MATHEMATICS m
FUNDAMENTALS OF MATHEMATICS h
INTRODUCTION TO LOGARITHM O

Z

% What you already know g@ What you will learn

Exponents. Introduction to logarithm.

Recap of Exponents

Step 1: In 2X= 8, 2 is the base, x is the Step 1: In 3= 81, 3 is the base, x is the
exponent and 8 is the number. exponent and 81 is the number.

Step 2: 8=2x 2 x 2 implies 8 = 23 Step2:81=3x3x3x3=>81=3*%
Here 2 is the base, 3 is the Here 3 is the base, 4 is the
exponent and 8 is the number. exponent, and 81 is the number.

Step 3: 2*=8=x=3(as 2°=8) Step 3: 3*=81=> x=4 (as 3*=81)

Step 4:2*=23(@s8=2%=>x=3 Step 4:3*=3%(as 81=3%)=>x=4

\ J

The logarithm of an INPUT ‘N’ to the BASE ‘a’

We calculate the logarithm of a certain quantity with respect to a base.
Logarithmic operator on an input ‘N’ with respect to the base ‘a’, is denoted by the notation ‘log
(N) which is pronounced as the logarithm of the input ‘N’ to the base ‘@’ or log ‘N’ to the base ‘@’

Relation between log and exponent -
@ log_ N = Exponent & abeenent = N 'j.e., when base ‘a’ is raised to the power “exponent”, it

gives the number “N”

What is the logarithm of 8 to the base 2, i.e. log, 8?

Let/og, 8 = x
Since, log, N = Exponent < g>°ren = N

log,8=x=2=8

2*=23(as 8 =2°)
As22=8=x=3



What is the logarithm of 81 to the base 3, i.e. log, 81?

%@ Concept Check

Restrictions on exponent, base, and input for the logarithm

Log, N=k A= a“=N

Logarithmic Equation Exponential Equation

VkER (ila>0anda #1 (iiiyN>0

Ifa=0,

0“=0=N=/og,0 =k, ie, ‘log,0 has infinitely many solutions, which is not possible. Moreover, if
a =0, saylog,2=m = 0™ =2, which is not possible.

Therefore, base a # 0.

Ifa=1,

=1=N>=log1=k,ie, log,! has infinitely many solutions, which is not possible. Moreover, if
a=1thenlog,1=m=1"=2

If a <O, for example, a = -2 (say), then (-2);_ =N (say k= %) = V/-2=N= N & R, which is not
possible. Therefore, base a « 0.

For valid base (o > 0 and a # 1), a¥ is always positive for k<0, k=0 and k> 0. So, a“=N> 0.
Therefore, the logarithm of only strictly positive quantities exists. The logarithm of ‘O’ and
logarithm of negative quantity do not exist.



Iflog,_,, (5 Xx) =2, then find the value of x.

For log, to be defined

Iog(1_x)(5 +Xx)=2
= (5+x)=(1-x)?

=>5+x=1+x?-2x

=>x2-3x-4=0=>(x+1N(x-4)=0

=>x=-1,4

a>0&a=#1

When x =4, 1-x=-3 = Not possible.

Whenx=-1,1-x=2and5+x=4

= x =-1is the only solution.

Find the value of log,,., 45‘,)(sinz 30° + cos? 30°)

Forlog, nto be

log, s (5in*30° + cos?30°)

defined

Base a = tan45° =1

a>0&a=1

As a # 1, this logarithm does not exist.

Logarithm to the base 10 is called a decadic
logarithm, common logarithm, or Briggs
logarithm. log,, N is used for calculating

Mathematically, y = log,, (x) = log (x).

Commonly used bases

log N =k < da“=N

1

The logarithm with base
‘e = 2.718281828459..” (non-repeating,
non-terminating, irrational number, strictly

Napier or natural logarithm. log_ N is used in

theoretical applications.

Mathematically, y = log, (x) = In (x).

|
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@ Note

log (x) and In (x) are very different. log (x) = log, (x) and In (x) = log_(x). If we change the base of the
logarithm operator, then the value will drastically change.

