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LOgarithm

<br>

Introduction

<br>

Sometimes multiplication, division and powers of

<br>

large
numbers and smal1 decimal numbers becomes ncces-

<br>

in
practical life, science and enginecring. There arc a

<br>

number of yways to make such calculationsshort. One ofthem

<br>

is
Logarithm.

<br>

It is very important to know the laws of exponents

<br>

hefore studying logarithm. In the previous standards, we have

<br>

learned the rules of exponents, which are as follows.

<br>

For a, b e R (set of positive real numbers)

<br>

x,ye R (set of real numbers)

<br>

(1) aa'
= arty

<br>

the beginning of the 17th century, Jhon Napier, a

<br>

mathematician introduced the concept of logarithm.

<br>

Later, Henery Brigs prepared a table of logarithm withbase numbers 8 and 3.

<br>

10. This table made large calculation easier and faster. But

<br>

oday thiskindi of calculations have become easier and faster

<br>

withthe advent of calculator and computer. But the use of

<br>

logarithm with base e (e =2.718281 ...) is applied in many answer to this qucstion is logarithm, which can be given as

<br>

branches of mathematics, science and engineering.

<br>

(3) (aY= a

<br>

(5

<br>

-

<br>

2] Logarithm :

<br>

8=23

<br>

8. Logarithm

<br>

(2)

<br>

...(1)

<br>

at

<br>

inthe form offnumbers 2 and 3. i.e.

<br>

Before defining logarithm, let us try to understand the

<br>

heaning of logarithm by a simple example.

<br>

humber 8and 3 then?

<br>

= a-y

<br>

(4) (ab=
. xet

<br>

(6) a=

<br>

ror example,take 23 =8, Here 2 is called base and 3 is

<br>

called index or exponent.

<br>

Here 8=23

<br>

In this example, we see the relation between thrce

<br>

Mumbers2., 3 and 8. Here we have represented the number &

<br>

1

<br>

But if we want toO representthe number 2 in the form of

<br>

8 = (2')3

<br>

83 - 2 3=2

<br>

Thus, 2 = 83

<br>

follows :

<br>

Now if we want to represent the number 3 in the form

<br>

of numbers 8 and 2, then how can it be represented ? The

<br>

(Taking power both sides)

<br>

(1)

<br>

(2)

<br>

Here we have reprcsented the number 2 in the form of

<br>

3= logarithm of 8 to the base 2

<br>

3=log,8

<br>

Thus, ifa=y then x can be written in the form ofy and

<br>

a as x = logy

<br>

Definition :

<br>

...(2)

<br>

If a e R – {1} (the set of positive real numbers

<br>

eXcept 1), ye R*, xeR and a= y, then x is called the

<br>

logarithm of y to the base a. It is denoted by x = log,y.

<br>

Thus ifa=y if and only if x= log,y.

<br>

Here a =yis called the exponential form and x=log,y

<br>

is called its logarithmic form.

<br>

a=y

<br>

229

<br>

Exponential form

<br>

Some clear conclusions can be deirved from the

<br>

defintion of logarithm.

<br>

For any ue R*- (1}

<br>

x=logy

<br>

al=| if und only if log, I =0

<br>

Logarithmic form

<br>

Logarithm of only positive real numbers exists. Loga

<br>

rithm of zero or negative real numbers does not exists.

<br>

For example, log,0, log(-5) does not exist.

<br>



(1)

<br>

(2)

<br>
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<br>

(3)

<br>

(3)

<br>

(4)

<br>

(5)

<br>

(6)

<br>

(2)

<br>

al=aif andonly if log,a=1

<br>

For all x, y e R*

<br>

log,x=log, y if andonly ifx=y

<br>

log,x takes allthe values in R.

<br>

Logarithm is a function. For any a e R* - {l}.

<br>

(1) Common logarithm (2) Natural logarithm.

<br>

(1)

<br>

Negative real numbers. 0 and l can not be the base of(6)

<br>

logarithm.

<br>

Common Logarithm :

<br>

Common logarithm is used inphysics, calculation of interest

<br>

...etc. The Table ofcommon
logarithm is given at the end of

<br>

most of the books.

<br>

Natural Logarithm :

<br>

(6)

<br>

Logarithm with base e (e =2.718281... is an irrational

<br>

number) iscalled natural 1logarithm.This typeof logarithm is

<br>

widely used in calculus and in the branches of science and

<br>

engineering.

<br>

Example-1 : Convert the following exponential forms into

<br>

logarithmic forms :

<br>

Solution :

<br>

(1) 34= 81

<br>

(2) 23 =8

<br>

(3) 90 =1

<br>

Forexample,
log_,logo, log,x .. ete. do not exist.

