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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

COURSE OVERVIEW: The objective of this course is to enable the student to:
a. Apply logarithms to the solution of problems encountered in mathematics and the sciences.

b. Apply trigonometric techniques as tools in the analysis of mathematical, physical, and scientific
problems.

THE COURSE: This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information.  The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area. It also reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand the
material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.

Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover a reference in the text to another publication for further information, look it up.
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Sailor’s Creed

“l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
questions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning objectives state what you should be
able to do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professional
Development and Technology Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send all the
assignments at one time by mail to NETPDTC.
Grading on the Internet: Advantages to
Internet grading are:

you may submit your answers as soon as
you complete an assignment, and

you get your results faster; usually by the
next working day (approximately 24 hours).

In addition to receiving grade results for each

assignment, you will receive course completion
confirmation once you have completed all the

v

assignments. To submit your assignment
answers via the Internet, go to:

https://courses.cnet.navy.mil

COMPLETION TIME

Courses must be completed within 12 months
from the date of enrollment. This includes time
required to resubmit failed assignments.
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may view and print results for failed
assignments from the web site. Students who
submit by mail will receive a failing result letter
and a new answer sheet for resubmission of each
failed assignment.
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After successfully completing this course, you
will receive a letter of completion.
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encourage you, if possible, to use e-mail. If you
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Comment form that follows this page.
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CHAPTER 1
LOGARITHMS

LEARNING OBJECTIVES

Upon completion of this chapter, you should be able to do
following:

the
1. Define exponential form and logarithmic form.

2. Apply laws of multiplication, division, powers, and roots for
calculating logarithms.

3. Determine the characteristic and mantissa of common
logarithms.

4. Interpolate using logarithm tables.

5. Find common logarithms, antilogarithms, and natural
logarithms using logarithm tables.

INTRODUCTION

The basic definitions and terminology associated with the study
of logarithms were discussed in Mathematics, Volume 1,
NAVEDTRA 10069-D1. Some of these basic topics are reviewed
in the following paragraphs, followed by discussion of the use of
logarithm tables and natural logarithms.

REVIEW OF DEFINITIONS

The most important definition to remember when dealing with
logarithms is that every logarithm is an exponent. For example,
since 3% is equal to 9, the logarithm of 9 to the base 3 is 2. Stating
a logarithmic relationship requires that a base be stated or implied;
the various exponents that designate powers of the base are
logarithms to that base.
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The usual method of expressing the basic definition of
logarithms in symbols is as follows:

If b is a positive number other than 1 and x is a real number
(positive, negative, or zero) in the equation b* = a, then
= log,a. The two forms shown in the foregoing expression are
Exponential form: b* = a

Logarithmic form: x = logya

EXAMPLE: Change the expression 2° = 8 to logarithmic
form.

SOLUTION: If b* = a, then log,a = x.

If

2 =8
where

b =2

x =13
and

a =28
then

log.8 = 3

EXAMPLE: Change the expression log,,100 = 2 to
exponential form.

SOLUTION: If logsa = x, then b* = a.
If
log,,100 = 2
then

10 = 100
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PRACTICE PROBLEMS:

1. Change 10° = 1,000 to logarithmic form.

2. Change ¢ = N to logarithmic form.

3. Change log.4 = 2 to exponential form.

4. Change log,03.16 = 1/2 to exponential form.

ANSWERS:
1. log;01,000 = 3
2. log. N = x

3.22 =4

4. 10"

= 3.16

LAWS FOR CALCULATION

The following two abilities are necessary for logarithmic

calculation:

ik v T il =4

1. Recognition of logarithms as exponents
2. Knowledge of the Laws for Logarithms

The first of these abilities was discussed in the foregoing
section. The second is the subject of the following paragraphs.

