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PREFACE

This Handbook presents in one volume a concise summary of the major definitions, formulas,
graphs, tables, and examples of elementary and intermediate mathematics. It places emphasis
on technological applications and was prepared to serve as a desk-top reference book for
aeronautical, architectural, civil, mechanical, chemical, industrial, electrical, and construction
technologists and the practicing engineers in these fields.

The content of the book is grouped into four parts, each related to a particular type of

technical calculations.

Part I - Elementary mathematics (Chapters 1 to 5) covers arithmetic, algebra, plane geometry,
space geometry, and plane trigonometry.

Part II - Intermediate mathematics (Chapters 6 to 11) presents analytical geometry, differen-
tial calculus, sequences, series, integral calculus, matrices, determinants, and vectors.

Part III - Numerical procedures (Chapter 12 and Appendix A) gives a comprehensive
outline of operations with decimal and complex numbers, applications of tables of numeri-
cal constants and elementary functions, calculations of interest and annuities, and various
practical approximations.

Part IV - Conversion procedures (Chapter 13 and Appendix B) introduces the systems of
units of measure (FPS system, SI system) with emphasis on their definitions, classification,
and conversion.

The form of presentation has many special characteristics allowing easy and rapid location of

the desired information and permitting the indexing of this information.

1. Each statement in the book is a coded sentence designated by the position number and key

word.

2. The related sentences form logical sequences and their lengths allow speed reading.

3. The extensive index of all key words (of all sentences) given in the last part of the book

offers the possibility of using this handbook as a dictionary of technology mathematics.

4. All formulas are presented in general symbols and their applications are illustrated by

examples where this is desirable.

5. The application of tables of numerical coefficients is described in step-by-step procedures

in Chapter 12, with cross-references given below each table.
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In the preparation of this book free use was made of the pertinent material from my earlier
book, “Engineering Mathematics Handbook,” McGraw-Hill, New York, 1970. Although this
handbook overlaps in part the Engineering Mathematics Handbook, their respective levels and
objectives are so different that instead of competing with each other, they form a complemen-
tary set which many users may find useful in their professional work.

Boulder, Colorado Jan J. Tuma

X Preface



CONTENTS

Preface xiii

1. ARITHMETIC

1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.10

Definitions and Notations

Four Fundamental Operations

Signed Numbers

Operations with Zero

Simple Fractions

Mixed Numbers

Complex, Compound and Continued Fractions
Aggregations

Exponents

Radicals

2. ALGEBRA

2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09

Definitions and Notations

Addition and Subtraction

Multiplication

Highest Common Factor and Lowest Common Multiple
Decomposition of Binomials and Trinomials

