After completing this unit, students will be 3
Express a number in standard form of scientific

raised to give the number (i.e., #* =1

Define a common logarithm, . stic and mantissa of log of a number.
n

Use tables to find the log ;
nd tables to find the antilog of a number.

g and antilog of a number.

on and natural logarithms.

Y= resy=e.
the following laws of logarithms.
i) log (mn)=log m +log n
(ii) loga(%)= log m - log n,
(ii)  logm" =nlogm,
(iv)  logm.log n=log n.

Apply these laws of logarithms to convert lengthy processes of
multiplication, division and exponentiation into easier processes of
addition and subtraction etc.
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Logarithms were introduced by the great muslim mathematician Abu
Muhammad Musa Al-Khawarizmi. Letter on in the seventeen century and
John Napier developed the concept of logarithm further and prepared tak
for it. In these table the base “¢” was used. e is an irrational number mhose
approximate value is 2.71828... . In 1631, Professor Henry Briggs 1@ oped
the tables with base “10”.

By the use of logarithms the enormous labour 6 ns is

reduced and it is performed with great ease.

2.1 Scientific Notation

Scientific notation is special form to wri;e Eery l;ge or very small

numbers conveniently.
2.1.1 Express a number in standar @ scientific notation
and vice versa

In the world of science an ogy; we deal with very large and
small numbers and qu ies, distance from the earth to the sun is

150,000,000 km appr
0.000,000,000,000,

ly and weight of hydrogen atom is
,000,001,7g. The writing of such type of
numbers in or tation(Standard notation) is too difficult for
everyone it Yis#time consuming. Scientists have developed a
convenient method to write very small and very large numbers that is
called scientific notation.

T e mentioned number in section 2.1.1 can be simply and
in scientific notation as: 1.5 x 108 km and 1.7 x 10%g
ively.



Express the following numbers in scientific notation.
(i) 400900 (if)  0.0000075

Solution: Q~:
(i) 400900 ?
i it digi ecimal point

05, which is

the required scientific notation.

up to five digits from right to left, and write as 400900

(i)  0.0000075

There is ‘7" first non-zero digit in it, so, we ecimal point up to 6 dlglts
from left to right and write as 0. 00000 x 10°°, which is the required

scientific notation of the given n

| plellP] Write the follow %ary notation
i 276x1 u& 5.24 x 104

Solution: d‘

i) 276 x
The power of 104s 6, so we move decimal point from left to right up to
six decimal places but there are 2 digits, so, we put 4 zeros from right side

then the %rdmary form is 2.76 x 10° = 2760000, is the required
ordmo ‘

So

i) 524x10
There is negative 4 power of 10, so we move decimal point from right
o'left up to 4 decimal places but there is already one digit before decimal
point, so, we put three zeros before the digit 5, and then we get the required
notation.

Thus, 5.24 x 10~* = 0.000524 is the required notation.




2.2

Logarithms is a method of reducing comp
multiplication/ division into simple form.
1

2.21 Define logarithm of a real numpé

as log,y = x,where, 0> 0, y>0 a

logarithmic form.

Solution: ~ Letx=log,2

exponential ane logan ic forms

Express each of the following numbers in scientific notation.
i) 9700 (i) 4980,000  (iii) 96,000,000
(iv) 4169 (v) 84,000 (vi) 0.00643
(vii) 0.00643 (viii) 0.0074 (ix) 0.0074 (x)
Express the following numbers in ordinary notation (Standard

i  7x10¢ (i) 8.072x1010 (iii) 6.018 x '10‘S

(iv) 7865x10° (v) 205x10% (vi) 7.25x
(vii) 4.502x10° (viii) 2.865x10°8 (ix) 3. @
ha

Exercise 2.1 6’

Logarithms
d problems of

base a as a power to
e ptimber
da#1)

m of y to the base ‘a” and is written

which a must be raised to giye
(i.e.a=y < log,y =x, a>(,
If a* =y, then x is called th ‘-’

Thus, a¥ =y < log,

It is noted that% an exponential form and log y = x is a

The follo les will help to understand the concept of
+_1. it

tev2 T in logarithmic form.