MULTIPLICATION

Law 1. The logarithm of a product is equal to the sum of the
logarithms of the factors.
Suppose that we wish to multiply A and B, and we know the

following:
A=
and
B =

10™

10"



Then the product AB is
AB = 10™ x 10"

= 1o™"

Applying the basic definition of logarithms, we see that these
equations would correspond to

log,eA = m
log,eB = n
log,vAB = m + n
Therefore, log,cAB = log,cA + log,.B
EXAMPLE: Multiply 100 times 1,000 using logarithms.
SOLUTION:
If 100 = 10%, then log,,100 = 2.

If 1,000 = 10°, then log,,1,000 = 3

wn»

©

-
Laar ]

log.o(100 x 1,000) = log,;,100 + log,01,000
=2+ 3
=3
then the corresponding exponential form is
100 x 1,000 = 10’
= 100,000

DIVISION

Law 2. The logarithm of a quotient is equal to the difference
of the logarithms of the dividend and the divisor.
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If A is to be divided by B, and

A= 10"
and
B = 10"
then
In logarithmic form,
logicA = m
log,eB = n

log.o% =m-—-n

Therefore, logm‘% = log;ed — logieB

EXAMPLE: Divide 1,000 by 100 using logarithms.
SOLUTION:
log,01,000 = 3
log,0100

il
(]

In logarithmic form,

loglo-l-i% = log101,000 — 10g,0100
=3 -2
=1
Therefore,
1,000 .,
00 =10
= 10
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POWERS

Law 3. The logarithm of a number raised to a power is equal
to the exponent times the logarithm of the number.

Suppose
A = 10"
and
A" = (10™" = 10™"
Then
log,eA = m
and
log,0A"” = mn

Therefore, log,cA™ = (logeA)n = n log,.A
EXAMPLE: Find the value of 100* using logarithms.
SOLUTION: In logarithmic form,

log0100* = 2 log,,100

= (2)(Q2)
=4
Therefore,
100 = 10*
= 10,000
ROOTS

Law 4. The logarithm of the nth root of a number is equal
to the logarithm of the number divided by n, the index of the root.

Suppose
A = 10"
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and
VA = V10" = 10m"
Then
logied = m

and

R n— m
log, VA = n

Therefore, log, oV A = lgg’_;ﬁ_ = %logloA

EXAMPLE: Find V 100 using logarithms.

SOLUTION:
V100 = 1002
In logarithmic form,
log,0100'? = %logmlOO
=10
=1
In exponential form,
100" = 10!
Therefo':re,
V100 = 10

PRACTICE PROBLEMS:

Find the values of the following using the Laws for
Logarithms:

1. 10,000 x 1,000 x 10
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2. 10,000/10
3. 1,000°
4. V1,000

ANSWERS:

1. 100,000,000
2. 1,000

3. 1,000,000,000

4. 10

COMMON LOGARITHMS

We could construct tables of logarithms using any number as
a base. For purposes of calculation, the most logical number for
a base is 10, the base of the decimal number system. Logarithms
to the base 10 are called common logarithms. Therefore, in the
discussion which follows, no base designation is used. The
expression log A is understood to mean the base 10 logarithm of
A or log,eA.

Most of the numbers encountered in various calculations are
not integral (whole number) powers of 10.

EXAMPLE: Express 316 as a base 10 logarithm.
SOLUTION:
316 = 10%4°%
Therefore, in logarithmic form

log 316 = 2.4997
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Every logarithm consists of an integral part, the characteristic,
and a fractional part, the mantissa. The logarithm of 316 is

2.4997 = 2 + .4997

so the characteristic is 2 and the mantissa is .4997.

POSITIVE CHARACTERISTICS

The characteristic for the logarithm of an integer may be
determined by inspection. For example, if the integer is between
1 and 10, it is equal to a power of 10 between 0 and 1. This concept
is explained fully in Mathematics, Volume 1.

