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WBSU WORKSHOP ON GEOA (SEM 2 CORE 04T)
(Study Materials)

* Logarithms

A logarithm of a number is the power to which a given base must be raised to obtain that number. The
power is sometimes called the exponent. In other words, il b = x then y is the logarithm of x to base b
For example, if 2* = 16, then 4 is the logarithm of 16 with the base as 2 We can write it as 4 = log ; = 16.

Learn more about Exponent here in delail
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Here.y > 0,b>0,and b # 1.
 Logarithmic Laws and Propertics

Theorem |

The logarithm of the product of two numbers say x, and y is equal to the sum of the logarithm of the two
numbers. The base should be the same for both the numbers.

log i (xy)=logpx Hlog,y

Proof: Let log j, x = psuch that b =x ... (i), and

log . v = q such that b= y ... {ii)

Multiplving (i), and {ii), we have

Wbt = x oy = b™ " (from the law of indices]

Taking log on both sides, we have,

logpxy=p+q=logyx* logy v.

Theorem 2

The division of the two nimbers is the antilog of the difference of Togarithm of the two numbers. The
base should be the same for both the numbers. B

log x/y =logx—logy

. Proal: Lel, logpx=p cuch that b™ =x ... (i), and

logny=q such that b=y .. (ii)

Dividing (i) by (ii). we have

x/y=b"b 9= b =9 | from the law ol indices)

Taking log on both sides, we have,
log x/y=p- q=logx—logy
Theorem 3

The logarithm of a number o any

any given base. Mathematically, the relation is
= Iﬁg b X

ather hase can be determined by the logarithm of the same number to

log 5 X x " logab
= logyx=log.x/ log,b

Proof: Lel, log . x =, l0gp X = and log »

a“:x:bq‘a“dn'=h'

b = r. From the definition of logarithms, we have
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1] A
%<\ can be written as (A=,

- n U 1 1] )
Singe, g ¥y 0. all=y Compay

P=Er q
or, Il’ig aX = 108 a b x IUH b N

or log y x = log ,x / log , b,

1

=X

ing the powers, we have

Theorem 4
—Lorem 4
Mhe Togarith of A number raised 1o 4 Power is equal to the index of the power multiplied by the
' logarithm oFthe number. Ihe base s the same iy both the conditions,
log , x "=, log , x.
l’r i - [ LI '
ol Let log , Psothath? =y Raising by, sides to power n, we have
(h Il)h =y n = h pn_ X W
lukmg log on botly the sides, we have log, x "= pn
or log , x "= log , x.
Logarithmie Table
[il is ‘nnt always necessary 1o fing the logarithm of a number by mere caleulation, We cun also use
Ogarithm table 1o find the logarithm oF a number, The logarithiny ot a number comprises of two parts, The
whole part is (e characteristis and the decimg| PAILis the man(jssy,
Characteristie
Fhe whale par o the integral Patala number js g characteristic, The characteristic of the logarithm of
any number greater than 1 is Positive and is gpe Jess than the number of e digits to the left of e
decimal paing i the given number. IFthe number is Jess than one, then the characteristic is Negative and is
one more than the pymber of zeros 10 (e right of the decimal point,
i For Exampte N ke R k.
e = —‘H:‘?—:‘——-——‘_'_—_—;_—_________“""_"*‘ “ﬂ!.
Number

Characteristie

e S O
e ——

0 [one less than the number of digits 1o (e left of the
decimal point].

ber of zeros on (he right

= | [one more than the num
0.1 immediately afier the decimal point],
=
0.025
0.000010 -5

The logarithm of a number havis

2|a oo

ng ‘n’ zeros immediately afier the decimal is —(n + 1) + the decimal.
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Mantissa

The decim ; ) ..
al part of the number logarithm of a number is the mantissa. A mantissa is always a positive

quantity. The negative mantissa should always be converted into a positive one. For example, — 5.2592 =
=6+(1-02592) =6 "+ 0.7428° '

* Anti-Logarithms (Antilog)

Tlte anti-logarithm of a number is the inverse process of finding the logarithms of the same number. If x
is the logarithm of a number y with a given base b, then y is the anti-logarithm of (antilog) of x to the
base b.

LRl P Y FRr s v = mpaRAloe

Natural Logarithims and Anti-Logarithms have their basc as 2.7183. The Logarithms and Anti-
Logarithms with base 10 can be converted into natural Logarithms and Anti-Logarithms by multiplying it
by 2.303.

Anti-Logarithmic Table

To find the anti-logarithm of a number we use an anti-logarithmic table. Below are the steps to find the

antilog, '

«  The first step is to separate the characteristic and the mantissa part of the number.

