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Lesson 2

LOGARITHMS
Task.  Skills and knowledge taught in this lesson are common to all missile repairer tasks.

Objectives.  When you have completed this lesson, you should be able to describe the parts of a logarithm and use logarithmic procedures to solve problems correctly.

Conditions.  You will have the subcourse book and work without supervision.

Standard.  You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 1, 3, and 4 (answer 23 of the 30 questions correctly).

In lesson 1, you saw that exponential terms with like bases can be multiplied, divided, squared, etc., by keeping their bases and performing simple addition, subtraction, multiplication, or division of their exponents to get the solution (see the following four examples).

a2  X  a3
=
a2+3  =  a5

a3  X  a-2
=
a3-2  =  a

(a2)3
=
a2+2+2  =  a6
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=
a4/2  =  a2

Sometimes complicated arithmetical computations can be simplified by writing the numbers as powers of some base.  Consider a very simple example in which powers of 2 are used.  The first 12 powers of 2 are arranged as shown.

Exponent
1
2
3
4
5
6
7
8
9
10
11
12

Powers of 2
2
4
8
16
32
64
128
256
512
1024
2048
4096

Problem:

Find the product of 16 and 64 using the powers of base 2 chart above.

Solution:

Since 16 x 64 = 24 x 26 = 210, you can find the product of 16 and 64 as follows.

Find the corresponding exponents 4 and 6 above 16 and 64 in the chart.  The sum of these exponents is 10, and the number that corresponds to the exponent 10 in the table, 1,024, is the product of 16 and 64.

Other examples follow.


Example 1.

4096(512
=
212 ( 29


=
2(12 -9)


=
23


=
8


Example 2.
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As you can see, you are limited in the choice of numbers that can be manipulated by this short method because the table is small.  While it would be possible by advanced mathematics to compute fractional exponents for numbers between those given in the second row of the table above, it is more practical for computational purposes to use a table based on powers of 10 instead of powers of 2.

Exponents used for the computation above are called logarithms.  Thus, since 8 = 23, the logarithm of 8 to the base 2 is 3.  In abbreviated form this is written as


log28 = 3.

When 10 is used as the base, you have the following.

log101
=
0 since 1 = 100

log1010
=
1 since 10 = 101

log10100
=
2 since 100 = 102

log101,000
=
3 since 1,000 = 103

log100.1
=
1 since 0.1 = 
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10

1

 = 10-1

log100.01
=
2 since 0.01 = 
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 = 10-2

The log of any number between 0 and 10 will be a fraction between 0 and 1; the log of any number between 10 and 100 will be a value between 1 and 2, and so forth.

You are now ready to consider a more formal statement concerning logarithms.  The logarithm of a quantity is the exponent or the power to which a given number, called the base, must be raised to equal that quantity.  If N = 10x, the exponent x is the log of N to the base 10.

TERMINOLOGY

Systems

Two numbers have been selected as bases, resulting in two systems of logarithms.  One base, 2.718, usually indicated by the letter (e), is used in the "natural" logarithm system.  The other base is 10 and is used in "common" system of logarithms.  In the common system, the base 10 is usually omitted in the logarithmic expression.  Thus, log101,000 = 3 is usually written log 1,000 = 3.  In the natural system, the base e is usually written in the logarithmic expression.  The logarithms discussed in this subcourse are "common" logarithms.

Parts of a Logarithm

For numbers not exact powers of 10, the logarithm consists of two parts:  a whole number, called the "characteristic", and the decimal part, called the "mantissa."  For example, the logarithm of 595 is 2.7745.  In this instance, the characteristic is found by inspection while the mantissa is obtained from log-arithmic tables.

Characteristic.  The characteristic of a logarithm can be determined by the following rules.

· The characteristic of the logarithm of a number greater than 10 is positive and is one less than the number of digits to the left of the decimal point.

Number
Characteristic




5
0

23
1

567.8
2

8432.29
3

· The characteristic of the logarithm of a number less than one is negative and is equal to one more than the number of zeros immediately to the right of the decimal point.

