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Differentiation

Definition of derivative:

The derivative is the rate of change of a function with respect to its variable, or the
slope of the tangent line to the curve at a given point.
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DEFINITION The derivative of the function f(x) with respect to the variable x
is the function f' whose value at x i
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Alternative Formula for the Derivative
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Example 1: Find the slope of the curve y = 1/x at any point x = a # 0. What is the

slope at the point x = -1?

Solution:
11
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Example 2 : Applying the Definition, differentiate f(x) = ﬁ

Solution We use the definition of derivative, which requires us to calculate f(x + h)
and then subtract f(x) to obtain the numerator in the difference quotient. We have

. X , (x + h)
fx) = Y —1 and f(x + h) = m, SO
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Example 3:

(a) Find the derivative of f(x) = Vx for x > 0.
(b) Find the tangent line to the curve y = Vxatx = 4.

Solution

(a) We use the alternative formula to calculate f':

£ = 22}}Cf (Zz): - ,{(X)
C i VIV
/X <X
VZ — Vx I I

2_ 2 (a-—b)a+ b

(V- Va) (Ve Va) @

1 1
= Cancel and evaluate.

(b) The slope of the curve at x = 4 is
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The tangent is the line through the point (4, 2) with slope 1/4 (Figure 3.3):
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Differentiation Rules:

If f(x) or y is differentiable function of X and C is constant then:
1- E (C) =0
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- — (f(x) g(0)) = () g () + g(Of )
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Example 4:

Differentiate the following powers of x:

@ b2 @ @
X

Solution
d 3y _ 231 _ 2.2
(a) a(x)—Sx = 3x

(b) i(xz/z) — %x@/})ﬂ — %xfl/_%

dx

d _
(c) E(X\ﬁ) = V2 V2!

df1\_d, 4y _ 4 a1 _ _45__4
(d) dx(ﬁ)_dx(x ) = —dx = —4x = "
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Example 5: Find the derivative of the

N
Yoo s ” L functions :

1-

dy d 5 d4, d d

dx  d +dx 3* _dx(sx)+dx(l)
=3x2+%-2x—5+0=3x2+§x—5

2- flx) =x'(xX+x°)
['x) = x(5x*+ 2x )+ T+ x0)

> 5
-f ==, fo=5x1 , flix)=-5x7=-—=

xz

3x2

4-f(x)—T_5x,f’(X) —% (6x —5)



Al-Mustagbal University
Department of Computer Engineering Techniques
First stage
Subject: Mathematic 1 — UOMU0202014
Lecturer Dr. Aseel S. Hamzah, Shahad M. Alagha and Zainab H. Obaide
1*'term — Lect 3

Second- and Higher-Order Derivatives

If y = f(x) is a differentiable function, then its derivative f’ (X) is also a function. If
f'1s also differentiable, then we can differentiate f'to get a new function of x
denoted by f". So "= (f')". The function f" is called the second derivative of f
because it is the derivative of the first derivative.
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It is written in several ways:

oy = Y _d (A _ = DAN) = D2 f(x
j (*\) - dX2 - dx \ dx - dx =Yy = (f)(*‘) - Ly f('\)-

If y = x% then y’ = 6x° and we have

!

"o _ d} _ d Sy — il
Y= T (6x7) = 30x~.

If y" is differentiable, its derivative, y" = dy”/dx = d°y/dx’, is the third derivative
of y with respect to x. d d"y

The names continue as you imagine, with

denoting the nth derivative of y with respect to x for any positive integer n.
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Example 6:

The first four derivatives of y = x* — 3x> + 2 are

First derivative: y' = 3x% — 6x
Second derivative: y'=6x —6
Third derivative: y' =6
Fourth derivative: ~ y® = 0.

Derivatives of Trigonometric Functions

Because sin x and cos x are differentiable functions of x, the related functions

tanx = Sin x cotx = cos X secx = . and cscx = 1
i Ccos x» i sin x”’ i Cos x> i sin x
du
- —(sinu) = cos u —
( ) dx
du
2- —(cosz,z) =-Sinu.—
dx dx
du
3- (tan u)=sec’ u. o

d o, du
4- - (cotu)= -csc U. —

d du

5- — (sec u )= secu tan u. -

d du
6- —(cscu)=-cscucotu. —
dx dx
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Example 7 :
dy
a) y = xZsin x: ci_i =X i(snn.) + 2x sin x
= x?cosx + 2xsinx.
. cosx
b) Y= 1 —sinx’

d o d
dy_(l—smx)dx(cosx) cosxdx(l sin Xx)

= - Quotient Rule
dx (1 — sinx)?

(I — sinx)(—=sinx) — cos x(0 — cos x)
(1 — sin x)?

I — sinx - ,
= ﬁ sin“x + cos“x = |
— Sinx
. 1
| — sinx

¢)  Find y"if y = sec x.
y = secx

!

y = secxtan x

[ —

d | |
vy = i (sec x tan x)

= secx di (tan x) + tanx d (sec X)

= sec x (sec? x) + tan x (sec x tan x)

= sec’ x + secxtan® x
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d y=sin(x’—x)
v =[cos (x>—x)]. (5x"—1)

&)  y=cos (L)

x+2

J/’ —-sin (xiz) ( (zc;f;)_zx) o ( (x-I-ZZ)Z) sin (ﬁ)

)  y=sin’x=(sinx)’

y'= 5(sinx)?. cosx =15 cosxsin®x
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EXERCISES:

Q1/ Using the definition, calculate the derivatives of the functions. Then find
the values of the derivatives as specified.

L fx)=4-X; f'(-3), £(0)
2. f(x) === f'(-1), /(1)

Q2/ Find the derivatives of the functions
l.y=(x-1)(x+2)

_ 5x+1

=S

2.y

3. y=%+55inx

x+3cotx
4, y = ———

~ 5-2cscx
5. y = tan(5 — sin 2x)
6. y = tan® x*

Q3/

1. Findy”" if y=—-—x

2. Find &Y if y= x®—2x*+3cosx
' dx*
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