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Logarithm and Exponential Functions

@ Natural Logarithm Function
© Exponential Function

© Integration using natural logarithm and exponential functions
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Natural Logarithm Function
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Natural Logarithm Function

Definition

The natural logarithm function is defined by

X

1
lnx:/ —dt

1t

for every x > 0.
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Natural Logarithm Function

Definition
The natural logarithm function is defined by

X

1
lnx:/ —dt

1t

for every x > 0.

elnx<0, ifa<l
elnl=0
olnzx>0 ifz>1
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Natural Logarithm Function
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Natural Logarithm Function
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Natural Logarithm Function

d? | 1

= Iny=——
dz? 2
lim Inx = —
r—0*t
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Natural Logarithm Function

d? | 1

= Iny=——
dz? 2
lim Inx = —
r—0*t
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Derivative of Natural Logarithm Function

If g is differentiable, then

o
L ingla) = @), gla) >0
— 1n r) = —F—— x X
de g g(:c)g ) g
(2]
L inlg(a) = (@), glo) £0
Ibraheem Alolyan Integral Calculs Math - KSU

7/38



Laws of natural logarithm

Ifa,b >0, and r € Q then
Q@ Inab=Ina+1nb

(2] ln%zlna—lnb

Q@ Ina" =rlna
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Derivative of Natural Logarithm Function

Example

Find the derivative of the following functions

0 f(z) =In(z* + 1)
flz)=Invx+1
f(z)=In |a: + In x|
f(z) = Vin
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Derivative of Natural Logarithm Function

Find the derivative of the following functions
Q f(z)=In[(x+1)(2z — 4)]
x2+1

Q f(x)=1In

2 —1
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Logarithmic differentiation of y = f(x)

Find the derivative
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Exponential Function
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Exponential Function

Definition

The natural exponential function exp is the inverse of the natural
logarithm function. y = expx if and only if z =Iny exp : R — (0, 00)
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Exponential Function

Definition

The natural exponential function exp is the inverse of the natural
logarithm function. y = expx if and only if z =Iny exp : R — (0, 00)

Definition

The letter e denotes the positive real number such that Ine =1
(e ~ 2.718)
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Definition
If z € R, then

=y iff Iny==x
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Exponential Function
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Exponential Function
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Exponential Function

Simplify:
Q@ Inet
e eln3

o eSlnw
[4) e(a:+2lna:)
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Exponential Function

Ifa,b >0, and r € Q then
o eaeb — ea-‘rb

a

[
_ ,a—b
(2] L

o (ea)r — eor
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Derivative of Exponential Function
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Derivative of Exponential Function

If f(x) = x%e®, find f'(z).
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Derivative of Exponential Function
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Derivative of Exponential Function

vz?+e find @.
dx

Ify=e
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Derivative of Exponential Function

dy
dx’

If y = x ST find
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Derivative of Exponential Function

If y =1In (ZL‘ ew2+w), find o
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Integration using natural logarithm and

exponential functions
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Integration

1
/—dmzlnm—i—c
%
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Integration

1
/dmzlnm—i—c
%

If w=g(xz)+# 0, and g is differentiable then

1
/du:ln|u|+c
u
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Integration

Evaluate
X
—d
© /2x2+1 o

S|
d
9/2 9—23356
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Integration

Evaluate

o [V,

e/ (62 + 9/T)dz
(22 + 2z/x)
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Integration

1+Inx

—dx
velnz + 2

Evaluate
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Exam problem

Use the substitution u = In |sec z + tan x| to compute the integral

/(sec z)In|secx + tanz|dx
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How to do it?

=7
u—l—ﬁ:C
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Integration

/emdazzem—i—c
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Integration

/emda::em—i—c

If u= g(z), and g is differentiable then

/e“du:e“+c
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Integration

Evaluate

o / e3dx

2 e%
1z

Q /\/ezrdx
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Exam Problem

(2 4 e*®) dx
8 + edx

Evaluate the integral /
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Integration of Trigonometric Frunctions

(1] /tanxdmzln\seca:\ +c

(2] /Cotazdm:ln|sin3:|—|—c

(5] /sec:cda: =In|secz +tanz| + ¢

Qo /cscxdaj =In|cscx —cot x| + ¢
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Integration of Trigonometric Frunctions

Evaluate

o /accota:2dx

%
Q / tangda:
i 2
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Integration of Trigonometric Frunctions

Evaluate

o / e3% sec €3 dx

2
cos? x
o - dz
sin &

Ibraheem Alolyan Integral Calculs Math - KSU 37/38



Integration of Trigonometric Frunctions

Evaluate
CoS Z sin a:
o /
sin?z — 1
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Exam Problem

ta
Evaluate the integral /
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