The numbers in the following list serve to illustrate how the
characteristic is determined by the size of the number:

log 3.6 = 0.5563

1.5563

log 36

log 360 = 2.5563

log 3,600 = 3.5563

Since log 1 is 0 and log 10 is 1, we expect the logarithm of 3.6
to be a number between 0 and 1. Therefore, its characteristic is
0. On the other hand, 3,600 is greater than 1,000 and less than
10,000. Therefore, its logarithm is between log 1,000 and log
10,000, and its characteristic is 3.

Scientific notation provides a convenient method for
determining the characteristic. For example, 3,600 is written as
3.6 x 10? in scientific notation. Thus, we have

log 3,600

log (3.6 X 10%)
= log 3.6 + log 10°
= 0.5563 + 3

3.5563

The characteristic of log 3.6 is 0, and the characteristic of log 10°
is 3. Therefore, the characteristic of log 3,600 is 3, the sum of
the characteristics of the two separate logarithms. Any expression
written in scientific notation consists of a number between I and
10 multiplied by a power of 10. Since the characteristic of a
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number between 1 and 10 is 0, the power of 10 determines the
characteristic of the logarithm.

The exponent that we obtain as the power of 10 in scientific
notation is indicated by the number of digits between the actual
position of the decimal point in the original number and the
standard position of the decimal point. The standard position is
immediately after the first nonzero digit in the number. For
example, in the number 3,600, the decimal point is understood
to be after the second 0 in the original number. This is 3 digits
to the right of the standard position, so the exponent of 10 for
scientific notation is 3. This exponent is also the characteristic for
log 3,600.

NEGATIVE CHARACTERISTICS

If the decimal point in the original number had been to the
left of the standard position, the exponent of 10 (and therefore
the characteristic) would have been negative. When the logarithm
of a positive number less than 1 is obtained, a negative
characteristic occurs. For example,

log 0.036

log (3.6 x 107?)
= log 3.6 + log 107?

= log 3.6 + (=2)

0.5563 — 2

Since logarithm tables do not list negative characteristics, we do
not subtract the characteristic from the mantissa to obtain the final
form of the logarithm. Perhaps the most universal form for
negative characteristics is to use a positive integer minus 10 or an
integral multiple of 10 as follows:

log 0.036 = 8.5563 — 10

This form is numerically equal to
log 0.036 = 0.5563 — 2

Negative numbers and 0 do not have logarithms. When
logarithms are used in calculations involving negative numbers,
we first determine the sign of the final answer. Next we compute
the results as if all the numbers were positive, and then we apply
the predetermined sign to the final answer.
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PRACTICE PROBLEMS:

Determine the characteristics of the logarithm for each of the
following numbers:

i. 32

2. 476

3. 0.25
4. 0.0074

ANSWERS:

2.2
3. -1lor9 - 10

4, -3o0r7-10

LOGARITHM TABLES

Tables of logarithms normally contain only mantissas. Table
1-1 is an excerpt from appendix I, Common Logarithms of
Numbers. Observe that the table of logarithms has headings
consisting of the abbreviation ‘‘No.’’ (representing Number) and
the digits 0 through 9. The first two digits of any number whose
logarithm we seek are found in the No. column. The third digit

Table 1-1.—Appendix I Excerpt, Common Logarithms of Numbers

USSP IS IE I I NI T IS AT I I I BTN NI IS 36 6B IS S A O 36 A I I

# No. #* o] I 1 | 2 i 3 ! 4 | S ] -} ! 7 I 8 | 9 )
6 JEIE T I TIP3 6 DA I A6 3 I I AE I TSI IS SIS B3I S I 6 IR 6 I
* 1.0 % 0000 | .0043 | .00846 | .0128 | .0170 1 .0212 | .0253 | .0294 | .0334 | .0374 |
# 1,1 # .0414 | .0453 | .0492 t .0531 | .05&6% | .0607 | 0645 | .0682 | .0719 | .0735 1
* 1.2 % .0792 | .0828 | .08464 | .0899 | .0934 | 0967 | .1004 | .1038 | .1072 | .1106 |
# 1.3 # 1139 | 1173 1 .1206 | .1239 | 1271 1 .1303 | .1335 ) .1367 | .1399 | .1430 |
# 1.4 ® _1451 ) .1492 1 .15923 | .1553 | .1584 | .14614 | 1644 } 1673 | 1703 | .1732 |




is found as one of the column headings, 0 through 9. The mantissa

Lan i

wnn A ~ tho

car A zavs

p Y s4La . L. sexit mizzmridhar 1o fatimA Annnor
for the logarithm of any three-digit number is found opposite the

first two digits and below the third digit.