Number
Characteristic





.532
-1


.034
-2


.00509
-3

Mantissa.  The mantissa of a logarithm is found from a table of logarithms.  Numbers which have the same sequence of digits, but differ only in the location of the decimal point, have the same mantissa.

Number
Mantissa





595
.7745


59.5
.7745


.595
.7745

PROCEDURES

Finding the Logarithm of a Number

Table 2-1 at the end of the lesson is a complete, four place logarithm table.  The first column in the table contains the first two digits of numbers whose mantissas are given in the tables, and the top row contains the third digit.  To find the logarithm of a number such as 58.4, first determine the characteristic by inspection.  In this instance it is 1 (one less than the number of digits to the left of the decimal point).  Now look in the table to determine the mantissa.  Remember that the mantissa is the decimal portion of the logarithm and, although it is customary to omit the decimal point in the construction of tables, it must be put in when writing the complete logarithm.  Referring to table 2-1, look down the left-hand column for the first two digits, find 58; then go across to the column labeled 4, find the mantissa:  .7664.

The logarithm for 58.4 is therefore:


log 58.4 = 1.7664.

To find the logarithm of a number with more than three digits, use the process called interpolation.  To illustrate this process, determine the logarithm of 5,956.  The mantissa for 5,956 is not listed in the table; however, the mantissas for 5,950 and 5,960 are listed.  (The mantissa for 5,950 is the same for 595, etc.)  Since 5,956 lies between 5,950 and 5,960, its mantissa must lie between the mantissas for these two numbers.

Arrange the numbers in tabular form.

Numbers
Characteristic
Mantissa





5,960
3.
7,752

5,956
3.
?

5,590
3.
7,745

Since 5,956 lies 6/10 of the way between 5,950 and 5,960, the mantissa must be 6/10 of the way between .7745 and .7752.  Since the difference between the two is .0007, and 6/10 of .0007 is .00042, add .00042 to the mantissa of 5,950, and get the result, .77492.  The complete logarithm of 5,956, therefore, is 3.77492, rounded off to 3.7749.

Negative Characteristics

When the characteristic of a logarithm is negative, do not put the minus sign in front of the logarithm; it applies only to the characteristic and not the mantissa.  Instead, add 10 to the negative characteristic and indicate the subtraction of 10 at the end of the logarithm.  Thus the characteristic, if -2, is written:


8.  Mantissa  -10.

Another method frequently used is to place the negative sign directly above the characteristic.  For example:
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  Mantissa
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  Mantissa

Antilogarithms

The number corresponding to a given logarithm is called the antilogarithm of that number.  It is written "antilog" or log-1.  To find the antilog, reverse the process for determining the logarithm.  To find the antilog of 1.8102, locate the mantissa, .8102, in table 2-1.  It is in line with 64 and column 6.  Thus, the number corresponding to this mantissa has the digits, 646.  To determine the correct position of the decimal point, reverse the procedure used to determine the characteristic.  Since the characteristic is 1, there must be two digits to the left of the decimal point.  The correct answer, therefore, is 64.6.  In some instances, the exact mantissa cannot be found in the tables.  You must then use the process of interpolation.


Problem:


Find the antilog of 
[image: image12.wmf]3

.7690.


Solution:

Again referring to table 2-1, you find that .769 lies between the mantissa .7686 (587) and .7694 (588).  The difference between the mantissas .7686 and .7694 is .0008.  The difference between .769 (the given mantissa) and .7686 is .0004.  Find the number corresponding to .7690 by taking .0004/.0008 of 1 or .5 and adding it to 587 and get 5875.  Since the given characteristic was 
[image: image13.wmf]3

, you know that there must be two zeros to the decimal point in front of the first digit.  Therefore, the correct answer is 0.005875.

Computations with Logarithms

To compute using logarithms, the general rules described for the manipulation of exponents apply.

Multiplication.  To multiply two numbers, add their logarithms and find the antilog of the result.

6,952  X  437
=
?

