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LOGARITHMIC & EXPONENTIAL FUNCTION

Definition of the Natural Logarithm Function

%dt X>0.

The natural logarithm is the function given by In x :j
1

Theorem-01: For any numbers b>0 and x>0, prove that
@ In(bx)=Inb+Inx

Definition of the Exponential Function

For every real number x, we define the natural exponential function to be e* = exp(x).

Inverse Equations of e* and Inx

Inx

et =X, forx>0

In(ex) =x, forallx

Example-01: Solve the equation e**°® = 4 for x. Ans: x=3+In2.

Example-02: A line with slope m passes through the origin and is tangent to the graph of y = In x. What is

1

the value of m? Ans: m==.
e

Theorem-02(Laws of Exponent): For all XX, X,, the exponential function e* obeys the following laws:
(a) exl _exz — ex1+x2
() e =
e

Xy

€ _ AX—X
(C) exz_el 2

(d) (ex)r =e"™, ifrisreal

General Exponential Function
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xIna

For any number a >0 and any real x, the exponential function with base a is defined as a* =e*"*.

Theorem-03(General Laws of Exponent): For all X, X, X,, the exponential function a* obeys the

following laws:
(a) ax1 .a)(z — aX1+X2

1
(b) a™* ==
a
a
© =2

(d) (ax)r =a", ifrisreal

Definition: For any X >0 and for any real number n, we have x" =e

Example-03: Differentiate f (x)=x",x>0.

Theorem-04(The Number e as a Limit) The number e can be calculated as the limit e = Iing(1+ X)

Logarithm with base a

ninx

Ans: X*(Inx+1)

1/x

For any positive number a=1, log, x isthe inverse of a*.i.e. y=a*=x=log, y.

Theorem-05: For any numbers x>0 and y >0, we have

(@) log, X is just a numerical multiple of Inx, i.e. log, x =

(b) log, (xy)=log, x+log, y

Example-04: Evaluate (a) dilog10 (3x+1)  (b) J-Iogz X dx
X X

4cos@ 40

1. Evaluate | ——
3+2sin@

N[N

ISIE}

(x? +1)(x+3)1’2

X>1.
x-1

2. Find d_y if y=
dx

In x

Ina’

Ans: (a)

2
o) (Inx) e

(In10)(3x+1) 2In2
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Evaluating Integrals
Evaluate the integrals in Exercises 3-20.

~2 0 16 ’

3 d_‘ 4 3dx A / 6. d—\

: 5 X ; g 3Jx— 2 ) x{ln x)? 2 2xVinx

. 2y dy g 8rdr 9. v
" J P25 42 -5 2 +secy

m . w/3 1 /2
11 / %dt 12. / %de 13. / tan > d.\ 14. / cot 1 dt
0o - h 0 2 iy

n

3 sec?t 10. secy tany
6 + 3tant ldnl

/4
5. [“2Inx 6. [ dx 17 18 MR
& Y dx I : 2 cot a'B : / 6 tan 3x dx
J ¥ M * JO
x sec x'dx
19. | & 20.
/2\/.? + 2x VIn (sec x + tanx)

Logarithmic Differentiation

In Exercises 21-34, use logarithmic differentiation to find the derivative of y with respect to the given independent variable.

xVxl + 1 T
SR roeT D6 g L e ) - ,/——
.3 e+ Y ’ (x + 1)%3 : (2x + 1)
MR W A x — 2 x + Dx —
2y=yi+1 2. = A+ n 3. g 22 B g \-‘/—(-“-‘ Dx — 2)

=+ Dix — 1)?

[F3]
(S
[¥5]
(3]

V x2+1 22+ 1)(2x + 3)
23,y =\# + 3sinb 28, y = (tanB)\V26 + 1
¥ y  — —]
4. y=1t+ 1)+ 2) 29y TR T
_08+5 ~_ Bsinf
25.Y = Bcos B 30. ) =
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