(7) In (-2) = -8, a =-2, x =3, y = - 8

<br>

(4) 92 = 27

<br>

3

<br>

(5) 10= 0.01

<br>

f:R R, f() = logx is called logarithm function.log,y =x, we write the logarithmic form of

<br>

There are mainlytwo types of logarithm in practice : log(-8) =3

<br>

Logarithm with base 10 is called common
logarithm.-{1) and y = -8 e R*.

<br>

16 4 = 0,5

<br>

() (-2) =8

<br>

(4)

<br>

(5)

<br>

Herc by comparing 34 = 81 with a=y, a=3, x= 4 and

<br>

y= 81.

<br>

Now the logarithmic form of a = y is logy =x

<br>

By substituting the values of 4, x and y in log,y=x, the

<br>

logarithmic form of 34 = 81 is log,81 =4.

<br>

In 23 = 8, a= 2, x = 3 and y = 8

<br>

According to log,y = x, logarithmic form is log,8 = 3

<br>

90 = 1

<br>

.. log,1 =0

<br>

92 27

<br>

10-2 = 0.01

<br>

3

<br>

92 = 0.5

<br>

)

<br>

(ii)

<br>

(iii)

<br>

Aptltudo Tost (Mathematics & Soft

<br>

But log_(-8) =3 does not exist as
mentioned

earlier

<br>

ae R- {1} and y e R, while in this example a =-2 R

<br>

Solution :

<br>

() log,32 = 5

<br>

(i) log2

<br>

Without focusing on the numbers, according

<br>

:. The logarithmic form of (-2) =-8 does not exist

<br>

Example-2:Convert the following logarithmic forms int.

<br>

exponential forms :

<br>

() logs s=

<br>

1

<br>

144

<br>

.. log,27

<br>

.:. logo0.0| =-2

<br>

:. log0.5 =

<br>

3

<br>

log12

<br>

x=5, a =2 and y =32

<br>

3

<br>

2

<br>

(iv) log100.001 =3

<br>

() logs 5!

<br>

3

<br>

4

<br>

By comparing log,32 =5 with logy =x,

<br>

-2

<br>

(ii) log;125 =3

<br>

Now the exponential form of log,y x is a=y.

<br>

exponential form of log,32 = 5 will be 25 = 32.

<br>

(iv) log00.001 =3

<br>

:. By substituting the values of a, x andy in a=y, the

<br>

(vi) log4|

<br>

In log,125 =3, x=3, a = 5, y = 125

<br>

3

<br>

i. According to a =y, exponential form is 5 = 12).

<br>

.:. 12-2

<br>

1

<br>

1

<br>

144

<br>

10-3 = 0.001

<br>



L0garithm

<br>

(9=-2

<br>

log4|

<br>

Erample-3:
Solveethe following cquations (Find thevalue

<br>

ofx):

<br>

()
log,32=5

<br>

(i) log,*

<br>

(i) /log,x= 3

<br>

x=5

<br>

(iv) logr

<br>

Solution :

<br>

a By converting log,32 = 5 into exponential form

<br>

=32 = 2s

<br>

G) By converting logx =5 into exponential form

<br>

r=2=32

<br>

(i) /log,x=3

<br>

.:. x=2 =S12

<br>

() logx

<br>

.

<br>

=-2

<br>

4

<br>

9

<br>

16

<br>

x=2

<br>

..X= 32

<br>

For example,

<br>

log,x =9

<br>

.. x= 512

<br>

-@-G

<br>

3] Properties of Logarithm :

<br>

0) For all a e Rt- {1}, log,1 =0

<br>

For example, log 51 0, log

<br>

For all a e R-{}, log, a =1

<br>

logg 3= 1, log.g 5 =1,

<br>

)l= 0, log, 1 = 0

<br>

8) IfaeRt-{1} and x e R+, then loga = x.

<br>

ror example, slogs = 2

<br>

(4) Multiplication Law :

<br>

(5)

<br>

(6)

<br>

(7)

<br>

If ae R- (1) and x, y G R, tlhen

<br>

log,(y) = log,+ log,y

<br>

Corollary :For x €
R' (/ 1,2, 3, .., n) and a R'

<br>

- {1)

<br>

log,* Xy Xy .)=log + logu'2 + logy

<br>

For example,

<br>

log,6 = log,(2x 3) = log, 2 + log,3 and

<br>

log, 5 + log, 2 = log,(5x2) = log, 10

<br>

Division Law :

<br>

If a e Rt- {1} and x, y e R*, then

<br>

= log, * - log, y

<br>

Corollary:

<br>

For example,

<br>

log,5 - log,3 - log

<br>

- log, 2

<br>

Law of Power :

<br>

log, x" = n log, x

<br>

Slog, 2 = log, 2°

<br>

If a e R*-{), x e R and n e R, then

<br>

log, =

<br>

5

<br>

Law of change of base :

