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8. Logarithm

introduction :

gometimes multiplication, division anqg powers of
mbers and small decimal numbers b
wge'n practical life, science and engineering, There are a
sﬂr:,[:er of waysto make such calculationg short. One of ‘
Lo’
In the beginning of the 17% century, Jpon Napier, a
y mamematiCian introduced the concept of logarithm,
igtef, Henery Brigs prepared a tab}e of logarithm with base
. This table made large. calculation easier ang faster. But
oy this kind of calculations have become easier ang faster
+ith the advent of calculator and computer. But the use of
pgarithim with base e (e = 2.718281 ..) is applied in many
iranches of mathematics, science and engineering,

comes neces-

them

It is very important to know the laws of exponents
efore studying logarithm. In the previous standards, we have
' eamed the rules of exponents, which are as follows.

Fora, b € set of positive real numbers
b € R* (set of positi 1 bers)

%,y € R (set of real numbers)

X

a _
(1) & a¥=ag"y ) —y= a*~ 7Y
a

@) @y=av (4) (aby =a*- b

a\' o
o () - 5

[ Logarithm :
Before defining logarithm, let us try to understand the
eaning of logarithm by a simple example.

For example, take 23 = 8. Here 2 is called base and 3 is
“aled index o exponent.

-X

(6) 4.:=

a

In this example, we see the relation between three
"mbers 2, 3 and 8. Here we have represented the number 8
e form of numbers 2 and 3. i.e.

=2
"UmbeBUt if we want to represent the number 2 in the form of

T8 and 3 then ?

Here § < 53

1 | |
8d - (23)5 = both sides)

(‘Taking power 3

Ix
2

| -
i

L

8

|
Thus, 2 = 83 ..(2)

Here we have represented the number 2 in the form of
numbers 8 and 3.

Now if we want to represent the number 3 in the form
of numbers 8 and 2, then how can it be represented ? The

answer 1o this question is logarithm, which can be given as
follows :

3 = logarithm of 8 to the base 2

3 =log,8

Thus, if a* =y then x can be written in the form of y and
a as x = log,y

Definition :

If a € R* — {1} (the set of positive real numbers

except 1), y € R*, x € R and a* = y, then x is called the
logarithm of y to the base a. It is denoted by x = log,y.

Thus if @* =y if and only if x = log .

Here a* =y is called the exponential form and x = log Y
is called its logarithmic form.

at=y x = log,y

\__'/

Exponential form Logarithmic form

Some clear conclusions can be deirved from the
defintion of logarithm.

(M

Logarithm of only positive real numbers exists, Loga-

rithm of zero or negative real numbers does not exists.
For cxample, log,0, log,(=5) does not exist.
(2) Forany a € R - {1}

«® =1 if and only if log,1 =0

.
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m
only if log ¢ =
@) For Allx, p ¢ g+ et =1
log, x=
<Sa-t = 0o 4,
@ log p oy 2 Tand onlyipy o,
=t 1akes all the yape.
©) Negative 1 iR,
S rea n 9
logarithy, Hmbers, 0 and | can not be the base of
For eXam
(6) Logarit, pkj lo&}\-, log,y, log)x ... ete. do not exist.
,. ;{* n;{ 1S 3 function. For any g ¢ R+ _ (1
- ﬂ — . .
Tlitre s r;1f'(x|) = log x is called logarithm function.
(1) Commg I Anly two types of logarithm in practice
b 0 logarith, (2) Natura] logarithm
Commop Logarith, .
LOganthm wi .
Common | th base 10 is called commop logarithm

)

: Conv

logarithmje forms -
(1) 34=gg
(2) 23=3
3 99=3

=
2

C))
e

9 27
102 =901

1
©6) 16 4 =0.5

() 2°=-8
Solution :

(D)
y = 81.
Now the logarithmic form of ¢* = yislogy=x

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

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

(2) In23=8a=2,x=3andy=38

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

(3) 90 =] ]Og9] =0

Here by comparing 34 =81 with ¢* = Y,a=3,x=4and

W

3 3
@) 92=27  logg27 = 2
(5) 10"2=0.01 < log)g0.01 = -2
3 1
(6) 92 = 0.5 oA |0g|605 B s z

(1) In(2P=-8,a=-2,x=3,y=-38

Without focusing on the numbers, accor

din

. . !

log y = x, we write the logarithmic form of (-2)3 9
a ’

-
=
~

&

. log_p_(—s) =3
But log_,(-8) = 3 does not exist as Mmentioney carli,
a € R* - {1} and y € R, while in this €xample g = _, ¢ R:

.|-{1} and y =-8 ¢ R*.

