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Chapter 1 e Basic Concepts

h REVIEW OF OPERATIONS WITH WHOLE NUMBERS

Review of Basic Operations

The positive integers are the numbers 1, 2, 3, 4, 5, 6, and so on. They can also be written as
+1, +2, +3, and so on, but usually the positive (+) sign is omitted. The whole numbers
are the numbers 0, 1, 2, 3, 4, 5, 6, and so on. That is, the whole numbers consist of the pos-
itive integers and zero.

The value of any digit in a number is determined by its place in the particular number.
Each place represents a certain power of ten. By powers of ten, we mean the following:

10° =1

101 =10

102 = 10 X 10 = 100 (the second power of 10)

103 =10 X 10 X 10 = 1000 (the third power of 10)

10* =10 X 10 X 10 X 10 = 10,000 (the fourth power of 10)

and so on.

Note: A small superscript number (such as the 2 in 102) is called an exponent.

The number 2354 means 2 thousands plus 3 hundreds plus 5 tens plus 4 ones.
In the number 236,895,174, each digit has been multiplied by some power of 10, as
shown below.

(ten (hundred
millions) thousands) (thousands) (tens)
107 10° 103 10!
| ! | }
3 6, S
| | | | |
108 108 104 102 a2
(hundred (millions) (ten (hundreds) (units)
millions) thousands)

The “+” (plus) symbol is the sign for addition, as in the expression 5 + 7. The result
of adding the numbers (in this case, 12) is called the sum. Integers are added in columns
with the digits representing like powers of ten in the same vertical line. (Vertical means up
and down.)

O EXAMPLE 1 Add: 238 + 15 + 9 + 3564.

238
15

9
3564

3826




° EXAMPLE 2
Subtract:

Check:

o—_

FIGURE 1.2

1.1 ® Review of Basic Operations 3

Subtraction is the inverse operation of addition. Therefore, subtraction can be thought
of in terms of addition. The “—" (minus) sign is the symbol for subtraction. The quantity
5 — 3 can be thought of as “what number added to 3 gives 5?” The result of subtraction is
called the difference.

To check a subtraction, add the difference to the second number. If the sum is equal to
the first number, the subtraction has been done correctly.

Subtract: 2843 — 1928.

2843 first number
—1928 second number

915 difference

1928 second number
+915 difference

2843 This sum equals the first number, so
915 is the correct difference.

Next, let’s study some applications. To communicate about problems in electricity,
technicians have developed a “language” of their own. It is a picture language that uses sym-
bols and diagrams. The symbols used most often are listed in Table 2 of Appendix A. The
circuit diagram is the most common and useful way to show a circuit. Note how each com-
ponent (part) of the picture (Figure 1.1a) is represented by its symbol in the circuit diagram
(Figure 1.1b) in the same relative position.

Source

1

) (=) Iw
§L0ad

Switch
./=

(a) Picture diagram (b) Circuit diagram

FIGURE 1.1
Components in a circuit

The light bulb may be represented as a resistance. Then the circuit diagram in Figure 1.1b
would appear as in Figure 1.2, where

—A\\WN— represents the resistor
—o0—"0— represents the switch
——I]—— represents the source. The short line represents the negative

terminal of a battery, and the long line represents the positive
terminal. The current flows from negative to positive.

There are two basic types of electrical circuits: series and parallel. An electrical circuit
with only one path for the current, I, to flow is called a series circuit (Figure 1.3a). An elec-
trical circuit with more than one path for the current to flow is called a parallel circuit
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(Figure 1.3b). A circuit breaker or fuse in a house is wired in series with its outlets. The out-
lets themselves are wired in parallel.

R, ‘h
—o0—"0 =T
R, =
J: & T
1
——
(a) Series circuit (b) Parallel circuits

FIGURE 1.3
Two basic types of electrical circuits

. EXAMPLE 3  Ina series circuit, the total resistance equals the sum of all the resistances in the circuit. Find
the total resistance in the series circuit in Figure 1.4. Resistance is measured in ohms, ().

