𝑑

𝑑𝑥
(𝑒𝑥) = 𝑒𝑥 

 
𝑑

𝑑𝑥
ln |𝑥| =

1

𝑥
𝑑𝑥          

𝑑

𝑑𝑥
(𝑎𝑥) = 𝑎𝑥 ln(𝑎)  

𝑑

𝑑𝑥
(sin 𝑥) = cos 𝑥 𝑑𝑥    

𝑑

𝑑𝑥
(cos 𝑥) = − sin 𝑥 𝑑𝑥  

 

 

𝒆𝒙 Example: 
 

𝐺𝑖𝑣𝑒𝑛: 𝐻(𝑥) = 𝑒3𝑥 
 

𝑓(𝑔(𝑥)) =  𝑒𝑔(𝑥)     g(x) = 3x 

𝑓’(𝑔(𝑥)) =  𝑒𝑔(𝑥), by definition.   𝑔′(𝑥) = 3 
 

𝐻’(𝑥)  =  𝑓’(𝑔(𝑥))  ∙ 𝑔′(𝑥) so, we have: 

𝐻’(𝑥)  =  𝑒𝑔(𝑥) ∙ 3; then substitute g(x) and g’(x) 
𝐻’(𝑥)  =  𝑒3𝑥 ∙ 3 or this can be written as 3𝑒3𝑥. 
 

Trig with Exponent Example: 
 
𝐺𝑖𝑣𝑒𝑛: 𝐻(𝑥)  =  𝑠𝑖𝑛(𝑥2) 
 

𝑓(𝑔(𝑥)) =  sin (𝑔(𝑥))    𝑔(𝑥) =  𝑥2 

𝑓’(𝑔(𝑥)) = cos(𝑔(𝑥)) ; 𝑏y definition.  𝑔′(𝑥) = 2𝑥1, using the power rule. 
 
𝐻’(𝑥)  =  𝑓’(𝑔(𝑥))  ∙ 𝑔′(𝑥) so, we have: 

𝐻’(𝑥)  =  𝑐𝑜𝑠(𝑔(𝑥))  ∙ 2𝑥 
𝐻’(𝑥)  =  𝑐𝑜𝑠(𝑥2)  ∙ 2𝑥 or this can be written as 2𝑥𝑐𝑜𝑠(𝑥2) 
 
𝐍𝐚𝐭𝐮𝐫𝐚𝐥 𝐋𝐨𝐠 Example: 
𝐺𝑖𝑣𝑒𝑛: 𝐻(𝑥)  =  𝑙𝑛(𝑥2 + 3𝑥) 

𝑓(𝑔(𝑥)) =  ln (𝑔(𝑥))     g(x) = 𝑥2 + 3𝑥 

𝑓’(𝑔(𝑥)) =  
1

𝑔(𝑥)
 ; by definition.   𝑔′(𝑥) = 2𝑥 + 3 

 
𝐻’(𝑥)  =  𝑓’(𝑔(𝑥))  ∙ 𝑔′(𝑥) so, we have: 

𝐻’(𝑥)  =  
1

𝑔(𝑥)
 ∙ (2𝑥 + 3); then substitute g(x) and g’(x) 

 

𝐻’(𝑥)  =  
1

𝑥2+3𝑥
 ∙ (2𝑥 + 3) or this can be written as 

2𝑥+3

𝑥2+3𝑥
 

 



 

 

Combination Power and Chain Rule Example 
𝐺𝑖𝑣𝑒𝑛: 𝐻(𝑥)  = (2 − 𝑥2)4 
 

𝑓(𝑔(𝑥)) =  𝑔(𝑥)4     𝑔(𝑥)  =  2 −  𝑥2 

𝑓′(𝑔(𝑥)) = 4(𝑔(𝑥)3; using the power rule  𝑔’(𝑥)  =  −2𝑥 
 

 
𝐻’(𝑥)  =  𝑓’(𝑔(𝑥))  ∙ 𝑔′(𝑥) so, we have: 

 
𝐻’(𝑥)  =  (4𝑔(𝑥)3)(−2𝑥);  then substitute g(x) and g’(x) 

 
𝐻’(𝑥)  =  (4(2 −  𝑥2)3) (−2𝑥); then we need to simplify 
 
𝐻’(𝑥) = (4)(-2x)(2 −  𝑥2)3 = −8𝑥(2 − 𝑥2)3 
 
Radical exponent Example 

𝐺𝑖𝑣𝑒𝑛: 𝐻(𝑥)  =  
1

√2 − 𝑥4
 

We will also need to use two algebra/exponent rules:  𝑚−𝑎 =
1

𝑚𝑎      𝑎𝑛𝑑   √𝑚𝑎𝑏
= 𝑚

𝑎

𝑏 . 

 

𝑓(𝑔(𝑥))  =  
1

√𝑔(𝑥)
=  𝑔(𝑥)−

1

2    𝑔(𝑥)  = 2 − 𝑥4 

𝑓′(𝑔(𝑥)) =
−1

2
(𝑔(𝑥))

−3

2 ; using the power rule  𝑔′(𝑥) =  8𝑥3 

 
 

𝐻’(𝑥)  =  𝑓’(𝑔(𝑥))  ∙ 𝑔′(𝑥) so, we have: 

 

𝐻’(𝑥)  =
−1

2
(𝑔(𝑥))

−3

2 ∙ (8𝑥3) ; then substitute g(x) and g’(x) 

 

𝐻’(𝑥)  =
−1

2
(2 − 𝑥4)

−3

2 ∙ (8𝑥3); then we need to simplify 

 

𝐻’(𝑥)  =
−1

2
∙ (8𝑥3)(2 −  𝑥4)

−3

2 = 
−4𝑥3

(2 − 𝑥4)
3
2

 

 
You try’s: 

1. H(x) = 𝑠𝑖𝑛(𝑥2 + 6𝑥 + 3) 

2. H(x) = 𝑒6𝑥2−4𝑥 
3. H(x) = ln(𝑥2 + 3) 

4. 𝐻(𝑡) =  2𝑡3
 

 
 
Solutions: 

1. 𝐻’(𝑥) =  (2𝑥 + 6)𝑐𝑜𝑠 (𝑥2 + 6𝑥 + 3)  2. 𝐻’(𝑥)  =  𝑒6𝑥2−4(12𝑥 − 4) 

3. 𝐻’(𝑥) =  
2𝑥

𝑥2+3
                                            4. 𝐻′(𝑡) =  2𝑡3

(3𝑡2)𝑙𝑛 (2) 