Steps in determining the logarithm of a three-digit number are
as follows:

1.

Determine the characteristic of the logarithm of the number.

2. Locate the first two digits of the number on the left side

W

of the table.

. Locate the third digit of the number at the top of the table.
. Locate the mantissa corresponding to these values.
. Determine the logarithm using the characteristic, found in

step 1, and the mantissa, found in step 4.

EXAMPLE: Find the logarithm of 1.24 using table 1-1.

SOLUTION:

1.

(T B VA O]

The number 1.24 is in standard form, so the characteristic
is 0.

Locate 1.2 on the left side of the table.

Locate 4 at the top of the table.

The mantissa corresponding to the values is .0934.
Therefore, the logarithm of 1.24 is 0.0934.

EXAMPLE: Find the logarithm of 13.7.

SOLUTION:

}h-hwl\).-—

The characteristic of 13.7 is 1.

Locate 1.3 on the left side of the table.

Locate 7 at the top of the table.
The mantissa corresponding to the values is .1367.
Therefore, the logarithm of 13.7 is 1.1367.

EXAMPLE: Find the logarithm of 0.0682 using appendix I.

SOLUTION:

u-J:-wN:—

The characteristic of 0.0682 is —2.

Locate 6.8 on the left side of the table.

Locate 2 at the top of the table.

The mantissa corresponding to the values is .8338.
Therefore, the logarithm of 0.0682 is 0.8338 — 2 or
8.8338 — 10.



PRACTICE PROBLEMS:

Use table 1-1 or appendix I to find the logarithms of the
following numbers:

1. 118
2. 3,420
3. 14.6
4. 5.48

ANSWERS:
1. 2.0719

2. 3.5340
3. 1.1644
4. 0.7388

INTERPOLATION

Interpolation of a mantissa is the process of calculating the
mantissa for the logarithm of a number having one more digit
than the entries in the table. For example, to find the logarithm
of 1,125, we interpolate. Refer to table 1-1 or appendix I. The
characteristic of 1,125 is 3, since 1,125 = 1.125 x 10%. The
logarithm of 1.125 is halfway between the logarithms of 1.120 and
1.130. Therefore, we find the mantissas for the logarithms of these
two numbers and then determine the mantissa that is halfway
between them. The interpolation for the number 1.125 can be
performed as follows:

NUMBER MANTISSA

—

[ 1.120 0492 |
.005 x
010 1125 7 .0039
] 1.130 0531 |
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We analyze the foregoing tabulation in terms of the difference
between the numbers and the difference between the mantissas.
The large bracket on the number side indicates a total difference
of .010, and the small bracket on the number side indicates a total
difference of .005. The large bracket on the mantissa side indicates

a total difference of .0039. Since our number (1.125) is .005/.010,
or 5/10 of the way between the two numbers (1.120 and 1.130)

i ovaiw VWi VY wwii viiw AiRjea2aSNA D s 2 sy QKaadle

in the table, then the mantissa corresponding to our number should
be 5/10 of the way between the mantissas (.0492 and .0531) in
the table.