AN\ AN AAN- The total resistance is
R=5Q0 R=20Q0 R,=150Q
— §R4 =120 20 0
i 15Q
AAA AAA AAA/ 120
R,=3Q R=24Q R,=160Q 16 Q
24 Q)
FIGURE 1.4
3Q
95 ()
— e

. EXAMPLE 4  Studs are upright wooden or metal pieces in the walls of a building, to which siding, insula-
tion panels, drywall, or decorative paneling are attached. (A wall portion with seven studs is
shown in Figure 1.5.) Studs are normally placed 16 in. on center and are placed double at all
internal and external corners of a building. The number of studs needed in a wall can be esti-
mated by finding the number of linear feet (ft) of the wall. How many studs are needed for the
exterior walls of the building in Figure 1.6?

32ft

8 ft 9 ft
6 ft 15 ft

6 ft

5ft 15 ft
10 ft

48 ft

FIGURE 1.5




EXAMPLE 5

EXAMPLE 6

EXAMPLE 7
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The outside perimeter of the building is the sum of the lengths of the sides of the
building:

48 ft
15 ft
15 ft
9 ft
32 ft
8 ft
6 ft
6 ft
51t
10 ft

154 ft

Therefore, approximately 154 studs are needed in the outside wall.

Repeated addition of the same number can be shortened by multiplication. The “X”
(times) and the “-” (raised dot) are used to indicate multiplication. When adding the lengths
of five pipes, each 7 ft long, we have 7 ft + 7 ft + 7 ft + 7 ft + 7 ft = 35 ft of pipe. In multi-
plication, this would be 5 X 7 ft = 35 ft. The 5 and 7 are called factors, and 35 is called the
product. Computing areas, volumes, forces, and distances requires skills in multiplication.

Multiply: 358 X 18.

358
X 18
2864
358

6444 .

Division is the inverse operation of mulitiplication. The following symbols are used to
show division: 15 =+ 5, SIB, 15/5, and —153 The quantity 15 + 5 can also be thought of as
“what number times 5 gives 157 The answer to this question is 3, which is 15 divided by
5. The result, 3, is called the quotient. The number to be divided, 15, is called the dividend.
The number you divide by, 5, is called the divisor.

Divide: 84 =+ 6.

14 < quotient
6[84 < dividend
divisor—1 6

24
24

0 < remainder —

Divide: 115 + 7.

16 <« quotient

7115 < dividend
divisor—3 7
45
42

3 <« remainder
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o EXAMPLE 8

° EXAMPLE 9

EXAMPLE 10

[T

The remainder (when not 0) is usually written in one of two ways: with an “r”” preced-
ing it or with the remainder written over the divisor as a fraction, as shown in Example 8.
(Fractions are discussed in Unit 1B.)

Divide: 534 + 24.

22r6 or 22-26: This quotient may be written 22 r 6 or 22%.
24[534
48
54
48

6 e

Ohm’s law states that in a simple electrical circuit, the current / (measured in amps, A) equals
the voltage E (measured in volts, V) divided by the resistance R {(measured in ohms, 2). Find
the current in the circuit of Figure 1.7.

Thecurrentl=£=&= SA.
R 22
— 110V 229§
S
FIGURE 1.7 —_————

An 8-row corn planter costs $50,400. It has a 10-year life and a salvage value of $5000. What
is the annual depreciation? (Use the straight-line depreciation method.)

The straight-line depreciation method means that the difference between the cost and
the salvage value is divided evenly over the life of the item. In this case, the difference between
the cost and the salvage value is

$50,400 cost

—5,000 salvage
$45,400 difference

This difference divided by 10, the life of the item, is $4540. This is the annual

depreciation. SIS PN

Using a Scientific Calculator

Use of a scientific calculator is integrated throughout this text. To demonstrate how to use
a common scientific calculator, we show what keys and the order in which they are pushed.
We have chosen to illustrate the most common types of algebraic logic calculators. Yours
may differ. If so, consult your manual.

