SEM II GEOACORE04T TOPIC: LOGARITHM

"Logarithm" is a word made up by Scottish mathematician John Napier (1550-
1617), from the Greek word logos meaning "proportion, ratio or word"
and arithmos meaning "number", ... which together makes "ratio-number".

Logarithm is the exponent or power to which a base must be raised to yield a
given number. The power is sometimes called the exponent.

In other words, if b’ = x then y is the logarithm of x to base b and x is the number. For
example, if 2% =16, then 4 is the logarithm of the number16 with the base as 2. We
can writeitas 4 =log , = 16.

The exponent says how many times to use the number in a
multiplication.
In this example: 2*=2x2x2=8

(2 is used 3 times in a multiplication to get 8)

"the logarithm of 8 with base 2 is 3"
or "log base 2 of 8 is 3"

Notice we are dealing with three numbers:

the base: the number we are multiplying ( "2" in the example above)
how often to use it in a multiplication (3 times, which is the logarithm)

The number we want to get (an "8")

Exponents and Logarithms are related...For example, 2° = 8: therefore, 3 is the
logarithm of 8 to base 2, or 3 = log, 8. In the same fashion, since 10> = 100, then 2 =
10g10 100.

Broadly two types of logarithms:

Common Logarithms: Base 10

Semetimes a logarithm is written without a base, like this: log(100)
This usually means that the base is really 10.
It is called a "common logarithm"
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| w3 ol m On a calculator it is the "log" button.




Logarithms of the latter sort (that is, logarithms with base 10) are called common, or
Briggsian, logarithms and are written simply log 7.

Invented in the 17th century to speed up calculations, logarithms vastly reduced the
time required for multiplying numbers with many digits. They were basic in
numerical work for more than 300 years, until the perfection of mechanical
calculating machines in the late 19th century and computers in the 20th century
rendered them obsolete for large-scale computations.

Natural Logarithms: Base "e

Another base that is often used i1s e (Euler's Number) which is about 2.71828.
This is called a "natural logarithm". Mathematicians use this one a lot.
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On a calculator it is the "In" button. | <y | log | m
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It is how many times we need to use "e" in a multiplication, to get our desired
number.

Example: In(7.389) = log.(7.389) = 2
Because 2.71828” = 7.389

The natural logarithm (with base e =2.71828 and written In n), however, continues
to be one of the most useful functions in mathematics, with applications
to mathematical models throughout the physical and biological sciences.

Logarithmic Table

It is not always necessary to find the logarithm of a number by mere calculation. We
can also use logarithm table to find the logarithm of a number. The logarithm of a
number comprises of two parts. The whole part is the characteristic and the decimal
part is the mantissa.

Positive Characteristic

The whole part or the integral part of a number is the characteristic. The characteristic
of the logarithm of any number greater than 1 is positive and is one less than the
number of the digits to the left of the decimal point in the given number. If the number
is less than one, then the characteristic is negative and is one more than the number of
zeros to the right of the decimal point.



For Example

111 2

— 1 [one more than the number of zeros on the right immediately after the

0.1 decimal point].
0.025 -2
-5
0.000010
Number Hovsilo\;[any Base-10 Logarithm
.. etc..
1000 } OX 10510 % log10(1000) -3
100 1 x10x10 log;0(100) =2
10 1 x 10 logi(10) =1
1 1 loglo(l) =0
0.1 1+10 log10(0.1) =-1
0.01 1+10+10 log;(0.01) =2
0001 1 1OTI07 10g10(0.001) ~ 3
.. etc..

Negative Characteristic



The logarithm of a number having ‘n’ zeros immediately after the decimal is—(n + 1) +
the decimal.

Mantissa

The decimal 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—-0.2592) = 6 +0.7428

Anti-Logarithms (Antilog)

The anti-logarithm of a number is the inverse process of finding the logarithms of
the same number.

If x 1s 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.

If log,y=x then, y=antilog x

Natural Logarithms and Anti-Logarithms have their base 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.

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

« Use 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 to the
column number. Note this value.

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

o Add the values so obtained.

« In the characteristic add one. This value shows the place to put the decimal point.
The decimal point is inserted after that many digits from the left.
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Solved Examples on Logarithms and Anti-Logarithms

Problem: Find the value of log 2.8726.

Solution: Here the number of digit to the left of the decimal is 1 so the value of the
characteristic will be one less than one i.e., 0. From the log table, the value of 2.8726 is
0.45827. Adding the values of mantissa and the characteristic we find the value of the
logarithm. So, log 2.8725 =0 + 0.45827 = 0.45827.