Writing the proportions, we have

S  x

10 — .0039

Solving for x gives

3
X 1()(.0039)

= .00195
= .0020 (rounded to 4 places)

Adding .0020 to .0492, we obtain the mantissa corresponding to
1.125, which is .0512. Therefore,

log 1,125 = 3.0512

Steps in determining the logarithm of a number by
interpolation are as follows:

1. Determine the characteristic of the logarithm of the number.

2. Determine the numbers your number (in standard form)
lies between and their corresponding mantissas.

3. Interpolate to obtain the mantissa for your number.

4. Determine the logarithm using the characteristic, found in
step 1, and the mantissa, found in step 3.

EXAMPLE: Find log 25.67.
SOLUTION:

1. The characteristic of 25.67 is 1.
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2. The number 2.567 lies between 2.560 and 2.570; and their
corresponding mantissas are .4082 and .4099, respectively.
3. Interpolate:

NUMBER MANTISSA

N [ 2.560 4082 | ]
007 x
010 2.567 9 0017
i 2.570 4099 |

Our number is .007/.010, or 7/10 of the way between 2.560
and 2.570. Therefore, the mantissa must also be 7/10 of
the way between .4082 and .4099.

Writing the proportions, we have

7 x
10 — .0017
Solving for x gives
- L
X = 10(.0017)
= .00119

= .0012 (rounded to 4 places)
So the mantissa corresponding to 2.567 is
4082 + .0012 = .409%4
4. Therefore, log 25.67 = 1.4094.

PRACTICE PROBLEMS:
Find the logarithms of the following numbers:

1. 0.2355



2.
3.

4.

5.432
473.6

9,817

ANSWERS:

W

. 9.3720 - 10

. 0.7350

ANTILOGARITHMS

The procedure for finding a number when we know its
logarithm is called finding the antilogarithm. The word
‘‘antilogarithm’’ is abbreviated ‘‘antilog,”” and a symbol
sometimes used to indicate the antilog is log™'. The — 1 in a symbol
of this kind tends to be confusing since it is not an exponent. It
is an indicator that emphasizes the inverse relationship between
logs and antilogs.

Steps in determining the antilogarithm of an exact table entry
of a mantissa are as follows:

1.

2.
3.

Locate the mantissa of the logarithm of the number in the
table.

Locate the two-digit number to the left of the mantissa.
Locate the one-digit number directly above the mantissa.

Combine the two-digit number and the one-digit number
to obtain the three-digit number corresponding to the
mantissa.

. Determine the antilogarithm using the three-digit number,

found in step 4, and place the decimal either to the left or
right using the characteristic of the original logarithm.
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EXAMPLE: Find antilog 1.1271.

SOLUTION:

=

5.

The mantissa of 1.1271 is .1271.

The two-digit number to the left of the mantissa is 1.3.
The one-digit number directly above the mantissa is 4.
The three-digit number corresponding to the mantissa is,
then, 1.34.

Therefore, antilog 1.1271 = 13.4.

Steps in determining the antilogarithm of a mantissa that is
not an exact table entry are as follows:

1.
2.
3.

Determine the mantissas your mantissa lies between and
their corresponding three-digit numbers.

Interpolate to obtain a four-digit number corresponding to
your mantissa.

Determine the antilogarithm using the four-digit number,
found in step 2, and place the decimal either to the left or
right using the characteristic of the original logarithm.

EXAMPLE: Find the antilogarithm of 8.5124 — 10.

SOLUTION:

1.

2.

The mantissa .5124 lies between the mantissas .5119 and
.5132; their corresponding three-digit numbers are 3.25 and
3.26, respectively.

Interpolate:

NUMBER MANTISSA

B [ 3.25 5119 | ]
x .0005
01 K 5124 | 0013
i 3.26 5132 1

Our mantissa is .0005/.0013, or 5/13 of the way between
5119 and .5132. Therefore, our number is 5/13 of the way
between 3.25 and 3.26.



