
Maths
Lecture 13 

(Differentiation)



Finding the gradient at a general point

Consider the graph of y(x) = x2, Let point A be any point with coordinates 

(a, a2). 

Let point B be a second point with x coordinate (a + h), y coordinate at B 

is (a + h)2

.



Therefore the gradient=
𝑓 𝐵 −𝑓(𝐴)

ℎ
=

(𝑎+ℎ)2−𝑎2

ℎ
=

𝑎2+2ℎ𝑎+ℎ2−𝑎2

ℎ
= 2𝑎 + ℎ

This is the gradient of the line AB. As we let B move closer to A the value of h 

gets smaller and smaller and eventually tends to zero. We write this as h → 0.

The gradient of y = x2 is called the derivative of y with respect to x. It has other 

names too including the rate of change of y with respect to x.



Differentiating x to the power of something

1) If y = xn, dy/dx = nxn-1

2) If y = kxn, dy/dx = nkxn-1(where k is a constant- in other words a number)

Therefore to differentiate x to the power of something you bring the power 
down to in front of the x, and then reduce the power by one.

Examples
If y = x4, dy/dx = 4x3

If y = 2x4, dy/dx = 8x3

If y = x5 + 2x-3, dy/dx = 5x4 - 6x-4



Table of derivatives 

The table lists some of the common functions 

used in engineering and their corresponding 

derivatives.

The function in the right-hand column gives 

the rate of change, or the gradient of the 

graph, of the function on the left at a 

particular value of x.
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Exercise 

Answer



Exercises
Find the derivatives of the following functions with respect to x:

Answers

Answers



Extending the table of derivatives

The first two rules are for differentiating sums or differences of functions.



Example

Answer



Example

Answer



Example



Exercise 

Answer

:



Evaluating a derivative

Answer



Differentiating a product 

In this Section we consider how to differentiate non-standard functions - in particular 
the function that are a product of standard functions. 



Example 



Example 

Answer



Exercise



Answer



Differentiating a quotient



Example



Example 



Exercise 

Answer



The Chain Rule 

This rule can be used to obtain the derivatives of functions such as ex2+3x (the 

exponential function of a polynomial); sin(ln x) (the sine function of the natural 

logarithm function.

When we use a function like sin (2x) or e lnx we are in fact dealing with a 

composite function or function of a function.



Example



The Chain Rule 



Example



Power functions



Example 

Answer



Exercise



MATLAB 



Differentiate function

Example 

syms x

diff(exp(x))

diff(exp(8*x))

diff(exp(-3*x))



>> Diff
ans =
exp(x)

ans =
8*exp(8*x)

ans =
-3*exp(-3*x)



Example

Dt_Y1=diff(x*tan(x))

Dt_Y2=diff(x^4*log(2*x))

Dt_Y3=diff((sin(x))^2)

Dt_Y4=diff(exp(2*x)*cos(3*x))



>> Dt_Y2=diff(x^4*log(2*x))
Dt_Y2 =
4*x^3*log(2*x) + x^3

>> Dt_Y2=diff(x^4*log(2*x))
Dt_Y2 =
4*x^3*log(2*x) + x^3

Dt_Y3=diff((sin(x))^2)
Dt_Y3 =
2*cos(x)*sin(x)

>> Dt_Y4=diff(exp(2*x)*cos(3*x))
Dt_Y4 =
2*cos(3*x)*exp(2*x) - 3*sin(3*x)*exp(2*x)



Exercise 