Note: We will always assume that your calculator is cleared before you begin any
calculation.




EXAMPLE 11

EXAMPLE 12

EXAMPLE 13

EXAMPLE 14
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Use a calculator to add as follows.

Add: 9463
125

9

_80

9463 @@ 125 (& 9 S 80 &=

( 9677 )

The sum is 9677. - _§g

Use a calculator to subtract as follows.

Subtract: 3500

1628

3500 [ — 1628 | =

[ 1872 )

The result is 1872. DA

Multiply: 125 X 68.

125 | X 68 | =
( 8500 )
The product is 8500. ————

To divide numbers using a calculator, follow the steps in Example 14.

Divide: 8700 + 15.

8700 [ = 15 [ =
( 580
The quotient is 580. —_—

Note: Your instructor will indicate which exercises should be completed using a
calculator.
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Exercises 1.1

Add:

1. 832 + 9 + 56 + 2358
2. 324 + 973 + 66 + 9430

3. 384 4. 78
291 107
147 45
632 217

9
123

5. 197 + 1072 + 10,877 + 15,532 + 768,098
6. 160,000 + 19,000 + 4,160,000 + 506,000

Subtract and check:
7. 7561 8. 4000
2397 702
9. 98,405 — 72,397 10. 417,286 — 287,156
11. 4000 12. 60,000
1180 9,876

Find the total resistance in each series circuit:

il 13. AN AAA- AAA
J_‘ R] R2 R3
L 4600 825 750 Q0
- Re R, R,
100 650 Q0 1500 Q
AAA AA —AAA—
il 14. AAA AAA AN AAA—
R R, R; R,
— 36000 5600 750 100 ©
= R R, Re Rs
2500 02 50 5750 1200 Q
AAA AAA AN AAA—

T 15. Approximately how many studs are needed for the
exterior walls in the building shown in Illustration 1?
(See Example 4.)
70 ft

22 ft
30 ft

16 ft

11 ft |g g 12 ft 12 ft

15 ft 28 ft

{LLUSTRATION 1

T 16. A pipe 24 ft long is cut into four pieces: the first
4 ft long, the second S ft long, and the third 7 ft

long. What is the length of the remaining piece?
(Assume no waste from cutting.)

. A welder needs to weld together pipes of lengths
10 ft, 15 ft, and 14 ft. What is the total length of the
new pipe?

. A welder ordered a 125-ft cylinder of Argon gas, a
shielding gas for tig welding. After a few days, only
78 ft3 remained. How much Argon was used?

. Total the following input and output (I-O) entries
in cubic centimetres (cm?)* for a patient.

Input: 300 cm?, 550 cm?, 150 cm?, 75 cm?, 150 cm?,
450 cm?, 250 cm®

Output: 325 cm?, 150 cm?, 525 cm?, 250 cm?,

175 cm?

A student pilot must complete 40 h of total flight
time as required for her private pilot certificate.
She had already entered 31 h of flight time in her
logbook. Monday she logged another 2 h, then
Wednesday she logged another 3 h, and Friday she
logged yet another 2 h. If she can fly 3 h more on
Saturday, will she have enough total time as re-
quired for the certificate?

4 20.

Multiply:

21. 567 22. 8374
48 203

23. 71,263 X 255 24. 1520 X 320
25. 6800 X 5200 26. 30,010 X 4080

Divide (use the remainder form with r):

27. 47236 28. 5[308.736

29. 4668 = 12 30. 15.648 = 36

31. 67.560 = 80 32, 188,000
120

&, 33. A car uses gas at the rate of 31 miles per gallon
(mi/gal or mpg) and has a 16-gallon tank. How far
can it travel on one tank of gas?