1

1
o] 4
16 8276

Write log,81=4 in exponential form.
log,81=4=3"=81

Exponential form is

4"=2



Equating exponents on both the sides, we have
2x=1

Find the value of x. If log 8 = %

3
log 8=—
08, 5 Q
Exponential form is O
3

- %
3

=5 (=2

Taking power%on both sides O

32

(xi)g :(23)3 O
x=2°
x=4 @

el Find the value of x
Solution:
Exponential
= £
(64)3 = x #)3 = x

=
=
=

Dg&;I=?

g‘
U
2|
Il
=



1.  Write the following in logarithmic form.

1
i 7° =343 ii 3t=—
() (i) =
@ity 107 =0.001 (iv) m’*=1 Q~
2. Write the following in exponential form. v
: -+ " 1
(i) log,, 81 = 3 @) log, 5= -3
(iii) log,,1=0 (iv) log,,(0
3.  Find the unknown in the following.
() log,x =% () log,3= &b(m) log - 25=y
(iv) log,x= % (v) (vi) log64=3
(vi) log1=0 ( “55=y (xi) log,8=2

2
ithm, characteristic and mantissa of

2.2.2 Define a common
log of a number
Common lo

Co s have base 10, it is also named as artificial
logarithms or Briggs logarithm.

Commorwlog written as lu:)gl Jor simply logy.
Iflogy=x & y=10"

teristic and Mantissa of log of a number

Logarithms of a number consist of two parts. One part is integer
\ d the second part is decimal fraction. Integral part is called
% Characteristic and decimal part is called Mantissa.

It is noted that characteristic of logarithm may be positive or
negative, but mantissa is always positive, for this we use logarithmic
tables.

In scientific notation, the power of 10 is called characteristic and
mantissa is found by using log table which would be discussed later.



K IJ] Find the characteristic of the following numbers.
0.765, 0.04, 0.004567, 2.134, 23.56 and 3456.

Nos. | Number | Scientific Notation

1 0.765 7.65x 1071

2 0.04 4,0x 1072

3 0.0045467 | 4.5467x 1073

4 [2134 2.134x 10°

5 23.56 2.356x 10!

6 3456 3.456x 10?

We observe that

o Characteristic of logarithm of a numbe

integer. 3,2 orlinstead of —3,—2
o Characteristic of logarithm of a nq or —1respectively.

than 1 is always negative. When mantissa becomes
negative, then, we must

und by | change it into +ve
using logarithmic These tables are | number, because

constructed to e logarithms up | mantissa is always

to 7-decimal digits. at this level, for | positive.
practical oses, a four figure

logarithmic table is useful for accuracy
to find t arithm of a number.

223 u@ ble to find the log of a number.

Mantissa: The manti

following will help us to find the logarithm by using table.

11} Find the Mantissa of the following logarithmic numbers
(i) log (43.254) (i) log (0.002347).

Solution (i): log (43.254)

Step1: Ignore decimal and round off the number up to 4 digits.
Then we have number is 4325.




Locate the row corresponding to 43 in log table.

Proceed horizontally to third digit i.e. 2. The number at
the intersection of 434 row and 274 column is 6355.

Again, proceed horizontally till mean difference colupf
till 4th digit i.e.5, we get number 5 at the intersection.g
column and 43 row.

Add 5 in 6355; we will get 0.6360 as the
log (43.25).
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Logarithm Table
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Solution (ii):
For log(0.002347) we ignore decimal and zeros before the digit 2
and see in the log table at the intersection of row 23 and column
4 is 3692. Add mean difference column corresponding to the
digit 7 is 13 in 3692, we get 3705. The required Mantis

0.3705. EBQ
So, Mantissa of log (0.002347) is 0.3705. Qs
17 Find the log of the following numbers:
i) 27827 (if) 0.07058 O
Solution: Let x = 278.27
Taking log both sides,
' Logx =log (278.27),

Step 1: Round off the number up to 4 Digits 1@

Step 2: 278.3=2.783 x 102
So, characteristics is =2.

