
 Calculus I -    Derivatives Rules 
 

The Average Rate of Change of the function 𝑓 on [𝑎, 𝑥] or the slope of the secant line on the graph of 𝑓 over [𝑎, 𝑥]: 

𝑚sec =
𝑓(𝑥) − 𝑓(𝑎)

𝑥 − 𝑎
 

 

The Derivative of 𝑓 at 𝑥 = 𝑎 is the Instantaneous Rate of Change at 𝑥 = 𝑎 or the slope of the tangent line to its graph 
at 𝑥 = 𝑎: 

𝑓′(𝑎) = lim
𝑥→𝑎

𝑓(𝑥) − 𝑓(𝑎)

𝑥 − 𝑎
= lim

ℎ→0

𝑓(𝑎 + ℎ) − 𝑓(𝑎)

ℎ
= 𝑚tan 

 

If the limit exists, we say that 𝑓 is differentiable at 𝑎. 
 

When we think of the derivative of 𝑦 = 𝑓(𝑥) as a function, we write  

𝑓′(𝑥) =
𝑑𝑦

𝑑𝑥
=

𝑑

𝑑𝑥
[𝑓(𝑥)] 

 

Higher Derivatives 

𝑓′′(𝑥) =
𝑑

𝑑𝑥
[𝑓′(𝑥)] =

𝑑2𝑦

𝑑𝑥2
, 𝑓′′′(𝑥) =

𝑑

𝑑𝑥
[𝑓′′(𝑥)] =

𝑑3𝑦

𝑑𝑥3
, 𝑓(4)(𝑥) =

𝑑

𝑑𝑥
[𝑓′′′(𝑥)] =

𝑑4𝑦

𝑑𝑥4
 , … 𝑓(𝑛)(𝑥) =

𝑑

𝑑𝑥
[𝑓(𝑛−1)(𝑥)] =

𝑑𝑛𝑦

𝑑𝑥𝑛
 

 
Derivative Rules 

1. 
𝑑

𝑑𝑥
[𝑐] = 0 

 
2. 

𝑑

𝑑𝑥
[𝑥𝑛] = 𝑛𝑥𝑛−1 

3. 
𝑑

𝑑𝑥
[𝑒𝑥] = 𝑒𝑥 

 
4. 

𝑑

𝑑𝑥
[𝑏𝑥] = 𝑏𝑥 ln 𝑏 

5. 
𝑑

𝑑𝑥
[ln|𝑥|] =

1

𝑥
 

 
6. 

𝑑

𝑑𝑥
[log𝑏|𝑥|] =

1

𝑥 ln 𝑏
 

7. 
𝑑

𝑑𝑥
[sin 𝑥] = cos 𝑥 

 
8. 

𝑑

𝑑𝑥
[cos 𝑥] = −sin 𝑥 

9. 
𝑑

𝑑𝑥
[tan 𝑥] = sec2 𝑥 

 
10. 

𝑑

𝑑𝑥
[cot 𝑥] = −csc2 𝑥 

11. 
𝑑

𝑑𝑥
[sec 𝑥] = sec 𝑥 tan 𝑥 

 
12. 

𝑑

𝑑𝑥
[csc 𝑥] = −csc 𝑥 cot 𝑥 

13. 
𝑑

𝑑𝑥
[sin−1 𝑥] =

1

√1 − 𝑥2
 

 
14. 

𝑑

𝑑𝑥
[cos−1 𝑥] = −

1

√1 − 𝑥2
 

15. 
𝑑

𝑑𝑥
[tan−1 𝑥] =

1

1 + 𝑥2
 

 
16. 

𝑑

𝑑𝑥
[cot−1 𝑥] = −

1

1 + 𝑥2
 

17. 
𝑑

𝑑𝑥
[sec−1 𝑥] =

1

|𝑥|√𝑥2 − 1
 

 
18. 

𝑑

𝑑𝑥
[csc−1 𝑥] = −

1

|𝑥|√𝑥2 − 1
 

19. 
𝑑

𝑑𝑥
[𝑐 ∙ 𝑓(𝑥)] = 𝑐 ∙ 𝑓′(𝑥) 

 
20. 

𝑑

𝑑𝑥
[𝑓(𝑥) + 𝑔(𝑥)] = 𝑓′(𝑥) + 𝑔′(𝑥) 

21. 

PRODUCT RULE 

𝑑

𝑑𝑥
[𝑓(𝑥)𝑔(𝑥)] = 𝑓(𝑥)𝑔′(𝑥) + 𝑓′(𝑥)𝑔(𝑥) 

 

22. 

QUOTIENT RULE 

𝑑

𝑑𝑥
[
𝑓(𝑥)

𝑔(𝑥)
] =

𝑔(𝑥)𝑓′(𝑥) − 𝑓(𝑥)𝑔′(𝑥)

[𝑔(𝑥)]2
 

23. 

CHAIN RULE 

𝑑

𝑑𝑥
[𝑓(𝑔(𝑥))] = 𝑓′(𝑔(𝑥))𝑔′(𝑥) 

 

24. 
𝑑

𝑑𝑥
[𝑓−1(𝑥)] =

1

𝑓′(𝑓−1(𝑥))
 

 