Log 6,952
=
3.8421

Log 437
=
2.6405 (sum)



6.4826

antilog 6.4826
=
3,038,000

Actual multiplication of 6,952 x 437 would give the result 3,038,024, or an error of .0008 of one percent.  The error is due to the number of places in the logarithm tables.  Greater accuracy would result from using 5 or 7 place tables.

Division.  To divide two quantities, subtract the logarithm of the divisor from the logarithm of the dividend and find the antilog of the result to obtain the quotient.

6,952  (  437
=
?

log 6,952
=
3.8421

log 437
=
2.6405 (subtract)



1.2016

antilog 1.2016
=
15.908

Therefore,


6,952  ÷  437 = 15.908.

Powers.  To raise a quantity to a power, multiply the logarithm of the quantity by the exponent or the power and find the antilog of the result.

(5.2)6
=
?

log (5.2)6
=
6 log 5.2

6 log 5.2
=
0.7160  X  6


=
4.2960

antilog 4.296
=
19,768


Therefore,


(5.2)6 = 19,768.

To raise a quantity to a negative power, proceed as follows.

(45.6)-3
=
?

log (45.6)-3
=
3 log 45.6

log 45.6
=
1.6590  X  -3


=
-4.9770

Since logarithm tables list only positive values of the mantissa, change the logarithm above by subtracting from 10.0000 - 10).

10.0000 - 10
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 or 5.0230


The antilog of
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.0230  =  0.00001054.


Therefore,


(45.6)-3  =  0.00001054.

Roots.  To find the root of a quantity, divide the logarithm of the number by the indicated root and find the antilog.
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 log 1.572

Log 1.572
=
0.1965
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1965

.

0


=
0.0655

antilog 0.0655
=
1.163

Therefore,
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=  1.163.

Sample solution of complex problem.  Solve
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Next, simplify the problem by arranging the terms in the following manner.


Numerator:

log 439
=
2.6425

log 6,793
=
3.8321

log 
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  =  8.43  (  4
=
0.2315 (sum)



6.7061

Denominator:

log 
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  =  3 log 4.6
=
1.9884

log 14.9
=
1.1732

log 
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=
0.0043 (sum)



3.1659

Now, subtract the log of the denominator (3.1659) from the log of the numerator (6.7063).


   6.7061
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antilog 3.5402 = 3,470

Therefore,
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  =  3,470

POWERS OF TEN

Frequently it is desirable to determine quickly and with a reasonable degree of accuracy the result of an expression which contains large or cumbersome numbers.  At first glance, the expression
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brings visions of tedious multiplication and division by conventional methods.  The use of logarithms would shorten the calculations, provided logarithm tables were readily available.  Suppose, however, our problem could be reduced to some simple expression such as:
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One could arrive at an approximate but fairly accurate answer by merely performing several simple multiplication and division steps.  The solution to (1), gotten by conventional multiplication, is

4,331,509,201
(3)

or approximately

4,332,000,000.
(4)

The approximate solution to (2) is

4.32.
(5)

Simplification

Ignoring the number of zeros or the placement of the decimal points for a moment, notice the simplicity of the digits appearing in (4) and (5).  If a simple method were available for determining the position of the decimal point, we would have a virtual "engineers' shorthand" at our disposal.  Such a system, known as the powers of 10, does exist and is based upon the relatively simple rules of exponents described in the preceding portions of this subcourse.

To begin with, the number 536,000,000 can be written


536  X  1,000,000

One million can be expressed (using the principle of exponents) as 106.  The number can now be written


536  X  106.

The value 536, however, can be further reduced to 5.36 x 100, and 100 is equal to 102.  The number 536,000,000 may now be written


5.36  X  102  X  106.

Combining the exponents, you get a further simplification,


5.36  X  10) (2+6)

or


5.36  X  108.

The number .000625 can also be rewritten


6.25  X  .0001.

Recalling again the laws of exponents and powers of 10, you can see that .0001 is equivalent to 10-4.  The expression now becomes 6.25 x 10-4.