As an example, log,(4) =k > 4“=4 =k =1=log,(4) =1and
log,(4) =k = 2“=4= k=2 = log,(4) = 2

Property i

a>0,a#%1

log 1=0

Properties of Logarithm

log N=k & d“=N

Proof:Let /og 1=k
a“=1

k=0
log1=0
Hence Proved



Property ii Property iii

a>0anda#1 a>0anda#1andm,n>0

log.a=1 log_m + log_n = log_(mn)
log,N=k < a“=N log N=k ©a“=N a*=N e log N=k
Proof: Proof:
Let log a=k Consider, log mn =k +k,
©a=a logm =k, and log_n =k, log,mn =log,m + log n
=>k=1 l Hence Proved
log,a =1 LHS log m +log n

Hence Proved

k k

1 2
>ad“=m d-=n

= mn =gk x gk

or > mn = qgk*k

Which of the following is equal to 1 + log,3?

Solution: We have,

(a) log,,3

(b) log,12 1+|'°g;3 o

¢) log,12 oga=1
(©log, =log,(4 x 3)

(d) log15 =log,12

Corollary means derived from proof of a theorem or property.

Corollary 1
property - iii (valid for finitely
many inputs)

Corollary 2

log_(m,)+log_(m,)+...+log_(m)=
log_ (m, xm,x..xm),

r

log_(m) +log, (n) = log_ (mn),
wherem,n>0anda>0&a#1
wherem, m,,..,m >0anda>0&a#1 If m = n, then log_(m) + log_ (m) = log_(m?)

2log, (m) = log,_ (m?) = log, (m?) = 2log_(m)



. 1 1 1
@ Evaluate: log,, (1 = ?) + Iog11(1 = Z) +log,, (1 = E) +...+log,, (1 .

76

(a) -2 (b) -1 (€)1 (d) 2

Solution:

log.m, +log m, +...+logm =log_(m, xm,x..xm)

115 =g [1-3)x 1) %15} - =1 723)

= log [2 x3 x Ax . x 241)
1 3 4 5 o 242 |og N = k = N = ak
=log 2 S a
1242 = log, (11?) X
=lo (; =-2 (log, 1) log,a =1
g11 121 =2 x1
— -
09, {7
Property iv Property v

log_ mf=Blog m; B €R -{0}

log.m - log_n =log, (%)

Wherem,n>0&a>0,a #1

Proof: Consider,

|
|
|
|
|
|
|
|
:
log mf=k :
e 3 log N=k<d“=N I
=a=m : log,m - log_n
1 1 |
= (@97 = (mA)i . N
: K K, log N=k < ad“=N
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Proof: Consider,

1
= (@8 =m
« =>av=m=ak2=n
=>ap=m I
a“ _ m

) “am
= logm =~ a

B 1]
= Blog,m =k =log mP n

~log,mf =B log m = IOga% =k, -k,

Hence proved = log X =log.m - log n
a n a a

Hence proved

Property vi
1
log_gm = F log.m; B € R-{0}

Proof: Let, log g m = k
= (aB)k =m
= af=m Hence proved

~loggm= L log, m

= log m = Bk

= % log.m =k =log_gm



@ If log,2=m then, log, 28=7

R ammen o)

Solution: Consider,

log,,, 28 = log (28) ,og§n1=_%,oan

1
= > log,(28)
= % log, (7 x 4) log_.mn =log m +log_n
1

1
= > (1+log, 4)

log,mf = log. m

1
23(1 +log, 2?)

1 1+2m
=== + =

5 (1+2m) 5

Property vii Property viii

log,m
log.m = ;a,b>0&m>0,b %1
5 log, a

b

1
log m = ;m>0&a>0a=%1
d log a

m

m

log,
Proof: Let, log_m = k Proof: log m = log,a (Change of base

=ak=m formula)
Taking base b=m

= log, a“=log, m

= klog a=log, m

log,m
= =k
log, a
log, m
= log m= e
a log, a

Hence proved [Note: log b log,c |ogcd=|ogad)

@ If log.a xlog_x=2then,x=7?