»  Usc the antilog table to find a corresponding value for the mantissa. The first two digits of the
mantissa work as the row number and the third digit is equal (o the column number. Note this
value.

»  The antilog table also includes columns which provide the mean difference. For the same rax of
the mantissa, the column number in the mean difference is equal to the fourth digit. Note this
value.

*  Add the values so obtained.

» In the characieristic add one. This value shows the place to put the decimal point. The decimal
point is inserted afier that many digits from the left.

SCIENTIFIC NOTATION

Scientific notation is a standard way of writing very large and very small numbers so that they’re casier
to both compare and use in computations. To write in scientific notation, follow the form

Mx 10"
where M is a number between 1 and 10, but not 10 itself, and a is an integer (positive or negative

number).

You move the decimal poirlmt of a number until the new form is a number from 1 up to 10 (M), and
then record the exponent (a) as the number of places the decimal point was moved. Whether the
power of 10 is positive or negative depends on whether you move the decimal to thc'right or to the
left. Moving the decimal to the right makes the exponent negative; moving it to the left gives you a
positive exponent. |
To see an exponent that’s positive, write 312,000,000,000 in scientific notation:

Move the decimal place to the Iefi to create a new number from 1 up to 10.

3|rage
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Where's the decimal point in 312,000,000,0007 Because it's 1 whole number, the decimal point
is understood 1o be at the end of the number: 312,000,000,000.
So,N=1312

Determine the exponent, which is the number of times you moved the decimal.

In this example, you moved the decimal 11 times: also, because you moved the decimal to the left, the
exponent is positive. Therefore, a = | I, and 50 you get

Put the number i the correct form for scientific notation

To seean exponent that’s negative, write 00000031 in scientific notation.

Move the decimal place to the right o Creale a new
So,N=31.

number from 1 up to 10,

Determine the exponent, which is the numbper of times you moved the decimal.

I this example, youmoved the decima| 7 times; also, because ¥ou moved the decimal to the right, the

€xponent is negative, Therefore, 4 = =7, and so0 you g
Convert 4.2 7 10-7 40 decimal notation,

Since the exponent on 10 s negative, | am ]oo&.ing for a small number. Since the exponent is a seven,

I will be moving the decimal point seven places. Since | need to move the point to get 2 small number,

Il be moving it 10 fhe left.

The answer jg 0.000 000 42

R R
Convert 0,000 UUU'UUS"/B‘Kricrennﬁc notation: P e = e —_—_

This is a small number. so the exponent on 10 will be nezative. The first "interesting” digit in this
number is the 5, so har's where the decimal point will need 1o £0. To get from where it is to night after

the 5, the decimal point will need to move nine places to the right. (Count 'em out, if you're not sure!)

Then the power on 10 will be 4 negative 9, and the answer is 5.78 x 10-9 -

Convert 93,000,000 to scientifi

¢ notation,

This is a large number, so the exponent'on 10 will be positive. The first “interesting" digit in this

- - . . - -
number is the leading 9, so that's where the decimal point will need to 8o. To get from where it is 1o
right after the 9, the decimal point will need to move seven places to the left.

Then the power on 10 will be a positive 7, and the answer is 9 3 x 107

dlbape
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Log X = Characterlstic of y 4 Mantissa of x

1.How to determine the characteristic of log x :
e the characteristic of log x

Ifx>1, then count the digits on the left of the decimal point; if'the number of digits is y, then the
characteristic is (y-1).

If'0<x<l1, then count the number of zero

. _ es appearing in the right side of the decimal point; if the number of
zeros is z, then the characteristic is (z+1

2. How to determine the mantissa of log x :

As mentioned earlier, the mantissa has (o be read from a standard log (able. Log tables consist of rows that
go from 10, 11, up t0 99. The columns have values 0, 1,2, up to 9. Beyond the 10 columns, there is another

column which is known as the mean difference, For determining the mantissa, a particular row has to be read
off and the mean difference has to be added from the table,

The following has to be remembered:

* Mantissa usually consists of a four digit number, and it comes after the decimal point.
* Mantissa is a non-negative real number, which is less then 1.
L]
L]

While determining the mantissa, the decimal point of the number has to be ignored.
Most of the log tables give values of mantissa u
mantissa, we have to round off the last digit.