~. The logarithmic form of (-2)3 = _g does not exiyy

Example-2 : Convert the following logarithmje

forms inty
exponential forms :

) log,32=5 (ii) log5125 =3
i) togo| L)eg o
(lll) 0g12 ‘147 = (IV) 10g100.001 =3
™ logg¥5- 1 i) log, (3)= -2
3 -\ 16
3
Solution :

(i) By comparing log,32 = 5 witp log,y =x,

x=5,a=2and'y=32
Now the €Xponential form of logy=xisa*= y.

*+ By substituting the valyes of a,x and y in a* =, the
exponential form of logy32 = 5 wil} be 25 = 32.

(i) In log5125 =3,x=3,g= 5, y=125

*+ According to g Y, exponential form is 5° = 125.

1
(iii) 10812(\) =-2 2o b
St 144
(iv) log;40.001 = 3 ~ 1073 = 0,001
3 ) logs¥/5 = 1 . !

53 =35

(98]
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arithm
M AR
93 2 2 (—) = —
log4 (1/6) 3 16
)3
3: Solve the following equations (Find the value

Exﬂmp <
FEk

(#

ol
) logr* =
(i) logzx =3
9
. —|=-2
(iv) loﬂx(l6)
Solution : _
0 B converting log 32 = 5 into exponential form
$=32=25 x=2
i) BY converting log,x = 5 into exponential form
(=25=1 x=32 ;
(i) (loggx =13 logyx =9
nx=20=512 x=1512

X=

(VSR IS

Bl Properties of Logarithm :
() Foralla e R* - {1}, log,1 = 0

For example, log ﬁl =0, log(3)l =0, log,1=0
4

@ For g aeRY-{1},log,a=1
For example,
lo )" :
833=1, long\/g=1, log(_s_) 2
2
@3)

Ifas R¥ — {1} and x € R*, then alogax =X,

For example, 5852 — 2

“4)

©)

(6)

()
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Multiplication Law :

faeRY~ (I} and x,y ¢ R " then
log,(xp) = log x + log,y

Corollary : Forx; ¢ R* (1= 1,2, 3,
- {1}

l0g,(¥) X X3 0. x,) = log, X, + log,x + log,x, +

a1y and a ¢ @

.....

Hlogx,
For example,

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

log, 5 + log,2 = log,(5%2) = log, 10
Division Law :

Ifae R*- {1} and x,y € R, then

log, (—;) = log, x — log, y

Corollary : log, (é) = —log, x

For example, log, (%) = log,7 - log,$

5
log,5 —log,3 = log, (EJ and

1
log, (E) = —log,2

Law of Power :

Ifae R*—{1},x € R"and n € R, then

log, x" = n - log, x
For example, log, 3% = 4log, 3 and

Slog, 2 = log, 25
Law of change of base :

Ifa, b € R* - {1} and x € R*, then

logy, x

log, x =
Ba log, a
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1 Method-2 : ( Using log, x =
COPO"SH‘\ ]o‘a ~ = m ( Y g(l log"— (l)
logio 7 log3 8 log< S and logg2 = I = l - 1 |
a3y /7 = ’ = UoS §<= = = =
Forsampls logs logjp3  log3s ° log28  logy2?  3log,2 7 3
1 I _ log. 2 log, 325
g5 ]10= — = logg < ga
log, log102 and log, 6 v) log 325 = b gan (Law of change ofbaSe)
(Note : Now onwards, we will assume that the bases
are same where the bases are not shown.) _ log, (25)1/3
ExAmple— : Evaluate : ]
@ log,8 log, 52
@) logsl25 1 2
(iii) log,64 log,(5°)3 _ log, 53
(iv) logg2 " 1.7 1
log, 52 log, 52
) log\/5—§/2_5
2
—log,_ 5
(i) log, (1) -3 -
a 1
ElogaS
(vii) lo L
84(3 2 2 4
= = X —-— = -
313
(viii) logs 4 - logs3 - logy2 - leg, 1 '
. 1 )
Solution : V) log, (;] =logya™ = (=D logg o = -1
(D log,8= log, 2% = 3log,2 =3 - (1) =3 ,
: . 1 -1_ log, 2~
. (vii) lo (—J: log, 27! = 28as
(i) logs125= logs5® = 3logss =3 - (1) =3 ) loq 2 o84 log, 4
ifi = 3 - =3. =3 -
(‘ ) 10g4 64 ]Og4 4 3 10g4 4 (l) _ loga 2 1 _loga 2 B l
(iv)  Using the law of change of base makes the calculation log, 22 2log,2 T2
easier when the number in the base is large. _
(viii) logs4 - logy 3 - logy2 . log, 1
" log, x
Method-1 : (Usmg log, x = logZa = logs4 - log,3 - log;2 - (0)
=0 (. log,1=0)
log,2  log,2 log, 2 1
logg2 = - ga3_ 3 3
log, 8 log, 2 3log,2 3
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(B) a (C) b

