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INTRODUCTION

The science of mathematics, so important to the mod-
ern age of technology, had its beginnings in the dim 
ages of the past. It is probable that prehistoric people 
recognized the differences in quantities at an early age 
and therefore devised methods for keeping track of 
numbers and quantities. In the earliest efforts at trade 
it was necessary for the traders to figure quantities. For 
example, someone might have traded ten sheep for 
two cows. To do this, the trader had to understand the 
numbers involved.

As time progressed, the ancient Babylonians and 
Egyptians developed the use of mathematics to the 
extent that they could perform marvelous engineering  
feats. Later the Greeks developed some of the funda-
mental laws which are still in use today. One of the great 
Greek mathematicians was a philosopher named Euclid, 
who prepared a work called Elements of Geometry. 
This text was used by students of mathematics for 
almost 2000 years. Another Greek mathematician was 
Archimedes, who is considered one of the greatest 
mathematicians of all time. One of his most important 
discoveries was the value of π (pi), which is obtained by 
dividing the circumference of a circle by its diameter. 
Archimedes discovered many other important mathe-
matical relationships and also developed the early study 
of calculus. Modern differential and integral calculus 
were discovered by Sir Isaac Newton in the seventeenth 
century. These discoveries are considered some of the 
most important in the history of mathematics.

Today’s modern technology, including aircraft main-
tenance, is greatly dependent upon mathematics. Com-
puting the weight and balance of an aircraft, designing 
a structural repair, or determining the serviceability of 
an engine part are but a few examples of an aviation 
maintenance technician’s need for mathematics. Elec-
tronic calculators and computers have made mathemat-
ical calculations more rapid and usually more accurate. 
However, these devices are only as good as the informa-
tion put into them and do not excuse the technician 
from learning the fundamentals of mathematics.

It is expected that you, the aviation technician/ 
student, have taken or are taking mathematics courses 
that go beyond the material in this chapter. The pur-
pose of this chapter is to refresh your understanding 
of fundamental mathematical processes. Emphasis is 
placed on those mathematical terms or problems that 
you will encounter in portions of your technical studies 
or employment.

Arithmetic

Numbers

The 10 single-number characters, or numerals—1, 2, 3, 
4, 5, 6, 7, 8, 9, and 0—are called digits. Any number 
may be expressed by using various combinations of these 
digits. The arrangement of the digits and the number 
of digits used determine the value of the number being 
expressed.

Our number system is called a decimal system, the name 
being derived from the Latin word decem, meaning “ten.” 
In the decimal system the digits are arranged in columns, 
which are powers of 10. The column in which a certain digit 
is placed determines its expressed value. When we examine 
the number 3 235 467, we indicate the column positions as 
follows:

We may analyze the total number by considering the values 
expressed by each column, thus:

Units	 7	 7
Tens	 6	 60
Hundreds	 4	 400
Thousands	 5	 5 000
Ten thousands	 3	 30 000
Hundred thousands	 2	 200 000
Millions	 3	 3 000 000

1

Fundamentals of 
Mathematics1
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2          Chapter 1  Fundamentals of Mathematics

We may now observe that the total number consists of 3 
millions, 2 hundred thousands, 3 ten thousands, 5 thousands, 
4 hundreds, 6 tens, and 7 units. The total number is read 
“three million, two hundred thirty-five thousand, four hundred 
sixty-seven.”

There are several classes of numbers. Whole numbers, 
also called integers, are those which contain no fractions. 
Examples of such numbers are 3, 10, 250, and 435. A fraction 
is a part of a unit. A mixed number contains a whole number 
and a fraction. An even number is one which is divisible 
by 2. The numbers 2, 4, 6, 8, 10, 48, and 62 are even. Odd 
numbers are those which are not divisible by 2. The numbers 
3, 5, 11, 13, 53, and 61 are odd.

Addition and Subtraction

Addition and subtraction may be considered the simplest of 
mathematical operations; however, these operations require 
practice to do quickly and accurately.