Division

Simple Fractions

Complex, Compound and Continued Fractions
Operations with Zero

N oW N

~

11
13
14
17

20
21
22
23
24
25
26
30
31

it



viii

Contents

2.10 Exponents

2.11 Radicals

2.12 Imaginary and Complex Numbers
2.13 Logarithms

2.14 Linear Equations in One Unknown
2.15 Linear Equations in Two Unknowns
2.16 Means and Proportions

2.17 Quadratic Equations in One Unknown
2.18 Factorials

2.19 Binomial Theorem

2.20 Counting and Permutations

2.21 Variations and Combinations

2.22 Pascal’s Triangle

PLANE GEOMETRY

3.01 Definitions and Notations

3.02 Points, Lines and Segments

3.03 Angles

3.04 Triangles

3.05 Quadrilaterals

3.06 Polygons

3.07 Circles

3.08 Congruence, Similarity and Equality

SPACE GEOMETRY

4,01 Definitions and Notations
4.02 Point, Line and Plane

4.03 Two and Three Planes

4.04 Polyhedrons

4.05 Prismatoids

4.06 Cylinders

4.07 Cones

4.08 Spheres

4.09 General Solids of Revolution

PLANE TRIGONOMETRY

5.01 Definitions and Notations

5.02 Trigonometric Functions

5.03 Relations Between Functions
5.04 Trigonometric Identities

5.05 Plane Right Triangle

5.06 Plane Oblique Triangle

5.07 Inverse Trigonometric Functions

32

33
35
37
38
40
41
43
44
45
46
47
48

50
50
51
54
57
58
60
62

64
64
65
66
68
70
71
71
73

76
76
81
84
88
89
94



PLANE ANALYTIC GEOMETRY

6.01 Definitions and Notations

6.02 Points

6.03 Straight Line

6.04 Two Straight Lines

6.05 Transformation of Coordinates
6.06 Circle

6.07 Ellipse

6.08 Hyperbola

6.09 Parabola

6.10 General Algebraic Functions
6.11 Special Algebraic Functions
6.12 Cyclic Functions

6.13 Exponential and Logarithmic Functions
6.14 Hyperbolic Functions

6.15 Inverse Hyperbolic Functions

DIFFERENTIAL CALCULUS

7.01 Definitions and Notations

7.02 Ordinary Derivatives and Differentials

7.03 First Derivatives of Elementary Functions

7.04 Higher Derivatives of Elementary Functions

7.05 Partial Derivatives and Differentials

7.06 Derivatives and Differentials of Special Functions
7.07 Investigation of a Function

7.08 Geometry of Plane Curve

SEQUENCES AND SERIES

8.01 Series of Constant Terms

8.02 Finite Series of Constant Terms

8.03 Infinite Series of Constant Terms

8.04 Binomial Series

8.05 Series of Functions

8.06 Representation of Functions by Series
8.07 Series of Functions of Complex Variable

INTEGRAL CALCULUS

9.01 Definitions and Concepts
9.02 Techniques of Integration
9.03 Tables of Indefinite Integrals
9.04 Definite Integral

9.05 Properties of Plane Curves
9.06 Properties of Plane Figures

98

99
100
102
103
104
106
108
110
112
115
118
121
122
128

132
135
136
141
143
145
147
148

152
154
158
159
161
165
170

174
175
177
188
192
194

Contents

ix



X

Contents

10.

11.

12.

13.

9.07 Properties of Composite Plane Figures

9.08 Properties of Surfaces of Revolution

9.09 Properties of Homogeneous Bodies

9.10 Properties of Composite Homogeneous Bodies

MATRICES AND DETERMINANTS

10.01 Basic Concepts of Matrices

10.02 Algebraic Operations with Matrices
10.03 Basic Concepts of Determinants
10.04 Inverse and Related Matrices

10.05 Matrix Division

10.06 Simultaneous Linear Equations
10.07 Transformation of Coordinates

SCALARS AND VECTORS

11.01 Vector Algebra
11.02 Cartesian Vector
11.03 Vector Calculus

NUMERICAL PROCEDURES

12.01 Decimal System

12.02 Binary and Other Systems

12.08 Approximate Computations

12.04 Application of Tables of Numerical Constants
12.05 Application of Common Logarithms

12.06 Application of Natural Logarithms

12.07 Application of Tables of Trigonometric Functions

12.08 Application of Tables of Elementary Functions
12.09 Computations with Complex Numbers

12.10 Useful Approximations

12.11 Interest and Annuities

199
202
205
212

216
218
222
225
227
228
232

236
240
244

248
252
254
257
259
262
264
266
269
274
278

UNIT SYSTEMS AND THEIR RELATIONSHIPS

13.01 Quantitative Measurements
13.02 International System of Units

APPENDIX A. NUMERICAL TABLES

A.01-A.02 Square and Cube Roots of N/n
A.03-A.22 Squares, Cubes and Roots of N
A.23-A.24 Common Logarithms of N
A.25-A.26 Natural Logarithms of N

282
283

291
292-311
312-313
314-315



A.27-A.31 Trigonometric Functions in Degrees and Minutes

A.32—-
A.39-

A.38 Elementary Functions in x
A.40 Compound Interest Tables

A.41-A.42 Annuity Tables

A.43

Binomial Coefficients

APPENDIX B. CONVERSION TABLES

B.01
B.02
B.03

Decimals of an Inch with Millimeter Equivalents
S| System, Length, Wavelength, Area, Volume
S| System, Mass, Force, Unit Weight, Moment

B.04 S| System, Velocity, Acceleration, Static and Inertial Moment,

B.05
B.06
B.07

B.08
B.09
B.10
B.11
B.12
B.13
B.14
B.15
B.16
B.17
B.18

Index 353

Pressure
S| System, Energy, Work, Power, Temperature
FPS System, Length, Area, Volume
FPS System, Weight, Velocity, Acceleration, Moment, Energy,
Power
Conversion Factors, Length, Area
Conversion Factors, Volume
Conversion Factors, Mass, Force
Conversion Factors, Unit Mass, Unit Weight, Moment
Conversion Factors, Velocity, Acceleration, Viscosity
Conversion Factors, Static and Inertia Moment, Pressure
Conversion Factors, Energy, Work, Power
Conversion Factors, Electricity
Conversion Factors, Angle, Time
Conversion Tables, Angular Measures
Conversion Factors, Temperature, Heat

316-320
321-327
328-329
330-331

332

335
336
337

338
339
340

341
342
343
344
345
346
347
348
349
350
351
352

Contents

xi



1
ARITHMETIC




1.01 DEFINITIONS AND NOTATIONS

(1) Definitions

(a) Arithmetic is the systematic study of fundamental operations with real numbers and of the
use of these operations in solving practical problems.

(b) Real numbers are:
(a) The natural numbers (Sec. 1.01-1¢).
(B) The rational numbers (Sec. 1.10-1d).
(y) The irrational numbers (Sec. 1.10-1e).

(c) Natural numbers (also called the arabic numbers or positive integers) are the symbols
arrived at by counting such as 1, 2, 3, 4, ..., where the three dots mean “and so on.”