*  Number with same sequence of digits has same mantissa,

p to four digits only. For more than a four digit

Example 1: Find the log of 500.2

Characteristic = 2

For mantissa, read from the table a number 5002. From the rows, choose 50, and read off from the number

under the column 0. The number given in the log tables is 6990. Now read, in the same row, the mean
difference under 2. This number is given as 2,

Mantissa = 6990 +2 = 6992
Thus log 500.2 = Characteristic of 500.2 + Mantissa of 500.2
=2 + 0.6992
=2.6992
Example 2: Find the log of 72.98
Characteristic = 1
For mantissa, read from the table a number 7298. From the rows, choose 72, and read off from the number
under the column 9. The number given in the log tables is 8627. Now read, in the same row, the mean
difference under 8. This number is given as 5.
Mantissa = 8627 + 5 = 8632
Thus log 72.98 = Characteristic of 72.98 + Mantissa of 72.98
=1 + 0.8632

=1.8632
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Example 3: Find the log 0f 0.0009887

Characteristic = —.

Eg;::::ﬁtlml, rcadsfr%:; the table a number 9887, From the rows, choose 98, and read ofY from the number
¢ column &, The number given in the log tables is 9948, Now i ;

. Tt ] read, in th w, the mean

difference under 7. This number is given as 3, e smere

Mantissa = 9948 + 3 =905

Thus log 0.0009887 = Characteristic 0f 0.0009887 + Mantissa of 0.0009887

=~4 + 0.995)]

=~3.0049 (The log of 0.009887 is also written as .9951, although its value is — 3.0049)

Example 4: Find the log of 0.1234

Characteristic = — |

For mantissa, read from the table a number 1234, From the rows, choose 12, and read off from the number
updcr the column 3. The number given in the log tables is 0899. Now read, in the same row, the mean
difference under 4. This number is given as 14,
Mantissa = 0899 + 14 = 0913
Thus log 0.1234 = Characteristic of 0.1234 + Mantissa of 0.1234
=—1 + 0.0913
=-0.9087 or.0913
The log of 1.234 will be 0.0913
The log of 12.34 will be 1.0913
The log of 123.4 will be 2.0913
The log of 1234 will be 3.0913
To keep consistency, the log of 0.1234 is written as .0913, (although its value is — 0.9087).
The log of 12344 will be as follows: this is a five digit number, so the last that is the fifth digit will have to
be rounded off. The fifth digit is 4, which is less than 5. So take the last digit is 0. Thus the mantissa of

12344 will be same as the mantissa for 1234.

log 12344 =4.0913.

The log of 12346 will be as follows: the last digit 6 is rounded off as 1 and is added to the second last
number 4. Thus the last digit becomes 4 + 1 = 5. So we have to find the mantissa for 1235, which is 0899 +

15=08914.

log 12346 = 4.08914.
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Antilogarithm

exnetopposite of logarlthm ol a number.

Antiloparithim is the

:I N log b, then antilog (x) = b,
temember (hat antilog, (x) = b,

Al i s . . i .
"u::::f‘l'- table for base 10 | readily available, Antilog tables are used for determining the inverse value of the
1880,

l" ) N (Y am " it . ’ '
rom the characteristic, the position of the decimal point can be determined,

Antilog tables consist of rows that £o ftom .00, .01, up 1099, ‘The columns have values 0, 1,2, up t0 9,
Beyond the 10 columns, there is another column which is known as the mean difference. For determining the

antilog of the numbers afler the decimal point, a particular row has to be read off and the mean difference has
1o be added from the table.

Example 1 : Find the antilog ol 2,6992
Fhe number before the decimal point is 2, so the decimal point will be after the first 3 digits.

From the antilog table, read off the row for .69 and column of 9; the number given in the table is 5000. The

mean difference in the same row and under the column 2 is 2. To get the inverse of mantissa add 5000 +2 =
5002

Now place a decimal point afler the first 3 digits and you get the number 500.2
Thus antilog 2.6992 = 500.2
Example 2 : Find the antilog of - 1.9087

Convert — 1.9087 in bar notation as follows:

characteristic of —1.9087 = =-2

mantissa of ~1.9087 =~ 1.9087-(-2)=0.0913 41 -
so -0.9087 =.0913 0

The number before the decimal point is 0, the number of zeroes after the decimal point is one.

From the antilog table, read off the row for .09 and column of 1; the number given in the table is 1233, The
mean difference in the same row and under the column 3 is 1. To get the inverse of mantissa add 1233 + | =
1234

1234
Now place a decimal point before the 1234 followed by a zero and you get the number 0.01234. T
R e e : — _—
2 051224

Applications
We will now see how logarithms and antilogarithms of numbers are useful for calculations which are
complicated or have very large/small numbers,

Example 1: Find 80.92 * 19.45

Let x=280.92 * 19.45

Use the log function on both the sides.

log x =log (80.92 * 19.45)
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