Addition

Addition is the process of combining the values of two or 
more numbers into a single value. The combined value is 
called the sum of the values (numbers). The sign for addi-
tion is the plus sign (+). This sign placed between numbers 
indicates that they are to be added. Numbers to be added 
may be arranged horizontally or vertically in columns, as 
shown here:

		  324
	 324 + 25 + 78 = 427	 25
		  + 78
		  427

Numbers to be added are usually arranged in columns for 
more speed and convenience in performing the addition.

		  32	 4382
	 7	 420	 276
	 6	 8	 1820
	 3	 19	 2753
	 8	 26	 47
	 +5	 + 248	 + 238

	 29	 753	 9516

Practice is one of the surest ways to learn to add accu-
rately and rapidly. If you want to attain proficiency, you 
should take time to make up problems or find problems 
already prepared and then practice solving the problems 
until you feel comfortable.

It is recommended that you practice adding by sight. It 
is quite easy to learn to add by sight when the numbers to 
be added contain only one digit. With a little practice, the 
sight of any two digits will immediately bring the sum to 
mind. Thus when seeing the digits 6 and 5, for example, you 
should immediately think 11, or upon seeing 9 and 7, you 
should instantly think 16.

When we want to add two-digit numbers by sight, it 
is merely necessary to add the units and then the tens. 

Suppose that the numbers 45 and 23 are presented for addi-
tion. The units are 5 and 3, so we immediately think 8 units. 
The tens are 4 and 2, so we think 6 tens. The sum of 6 tens 
and 8 units is 68. If the units in an addition add to a sum 
greater than 9, we must remember to add the ten or tens to 
the sum of the tens. If we wish to add 36 and 57, for example, 
we see that the units add to 13, or 1 ten and 3 units. We 
record the 3 units and carry the ten, adding it to the 3 tens 
and 5 tens. The result is 9 tens and 3 units, or 93.

Subtraction

Subtraction is the reverse of addition. The sign for subtrac-
tion is the minus sign (–). In ordinary arithmetic a smaller 
number is always subtracted from a larger number.

In subtraction the number from which another is to be 
subtracted is called the minuend, the number being sub-
tracted from the other is called the subtrahend, and the 
result is called the difference.

	 675	 minuend
	 –342	 subtrahend
	 333	 difference

In subtraction it is important to remember the compo-
nents of a number, that is, the units, tens, hundreds, and 
so on. This will make it easier to perform the necessary 
operations. In the preceding example, the numbers in the 
subtrahend are smaller than the corresponding numbers in 
the minuend, and the operation is simple. If a number in the 
minuend is smaller than the corresponding number in the 
subtrahend, it is necessary to borrow from the next column. 
For example,

	 853
	 –675
	 178

In the first column we find the 3 smaller than the 5, and 
therefore we must borrow 1 ten from the next column. We 
then subtract 5 from 13 to obtain 8. We must remember that 
there are only 4 tens left in the second column, and we have 
to borrow 1 hundred from the next column to make 140. 
We subtract 70 from 140 and obtain 70, and so we place a  
7 in the tens column of the answer. Since we have borrowed  
1 hundred from the 8 hundreds of the third column, only  
7 hundreds are left. We subtract 6 hundreds from 7 hundreds, 
thus leaving 1 hundred. We therefore place a 1 in the hundreds 
column of the answer.

Multiplication

The act of multiplication may be considered multiple addi-
tion. If we add 2 + 2 to obtain 4, we have multiplied 2 by 2, 
because we have taken 2 two times. Likewise, if we add  
2 + 2 + 2 + 2 to obtain 8, we have multiplied 2 by 4, because 
we have taken 2 four times.

In multiplication the number to be multiplied is called 
the multiplicand, and the number of times the multiplicand 
is to be taken is called the multiplier. The answer obtained 
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Arithmetic          3

from a multiplication is the product. The following example 
illustrates these terms:

	
425
62

850
25 50
26 350

×
multiplicand
multiplier

prodduct

Note that the terms multiplicand and multiplier may be inter-
changed. For example, 2 × 4 is the same as 4 × 2.

When we use multiplication to solve a specific problem, 
the names of the terms have more significance. For example, 
if we wish to find the total weight of 12 bags of apples and 
each bag weighs 25 pounds (lb), then the multiplicand is 
25 and the multiplier is 12. We then say 12 times 25 lb is 
300 lb, or 12 × 25 = 300.