Writing the proportions, we have

X 5

01 13

Solving for x gives
_ 3
X = 13(.()1)

= .0038
= .004 (rounded to 3 places)
So the number corresponding to the mantissa .5124 is
3.25 + .004 = 3.254

3. Therefore, the antilogarithm of 8.5124 — 10 is 0.03254.

PRACTICE PROBLEMS:

Find the antilogarithm of the following logarithms:
1. 9.3636 - 10

2. 1.8451

3. 2.7030

P =N

. 0.3842

ANSWERS:
1. 0.231
2. 70.0
3. 504.7

4. 2.422



NATURAL LOGARITHMS

Natural logarithms are so named because the number e, the
base of the natural logarithm system, is involved in the law of
nature that governs growth and decay. The law is stated in symbols
as

A —_ Aoert
In the foregoing equation, A represents the total amount after
a period of growth, and A4, represents the amount at the beginning

of the growth period. The letter r represents the continuous rate
of growth, and 7 represents the time during which growth occurs.

.
N OLY
The same remarks apply for a period of decay.

' By means of higher mathematics, the number e is found to
have the value
e = 2.71828 (rounded to S places)
This number is the base of the natural logarithm system.
The relationship between the common logarithm of a number
and its natural logarithm is
In N = 2.3026 log N

Observe that the special abbreviation In N is used to represent
log,ﬁ{;’x = N, where Nis any number, then by taking the natural
logarithm of both sides, we have

xlne=InN
Since

In e = log.e
then

Ine =1
Therefore, by substitution,

Xx=InN

and

"V =N
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The value of In N can also be obtained from the basic definition
of logarithms. Taking common logarithms of both sides in the
expression

X AT
€ = IV

gives

log ¢ = log N

xloge = log N

log N

¥~ Tloge

Equating the two expressions we have obtained for x gives

In N = 08N
log e

From the table of common logarithms, we find that log 2.71828
is approximately 0.4343, so

Since the reciprocal of 0.4343 is 2.3026 (rounded), then
In N = 2.3026 log N
EXAMPLE: Find the natural logarithm of 36.

SOLUTION:

In 36 = 2.3026 log 36

2.3026(1.5563)
= 3.5835
EXAMPLE: Find In 0.053.

SOLUTION:

P

5
=
=
W

2 — D UL IAa N NL2
3 L. JVLO 1UE V.VUJOD

(5]

2.3026(8.7243 — 10)
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Transform 8.7243 — 10 to

.
™ I" a0 ~
.uultlp., S i0

acteristics:
~2.9374
Therefore,

In 0.053

the equivalent form —1.2757 to

.3026(—1.2757)

-2.9374

Now write —2.9374 in the universal form for negative

7.0626 — 10

7.0626 — 10

PRACTICE PROBLEMS:

Find the natural logarithm of the following numbers:

1. 15
2. 8,014
3. 29

4. 352

ANSWERS:
1. 2.7081
2. 8.9889
3. 3.3673
4. 5.8636
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SUMMARY

The following are the major topics covered in this chapter:

1. Definition of a logarithm: Every logarithm is an exponent.
If b is a positive number other than 1 and x is a real number
(positive, negative, or zero) in the equation b* = a, then
x = logpa.

The exponential form is b* = a and the logarithmic form is
x = logsa.

2. Two abilities necessary for logarithmic calculations:

1. Recognition of logarithms as exponents
2. Knowledge of the Laws for Logarithms

3. Laws for Logarithms:

Law 1. The logarithm of a product is equal to the sum of the
logarithms of the factors.

log,0AB = logieA + log,.B

Law 2. The logarithm of a quotient is equal to the difference
of the logarithms of the dividend and the divisor.

log,o‘g— = logieA — log,oB

Law 3. The logarithm of a number raised to a power is equal
to the exponent times the logarithm of the number.
log1eA™ = (logieA)n = n logeA

Law 4. The logarithm of the nth root of a number is equal
to the logarithm of the number divided by n, the index
of the root.

log, oV A = 135#.4 = %logmA

4. Common logarithms: Logarithms to the base 10 are called
common logarithms.

The expression log A is understood to mean the base 10
logarithm of A or log;eA4.
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Every logarithm consists of an integral part, the characteristic,
and a fractional part, the mantissa.