<br>

For example, log, 3* = 4log, 3 and

<br>

- loga x

<br>

log, x

<br>

log, 7 - log, 5

<br>

log, a

<br>

and

<br>

If a, b e R- {1} and x e R*, then

<br>

231

<br>

+ logn

<br>
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<br>

(ii)

<br>

Corollary: log, =

<br>

For example, log; 7=

<br>

log, 10 =

<br>

Exámple4: Evaluate :

<br>

() log,8

<br>

(i) logg125

<br>

(iüi) log,64

<br>

(vi)

<br>

(v) logg2

<br>

Solution :

<br>

logo 2

<br>

() log25

<br>

Note : Now onwards, we willassume that the bases

<br>

are same where the bases are not shown.)

<br>

and

<br>

log, a

<br>

logo 7

<br>

logo 3

<br>

log, 6

<br>

logg 2 =

<br>

(viti) logs4 log4 3 log,2 ·log, 1

<br>

log, 8

<br>

log; S

<br>

log, 8 = log, 2 = 3log, 2 = 3·(1) = 3

<br>

log, 5

<br>

Method-1: (Using log, x=

<br>

= log,2

<br>

log, 125 = log, 5° = 3log,5 =3· (1) = 3

<br>

(ii) log4 64 = log4 4 = 31og 4 =3 (1) =3

<br>

(iv) Using the law ofchange of base makes the calculation

<br>

easier when the number in the base is large.

<br>

log, 2 log, 2

<br>

log, 2

<br>

= log, 8 and

<br>

log, x

<br>

log, a

<br>

log, 2

<br>

3log,2

<br>

3

<br>

(V)

<br>

(vi)

<br>

Method-2 :(Using log,x=

<br>

Aptltudo Tost(Mathomatlcs Sott8klin

<br>

logg

<br>

logg 2 =

<br>

25 =

<br>

=0

<br>

log, 8

<br>

log, V25

<br>

log, v5

<br>

log,(25)\/3

<br>

log, S2

<br>

loga 52

<br>

log,5

<br>

log, 2-1

<br>

log, 2

<br>

log, 22

<br>

4

<br>

3

<br>

log,a

<br>

(:: log,I = 0)

<br>

log4|= log,2-! log,2

<br>

(Law of change of base)

<br>

log, 53

<br>

log, a = (-1) logg a = -1

<br>

= log4 log,3 log,2· (0)

<br>

log, s2

<br>

log, 4

<br>

(vii) logs 4 log4 3· log3 2 • log,1

<br>

-log,2

<br>

2log,2

<br>

1

<br>

3l0g22

<br>

3

<br>



Logarith

<br>

bgab=....

<br>

(4)0

<br>

Ans.:(C)

<br>

Esplanation :Ifa e R-{1} and x e R*, then

<br>

log m - log n =

<br>

(A) log mn

<br>

(c) log

<br>

Ans. : (B)

<br>

Multiple choice Questlons (MCQo) (Solutlon with Explanation)

<br>

Explanation:

<br>

m

<br>

Division Law
:

<br>

(B) a

<br>

loga| log, -

<br>

(A) f(r+ y)

<br>

Ans. : (D)

<br>

(C) f(xy)

<br>

Ifa e R* -{1} and x, y e R*, then

<br>

Erplanation :

<br>

....

<br>

(A)9

<br>

3. If fx) = log x, then f(*) -f)=....

<br>

= log

<br>

fx)-f) = log x - log y

<br>

-6)

<br>

(C) b

<br>

4.. If Jlog3 X = 2,then x =

<br>

(B) 81

<br>

(B) log

<br>

:. x=34 = 81

<br>

log, y

<br>

DDCET
/ 30 / 2024-25

<br>

(D) log (m - n)

<br>

(B) -)

<br>

(D) 1

<br>

Ans.: (B)

<br>

Laplanation : Jlog, x=2

<br>

.. log, x =4

<br>

(Division law)

<br>

(C) 3

<br>

(D) 6

<br>

S.

<br>

If log,

<br>

(A)

<br>

(C)

<br>

Ans. : (B)

<br>

7.

<br>

3

<br>

4

<br>

81

<br>

256

<br>

Explanation : log,

<br>

(A) 2

<br>

16)

<br>

x=

<br>

(C) -2

<br>

Ans. : (B)

<br>

Explanation :

<br>

6. If log (x2+ 1)= log 2x, then x=

<br>

3

<br>

log (r + 1) = log 2x

<br>

-2, then x

<br>

x'+ |= 2x

<br>

x2-2x+|=0

<br>

(*- 1)' =0

<br>

(C) loga

<br>

Explanation :

<br>

Ans. : (D) °8x °8y

<br>

If glog x = blog y, then log, x =

<br>

log.x

<br>

(D)

<br>

logb

<br>

log y log a

<br>

256

<br>

(B) 1

<br>

log, x = log,b

<br>

log (alog ) = log (blog v

<br>

(D) -1

<br>

81

<br>

.". x-1=0

<br>

(B) log

<br>

log x log a = log y· log b

<br>

(D) log,b

<br>
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(Applying log on both sides)

<br>



1.

