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Outline

@ The natural logarithmic function

© The natural exponential function

© The general exponential function and logarithmic function
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The natural logarithmic function

Weekly Objectives

Week 4: Exponential and Logarithmic Functions.

The student is expected to be able to:

© Find the derivative and integrals natural exponential and
logarithmic functions.

@ Find the derivative and integrals general exponential and
logarithmic functions.
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The natural logarithmic function

The natural logarithmic function

Definition 2.1
For x > 0, the natural logarithmic function is defined by
X

Inx:/ldt
t
1

The domain of the function In x is the open interval (0, co)
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The natural logarithmic function

properties of natural logarithmic function

In |x| is the antiderivative of %

/ dx_In]x\—i—cand/f((;:d =In|f(x)|+c

n(xy) =Inx+1Iny, In(¥)=Inx—Iny and Inx" = rinx

Q@ Ifx>1thenlnx >0

Q@Inl1=0

Q@ If0<x<lthenlnx<O

@ The range of the function Inx is R

Q Iim Inx =00 and |lim Inx = —oc0
x—0+

0 Lin|x| =1and Lin|f(x) = L&

Q

(8 )

Q|
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The natural logarithmic function

The natural logarithmic function

The graph of Inx:
Q First derivative test :

1
Inx——/ dt = —>0foreveryx€(0 00)

Hence Inx is an increasing function on (0, co)

Q Second derivative test :
dx2 Inx =221 =_L <0 for every x € (0,0)
Hence Inx is a convex function on (0, c0)

f(x)=Inx
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The natural logarithmic function

The natural logarithmic function

Basic Rules of Integration :

O/tanx dx =In|secx|+ ¢
G/cotxdx:|n|sinx|+c
(s /secx dx = In|secx +tanx| + ¢

(%) /cscx dx =In|cscx — cotx| + ¢
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The natural logarithmic function

The natural logarithmic function (Examples)

Example 2.1
x> +2x+3
° [sraare

/ 3x2 4+ 6x+9
x3+3x2+9x 3

dx
x3 + 3x2 + 9x
fln|x +3x2 4+ 9x| + ¢
1
1 1 | 2
9/ dX:/(Inx)_%— dx:(nf)2+c
xVIn x X 5
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The natural exponential function

The natural exponential function

Definition 3.1

The natural exponential function is the inverse of the natural
logarithmic function, and it is denoted by e*
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The natural exponential function

Properties of the natural exponential function

© The domain of the function ¢* is R

@ The range of the function e* is the open interval (0, c0)

Q & >0 for every x € R, e®=1,and e~ 2.71828 and Ine =1
Q XIi_}mOO e* = oo,xlirfoo e =0

@ In(e¥) = x and e"* = x

Q If x,y € R, then eXe¥ = XY, :—; =¥ and ()Y =¥
Q@ ZLe&¥=¢, and d%ef(x) = e f(x)

o /eXdX =e*+cand /ef(x)f'(X)dx — ™ 4 ¢
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The natural exponential function

The natural exponential function (Examples)

Example 3.1

@ Find the value of x that satisfies the equation In % =27
2 _ 1
X = e = =
€

@ Find f'(x) If f(x) = >+ %
f’( ) _ 5€5x — e X

VX 1
ev:y VX~ 9aVx
o [r-2fe =it
e ;5 €
o/mdxz/(lnx):.;ldx_
X
1 1
4
@234 — 3(1ne)t — 3(In1)3 = 2
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The natural exponential function

The natural exponential function (Exercises)

Exercise 1

@ Find the value of x that satisfies the equation e>*3 = 47
esinx

o / dx =
sec x

© Find g(x) if/ e3X2g(x)dx =+ ¢
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The general exponential function and logarithmic function

The general exponential function and logarithmic function

Definition 4.1

It has the form a* where a > 0 and a # 1.
Note: a¥ = ex'n@

Derivative and Integration of the general exponential

function :
Q@ 5a=aIna, and /axdx: T e
x Ina
d f f y af(X)
(2] Eaf(x) = a" ™ f'(x)In a, and /a I (x)dx = — +c
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The general exponential function and logarithmic function

The general exponential function and logarithmic function

Definition 4.2

The general logarithmic function of base a where a > 0 and a # 1
is denoted by log, x and it is the inverse function of the general
exponential function a*

. — _ _In
Note: log,x =y < a” = x and log, x = -5

Notations: logx = log;gx and Inx = log, x
Derivative of the general logarithmic function :
L log, |x| = Lk and Llog, |f(x)] = £&) 2

xlna f(x) Ina
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The general exponential function and logarithmic function

The general exponential function and logarithmic function
(Examples)

O Find the value of x if log, x = 37
logyx =3 < x =23 =8.

@ Find y' if y = (sinx)*
y = (sinx)* = Iny = In(sin x)* = x In|sin x|
D|fFerent|ate both sides :

y =In|sinx| + x5 =

In|sin x| + x cot x

3

6X
2 .x3 X _
e/ 0 dx=3 /6 =36 " €
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The general exponential function and logarithmic function

The general exponential function and logarithmic function
(Exercises)

@ Find f'(x) if f(x) = (x? + 1)~
3vx

X

@ Evaluate /
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