Scientific notation provides a convenient method for
determining the characteristic. Any expression written in
scientific notation consists of a number between 1 and 10
multiplied by a power of 10. Since the characteristic of a
number between 1 and 10 is 0, the power of 10 determines the
characteristic of the logarithm.

When the logarithm of a positive number less than 1 is
obtained, a i‘legaLivc characteristic occurs. Since logarunm
tables do not list negative characteristics, the characteristic is
not subtracted from the mantissa to obtain the final form of
the logarithm. The most universal form for negative
characteristics is to use a positive integer minus 10 or an integral

multiple of 10.

Negative numbers and 0 do not have logarithms. When
logarithms are used in calculations involving negative numbers,
first determine the sign of the final answer. Next compute the
results as if all the numbers were positive, and then apply the
predetermined sign to the final answer.

. Common Logarithm Tables: The first two digits of any

number whose logarithm we seek are found in the No. column.
The third digit is found as one of the column headings, 0
through 9. The mantissa for the logarithm of any three-digit
number is found opposite the first two digits and below the
third digit.

Steps in determining the logarithm of a three-digit number:

1. Determine the characteristic of the logarithm of the number.

2. Locate the first two digits of the number on the left side
of the table.

3. Locate the third digit of the number at the top of the table.
4. Locate the mantissa corresponding to these values.

5. Determine the logarithm using the characteristic, found in
step 1, and the mantissa, found in step 4.
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process f calculating the mantlssa for the logarlth of a
number having one more digit than the entries in the table.
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10.

11.

12.

. Steps in determining the logarithm of a number by

interpolation:

1. Determine the characteristic of the logarithm of the
number.

2. Determine the numbers your number (in standard form)
lies between and their corresponding mantissas.

3. Interpolate to obtain the mantissa for your number.

4. Determine the logarithm using the characteristic, found
in step 1, and the mantissa, found in step 3.

Antilogarithms: The procedure for finding a number when
we know its logarithm is called finding the antilogarithm. The
word “‘antilogarithm’’ is abbreviated ‘‘antilog,”’ and a symbol
sometimes used to indicate the antilog is log™'.

Steps in determining the antilogarithm of an exact table entry
of a mantissa:

3

1. Locate the mantissa of the logarithm of the number in the

2. Locate the two-digit number to the left of the mantissa.

3. Locate the one-digit number directly above the mantissa.

4. Combine the two-digit number and the one-digit number
to obtain the three-digit number corresponding to the
mantissa.

5. Determine the antilogarithm using the three-digit number,

Steps in determining the antilogarithm of a mantissa that is
not an exact table entry:

1. Determine the mantissas your mantissa lies between and
their corresponding three-digit numbers.

2. Interpolate to obtain a four-digit number corresponding
to your mantissa.

3. Determine the antilogarithm using the four-digit number,
found in step 2, and place the decimal either to the left

or right using the characteristic of the original logarithm.

Natural logarithms: Natural logarithms are so named because
the number e, the base of the natural logarithm system, is
involved in the law of nature that governs growth and decay.
The law is stated in symbols as

A = A"
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where A4 represents the total amount after a period of growth
or decay, A, represents the amount at the beginning of the
growth or decay period, r represents the continuous rate of
growth or decay, and ¢ represents the time during which

The number e (rounded to 5 places) is
e = 2.71828

The relationship between the common logarithm of a number
and its natural logarithm is

In N = 2.3026 log N
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10.

ADDITIONAL PRACTICE PROBLEMS

. Change 372 = 1/9 to logarithmic form.

~ ~

Change log,02 = 0.3010 to exponential f

£

. Multiply 100* x 107* using logarithms.
. Divide V 10,000 by 1,000 using logarithms.

. Determine the characteristic of the logarithm of 89,000.

Find the logarithm of 0.00801.

Find the logarithm of 99,660.

Find the antilogarithm of 6.7404 — 10.
Find the antilogarithm of 3.6060.

Find the natural logarithm of 0.00673.
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