(d) Four fundamental operations of arithmetic are:
(a) The addition (Sec. 1.02-1).
(B) The subtraction (Sec. 1.02-2).
(v) The multiplication (Sec. 1.02-3).
(8) The division (Sec. 1.02-4).

(2) Symbols of Relationship

The following symbols define the relationship of two numbers:

=or:: Equals + or # Does not equal

> Greater than < Less than

= Greater than = Less than
or equal or equal

= Identical = Approximately equal

+ Not greater than £ Not less than

(3) Symbols of Aggregation
The symbols of grouping (aggregation) are:
() Parentheses {} Braces
[1] Brackets — Vinculum

Arithmetic



(4) Signs of Operations

The signs of operations are:

+ Plus or positive - Minus or negative
+ Plus or minus, F Minus or plus,
positive or negative negative or positive
X or Multiplied by +or: Divided by
a" nth power of a Va nth root of a
log } Common logarithm, or In } Natural logarithm, or
log Briggs’s logarithm log, Napier’s logarithm

1.02 FOUR FUNDAMENTAL OPERATIONS

(1) Addition
(a) Addition is the operation of finding the sum of two or more numbers.

example:
2+3+4=9

where 9 is the sum and 2, 3, 4 are the terms of the sum.

(b) Order of terms in addition may be changed without affecting the sum (commutative law).

examples:
2+3+4=9 3+4+2=9 4+2+3 =9

(c) Grouping of terms in addition may be changed without affecting the sum (associative law).

examples:

2+3)+4=5+4=9 2+(3+4)=2+7=9

(2) Subtraction

(a) Subtraction is the operation of finding the difference of two numbers.

example:
9—-4 =5

where 5 is the difference, 9 is the minuend, and 4 is the subtrahend.

(b) Difference of two equal numbers is zero.
example:

9-9=0
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(3) Multiplication
(a) Multiplication is the operation of finding the product of two or more numbers.

example:
2X 3 x4 =24

where 24 is the product and 2, 3, 4 are the factors of the product.

(b) Order of factors in multiplication may be changed without affecting the product (commuta-
tive law).

examples:

2X3x4 =24 3x4x2 =24 4X2X3 =24

(c) Grouping of factors in multiplication may be changed without affecting the product (as-
sociative law).

examples:

(2x3)x4=6x4=24 2x3x4)=2x12 =24

(4) Division
(a) Division is the operation of finding the quotient of two numbers.
example:
24:8 =3

where 3 is the quotient, 24 is the dividend, and 8 is the divisor.

(b) Quotient of two equal numbers is 1.
example:

24:24 =1

(5) Even, Odd, and Prime Numbers

(a) Even number is an integer divisible by 2.

example:

2,4,6,...are even numbers.

(b) Odd number is an integer not divisible by 2.
example:

1,3,5,...are odd numbers.
(c) Prime number is an integer divisible only by 1 and itself.

example:

1,2,3,5,7,...are prime numbers.
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(6) Factoring

(a) Every nonprime number greater than 1 can be expressed as a product of prime numbers.
examples:

30 =2x3x%x5 60 = 2X2%x3 %5

(b) Highest common factor (HCF) of a given set of numbers is the largest number that is a
factor of all the numbers.

example:

24 = 2X2X2x3 60 = 2X2x3x%5 84 = 2X2X3X7T

HCF = 2x2x3 =12

where HCEF is the product of the prime factors that are common to all the numbers of the set.

(c) Lowest common multiple (LCM) of a given set of numbers is the smallest number that has
each of the given numbers as a factor.

example:

24 = 2X2X2X3 60 = 2X2x3X5 84 = 2%xX2x3%7

LCM = 2X2X2X3xX5X7 = 840

where LCM is the product of all the different prime factors of the given numbers, each taken the
greatest number of times that it occurs in one of the numbers.

1.03 SIGNED NUMBERS

(1) Graphical Representation

(a) Real numbers may be represented by points on a straight line as shown in Fig. 1.03-1,
where the distance between two adjacent point: is constant and equals 1.

-5 —4 -3 -2 -1 0 +1 +2 +3 +4 +5

. 1 1
T T L L N
Fig. 1.03-1

(b) Positive numbers + 1, +2, +3, ... are then associated with the points on the right side of
the origin designated by 0 (zero).

(c) Negative numbers — 1, —2, —3, ... are then associated with the points on the left side of the
origin.

(d) Positive and negative numbers are called the signed numbers. Zero in arithmetic has no
sign, and all unsigned numbers are assumed to be positive numbers.

(e) Absolute value of a number is its numerical value regardless of sign and is designated by
two vertical lines surrounding the signed number.

examples:
[+5/=5 |-5=5 |+5] =|-5|

which means the absolute value of a positive number equals the absolute value of the negative
number and vice versa.
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