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* To compute derivatives by using the limit definition.

* To develop basic differentiation rules.
* To interpret the derivative as an instantaneous rate of change.
* To apply the product and quotient rules.

* To apply the chain rule.
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The Derivative

Rules for Differentiation

The Product Rule and the Quotient Rule

The Chain Rule and the Power Rule
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* Tangent line at a point:

.

] ! Ly
— \ / \/\ .

Lyis a tangent line Lyis a tangent
at P, but Ls is not, line at .

* The slope of a curve at P is the slope of the
tangent line at P.

* The slope of the tangent line at (a, f(a)) is
_lim flz) -fla) _ i fla + !J?hl —fla)

Z—a Z—8 h—0

m

tan
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Example 1 - Finding the Slope of a Tangent Line

Find the slope of the tangent line to the curve y = f(x) = x2

at the point (1, 1).

Solution:
Slope = lim fl1+h) -1
h—0 h
2 2
— I|m (1+h] _[1) - 2
h—0 h

* The derivative of a function fis the function
denoted ' and defined by

—f&-’—fh-’—fhﬂ-)—fh-]—* — . —
f'(x) = lim = lim
ZX P Y h—0 h
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Iff(x) =2x?+ 2x + 3, find an equation of the tangent
line to the graph of fat (1, 7).

Solution:

£(x] = lim flx+h)—flx) _ |iml2‘“”}2 +2x+h)+3)-[2x* +2x +3)

h—s0 h h=s0 h

=4x+2

Slope = f'(1=4(1+2=6
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Derivative can take the form:
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* Rules for Differentiation:

RULE 1 Derivative of a Constant:

%(c} _0

RULE 2 Derivative of x"
d

e

dx
RULE 3 Constant Factor Rule:

d . \
E(@'fﬁﬂ#f (x)

RULE 4 Sum or Difference Rule

%:(f[x)ig(:‘-f)) = f'(x) £ g'(x]

1
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Example - A Function with a Vertical Tangent Line

Find j—xu;) .

. d(~y . 1
Solution: a(&)- P
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Example 1 — Derivatives of Constant Functions
d

a. —(3)=
adx

b. If 9(x) =5, then g'(x) =

c. If s(t) =(1938,623)%"*, then £ =0,
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Example — Rewriting Functions in the Form x”
Differentiate the following functions:

Solution:

d. y:&

ﬁ — 1xl1."2I—1
dx 2

b. hix)= xJ_

d( an __3 |—3f2:—1__3 -5/2
)= (x#2) =S x 92 = Sy

h' x
ax 2 2
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Example — Differentiating Sums and Differences of Functions

Differentiate the following functions:
a. F{x)=3x"+x
F'(x) = %(3;(5] + ;—X{x”zl
=3(5x*] + %{x‘”z]

4
b. f[z]=z——%

f.{zlzg[z]_g{%)
dz| 4 dz\ z"



Lecture |
04 Example MIDOCEA

UNIVERSITYl

C. y=6x"-2x*+7x-8

dy d, s d B d d
—=6—(x")-2—(x°)+7—(x)——(8
ax dx( ) dx( ) dx( ) dx( )

=18x%* —4x+7
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The Product Rule
%(f(X)g(X)) =f'(x)g(x) +f(x)g'(x)
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Example 1 - Applying the Product Rule
Find F’(x).
F(x) =(x? +3x|(4x+5)

Fi{x)= [%(xz + 3x))4x +5)+(x? +3x)(

=(2x+3)(4x+5)+(x? +3x|(4) =12x* + 34x +15

4x+&]
ax
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Example - Differentiating a Product Factors

fTx)=0Bx—1)(7x+ 2)

fx)=3)(Tx+2)+(NHBx—1)
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The Quotient Rule
d (f(x) ] g(x)F'(x)~f(x)g'(x

x| g(x)
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Example — Applying the Quotient Rule

4 3
If F(x) = 2’;,_*1 . find F'(x).

(2x —‘I)i[ﬁlx2 + 3]—(4;(2 gt 3)&(2}: -
Solution: F'(x) = dx | : dx
(2x -1

(2x-1)(8x)-(4x*+3)2) 2(2x+1)(2x-3)
- (2x —1)? o (2x=1)?
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Example — Differentiating Quotients without Using the Quotient Rule

Differentiate the following functions.

3
a. f(x) =2
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Example - Differentiating Quotients without Using the Quotient Rule

5x? —3x 1(

c. f(x) = = X 5x —3)
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The Chain Rule and the Power Rule

Chain Rule: & _ 9 au
dx du dx

o P e
- — ") =nu""" —
Power Rule: dx( ) Ix
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Example 1 — Using the Chain Rule
a. lfy=2u?-3u-2andu=x?+4, find dy/dx.

. dy dy du
lution: =—=.
Solutio dx du dx
-9 our—3u-2)- L (x> +4
du ax

=(4u -3)(2x)

j_i’ = |4(x2 +4) -3 2x) = [4x2 +13]|2x) =8x° + 26X
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b. Ify=\wand w=7 - 8, find dy/dt.

Solution: ¥ __9 (,12). 9 (7_)
dt dw dt

3t?
24w
_ 3

27 -t
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Example - Using the Power Rule

Ify =(x* - 1), find y’

e 3 7-11 3
Solution: y'=7(x*~1) dx(x 1)

=7(x®-1°(3x?

=21x2(x* -1)°




Lecture
04

Example

Example - Using the Power Rule

Ify=

find dy/dx.

b
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(A)Find f\(x) :

1) f(x) = x°

f4(x) = 6x°
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(A)Find f\(x) :

2) f (x) = 4x3

f<(x) = 12x2
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(A)Find f\(x) :

3) f (x) =4x2 — 2x + 3

fx)=8x—2
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4) f (x) = 11Vx

I 11 2 1
f (X)—11x2—7x2 "
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5) f(x) = —

f(x)=8x"> = —40x°
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Find f\ (x) by using the product rule and the quotient rule:

1) f(x) = (4x + 1)(6x + 3)

f(x)= (4) (6x+3)+(6) (4x+1)
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3) f (x) ===

Xx—1

cron — [((x=1)(5)—(5x)(1)
F*(x) _( (x—1)2 )
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1. ify=u?—-2u and u=x%—x

dy
du
du

—=2x—-1
dx x

=2u—2

L dy

vl RQu—-2)2x—1)

= (2(x? —x) — 2)(2x - 1)
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The Derivative

Rules for Differentiation
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The Product Rule

The Quotient Rule

The Chain Rule

The Power Rule