(a) 15 (m% (c) 25 (d) 2

Solution: Consider,

= log m
= log, a xlog x =2 log,m = 9,
log, x log,a
=log.ax o9 a =2
5

=log x=2>5"=x
=>x=25



Property ix

Proof: Let, Ioga x=k

Property x

a '°9pc = ¢ lo9pa
(@€—0)

Proof: Let, a'°%° = k

take log, both sides: log.m" =B log.m

= log, (a'°%°) = log,_k

= ak=x

= gl09.x = x
Hence proved = (log,c) (log,a) = log k
= (log,a) (log,c) = log k
= log, (c°%°) = log, k

= clogpe = k

= clogpa = glogue

Hence proved

@ Summary

—7—

i
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« ()keR;(i)a>0anda#1;(ii)N>0
+ y=log,(x)=log(x)

« y=log(x) = In(x)

logN=k < a“=N
A A 4
Logarithmic Exponential
Equation Equation

Key Results:

1
1.log1=0;a>0&az1 8.log.m= ;,m>0&m#1
a log a

2.loga=1a>0&az1
9. @09 = x

3.log.m +log_n = log_(mn)

logpc — (~logpa
Wherem,n>0&a>0,a#1 10. @'°9:¢ = ¢lo9

(@ «——0)
4.log mf=Blogm; B €ER-{0} . .
@ é 11. Corollary 1 of property - 3 (valid for finitely
many inputs)
log_(m,) +log_(m,) +...+log_(m)
=log, (m,xm,x..xm)

5.log.m -log n= Ioga(%)
Wherem,n>0&a>0,a#1

6. 10g,m =% log.m; § € R-{0)
7. Change of base formula

log,m
log, a

log,m = ;a,b>0&a,b#1



log N =k < a“=N where Common log (base 10): log x
(i) N >0; (i)a>0anda=1; (ii)k ER Natural log (base e): In x

Logarithm

log.m +log_n = log_(mn)

-1 i )
mn>0,a>0,a%1 log_g(m) = B log,m; B ER-{0}

Important Change of base:

log mf = xlog m, B € {0} Properties

log,.m - log n = Ioga(%)
m,n>0,a>0,a#1

Fundamental Property
a'°9% = x

alogbc = Clogba

Self-Assessment

1. Express 62 = 216 in logarithm form.

logV8 "
o Iog8 IS equal 1o
1
OF O @ O

3.Iflog 9 = a, then Iog(91—0) is equal to

(a)-(1+a) (b) (1+ a)* (© 15 (d) ﬁ



Self-Assessment




MATHEMATICS m
FUNDAMENTALS OF MATHEMATICS I_
LOGARITHMIC FUNCTION O

n

What is logarithm? Logarithmic function,
Properties of logarithm Properties of logarithmic function

Logarithmic Function

The function f(x) = log_x where x > 0 and ‘a’ is a positive real number other than “1" is Known as a
logarithmic function.

Base restrictions: a > 0 and a # 1. So, we get two logarithmic functions for a valid base.
(i) log_(x) when a > 1 and (ii) log (x) when O <a <1

The behaviour of logarithmic functions is based on the base ‘a’. The logarithmic
@ functions f(x)= log_(x) V x € R* when O <a <1and log (x) V x € R" when a > 1

behave completely differently.

Characteristics of the graph of the function f(x)=log (x) V x € R"and a > 1

Example: f(x)= log,x log,x

1 1
X 1 2 4 > 4

N

1. f(x) = log,(x) € R iff x> 0. log (0) € R
and log (-ve) € R

2. f(x) = log_(x) with a > 1is a continuous
function.



If X, > X,
& log x,>log x,

N

~logx;a>1isa

strictly increasing function.

1 1 2

X 1 2 4 5 4 1
f(x) 0 -1 -2 1 2 ¢ N

0

2. f(x) = log (x) with O < a <1is a continuous
function

Ifx2 > X,

log X, |
9% & log x, < log X,

N

~logx;0<a<1lisa

0
log_x, strictly decreasing function.