Step 3: For finding mantissa i
By using log table
Step 4: Add characterigtican
We get, loga = 2
Solution(ii):Let x = 0.07058
Step1: No needyto round off here. Four digits are

%f Remember that:
The logarithms o

numbers of the same

Step 2: the given number into scientific ﬁﬁvzfgmm
qpron mantissa.
>, 7058% 1072, - For example, the
\ 0, characteristic = =2or 2. numbers 0.004576,
Step 3: Ignore decimal point and find mantissa of  0.04576, 0.4576, 45.76
7058. etc. have the same

By using log table, mantissa of 7058 is 0.8487. mantissa.
Step 4: Add characteristic and mantissa.
We get, Log x =log (0.07058) =2.8487.



2.24

Find the characteristics and mantissa of the following Logarithm.

m 8 (i) 5054 (iii)  9.992

(vi) 7653 (v)  0.00329 (vi)  0.0000300 ’
Find the logarithms of the following numbers. Q~

Mm 9 (i)  55.56 (iii) 29.5

(vi) 4053 (v)  0.00469 l 000

If log 31.09=1.4926, find the value of the follow using log
table. %

i)  log3.109 (i) log310.9 g 0.003109
(iv) log3109.0 (v)  log310. g 310926
Give concept of antilog and bles to find the

antilog of a number. Q
1f log x = y, then x is called anti 1s written as x = antilog y. If

the common logarithm of a y, ie. if log x = y, then we find
the number x by using the antlloganthms and with the help of
following two rules.
Rule 1. If the chara eristie is positive n, then antilog must have n+1
digits in integral

Rule 2. If th ristic is negative n, then antilog must have n-1
Zeros imm owmg the decimal point.

ocedure of finding antilogarithms is explained by the
followi xamples

Antilogarithm Table

Mean Differences
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Antilogarithm Table
Mean Differences
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Antilogarithm Table
Mean Differences
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Find the number whose logarithm is,

() 1.3247 (i) 2.1324

Solution (i): Let x = antilog (1.3247), Here log x = 1.3247

Step 1: Now characteristic = 1 and mantissa = 0.3247

Step 2: Now locate the row corresponding to .32 in the antilog table ’
Step 3: Proceed horizontally to third digit that is 4. The num?’; g

intersection of row 32nd and column 4t is 2109.

Step 4: Again, proceed horizontally go to mean differenc umn
where the value is 3.

Step 5: Add 3 in 2109, we get 2112 as the required di

Step 6: Since characteristic is 1, so put decimal places from left
to right, thus require antilog is 21.12.

Solution (ii):Let x = antilog (2. 1324), Here Log x‘%zél
Here, Characteristic =2 and mantissa =0.1324

Now see .13 in anti-log table ‘gorresponding to column 2, we
found 1355 and mean d % ce in 4t column is 1, so it is

1355+1=1356.
Characteristics i @
thus required n is 0.01356.

2.2.5 Use of calculato

Example 1. By using

Solution: Let x £'1

press the 'Log' key. _ 4615 £
Now enter ), (We want to determine its | %" ©8 0 0w R

value.)
Fina]lE e parenthesis and press the "="key. AEAEIEBE.
an see the value of the log (41230) on the | |
which is, 4.615213335.

s

Thus, log (41230) = 4.615213335




le{[r: By using calculator, determine the value ofanti-log (4.615213335).
We have to use the antilog function key.
(i)  Press 2nd function key or shift key.
(if)  Press the 'Log' key
(iii)  Enter 4.615213335 followed by the right parenthesis
symbol
(iv)  Press 'ENTER’ key
The answer of antilog 4.615213335 is 4123 This
number is rounded off to 41230.

Thus, antilog (4.615213335) = 4123

@ is represented as log(x)

NS base e (e is an irrational
s represented as Inx instead of

instead of logio(x), while natural loga
number whose value is 2.718281...

loge(x).

1. By using table, fi bers whose common logarithms are.
@) 356721 (i) 1.7427 (ili) 035749
2 Find the Loﬂ the following numbers by using calculator.

i 9 (i) 4554 (i) 36582

(vi) 82 (v) 000851  (vi) 0.000097
3 Find+thevalue of x from the following, using calculator.
1.7505 (ii) log x= 0.6609 (i) log x=2.2132
0g x =1.9009 (v) log x=0.0009  (vi) log x=3.8505
\ vii) log x=1.6132 (viii) log x=2.7777  (ix) log x=3.3465
(x) log x=4.8455 (xi) log x=6.7835  (xii) log x=9.6875

(xiii) log x=3.4800
2.4 Laws of Logarithms.