&, 34. A car uses gas at a rate of 12 kilometres per litre
(km/L) and has a 65-litre tank. How far can it
travel on one tank of gas?

*Although cm? is the “official” metric abbreviation and
will be used throughout this book, some readers may be
more familiar with the abbreviation “cc,” which is still
used in some medical and allied health areas.




& 35.
& 36.

Q 3.

% 38.

& 39.

& 40.

4 41.

4 42.

¥ 43.

T 4.

& 4s.

¥ 46.

T 47.

A four-cylinder engine has a total displacement of
1300 cm?. Find the displacement of each piston.
A car travels 1274 mi and uses 49 gal of gasoline.
Calculate its mileage in miles per gallon.

A car travels 2340 km and uses 180 L of gasoline.
Calculate its “mileage” in kilometres per litre.

To replace some damaged ductwork, 20 linear feet
of 8-in. X 16-in. duct is needed. The cost is $13 per
4 linear feet. What is the cost of replacement?

The bill for a new transmission was received. The
total cost for labor was $402. If the car was ser-
viced for 6 h, find the cost of labor per hour.

The cost for a set of four Pirelli P4000 Super-
touring tires of size 215/702R15 is $236. What is
the price for each tire?

A small Cessna aircraft has enough fuel to fly
for 4 h. If the aircraft cruises at a ground speed of
125 miles per hour (mi/h or mph), how many miles
can the aircraft fly in the 4 h?

A small plane takes off and climbs at a rate of
500 ft/min. If the plane levels off after 15 min, how
high is the plane?

Inventory shows the following lengths of 3-inch
steel pipe:

5 pieces 18 ft long
42 pieces 15 ft long
158 pieces 12 ft long
105 pieces 10 ft long
79 pieces 8 ft long
87 pieces 6 ft long

What is the total linear feet of pipe in inventory?
An order of lumber contains 36 boards 12 ft long,
28 boards 10 ft long, 36 boards 8 ft long, and
12 boards 16 ft long. How many boards are con-
tained in the order? How many linear feet of lumber
are contained in the order?

Two draftpersons operating the same computer
plotter work 8 hours each, on a day and night shift
basis. One produces 80 drawings per hour; the
other produces 120 drawings per hour. What is the
difference in their outputs after 30 days?

A shipment contains a total of 5232 linear feet of
steel pipe. Each piece of pipe is 12 ft long. How
many pieces should be expected?

How should a window 75 in. wide be placed so that
it is centered on a wall 17 ft 5 in. wide?

1.1 * Review of Basic Operations 9

#5 48. A farmer expects a yield of 165 bushels per acre
(bu/acre) from 260 acres of corn. If the corn is
stored, how many bushels of storage are needed?

#5 49. A farmer harvests 6864 bushels (bu) of soybeans
from 156 acres. What is his yield per acre?

#3 50. A railroad freight car can hold 2035 bu of corn.
How many freight cars are needed to haul the ex-
pected 12,000,000 bu from a local grain elevator?

#3 51. On a given day, eight steers weighed 856 Ib,
754 1b, 1044 1b, 928 b, 888 b, 734 1b, 953 Ib,
and 891 lb. a. What is the average weight? b. In
36 days, 4320 1b of feed is consumed. What is the
average feed consumption per day per steer?

#5 52. What is the weight (in tons) of a stack of hay bales
6 bales wide, 110 bales long, and 15 bales high?
The average weight of each bale is 80 Ib. (1 ton =
2000 1b.)

#5 53. From a 34-acre field, 92,480 b of oats are har-
vested. Find the yield in bushels per acre. (1 bu
of oats weighs 32 Ib.)

w3 54. A standard bale of cotton weighs approximately
500 Ib. How many bales are contained in 15 tons of
cotton?

#3 55. A tractor costs $125,000. It has a 10-year life and
a salvage value of $3000. What is the annual
depreciation? (Use the straight-line depreciation
method. See Example 10.)