Every number in the original expression can now be rewritten in the form of some small number multiplied by some power of 10.
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Regrouping the terms, you get
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You can now perform either an exact or approximate multiplication and division of small numbers.  Assuming you are interested only in an approximate answer, you can reduce the fraction as follows:  (( means "approximately equal to")
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Referring again to the exact answer of 4,331,509,201, you find that you are accurate to within 2/10 of 1 percent, normally an acceptable degree of accuracy.

Rules

Two basic rules for converting numbers to powers of 10 can be stated as follows:

1.  To express a large number as a small number times a power of 10, move the decimal point left to the desired location and count the number of places to the original decimal point.  The number of places moved will be the proper positive exponent of 10.

45
=
4.5  X  101

450
=
4.5  X  102

4,500
=
4.5  X  103

45,632
=
4.5632  X  104

2.  To express a decimal as a whole number times a power of 10, move the decimal to the right and count the number of places moved.  The number of places moved is the proper negative exponent of 10.

0.6
=
6  X  10-1

0.06
=
6  X  10-2

0.006
=
6  X  10-3

0.0006
=
6  X  10-4

Reciprocals

Frequently in electronics, expressions will be encountered that involve reciprocal quantities (1 over a particular number), such as
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Such problems are easily solved by utilizing the powers of 10 system.  For example, the quantity
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can be solved as follows:

Convert all quantities in the denominator to their proper power of 10.



[image: image38.wmf])

10

25

.

1

(

)

10

5

.

2

(

)

10

4

(

1

4

4

4

-

X

X

X

X

X


Multiply the numbers and combine the exponents to obtain one final power of 10.
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Divide 1 by 12.5, move 10-4 to the numerator, and reverse the sign of the exponent (remember 1/x2 = x-2).  You now get


.08  X  104
Moving the decimal point 4 places to the right, you get the answer, 800.

Numerical Prefixes

Throughout your study of electronics you will frequently encounter quantities which are exceptionally large or exceedingly small in value.  To make it easier to express various units such as volts, cycles, amperes, and ohms in terms of their absolute values, metric prefixes such as kilo, mega, micro, and milli are added to the word.  The use of these prefixes or their abbreviations reduces the requirements for writing large numbers because they are based on powers of 10.  At the end of this lesson is a list of these prefixes and their abbreviations are in table 2-2.  Table 2-3 is a conversion table for multiplying units exponentially.  Table 2-4 shows exponential differences between units.

Table 2-1a.  Four-Place Common Logarithms of Numbers.
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Table 2-1.  Four-Place Common Logarithms of Numbers (cont).
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Table 2-1.  Four-Place Common Logarithms of Numbers (cont).
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Table 2-2.  Abbreviations for Metric Prefixes
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Table 2-3.  Exponential Multiplication Tables.
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Units

Centiunits
Kilounits
Megaunits
Microunits
Milliunits
Kilounits
Megaunits
Megaunits
Microunits

Microunits

10
107
107
108
108
102
10°
108
107
1078
10
10
1012
1072
107

To Obtain

Centiunits
Kilounits
Megaunits
Microunits
Miltiunits
Units
Units
Units
Units
Units
Kilounits
Kilounits
Microunits
Megaunits

Milliunits






Table 2-4.  Exponential Differences Between Units.

[image: image45.png]FROM
TO

MEGA | KILO | UNITS | CENTI | MILLI | MICRO
MEGA Bt G 12—
KILO -—5 e -
UNITS -—2 3 6
CENTI 1— i—
MILLI -— 3
MICRO —i | -3

‘The numbers indicate the number of places, and the arrows indicate that di-
rection in which the decimal point moves. Units represent all fundamental
terms of measure, such as, volts, amperes, ohms, etc. Read the chart from left
10 right only as indicated in the upper left-hand block.

Example: Convert 0.2 amperes to microamperes. Find the biock marked units
in the left-hand column. Follow the line across until you are under the block
‘marked micro. You read 6=, which indicates the decimal is o be moved six
places to the right. Therefore, 0.2 amperes is equivalent to 200,000
‘microamperes.

Example: To convert megacycles to kilocycles, read on the mega line across
and under kilo. There you find 3=—; therefore, 50 megacycles would become
50,000 kilocycles.
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