24.1 Prove the following laws of logarithms.
@)  log (mn)=log m+logn

@ log, (=logm~logn

(xiv) log x=7.0038  (xv) log x=9.687



(i) logm=nlogm
(v) logn=1o8"

(i) For real numbersm, n,aand a >0, a#l,log’(mu)=log‘m+ 0R

Proof: Let log m=x and log n =y . Then
m=a"and n=aqa’ Q‘
Now mn=a"-a’ v
mn=a"’ (Rule of indices) O

By changing exponential form into logarithmic
= log (mn)=x+y

J

Hence, log (mn)=log m+log n

(i) Formalnumbersm,n, #1,
& ~log, n
Proof: Let 10g m=x )ﬂl& . Then

Now —=

By cha ﬁnﬂal form into logarithmic form

—x
" Yy

%\Hence, 108,: =log m-log n

(iii) For real numbersm, n,aanda>0, a#1,

log m" =nlog m




.-.'I:I
&7/ Proof: Let log m = x Then m = a

Now m" = (a*)™

mn=a"™
By changing exponential form into logarithmic form
= logm'=nx

Hence log m"= nlog m

(iv) Change of base property
For real numbers g, b, n and a>0, a# 1,

log,n= logyn %
log, a O

Proof: Let log,n=x

So, n=a

Taking logarithms of both si ase b, we have
log,n=1log,a" «
log,n=xlog a o log,m" =nlog,m
o log,n

log
Hence lo ﬂn&"—
log, a

ress log (2bc) as a sum of logarithms.

sing the Law of logarithm,
log_(2bc)=log 2+log b +log c,
Hence expressed as sum of the logarithms.
_ 174 Express log(52.5 x 63 x 4.567) as a sum of the logarithms.
Solution:  Using the Law of logarithm,
log(52.5x63x4.567)=log 52.5 + log 63 + log 4.567

Hence expressed as some of the logarithms.

e



Note that
(i) logy(mn)#log,m X log,n
(ii) logym + log,n#log, (m + n)

IE] Express log[2132 ; J as a difference of logarithms Qs

Solution:  Apply difference law of log, on Iog 213 1 G

log(& }10g213 1-log34.22.

Hence expressed as a difference %‘Ahms

i Express log 2"as a product.

Solution: We know that logﬂm = n
log 2% = x log 2. &

bxercise 2.5 @
—/

—

> Express the fo wing logarithm in terms of log x, log y and log z.

@) tog, o= Giog, (" V|

\%(w log,,{ ] (3] } y1og, VT

(y 72y




Reduce each of the following into a single term.

() log,20-log,15 +llog 2
(i1) lloga(x 1y’ +—log (x+1)——log (x+1)

(iii) logx—2 logx+3 log(x+1) —log(x’~1). Q@

3. If log2 = 0.3010 , log3 = 0.4771 and log5 = 0.6990 , then fin
of the following without using table.

(i) log15 (i) log64 (iii)  log/5x2 10g48
v) log18 (vi)  log30 (vii) ]0g8 @n

4. Prove the following;:
(i) log, mxlog, a=log,a (i) .bx log.a =log. b

1
log, a.log, b—=1 log, b=
(i) log, a.log, Y @ 08, logba

- Verify the following: @
(i) log,2xlog,81 =4

(i)  logs7xlog,25 =
(i) log,343xlog (iv) log,16xlog,216 =12

2.5 Application of Laws of Logarithm

and subtraction etc.

ollowing examples will help to understand the application of
ws of logarithm.

) Find the value of (8.573)(28.74) by using logarithm.
Solution:

Let x= (8.573)(28.74)

Taking log on both the sides, we have,



logx = log(8.573 - 28.74)
=  logx=1o0g(8.573) +log(28.74)
log x = 0.9332+1.4585

= logx=23917

x= antilog(2.3917)

Thus, x=246.4 ?\
_ 2131 O

U

] Find the value of n by using logarithm.