3 56. How much pesticide powder would you put in a
400-gal spray tank if 10 gal of spray, containing
2 1b of pesticide, are applied per acre?

Using Ohm’s law, find the current I in amps (A) in each
electrical circuit (see Example 9):

il 57. il 58.—L

=1i220% 44Q§ — 48V 24Q§
=i E —_|, P

Ohm’s law, in another form, states that in a simple circuit
the voltage E (measured in volts, V) equals the current [
(measured in amps, A) times the resistance R (measured in

ohms, Q). Find the voltage E measured in volts (V) in each
electrical circuit:

il 59. il 60.

120§ = E 24Q§
2A T 2a

i
o)
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A hospital dietitian determines that each patient
needs 4 ounces (oz) of orange juice. How many
ounces of orange juice must be prepared for
220 patients?

During 24 hours, a patient is given three phe-
nobarbital tablets of 60 mg each. How many
milligrams of phenobarbital does the patient receive
altogether?

To give 800 mg of quinine sulfate from 200-mg
tablets, how many tablets would you use?

A nurse used two 4-grain potassium permanganate
tablets in the preparation of a medication. How
much potassium permanganate did she use?

A sun room addition to a home has a wall
14 ft 6 in, long measured from inside wall to inside
wall. Four windows are to be equally spaced from
each other in this wall. The windows are 2 ft 6 in.
wide including the inside window molding. What
is the space between the wall and windows shown
in Illustraticn 27

r‘l4fl6in._j

[
i

mam

T
HH

A solid concrete block wall is being built around
arectangular storage building 12 ft 8 in. by 17 ft4 in.
using 16-in.-long by 8-in.-high by 4-in.-thick
concrete block. How many blocks will be needed

¥ 67.

23 68.

Order of Operations

to build the 8-ft-high wall around the building as
shown in Illustration 3? (Ignore the mortar joints.)

12ft8m./T\17ft4in.

A sheet of plywood 8 ft long is painted with three
equally spaced stripes to mark off a hazardous area
as shown in Illustration 4. If each stripe is 10 in.
wide, what is the space between the end of the
plywood and the first stripe?

]
o0
=3

v

N\N\\N
NNN\\\N

.
NN

i

—_
<
—-
=)

1ft2in.

In a small machine shop, eight 5-gallon drums of
oil are on hand. If 2 gallons are used each day and
the owner wants a 30-day supply on hand, how
many drums should be ordered?

8 12

The expression 5° means to use 5 as a factor 3 times. We say that 5% is the third power of 5,
where 5 is called the base and 3 is called the exponent. Here, 53 means 5 X 5 X 5 = 125.
The expression 2* means that 2 is used as a factor 4 times; that is, 2* = 2 X 2 X 2 X 2 = 16.
Here, 2* is the fourth power of 2.

Just as we use periods, commas, and other punctuation marks to help make sentences
more readable, we use parentheses “( )", brackets *‘[ 17, and other grouping symbols in
mathematics to help clarify the meaning of mathematical expressions. Parentheses not only
give an expression a particular meaning, they also specify the order to be followed in eval-
uating and simplifying expressions.
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EXAMPLE 2

EXAMPLE 3
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What is the value of 8 — 3 - 27 Is it 107 Is it 27 Or is it some other number? It is very
important that each mathematical expression have only one value. For this to happen, we
all must not only perform the exact same operations in a given mathematical expression or
problem but also perform them in exactly the same order. The following order of opera-
tions is followed by all.

I
Order of Operations
1. Always do the operations within parentheses or other grouping symbols first.
2. Then evaluate each power, if any. Examples:

4X32=4XBX3)=4X9=236
2X6=(5X5)X6=25X%X6=150
51, SRSC5.. 125

&  6x6 36

3. Next, perform multiplications and divisions in the order in which they appear as
you read from left to right. For example,

60 X5+4+3X2

300 -4 +3 X2
= T =2
= 25 X 2
= 50

4. Finally, perform additions and subtractions in the order in which they appear as
you read from left to right.

Note: If two parentheses or a number and a parenthesis occur next to one another
without any sign between them, multiplication is indicated.