Properties for f(x) = log_(x), (When base a > 1)

Property Il

Property |
log_(x) > O iff x >1 log (x) < Oiff 0 <x<1

Property Il Property IV

log (x) = O iff x =1 log (x) =1iffx=a

Property V Property VI

log (x) > 1iff x> a O0<log (x) <Tiff1<x<a

Property VII Property Vi

log (x) <O iff 0 <x <1 log (x) > k & x> ak

Properties for f(x) = log_(x), (When base 0 <a <1)

Property Il

Property |
log (x) > 0 iff 0 <x <1 log (x) < O iff x >1

Property Il Property IV

log, (x) = O iff x =1 log (x) =1iffx=a

Property V Property VI

log (x) >1iff 0 <x<a 0 <log (x) <Tiffa<x<1

Property VI Property VIIii

log (x) <O iff x> 1 log (x) >k & 0 <x<aX

For f(x) = log_(x), V x € R*

O

Domain = (0, o) = R*
Range =R
Continuous in its domain

Graph intersects x-axis at (1, O)
log_x = 0 has only one solution (x = 1)



@@

log: (x - 3) > 2, then solve for x.
5

Solution:

We have log1 (x - 3) > 2
5

O<x-3<%?[b%x>k®0<x<$]

3<x<3+(

12
5)
1

3<x<3+—

<x< L=
3x25

25
76

=~ Solution set: x € (3, E)

%éQ

25

Concept Check

1. Find the value of x, if log, (2 - x) > 4

2. Solve for x : log (6 -x)>2

3.l1fx>0and log ) X2 > Iog(
x+1

x+1

(@) 0 b1 (02 (d) 3

Q Summary Sheet

i
" Key Takeaways

Logarithmic function: f(x) =log x : x ER",a>0a # 1

f(x) =

(
(
(
(

log xVx€R"and a>1

i) Continuous function
ii) Strictly increasing function
i) logx=0& x=1

iv) If x, > x,, © log_(x,) > log, (x,)

Key Results

1. For f(x)= log_(x), a > 1

log,(x) > O (strictly positive) if x > 1

log,(x) < O (strictly negative) if 0 <x <1

log, (x) > 1iff x> a
0 <log (x) <Tiff1<x<a
log_(x) > k & x > a

T

o

Solve for X, if Iog(x2 +3) 2>1

Solution:

Now x*°>0V x€ER
=>x’+3>23VxeER
~Base=x2+3>1Vx€ER

logx>1&x>a;a>1

|og(x2 . 3)

2>1

=2>x°+3

= x*< -1

(Not possible for any x € R)

~ No solution

_x_y (2x + 3), then how many integral values of x exist?

f(x) =log x Vx€R*and 0 <a <1

i) Continuous function

i) logx=0 & x=1

(
(i) Strictly decreasing function
(
(

V) If x, > %, , & log, (x,) <log_ (x,)

2. For f(x)=log _(x), 0 <a <1

log_(x) > O (strictly positive) if 0 <x <1
log_(x) < O (strictly negative) if x > 1
log (x) >1iff 0 <x<a

0 <log,(x) <Tiffa<x<1

log (x) >k & 0 <x<a



Behaviour of
graph of
f(x)= log, x for
a>1

What is
logarithmic
function?

Logarithmic

Properties of log_ x X
function

fora>1

Lz M

log x>0 iff x >1

|

log x<0iff 0 <x<1

!

log_x>1, iff x> a

WV

log_x>K, & x> a*

Self-Assessment

1. What values of x satisfy the following inequality?
log, (3x + 4) > log, (4x)

2. What are the values satisfying the given inequality?
loga (x +2) > log1 (x?)
2 4

3. Find the values of x satisfying the following inequality.

Behaviour of
graph of
f(x)= log_x for
O<a<1

Properties of log_ x
forO<a<1

ez M i

log x>0iff0<a<1

!

log_x <0 iff x>1

!

log x>1,iff0<x<a

A4

Iogax>K,<:>0<x<ak




| s

Concept Check:
1. We have, log, (2 - x) > 4

(i) log,N existsif N>0

n2-x>0

N

A4

orx<2

i.e.X € (-00,2)=A

(i) logx>k & x>aa>1
~log,(2-x)>4
=(2-x)>3*

=2-x>81

N

= x<-79

=X E(-,-79)=B

ya

117 .