Solution: Let x= @

3422
Taking log on both the sides, we@
logx=1lo (@ J
i T O

[213. s
=5 log x =log 5 N

@ —log34.22, [ log[%]:loga og b } \ //

By referring log table, we have,
=2.3286 — 1.5343=0.7943
x=0.7943,

=  logx

antilog, we have,

\i » x = antilog (0.7943), by referring antilog table we have,

x=6.227, (- characteristic = 0 and mantissa = 0.7943).

.l b
Thus, required value of ms found 6.227.



k] Calculate, ‘% by using logarithmic rules.

Lab i 3.41x37.92
V254 O
Take log on both sides, Q~

1
log x = log[s.znx 37.92 Jz ?\
2.34 O

_ 110 3.41x 37.92
2 87 23 @
- %(log 3.41+10g37.92-log %.

1(0 5325+1.5788 —

- —(1 7424)

o

n= antﬂo

] Fi dﬁ%

mber of digits in4°

Solution:

ing log on both the sides, we have,
g n=logd’, ("' loga"= nloga)

e logn=>51log4,
\ log 1= 5x0.6021, (since logd = 0.6021)
= log n=3.0105,
Since number of digits = characteristic +1,

so, number of digits in 4°= 3+1=4.



L

Find the values of the following by using logarithms.

%

Km

(i)  57.86x4.385 (i)  25.753x0. 5341 400 &
iy 22753 (790.6x 30
0.5341
. (2391x 30.72) (vi)
23.34
(vii) ¥/2.709x¥/1.239 6.62)Ex (87.19)
\69.53
(%) (4308)’ x /80. O (43.68)" x \[(0.057)’
(03 & (3.048)"
Find the r kf digits in the following.
(i) 42 &1 Gii) 3° (i) 3° ) 9*

&
@\“Q




Review Exercise 2

1. Read the following sentences carefully and encircle “T” in case of True
and “F” in case of False statement.

(i) 0.025 can be written in scientific notation as
25%10° %

(i)  Logarithm was invented by Al- Beruni. F

(iii) Integral part in the logarithm of a number i
its characteristic. T/F

(iv) Mantissa in the logarithm of a nu is always
negative. T/F
(v) logx=ysa'=x O T/F

2. Fillin the blanks. O
(i)  Logarithms havin %caﬂed .
(i) Logl= 5{
(iii) Fractimﬁ@tﬁthm is called ;
(iv) log512= i 2 ot
(v) logﬂ»&‘n :

(vi) Theexponential form of x =log, vis

logarithmic form of "=y is
g,axlog b=

\ ) logﬂ[%}=—.

(x)  log(10x10)=



3. Tick («) the correct answers.

(1)

(i)

i)

(vii)

(w%e in the Natural logarithm is .
a) 10 (b) e © = (d)5

If logwx=4, then x =

(a) 500 (b) 100 () 1000 (d) 10000
The characteristic of log 54.58 is ; ’

(a) 5 (b) 10 (e

(@) 0 (b)1 ©2 (d)4 Q..
The base of common logarithm is . v

() log(xy) (d) —logy—logz
Scientific notation of 0.007

(@)  7.89x107 7.89x10°

©  0.789x10? Ql) 78.9x10™
If logx =2 th

(@) 200 1000 (€ 100 (d)

og; enx=_____
(a)'& ) ¥ 3 (d)2°

logxyz = !
(@) logxlogylogz (b) logx +logz

3°= 243, can be written in logarithmic form as
() log 5=243 (b) log,243=5

(c) (d)

log 243 =12 log 3 =243



® If ax=y, then x is called the logarithm of y to the base ‘a” and is written
as logy = x, where a> 0,y > 0 and a#1

> Common logarithms have base 10, it is also named as
logarithm and usually written as logx instead of log x
logarithms have base e, (an irrational number) E%.Ae is
2.7182818.... and written as Inx instead of log x.

* logr=ye10'=x @

o Inx=ye e'=x. %

#  The integral part of logarithm of any n alled characteristic and

fractional part is called mantissa.
Characteristic of logarithm of a 1 is always positive.
Characteristic of Iogaaritht?i'l r < 1is always negative.
logari

& Negative characteristic thm can be written as3,2 or1 instead of

i ,(mn)=log, m+log, n
\" log, [E )= log,m—-log, n
n
(iii) log,m" =nlog m
log, n

log, a

this law can also be written as log .log 1 = log 1.

(iv) log,n=