By using the above procedure, we find that8§ —3-2 =8 — 6 = 2.

Evaluate: 2 + 5(7 + 6).

=2+ 5(13) Add within parentheses.
=2+ 65 Multiply.
= 67 Add.

Note: A number next to parentheses indicates multiplication. In Example 1, 5(13) means
5 X 13. Adjacent parentheses also indicate multiplication: (5)(13) also means 5 X 13.

—
Evaluate: (9 + 4) X 16 + 8.

=13 X 16+ 8 Add within parentheses.

= 208 +8 Multiply.

= 216 Add. _—

Evaluate: (6 + 1) X 3 + (4 + 5).

=17 X3+ 9 Add within parentheses.
= 21 + 9 Multiply.
= 30 Add.
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Exercises 1.2
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o EXAMPLE 4

14
=4 12 )+-—-8
( ) 7

o EXAMPLE 5

Evaluate:

=7+
=7+
23

o EXAMPLE 6

Evaluate:

=]

48

7+ (6 — 2)%
42
16

25 -3-23

=25-3-8
=25— 24

Sl

Evaluate: 4(16 — 4) + 17—4 — 8.

Subtract within parentheses.

Multiply and divide.
42 Add and subtract,

Subtract within parentheses.
Evaluate the power.
Add.

Evaluate the power.
Multiply.
Subtract.

0

If pairs of parentheses are nested (parentheses within parentheses, or within brackets),
work from the innermost pair of parentheses to the outermost pair. That is, remove the in-
nermost parentheses first, remove the next innermost parentheses second, and so on.

° EXAMPLE 7  Evaluate:

6 X 2+ 3[7 + 48 — 6)].
=6X2+3[7+4 2 )]

Subtract within parentheses.

=6X2+3[7+ 8 ] Multiply.
=6X2+3 15 ] Add within brackets.
= 12 +45 Multiply.

57 Add.

Evaluate each expression:

=
.

ek ek ke ek pemd ek ek
N A WN =S

© P NS ;RN

8 — 34 —2)

(8 + 6)4 + 8

8 +6)—(7-13)
4XQ2X6)+(6+2) 4
29+ 35)—6X(13+2)+9
58X9)+(13+7)+4

C2T+ 13X (7T -3)(12+6)+9

123 - 3(8 +9) + 17
16 +4(7+8)—3
(18 + 17)(12 + 9) — (7 X 16)(4 + 2)

. 9—2017—15) + 18

L9+ 75+ 13

. (39— 18) — (23 — 18)
LSBXTD+(8+4)+3

L 38 +6)— (13 + 3) + 14
.64 X5 +(15+9) +6
424 1209 — 3)(12 + 13) + 30

18. 228 =4 X (7 + 6) — 8(6 — 2)
19. 38+9XB8+4)—3(5—-2)

20, (19+8)4+3)+21 +(8X 15+ (4 X3)

21. 27 — 2 X (18 — 9) — 3 + §(43 — 15)
22. 6X8+2X9+12+6

23. 12X9+ 18X 64+8+7

24, 18+ 6X24+4 =6

25. 7+ 63 +2)—7— 54 +2)

26. 5+3(7TXT)—6—24+7)

27. 3+ 172 X 2) — 67

28. 8 -3(9—2)+21 -7

29. 28 —4(2 X 3) + 4 — (16 X 8) + (4 X 4)
30 6+409+6)+8—27+3)—(3X12)+9

31, 24/(6 - 2) + 4 X 3 — 15/3

32. (36 — 6)/(5 + 10) + (16 — 1)/3
33.3X15+0+(13-5)2x4-2
34, 28/2 X 7 — (6 + 10)/(6 — 2)

35. 10 + 42



36. 4 +2-32
20 + (2 - 3)?
o
(20 —2-5)?
3P -2

37.