<br>

2.

<br>

3.

<br>
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<br>

8.

<br>

If log (a + b) = log a + log b, then

<br>

9.

<br>

(A) 1

<br>

Ans. :(A)

<br>

Explanation :

<br>

(C) 2

<br>

Iogs*

<br>

(A) -3

<br>

Ans. : (D)

<br>

Explanation :

<br>

logs

<br>

(A) 16

<br>

(C) 20

<br>

(A) 1

<br>

(C) 2

<br>

(B)

<br>

atb= ab

<br>

(A)

<br>

log (a + b) = log a + log b

<br>

log (a + b) = log ab

<br>

3

<br>

(C) -4

<br>

1

<br>

ab

<br>

logs 3

<br>

1

<br>

1

<br>

If r)=x-3, then

<br>

logs 3

<br>

(C) ab

<br>

1

<br>

The value of cofactor ofS in

<br>

1

<br>

-+

<br>

(B) 3

<br>

=l (Dividing by ab)

<br>

(D) –2

<br>

los5

<br>

If fx) = -3x + 1, then 2) + 3) = .......

<br>

|-1 6 -2|

<br>

+ log3 5

<br>

(B) -16

<br>

(D)-20

<br>

(B) 0

<br>

(D) 0

<br>

5 0 7|

<br>

4 1 -3|

<br>

(D) -2

<br>

(B) 4

<br>

(D)

<br>

S2)- -2)

<br>

f-1)

<br>

4

<br>

Choice:Questlons(MCQ's)with (Flnal Answers)

<br>

is

<br>

10. If log + log
= log(a + b), thcn

<br>

=

<br>

4

<br>

Ans. : (B)

<br>

6.

<br>

logg= logg3=-2 logg 3 = -2

<br>

7.

<br>

8.

<br>

(A)a- b= 1

<br>

(C) a = b

<br>

Explanation : log + log= loga + b)

<br>

.:. log 1 = log (u + b)

<br>

.". a +b= 1

<br>

Aptitudo Tost (Mathomatlca &
Soll SkIl)

<br>

(A) -2)

<br>

(C) (2)

<br>

log x =

<br>

Iffx)=x-Sx +7, then (3) =

<br>

(A) log4*

<br>

(C) (log x)4

<br>

(A)0

<br>

(A)0

<br>

(B) a +b=|

<br>

log (a + b) (Multiplication law)

<br>

(C) 4

<br>

(D) a' -2 |

<br>

(A) 0

<br>

(B) 1

<br>

If f() = log,1, then f(100) =

<br>

(B) (-3)

<br>

(B) 1

<br>

(D) (1)

<br>

(B) log 4x

<br>

If f(*) = log,x, then f(2) =

<br>

(D) 4 log x

<br>

(C) 100

<br>

If f(*) = logx, then f(4) =

<br>

(B) 1

<br>

(D) x

<br>

(D)None of these

<br>

(C) 2

<br>

(D) 4

<br>
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<br>

9.

<br>

10.

<br>

Iff()= lOg3*, then7()=.....

<br>

(A) 1

<br>

(B) 11

<br>

Iff()=log,e", then f (0) =

<br>

(A) 0

<br>

(B) 1

<br>

(B) 1

<br>

(C) 3

<br>

, IEf() = log.e", then -1) =

<br>

(4)0

<br>

(A) log,6 =1

<br>

(C) 2

<br>

(C) log,l= 0

<br>

(C) -1

<br>

(B) log (2 +3)= log 2 x log 3

<br>

(D) 0

<br>

12.
Which of the following statennent is not correct ?

<br>

(D) ¢

<br>

(D) e

<br>

(D) log (1 +2+3) = log 1 + log 2 + log 3

<br>

13, log, 9
**

<br>

14.

<br>

(A) log,4

<br>

(C) log,3

<br>

(A) 2

<br>

(C) 4

<br>

(1) A (2)

<br>

(6) A

<br>

(11) C

<br>

(7)

<br>

B

<br>

B

<br>

(12) B

<br>

(3) C

<br>

(8) C

<br>

(0) 2log,9

<br>

(13) C

<br>

(D) 2log,)

<br>

Answers

<br>

(B)3

<br>

(D) 5

<br>

(4) C

<br>

(9)

<br>

D

<br>

(14) B

<br>

(5) D

<br>

(10) A

<br>
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