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sDerivative 

The derivative of a function represents the rate of change of one variable with respect to another variable. 

 

:Differentiation Rules 

1- Derivative of a Constant Function 

If ƒ has the constant value ƒ(x) = c, then, 

𝑑𝑦

𝑑𝑥
=

𝑑

𝑑𝑥
(𝑐) = 0 

 

 

EXAMPLE: Find the derivative of  (a)   f(x)=7    b)  f(x)=-32      (c) f(x)=4/7 

 

Solution:  

(a) 
𝑑

𝑑𝑥
(7) = 0 

 

(b) 
𝑑

𝑑𝑥
(−32) = 0 

 

(c) 
𝑑

𝑑𝑥
(4/7) = 0 
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2- Derivative of a Positive Integer Power 

If n is a positive integer, then, 

𝑑

𝑑𝑥
𝑥𝑛 = 𝑛𝑥𝑛−1 

 

 

3- Derivative Constant Multiple Rule 

If u is a differentiable function of x, and c is a constant, then, 

𝑑

𝑑𝑥
(𝑐𝑢) = 𝑐

𝑑𝑢

𝑑𝑥
 

EXAMPLE:  
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4- Derivative Sum Rule 

If u and y are differentiable functions of x, then their sum u + y is differentiable at every point where u and y are both 

differentiable. At such points, 

 

 

 

dy/dx, find +12x4y=xIf : XAMPLEE 

Solution:  

 

 

 

 

5- Derivative of the Natural Exponential Function 

 

𝑑

𝑑𝑥
(𝑒𝑥) = 𝑒𝑥 

6- Derivative of the Natural Log Function 

 

𝑑

𝑑𝑥
(𝑙𝑛𝑥) =

1

𝑥
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7- Derivative Product Rule 

 

If u and v are differentiable at x, then so is their product uv, and, 

 

𝑑

𝑑𝑥
(𝑢𝑣) = 𝑢

𝑑𝑣

𝑑𝑥
+ 𝑣

𝑑𝑢

𝑑𝑥
 

 

8- Derivative Quotient Rule 

If u and v are differentiable at x and if u(x) ≠ 0, then the quotient u/v is differentiable at x, and, 
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9- Derivatives of Trigonometric Functions 

  
d

sin x cos x
dx

.  A   

  
d

cos x sin x
dx

 .  B 

   2d
tan x sec x

dx
.  C 

   2d
cot x csc x

dx
 .  D 

  
d

sec x sec x tan x
dx

.  E 

 
d

csc x csc x cot x
dx

 .  F     
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10- Derivatives of Inverse Trigonometric Functions, Hyperbolic Functions, and Inverse Hyperbolic 

Functions 

 

 

11.  The Chain Rule 

.  u=g(x)and  y=f(u)differentiable function  is the composite of two  A.  Definition:  Suppose that

:is xwhose derivative at each value of  xis a differentiable function of   Then 

 or  

 B.  Generalized Formulas:  Let u be a differentiable function of x, 

  .  1 

  .  2 

  f og

  f og

  f og 


x   f g x    g x 
  

dy

dx


dy

du

du

dx

  

d

dx
u

r  ru
r1 du

dx

  

d

dx
sinu   cosu

du

dx
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  .  3 

  .  4 

  .  5 

  .  6 

  .  7 

 

  

d

dx
cosu   sinu

du

dx

  

d

dx
tanu   sec

2
u

du

dx

  

d

dx
cotu   csc

2
u

du

dx

  

d

dx
secu   secutanu

du

dx

  

d

dx
cscu   cscucotu

du

dx
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EXAMPLE 

 

 

EXAMPLE 
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EXAMPLE 

 

 

EXAMPLE 

 

 

EXAMPLE 

 

 

12.  Implicit Differentiation  

as  
dy

dx
 , we can findxis a differentiable function of  y, and assuming yand  xving :  Given an equation involA.  Procedure

follows: 

  1.  Differentiate both sides of the equation with respect to x. 

terms to the right side of and move all other e left side of the equation, on th 
dy

dx
 Collect all terms involving.  2

the equation. 
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  .out of the left side of the equation 
dy

dx
 Factor.  3 

 .
dy

dx
 does not containhand factor that -of the equation by the leftby dividing both sides  

dy

dx
 Solve for.  4 

 

   =x2yif  dy/dxFind EXAMPLE:  

Solution:  

2𝑦
𝑑𝑦

𝑑𝑥
= 1 

𝑑𝑦

𝑑𝑥
=

1

2𝑦
 

 

EXAMPLE 

 

 

 

 

 

 

 



 

 

Email : alaa.khalid.abdalreda@uomus.edu.iq 

Al-Mustaqbal University / College of Technical Engineering 
Class: first 

Subject: Differential Mathematics/Code: UOMU024013 

Lecturer: M.Sc. Alaa Khalid 

Lecture name: Derivatives 
Lecture: 6 

termst1 
 
 

 

11 

 

 

Derivatives of Higher Order 

 

2y/dx2d  find  , 3-+15x2y=3x  If EXAMPLE:  

Solution:  

𝑑𝑦

𝑑𝑥
= 6𝑥 + 15 

𝑑2𝑦

𝑑𝑥2
= 6 

2y/dx2d  find  , 2x2/y=  If EXAMPLE:  

Solution: 
𝑑𝑦

𝑑𝑥
= 2(−2𝑥−3) = −4𝑥−3 

𝑑2𝑦

𝑑𝑥2
= −4(−3𝑥−4) = 12𝑥−4 =

12

𝑥4
 

2y/dx2d  find  , 𝑦 = sin2 2𝑥   IfEXAMPLE:  

Solution:  

𝑑𝑦

𝑑𝑥
= 2𝑠𝑖𝑛2𝑥(𝑐𝑜𝑠2𝑥). (2) = 4𝑠𝑖𝑛2𝑥𝑐𝑜𝑠2𝑥 

𝑑2𝑦

𝑑𝑥2
= 4[𝑠𝑖𝑛2𝑥(−2𝑠𝑖𝑛2𝑥) + 𝑐𝑜𝑠2𝑥(2𝑐𝑜𝑠2𝑥)] = −8sin2 2𝑥 𝑐𝑜𝑠2𝑥 + 8 cos2 2𝑥 

 

2y/dx2dfind   ,  𝑦 = 𝑙𝑛𝑥2   IfEXAMPLE:  

Solution:  

𝑑𝑦

𝑑𝑥
=
1

𝑥
. 2𝑥 =

2𝑥

𝑥2
=
2

𝑥
 

𝑑2𝑦

𝑑𝑥2
= 2(−1. 𝑥−1−1) = −2𝑥−2 =

−2

𝑥2
 


