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Notes and Exercises

Common Logarithms

Common Logarithm is a system introduced that helps you to solve the problems of indices. Therefore, you should study well in the laws of indices in order to take the concept in this chapter.

In arithmetic, a log table means a table used for finding the common logarithms of positive numbers.

A. Powers of 10

We have learnt in the previous chapter that 100 = 1, 101 = 10 and 101/2 = √10. Using the square root table and the laws of indices, we can find the values of the following powers of 10.

In particular, values can be used to plot of y = 10x for 0 ≦ x ≦ 1

	x 
	0
	1/8
	1/4
	3/8
	1/​2
	5/8
	3/4
	7/8
	1

	X 
	0
	0.13
	0.25
	0.38
	0.5
	0.63
	0.75
	0.88
	1

	y=10x
	1
	1.33
	1.78
	2.37
	3.16
	4.22
	5.62
	7.50
	10


The graph of y = 10x for 0 ≦ x ≦ 1 is shown as follows:

B. Common Logarithms

If y is a positive such that y = 10x, then the index is called the common logarithm of the number y. 

In symbols, we write the common logarithm of y as log10 y or simply log y.

Definition

If y = 10x, then x = 1og y

e.g. If                 then

1.  10 = 101           log 10 = 1

    2. 100 = 102           1og 100 = 2

    3.  2 ≒ 100.30        log 2 ≒ 0.30

    4. 4.6 ≒ 100.66        1og 4.6 ≒ 0.66

Points to note:

1. When y is a number like 0.01, 0.1, 1, 10, 100 etc., the exact value of log y can be easily obtained;

2. For other values of y, only approximate values of log y can be obtained using the graph of y = 10x.

Common Logarithm Table

The Common Logarithm Table (log table, for short) gives the values of the common logarithms of numbers between 1 and 10. However, it’s not common for people to use log table. Calculator is widely used instead.

C. Properties of Common Logarithms

Suppose M = 10x and N = 10y where M and N are positive numbers.

By definition, we have

         Log M = x and log N = y

Now M x N = 10x x 10y = 10x+y
∴ log MN = x + y

          = log M + log N

Again M/N = 10x / 10y = 10x – y
∴ log M/N = x – y

         = log M – log N

Also Mn = (10x)n = 10nx
   log Mn = nx 

         = n log M

As a short conclusion,

	log MN = log M + log N

log M/N = log M – log N

log Mn = n logM


Caution:

	1. log M + log N ≠ log(M + N)   e.g. log 5 + log 2 = 1

                               but log (5+2) = log 7 = 0.8451

	2. log M – log N ≠ log(M – N)    e.g. log5 – log 2 = 0.3979

                               but log(5-2) = log3 = 0.4771

	3. log M x log N ≠ log MN       e.g. log 5 x log 2 = 0.2104

                               but log(5 x 2) = log 10 = 1

	4. log M / log N ≠ log M/N        e.g. log 5 / log 2 = 2.322

                               but log 5/2 = log 2.5 = 0.3979


Simplifying Expressions involving Common Logarithms

Using the properties of common logarithms, expressions involving common logarithms can be simplified. 

Example

Find the values of the following:

a) log 20 + log 5

b) log 3 – log 30

c) log (23 x 53)

Solution 

a) log 20 + log 5 = log (20 x 5)

               = log 100

               = log 102
               = 2

b) log 3 – log 30 = log 3/30
              = log 1/10
              = log 10-1
              = -1

c) log (23 x 53) = log 23 + log 53
             = 3 log 2 + 3 log 5

             = 3 log 10

             = 3

   Alternative method

   Log (23 x 53) = log (2 x 3)5
              = log 103
              = 3

Example

Simplify the following:

a) log 32/log 16              b) log√6/log36
Solution

a) log 32/log 16 = log25 / log24 

           = 5log 2 / 4 log 2

           = 5 / 4

b) log√6/log36 = log 61/2 / log 62
           = ½ log 6 / 2 log 6

           = ¼
Example

Given log 2 = 0.3010 and log 3 – 0,4771, find the values of

a) log 6,     b) log 12,    c) log 5

Solution

a) log 6 = log (2 x 3)

       = log 2 + log 3

       = 0.3010 + 0.4771

       = 0.7781

b) log 12 = log(4 x 3)

        = log ( 22 x 3)

        = log 22 + log 3

        = 2log 2 + log 3 

        = 2 x 0.3010 + 0.4771

        = 1.0791

c) log 5 = log 10/2
       = log 10 – log 2

       = 1 – 0.3010

       = 0.6990

Ex. 

Simplify the following without using the log table a calculator:

a) log 15 + 3log 2 – log 12

b) log (10 x 10​​ / 10 + 10 ) + log 20

c) log (82 x 1252)

a) 1; b) 2; c) 6

D. Common Logarithms of Any Positive Number

In this chapter, we go to further to see how the common logarithms of any positive number can be obtained.

Suppose P is a positive number, Writing P in the scientific notation, we have

P = a x 10n
Where 1 ≦ a ＜ 10 and n is an integer.

Then log P = log(a x 10n)

         = log a + log 10n
         = log a + n

Thus, the value of log P is the sum of two parts: log a and n. The part log a is called the mantissa (尾數) and the integer n is called the characteristic(首數). Since  1 ≦ a ＜ 10, therefore  0 ≦ log a ＜ 1.

Example

a) log 0.0279  

b) log 2790

Solution

a) log 0.0279 = log(2.79 x 10-2)

            = log 2.79 + log 10-2
            = 0.4456 + (-2)

            = -1.5544

b) log 2790 = log(2.79 x 103)

           = log 2.79 + log 103
           = 0.4456 + 3

           = 3.4456

Ex.

a) 7500;  b) 9467;  c) 0.007 89

a) 3.8751;  b) 3.9762;  c) 0.8971

E. Anti-logarithm Table

If log y = x, then y is called the anti-logarithm of x. In symbols, we write the anti-logarithm of x as anti-log x. 

i.e. If log y = x, then y = anti-log x

Example

Find x if log x is equal to 

a) –0.4395     b) –2.865

Solution

a) –0.4395 = -1 + (1 – 0.4395)

          = -04395

∴ log x = -0.4395

      x = anti-log –0.4395

       = 3.635 x 10-1
       = 0.3635

b) –2.865 = -3 + 0.135

∴ log x =  -2.8695

      x = anti-log (-3 + 0.135)

        = 1.365 x 10-3
        = 0.001365

Ex.

a) log x = 2.4      b) log x = 0.24

a) 251.2;  b)1.738

F. Applications of Common Logarithms

a) Multiplication and Division

Example

   Evaluate 2.17 x 3.18

   Solution

   Let M = 2.17 x 3.18

   Log M = log (2.17 x 3.18)

         = log 2.17 + log 3.18

         = 0.8389

   ∴ M = anti-log 0.8389

        = 6.901

b) Powers and Roots

Example

   Evaluate(32.14)3
Solution

log(32.14)3 = 3 log 32.14

          = 3 x 1.5070

          = 4.521

∴ (32.14)3 = anti-log 4.521

          = 3.319 x 104
          = 33 190

Ex. 

Use common logarithms to evaluate the following:

a) 12.3 x 24.5 x 8.77      b)778 8001/4
a) 2643; b)29.71

End of Chapter 3