We can understand the multiplication process by analyz-
ing a typical but simple problem, such as multiplying 328 
by 6.

	 328
	 ×    6
	 48	 = 6 × 8
	 120	 = 6 × 20
	   1800	 = 6 × 300
	 1968

In actual practice we do not write down each separate 
operation of the multiplication as shown in the foregoing 
problem, but we shorten the process by carrying figures to 
the next column. In the problem shown we can see that 6 × 8 
is 48 and that the 4 goes into the tens column. Therefore, 
when we multiply, we merely carry the 4 over and add it to 
the next multiplication, which is in the tens column. When 
we use this method, the operation is as follows:

	 14
	 328
	 ×       6
	 1968

The first step in this operation is to multiply 8 by 6.

	 6 × 8 = 48

Record the 8 (units) and carry the 4 (tens), then multiply  
2 by 6.

	 6 × 2 = 12

Add the 4 to obtain 16. Record the 6 (tens) and carry the  
1 (hundreds). Then multiply 3 by 6.

	 6 × 3 = 18

Add the 1 and obtain 19. Record the 19.
When there is more than one digit in the multiplier, we 

repeat the process for each digit, but we must shift one col-
umn to the left for each digit. This is because the right-hand 
digit of the multiplier is units, the next digit to the left is tens, 

the next is hundreds, and so on. If we multiply 328 by 246, 
we proceed as follows:

	 328	     328
	 ×      246	 ×    246
	 1  968	   1  968
	 13  120	 13  12
	   65  600	 65  6   
	 80  688	 80  688

Zeros were placed at the end of the second and third multipli-
cations in the first example to show that we were multiplying 
by 40 and 200, respectively. In actual practice the zeros are 
not usually recorded. In the preceding multiplication we mul-
tiplied 328 first by 6, then by 40, and finally by 200. When we 
added these products, we obtained the answer, 80 688.

Accurate multiplication requires great care. First, it is 
important to know the multiplication tables. Second, care 
must be taken to record products in the correct column. Third, 
the addition must be made carefully and accurately. In order 
to acquire proficiency in multiplication, practice is essential.

In any mathematical problem it is smart to check the answer 
for accuracy. There are a number of methods for checking 
multiplication, and the most obvious is to divide the product 
by either the multiplicand or the multiplier. If the product is 
divided by the multiplicand, the quotient (answer) should be 
the multiplier.

Another method for checking multiplication is to repeat the 
problem, reversing the multiplicand and multiplier. If the prod-
uct is the same in each case, the answer is probably correct.

Division

The act of division may be considered the reverse of multi-
plication; that is, division is the separating or dividing of a 
number into a certain number of equal parts. The symbol for 
division is the division sign (÷), and it is read “divided by.” 
For example, 98 ÷ 4 is read “98 divided by 4.” In arithme-
tic there are two commonly used methods for the division 
of whole numbers. These are short division and long divi-
sion. The terms used to describe the elements of a division 
problem are dividend, which is the number to be divided; 
divisor, the number of times the dividend is to be divided; 
and quotient, the number of times the divisor goes into the 
dividend. In the problem 235 ÷ 5 = 47, the number 235 is the 
dividend, 5 is the divisor, and 47 is the quotient.

The process of short division is often used to divide a 
number by a divisor having only one digit. This is accom-
plished as follows:

	 )7 3857
3

551

The first step is to divide 38 by 7. Since 7 × 5 = 35, it is 
obvious that after the division of 38 by 7 there will be a 
remainder of 3. This 3 is held over in the hundreds column 
and becomes the first digit of the next number to be divided. 
This number is 35, and 7 goes into 35 five times without 
leaving a remainder. The only number left to divide is the 7, 
into which the divisor goes once. The quotient is thus 551. 
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4          Chapter 1  Fundamentals of Mathematics

The process of division as just explained may be understood 
more thoroughly if we analyze the numbers involved. The 
dividend 3857 may be expressed as 3500 + 350 + 7. These 
numbers divided separately by 7 produce the quotients 500, 
50, and 1. Adding these together gives 551, which is the 
quotient obtained from the short division.