Problem: Calculate the antilog of 3.6552.

Solution: Here we need to find the number whose logarithm is 3.655. From the antilog
table, the value corresponding to the row 65 and column 5 is 4508. The mean difference
column for the value 2 is 2. Adding these two values, we have 4518 + 2 =4520. The
decimal point is placed in 3 + 1 =4 digits from the left. So, antilog 3.6552 = 4520.0

Properties of Logarithms

Logarithms were quickly adopted by scientists because of various useful
properties that simplified long, tedious calculations.

Expressed in terms of common logarithms, this relationship is given by log mn =
log m + log n. For.example, 100 x 1,000 can be calculated by looking up the
logarithms of 100 (2) and 1,000 (3), adding the logarithms together (5), and then
finding its antilogarithm (100,000) in the table. Logarithms can also be converted
between any positive bases (except that 1 cannot be used as the base since all of its
powers are equal to 1).

Some Base-10 logarithms:



Logarithmic laws

Products: log, mn = logy m + logy 0
Ratios: logy, = = logy, m — logy n
Powers: logy, n® = plogyn
Roots: logy, ¥n = % logy n

Change of bases: logy, n log, n log, a

Theorem 1

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.

logy (xy)=logpx+logsy
Proof: Let log , x =p such thatb”=x ... (i), and
log, y=qsuchthatb =y ... (i)
Multiplying (i), and (i1), we have
bPxb%=x x y=b ?*9 [from the law of indices]
Taking log on both sides, we have,
logyxy=p+q=logyx+logyy.
Theorem 2

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

logx/y=logx—logy

Proof: Let, log, x =psuch thatb®=x ... (i), and



log, y=qsuchthatb =y ... (ii)
Dividing (i) by (ii), we have
x/y=b"/b%=b ?" 9 [from the law of indices]

Taking log on both sides, we have,

logx/y=p—q=logx—logy

Theorem 3

The logarithm of a number to any other base can be determined by the logarithm
of the same number to any given base. Mathematically, the relation is

log,x=1log,xxlog,b
= log,x=log.x /log,b

Proof: Let, log , x =p, log , x = q, and log , b =r. From the definition of logarithms, we
have

a’=x=b% anda’=b.

b?=x can be writtenas (a’) 1=a"=x.

Since, a? =b Y=a"7=x. Comparing the powers, we have
p=rq

or, log , x =log ,b xlog, x

or,log, x=1log,x/log,b.

Theorem 4

The logarithm of a number raised to a power is equal to the index of the power
multiplied by the logarithm of the number. The base is the same in both the
conditions.



log, x"=nlogy x.

Proof: Let log , x = p so that b ” = x. Raising both sides to power n, we have
b "=x"=bP"=x"

Taking log on both the sides, we have log, x "=pn

or, logy, x "=nlogy x.

o log, (x+y)=log,x+logy (1 +y/x)

o log, (x—y)=logyx+logy (I -y/x)



taﬂ'm tahles. find the first two numbers mmm
line to the number in the vertical column headed by

log 737 =2:86747.

tl:le logarithm of a number consisting of four or five figy
nce columns at the extreme right of the page.

Ex.3. Find log 737:2
- Mantissa of log 737 = 0-86747
Mean diff. for2 = 12

. log 7372 = 286759
i

Hﬂﬂ log 73-727.

Mantissa of log 737 = ﬂ»ﬁ&’i&;ﬁ
m&ﬂ’f fqrz

.




Sunh 135139 sum of indices =3 + A=
. From 374036 subtract 2-87506.
’."Eu-act . change the signs of the latter and add. Thus, | carried from the ma

oo Result = 286530

Multiplication. Add the logarithms of the numbers; the sum is the loga
the product.

Ex. 9. Multiply 37-358 by 0-0038343.

Log 37.358 = 157238 :
Log 00058343 = 376390
Sum = [-33

3837 .. Product=0:21796,
Division. Subtract the logarithm of the division from the logarithm of th
dividend; the difference is the logarithm of the quotient

Ex. 10. Evaluate 0-37358 <= 25.687.

Log (-37358 = 57238 )
Log 25:687 = 1-40972

Difference = 2-16266

2. Quotient = (0:014543.
47325 > (FO89712
PR s
k., y Log 47-325 = !:6'15!]9 Log 69-843 = 1.84413
_ Log 0089712 = 2.05285 Log 3:1416 = (0.49715
Log numerator =0:62794  Log of denominator = 234138
2 34[ 28

Log result *Mﬂﬁ:ﬁ!é- 2 Result= 0019349,