< \uv; ]
-79 2
~ AN B=(-,-79) = Solution set

2. We have log (6 -x)> 2.

A4

(i) log N existsiffN>0
~6-x>0

A4

>x<6

N

= X € (-00, 6)

(i) log x existsiffa>0anda#1
“x>1lor0<x<1
From (i) and (ii), x€ (0, 1) U (1, 6)
Casel: x>1
log x >k iff x > a*; a>1
~log (6-x)>2

=>6-Xx>x2

N

A4

=>x2+x-6<0
=>x-2)(x+3)<0
=>X€E(-3,2)
=>Xx€E(1,2)

A\ 4



Casell: 0<x<1
log x> kiffx<a*;a<1

~log, (6-x)>2

= 6-xX<Xx?

A4

N

>x2+x-6>0
=>(X-2)(x+3)>0

S>XED(+0<x<1)

-~ Case | U Case ll:
ML2ud=(1,2)
= Solution set: x€ (1, 2)

Firstly, x>0 =>x+1>0

L0<—=2_ <1
X +1

= 0 <Base <1

f(x) = log x: 0 <a <1is a strictly decreasing function

log x,> log x,
=X, <X,

~log x (X*)2log x (2x+3)
x+1 x+1

=>x?<2x+3

=>x%*-2x-3<0

= (x-3)(x+1)<0

Vv

N

= X € (0, 3] = Final solution set
>x=12,3
Self-Assessment
1. For the inequation to be valid,
3x+4>0and4x>0
=>X> ?4 and x>0
~x>0=xE€ (0, )
 Base is 3 which is > 1.
= (3x +4)>4x (as log, x,>log_x, & x, > x, fora>1)
= 4x-3x<4=>x<4
. X € (-00, 4)
=~ Final solution is (0, ) N (-0, 4)

[ [ ][]

TN

I WNNNEEN
\U (U

A 24

0 4
x € (0, 4)



2.Given log, (x+2) > log, (xz)
! il

4

This inequation is valid only when, x+2>0 & x*> >0

= x>-2 and x# 0= x €(-2,0) - {0} — (1)

Now log, (x+2) > log, , (x2) = log, (x+2)>—2log1 x| (As |x 2 :xz)
i 0 g 2 %

2 > 2

= log, (x+2) > Iogi|x|
2 2

= x+2<|x| (Asfor0<a<1;log,x,>l0g,Xx,= X, <X,)

For x > O;|x| =X

= X+2<X = XEQ

For -2 <x<0; |x| =-X

S X+2<X=>2x<-2 = x<-1
= X€ (—2, —1)

Solution Set : xe(-2, -1)

3.Given log . , (12-3x) <1
We know that x* >0=> x*+2>V xeR
Therefore, base>2V x eR
Also 12-3x>0
= 3x<12
= x<4—(1)
Now log (12-3x) <1
=12-3x<x* +2
— x> +3x-10>0
=(x+5)(x-2)>0
= xe(-0,-5)U(2,0)—>(2)
From(1) and (2)
Solution Set :(-0,-5)U(2,4)



M ATHEMATICS

FUNDAMENTALS OF MATHEMATICS

CHARACTERISTIC AND MANTISSA

E(j,) What you will learn % What you already know

« Characteristic and mantissa  Logarithm
« Applications of characteristic and mantissa « Properties of logarithm
» Finding number of digits in a" « Logarithmic function

« Properties of logarithmic function

Relation Between Natural and Common Logarithm

We know that, the natural log is given by log x and the common log is given by log, x.
log 10 = 2.303=2.3