Long division is employed most often when the dividend 
and the divisor both contain more than one digit. The pro-
cess is somewhat more complex than that of short division, 
but with a little practice, long division may be accomplished 
easily and accurately.

To solve the problem 18 116 ÷ 28, we arrange the terms 
of the problem as shown here:

	

)28 18116
647

16 8

1 31
1 12

196
196

0

The first step in solving the problem is to divide 181 by 28, 
because 181 is the smallest part of the dividend into which 
28 can go. It is found that 28 will go into 181 six times, with 
a remainder of 13. The number 168 (6 × 28) is placed under 
the digits 181 and is subtracted. The number 13, which is the 
difference between 168 and 181, is placed directly below the 
6 and 8 as shown, and then the number 1 is brought down 
from the dividend to make the number 131. The divisor 28 
will go into 131 four times, with a remainder of 19. The final 
digit 6 of the dividend is brought down to make the number 
196. The divisor 28 will go into 196 exactly seven times. The 
quotient of the entire division is thus 647.

If we study the division shown in the foregoing example, 
we will find that the dividend is composed of 28 × 600 = 
16 800, 28 × 40 = 1120, and 28 × 7 = 196. Then by adding 
16 800 + 1120 + 196, we find the sum, which is 18 116, the 
original dividend. We could divide each part of the dividend 
by 28 separately to obtain 600, 40, and 7 and then add these 
quotients together; however, it is usually quicker and simpler 
to perform the divisions as shown.

If a divisor does not go into a dividend an even number 
of times, there will be a remainder. This remainder may be 
expressed as a whole number, a fraction, or a decimal. Frac-
tions and decimals are discussed later in this chapter.

In the following example the divisor will not go into the 
dividend an even number of times, so it is necessary to indi-
cate a remainder:

	

)16 3578
223

32

37
32

58
48
10

10
16

Fractions

A fraction may be defined as a part of a quantity, unit, or 
object. For example, if a number is divided into four equal 
parts, each part is one-fourth (14) of the whole number. The 
parts of a fraction are the numerator and the denominator, 
separated by a line indicating division.

In Fig. 1-1 a rectangular block is cut into four equal parts; 
each single part is 14  of the total. Two of the parts make 12  the 
total, and three of the parts make the fraction 34  of the total.

A fraction may be considered an indication of a division. 
For example, the fraction 34  indicates that the numerator 3 
is to be divided by the denominator 4. One may wonder 
how a smaller number, such as 3, can be divided by a larger 
number, such as 4. It is actually a relatively simple matter to 
accomplish such a division when we apply it to a practical 
problem. Suppose we wish to divide 3 gallons (gal) of water 
into four equal parts. Since there are 4 quarts (qt) in a gallon, 
we know that there are 12 qt in 3 gal. We can then divide the 
12 qt into four equal parts of 3 qt each. Three quarts is 34  gal; 
thus we see that 3 divided by 4 is equal to 34 . The principal 
fact to remember concerning fractions is that a fraction indi-
cates a division. The fraction 12  means that 1 is to be divided 
by 2, or that the whole is to be cut in half.

A fraction whose numerator is less than its denomina-
tor is called a proper fraction. Its value is less than 1. If 
the numerator is greater than the denominator, the fraction is 
called an improper fraction.

A mixed number is a combination of a whole number 
and a fraction, such as 32 25  and 325 2335 , which mean 32 + 25  
and 325 + 2335 .

Fractions may be changed in form without changing their 
values. If the numerator and the denominator of a fraction are 
both multiplied by the same number, the value of the fraction 
remains unchanged, as shown in the following example:

	    3 ×   3 =  9 
	     4 × 3 = 12

The value of 9
12  is the same as 34 . In a similar manner, the 

value of a fraction is not changed if both the numerator and 
the denominator are divided by the same number.