®) 1

@0

)
w‘ls.n(ation :Ifa € R"— {1} and x & R, they
P

p

a[ogq X_ x.

log M = log 71 = weevvenee i

B) log!
(A) log mn ®) log "
n

©) log;,' (D) log (m - n)

as.: (B)

Bpmnation :
Division Law :
Ifae R"— {1} and x, y € R, then

X
10&1(;) = log, x — log, y

3. Iffx)=logx,thenf(x)—f(y)=........ .
(A)f(x+Y) (B) /(-
X
©) f (%) ®) S (;j
Ans. : (D)

Explanation :

fx)-fy) =logx—logy

e
i

(Division law)

Lo log3x = 2, then x = ....... ;
(49 @81 (OB O
wag |
E"l’lanatio_., t Jlogy x =2 logy x =4
L x=34=3)
"CET 130 / 2024.25

..

..........

()
(B) fog |~

(D) log b

7.  1falogx = plogy then log), x=

a
(A) log (;)

(C) logya

) log
Ans. : (D) a'°Bx = p°®

Explanation :
log (alog ) = log (blog Y)

logx - loga=logy-logh

logx  logh
logy loga

log, x = log,b

233
0
S.If Ing‘(»l-aJ = -2, thenx =
3 4
A — —
() 5 ) 5
81 256
C — a——
) 2% ®) %
Ans. : (B)
9
Explanation : 1081(']‘6] =-2
2 -2
16 4 3
4
Xx=—=
3
6. Iflog (x2+1)=log2x, thenx= ... "
(A)2 (B) 1
| ©) -2 (D) -1
Ans. : (B)
Explanation :
log (x2 + 1) = log 2x
x2+1=2%
x2-2x+1=0
(x-1)2=0 Lx=1=0 x=1

(Applying log on both sides)
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8. Iflog (@+b)=

(A) 1 1
(B) pry (C) ab

Ans. : (A)

Explanation :

lOg(a‘*‘l'f)=Ioga+logb

log (a + b) = log ab
1 1
-+ b — L =
a ab ., a b
1 1
9. log ( J =
3\ 25 loge3
(A) -3 (B) 3
©2 (D) =2

ns. : (D)

Explanation :

-1 6
1. The value of cofactor of 5 in > 0
(A) 16 (B)—16
(C) 20 (D) —20
2. Ifflx)=x%-3x+ 1, then 2) + f3) =
(A) 1 (B)0
(C) 2 (D) -2
JS(2)- f(=2)
3. If/(X) = x3 = 3, then f(—-l)
(A) % (B) 4
3
(C) —4 ®y=3

]
log a + log b, then 2 + — =

1

b

(D) 0

=1 (Dividing by ab)

...........

............

Vg 14

b

S

)

~

iu'l

i

(

MCQ

Il

|
loga (zg X 5)

= log3 ('—

b
b on 2 &
10 1f log 5+ 108

—

o

log(a + b), then ......... :

(Aya—b=1 B)atb=1
(Ca=b (D) a? ~ b2 =1
Ans. : (B)

b
a Y — = y + b
Explanation : log 3 + log - log(a + b)

log (% X 2) = log (¢ + b) (Multiplication law)
a

log 1 = log («+ b)

Loatb=1

s)with (Flna "'Answers)

A Y AR NIRRT

4. Iffx)=x2-5x+7,then f3)= ...........
(A) -2) (B) f-3)
©) f2) (D) 1)
5. logxt=..........
(A) log,x (B) log 4x
(©) (log x)? (D) 4 log x
6. lff(x)=logxl,lhcn f(100)=.........
(A)0 B)1 (C) 100 (D) x
7o A0f(x) = logyx, then f(2) = ...
(A)0 (B) 1
(C) 4

(D) None of these
8. Iff(x) = log,x, then f(4)=
(A0 (B) 1

..........

(D)4
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ptt————_ =
9 (0= loggx, then F(1) = . . . gy 9 = cvvvois
' 1 -
o (B) ©3 (D) 0 (A) logyt (1) 2log,
=loge% then f(0)= .
g 1707108 (C) log,) (D) 2log,)
A0 B) 1 ©)2 (D) e - :
L 1= logee™, then A=) = : Mo 2902° < 30
18
(A)0 (B) 1 €)= (D) ¢ (A)2 ()3
2 Which of the following statement is not correct 9 C)4 (D) 5
(A) logg6 =1 Answers

(B)log 2 +3)=1log 2 x log 3 MA @B @ cCc @ C D

(C) loggl=0 A OB @ C O D @U)A
anc @B @) c @48
(D)log(1+2+3)=logl+log2+log3 .
* % %