And log, e = =0.43 [Using the change of base rule]

1
log 10
log,,n = (log_n) x (0.43)

Characteristic and Mantissa

log,,N, i.e. common logarithm of the valid input N > O always has an integral part () and a
fractional part (F). Hence, we can write: log, N=1+F where | € Zand F € (0, 1). | and F are
known as the characteristic and mantissa of log, N, respectively.

log, N Characteristic Mantissa
(5 5397999) 5 0.799
0404481 0 0.4481
(1313 0) L 2
(_1-4?'3 . 1 0.5
. 4'3?;1 9 -4 019 )




The integral part (I) can be O or any positive/negative integer, whereas the fractional
@ part (F) is always a non-negative proper fraction, means F=0orO<F<1.

Note: For log,, N with input n =1, log,; 1= 0 =0 + 0, where O is the characteristic | and O
is also the mantissa F.

Characteristic of log,, N for N > 1

If N = 58.34, then what is the characteristic of log,, (58.34)?

log,,1=0 i

log,, 10" =1 . 10" < 58.34 < 102

log,, 102=2 : log,, 10' < log,, 58.34 < log,, 102
log,, 10° =3 : 1<log,, 58.34 <2

So, log,, (58.34) = 1.(something) = 1+ 0.(something), where 1is the characteristic and
0.(something) is the mantissa. Therefore, the characteristic of log,; (58.34) is 1.

In general,

If the integral part of N contains k digits,
10" < N <10

Taking log with base 10 on both sides,
=>k-1<log,, N<Kk

- Characteristic of log,, N=k -1

Number of Digits in a"

Logarithm can be extremely useful to calculate the number of digits in large numbers.
A number will have precisely k digits if and only if it is in the range R =[10%-", 10¥ - 1] For instance,
the number 4,000,000, has 7 digits and is in the range [10¢, 107 - 1] =[1,000,000, 9,999,999].

Given an integer a", one can determine k and the number of digits in a", by working with the
inequality a” € R =[10%"", 10 - 1] = 10k "< a" < 10% - 1

Taking log with base 10

=(k-1)log10<loga"<log (10-1) = k-1<loga"<k (+10%-1<10*= log(10*- 1) < log 10

Here, k - 1is nothing but the characteristic of log, a".

Find the number of digits in 2'°°. (log,, 2 = 0.3010).

Let N = 210
= log,, N =log, 2
= log,, N=100 x log, 2
=100 x 0.3010
=30.10 Here, the characteristic is 30 and number of digits is (characteristic + 1).
= log,,N=30+010 ~ Number of digits in 2'°°=30 +1=31



Characteristic of log,, N for 0 <N <1

If N = 0.0093, then what is the characteristic of log,, (0.0093)?

log,, 1= 0. : N = 0.0093

log,, 01=-1 : 0. 001< 0.0093 < 0.01

log,, 0.01=-2 ! 10° < 0.0093 < 102

log,, 0.001=-3 : log,, 10° < log,, 0.0093 < log,, 10
log,, 0.0001 = -4 : -3 <log,, 0.0093 < -2

So,
log,, (0.0093) = -2 (something) = -3 + 0.(something), where -3 is the characteristic and 0.
(something) is the mantissa. Therefore, the characteristic of log,, (0.0093) is -3.

In general
If the number of zeroes between the decimal and the first non-zero (significant) digit in ‘N’ is ‘k’,
then the characteristic of log,) N = -(k +1).

Another way to 9s:-’?lve isg:3 o3
N=0.0093=15000 = 70° ~ 10
Taking log with base 10 on both sides,
log,, N =log,, (9.3 x107) = log,, (10 + log,, (9.3)

=-3 +log,, (9.3) = -3 + O0.(something)
-3 is the characteristic and O.(something) = log, (9.3) is the mantissa.

x102=9.3x103

%@ Applications: 1. If log, (w > 0, then find the range of x.