	 24 ÷ 12 =  2 
	 36 ÷ 12 = 3

FIGURE 1-1  Fractions of a whole.
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Arithmetic          5

And for the third fraction:

	 24 ÷ 6 = 4

	   5 × 4 = 20
	   6 × 4 = 24

Then add all the fractions:

	
18
24

21
24

20
24

59
24 2 11

24+ + = =

Adding and Subtracting Mixed Numbers

When adding and subtracting mixed numbers, we must 
consider both the whole numbers and the fractions. To add 
5 73

8
2
3+ , we should first add 5 and 7 to obtain 12, and then 

we must add the fractions. We find that 38
9
24

2
3

16
24= , ,=  and 

thus 9
24

16
24

25
24+ = , or 1 1

24 . Then 12 1 131
24

1
24+ = , the total 

sum of the mixed numbers.
Subtraction of mixed numbers is accomplished by 

subtracting the whole numbers and then the fractions. For 
example, subtract 8 2

3  from 12 3
4 .

	
12
8

12
8
4

3
4
2
3

9
12
8
12
1
12

−
=
= −

If the fraction of the subtrahend is greater than the fraction 
of the minuend, it is necessary to borrow 1 from the whole 
number in the minuend to increase the fraction of the minu-
end. If we wish to subtract 5 7

8  from 9 1
3 , we must increase 

the 13  to a value greater than 7
8 . The LCD of the fractions 

is 24, and so 5 7
8  becomes 5 21

24  and 9 1
3  becomes 9 8

24 . We must 
then borrow 1 from 9 and add the 1 to 8

24 . The minuend then 
becomes 8 32

24 . The final form of the problem is then

	
8
5
3

32
24
21
24
11
24

−

Multiplication of Fractions

Multiplication of fractions is accomplished by placing the 
product of the numerators over the product of the denomina-
tors. This result is then reduced to lowest terms. For example,

	
2
5

1
2

3
4

6
40

3
20× × = =

Where possible in the multiplication of fractions, cancella-
tion is employed to simplify the fractions before final multi-
plication takes place.

	
3

5
8

2
3

9
10

4
5

3
10

4

× × × =

Thus we see that a large fraction may be simplified in 
some cases. This process is called reducing the fraction. 
To reduce a fraction to its lowest terms, we divide both the 
numerator and the denominator by the largest number that 
will go into each without leaving a remainder. This is accom-
plished as follows:

	 36 ÷ 4 =  9       and      525 ÷ 25 = 21
	 40 ÷ 4 = 10                  650 ÷ 25 = 26

Addition and Subtraction of Fractions

In order to add or subtract fractions, the denominators of 
the fractions must have equal values. For example, it is not 
possible to add 13  to 25  until the denominators of the fractions 
have been changed to equal values. Since 3 and 5 will both 
go evenly into 15, we can change 13  to 5

15 , and 25  to 6
15 . In this 

case, 15 is called the lowest common denominator (LCD) 
of the fractions being considered. It is now a simple matter 
to add the fractions.

	
5
15

6
15

11
15+ =

We can see that this addition makes sense because 5 + 6 = 11. 
Since both the 5 and the 6 denote a specific number of fif-
teenths, we add them to obtain the total number of fifteenths.

The foregoing principle may be understood more easily if 
we apply it to a practical problem. Suppose we wish to add 
3 gal and 5 qt and 1 pint (pt) of gasoline. The most logical 
method is to convert all quantities to pints. In 3 gal of gaso-
line there are 3 × 8 or 24 pt; in 5 qt there are 5 × 2 or 10 pt. 
Then we add 24 pt + 10 pt + 1 pt. The answer is 35 pt. If we 
wish to convert this quantity to gallons, we must divide the 
35 by 8. We find that we have 4 gal and 3 pt, or 4 38  gal.

To prepare fractions for adding or subtracting we proceed 
as follows:

1.	 Find the LCD.
2.	 Divide the LCD by each denominator.
3.	 Multiply the numerator and denominator of each frac-

tion by the quotient obtained when the LCD was divided by 
the denominator.

To practice these steps, perform the following addition:

	
3
4

7
8

5
6+ +

The LCD is 24. Divide the LCD by the first denominator, 
and then multiply the fraction by this quotient:

	 24 ÷ 4 = 6

	   3 × 6 = 18
	   4 × 6 = 24

Do the same for the second fraction:

	 24 ÷ 8 = 3

	   7 × 3 = 21
	   8 × 3 = 24
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