X2 + |x -5|

@) -0, 2] [13 2 wewa  @fel

Solution:

(i) For inequality to be defined, the input of log X-4xi+3 5 g
Ix2 — 4xl is always >0 = [x2 - 4x| + 3> 0 x* + |x -5l
x?>0andIx-5/>20=>x?+Ix-5/>0

w Input X2=4X1+ 3 is qjways > 0
x2 + |x -5l
>XER=A

(i) log, (input) > 0 = input > 1
—Ix?-4x1+3 >1
X2+ Ix - 5l
SIX(x-4)+3 >1
X2+ Ix - 5l

S IXIHx-4) +3 5 4

X2+ Ix - 5] 0 4 5
= IXI(X - 4)l + 32 X2+ [X = B cervrrereernniiennns (1)

N
Vv



Casel:x<O0 Casell: 0<x<4

= Ixl=-x = IxI=x
=Ix-4l=-(x-4) = Ix-4l=-(x-4)
= Ix-5/=-(x-5) = Ix-5/=-(x-5)
=~ 1) becomes: ~ 1) becomes:
(-X) (-(x - 4) +32x*- (x - 5) (X) (-(x - 4)) + 32 - (x - 5)
=>X(Xx-4)+3>2x%>-(x+5) =>-x?+4x+3-x2+x-520
=>x?-4x+3-x2+x-5>0 =-2x>+5x-2>0
=-3x-220 =2x?-5x+2<0
2 2 =>(2x-10)(x-2)<0
SX<—— DXE|-00,-—
X 3 X € [-00 3]
Z + 3 AN
1 2
2
1
:>xe[2,2]
Caselll: 4<x<5 Case lV:x>5
= IxI=x = IxI=X
=Ix-4l=Ix-4=x-4 SIx-4=x-4
= Ix-5/=-(x-5) =Ix-5/=x-5
~ 1) becomes: ~ 1) becomes:
X(x-4)+3>x2-(x-5) X(x-4)+3>2x2+x-5
=>x?-4x+3-x*+x-520 =>x?-4x+32x2+x-5
=-3x-220 =>x?-4x+3-x2-x+5>0
=>3x+2<0 =-bx+8>0
=> X< % — Not possible . x € ® =>x < % — Not possible . x € ®

Now,
B = (Case I) U (Case ll) U (Case Ill) U (Case IV)

- -oo,-%]U[%,2]Ud>UCD
oAt

And, the final solution set=A N B
=RNB
=B

o2ty

Therefore, option (a) is the solution.



1
log, X log, Vx + 2 '

(a) (0, 1) (b) (2, ) (©) (0,1 U (2, ) (d) (0, ) - {1, 2}

%@ Find the solution of The solution of, 1 <

Solution:
For inequality to be defined, L.H.S. and R.H.S. should exist.

L.H.S. is defined when Iog; ” is defined, which is defined for x > 0 and x # 1.
2
L.H.S. is defined when — 1 is defined, when is defined for Vvx+2>0,x+2>0
log, Vx +2
and Vx+2 #1, ; |
.= L L N
N Y Y 7
1
Case l: x>1 Casell: 0<x<1
=log, x>0 =log,x<0
andx>1=>x+2>3 and 2<x+2<3
SVX+2>1 =Vx+2>1
~log,Vx+2>0 =log,Vx+2>0
Then, Then,

1 < 1
log,x log, Vx +2
= log, x> log, Vx + 2
=S5 X>Vx+2

S>X2>x+2

1 .1
log,x log, Vx +2

I

Negative Positive

=>x2-x-2>0
= (x-2)(x+1)>0
L X E (2, )

is true V x € (0, 1)

Final solution set = (Case I) U (Case ll)

=(0, 1) U (2, o)

Hence, option (c) is the correct answer.

(2] If log, x - log, 27 < 2, then find the range of x.

P

@27 o3  ©@btjua (@ (0,1

Solution:

For inequality to be defined, L.H.S. and R.H.S. should exist.

R.H.S. is defined for R as it is a constant.

L.H.S. is defined when both log , x and log 27 are defined.

log, x is defined for x > 0 and log, 27 is defined for x > 0 and x # 1.
The common region where both are defined is x>0 and x # 1.




Consider,
log.x - log 27 <2

log 3*<2
=>Iogax-3log3<2

= log,x -

= log,x -3 )<2
Iog2
:>((Iog3 )<2
log, x
Letlogx =t
2_
U t3 <9
2.
- t3 2<0
t?-3-2t
:f<0
2
=>t-2tt-3 <0 ) a +

A\

/:'1
<0

=>(t-3z(t+1)

= log,x<-1or0<log,x<3

=>0<x<1§or1<x<33

= (o, 13) u (1, 27)

Therefore, option (c) is the correct answer.

(2] If(log,, 2)(log, 2) (log, 4x) > 1. then find the range of x.
(b) (1, ) - {277} (c) (242» 17) u (1, 2%)

% (a) (1, 2*2)

Solution:
We have, (log,, 2) (log, 2) (log, 4x) >1

Clearly, x>0 &x¢1,%

Then, (log, 2) (log. 2) (log, 4x)>1
2x X 2

\J \J

g, 25 oo

(I092 2x)( log, x )(|092 R

=>te(-

o, -1) U (O, 3)

(d) (0, 2")



log,(4 . x)

= >1

(log, 2x) (log, X)
N (log,4 +log,x) > 1

(log, 2 +log, x) (log, x)
Letlog,x=t

(2+1)
NI

P + - + = +
>——— -1>0 S ?

2+t -\/i\/1 o\/\/f
N -2 <0

T+ 1) >te(-V2,-1) U (0,V2)
LtV -V o

tt+1)
VZ< log,x <-1or 0 <log,x< VZ N log.x
2
2"/?<x<15or1<x<2‘/? :
2-\/2 3
“XE (2-&, 1—) U (1, 2¥2) S 0 1 4
2 14
27

Hence, option (c) is the correct answer.

Q Summary Sheet

7
— ‘ Key Takeaways

— |4

log,, N=1+F, wherel €ZandF €][0,1).1and F are known as characteristic and mantissa,
respectively.

+ Ifthe integral part of N (for n > 1) contains k digits, characteristic of log, N =k - 1.

« Ifthe number of zeroes between the decimal and the first non-zero (significant) digit in ‘N’
(for 0 <N <1)is ‘K, then the characteristic of log, ) N =~ (k +1).

i_o

+ log,, n=(log,n)x(0.43)

« The fractional part (F) of log of a number is always a non-negative proper fraction, means
F=0orO<F<1

- If characteristic of log, N =k, then, the number of digits in N =k +1.



Relation between
natural and
common log

characteristic of
log 10 for n >1

Characteristic and
mantissa

N

What is the
characteristic and
mantissa?

Characteristic of
log 10 forO<n<1

Applications
of log

Number of
digits in a"

Self-Assessment

1. If log 2 = 0.3010, then find the characteristic and mantissa of log400.
2. Find the characteristic of 0.000943.

3. Find the total number of digits in 18'°°. Given, log 2 = 0.3010 and log 3 = 0.4771



] e

Self-Assessment

1. log 400 = log (4 x 100) = log4 + 10og100
=log22?+1og10%2=2log2 + 2 log10
=2x0.3010 +2x1=0.6020 + 2
=2.6020

=~ Characteristic = 2 and mantissa = 0.6020
Characteristic = k - 1, where k is the number of digits in ‘n’.
Here,n =400 k =3
~ Characteristic=k-1=3-1=2
2.n=0.000943
=0<n<1
~ k =number of zeroes between decimal and first non-zero digit =3
~ Characteristic = -(k + 1)
=-(3+1=-4
3.n=18"°
Taking log on both sides,
log n = log (18'%)
=100 x log18
=100 x log (2 x 3?)
=100 x [log 2 + 2log 3]
=100 x [0.3010 + 2 x 0.4771]
=100 x [0.3010 + 0.9542]
=100 x 1.2552 =125.52
-~ Characteristic =125
Number of digits in 18'°° = characteristic + 1
=125+1=126
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