38.

1in.

1in.

1 square inch (in?)

1cm

1cm
1 square centimetre (cm?)
FIGURE 1.8
Square units

o EXAMPLE 1

1 square centimetre

3cm

4 cm

FIGURE 1.9
o EXAMPLE 2

3in.

—_

[TIT1E

8 in.

FIGURE 1.10
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39, 6[3 + 2(2 + 5)]

40. 5((4 + 6) + 2(5 — 2))

41. 5 X2 + 3[2(5 — 3) + 44 + 2) — 3]
42. 3(10 + 2(1 + 32 + 6(4 — 2))))

Area and Volume

To measure the length of an object, you must first select a suitable standard unit of length.
To measure short lengths, choose a unit such as centimetres or millimetres in the metric sys-
tem, or inches in the U.S. or still sometimes called the English system. For long distances,
choose metres or kilometres in the metric system, or yards or miles in the U.S. system.

Area

The area of a plane geometric figure is the number of square units of measure enclosed by
the plane geometric figure. To measure the surface area of an object, first select a standard
unit of area suitable to the object to be measured. Standard units of area are based on the
square and are called square units. For example, a square inch (in?) is the amount of surface
area within a square that measures one inch on a side. A square centimetre (cm?) is the
amount of surface area within a square that is 1 cm on a side. (See Figure 1.8.)

What is the area of a rectangle measuring 4 cm by 3 cm?

Each square in Figure 1.9 represents 1 cm?. By simply counting the number of squares,
you find that the area of the rectangle is 12 cm?.
You can also find the area by multiplying the length times the width:

Area = /) X w
= 4em X  3cm = 12cm?
(length) (width)
Note: cm X cm = cm? .

What is the area of the metal plate represented in Figure 1.10?7

Each square represents 1 square inch. By simply counting the number of squares, we
find that the area of the metal plate is 42 in.

Another way to find the area of the figure is to find the areas of two rectangles and then
find their difference, as in Figure 1.11.

= 8in. —

9 in.

FIGURE 1.1
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1 litre = 1000 cm?

FIGURE 1.13
Litre

o EXAMPLE 3

FIGURE 114

Basic Concepts

Area of outer rectangle: 9 in. X 8 in. = 72 in?
Area of inner rectangle: 5 in. X 6 in. = 30 in®

Area of metal plate: = 42 in® Subtract.

Volume

The volume of a solid geometric figure is the number of cubic units of measure contained
in the solid geometric figure. In area measurement, the standard units are based on the
square and called square units. For volume measurement, the standard units are based on
the cube and called cubic units. For example, a cubic inch (in?) is the amount of space
contained in a cube that measures 1 in. on each edge. A cubic centimetre (cm?) is the
amount of space contained in a cube that measures 1 cm on each edge. A cubic foot (ft’)
is the amount of space contained in a cube that measures 1 ft (or 12 in.) on each edge. (See
Figure 1.12.)

12in ~
1 in. N
4
1 cm W 12 in
1 in. ; @ 12 in. / '
1 in. lem ™" o E/

1 cubic inch (in?) 1 cubic centimetre (cm?) 1 cubic foot (ft3)

FIGURE 1.12
Cubic units

Figure 1.13 shows that the cubic decimetre (litre) is made up of 10 layers, each con-
taining 100 cm?, for a total of 1000 cm®.

Find the volume of a rectangular box 8 cm long, 4 cm wide, and 6 cm high.

Suppose you placed one-centimetre cubes in the box, as in Figure 1.14. On the bottom
layer, there would be 8 X 4, or 32, one-cm cubes. In all, there are six such layers, or
6 X 32 = 192 one-cm cubes. Therefore, the volume is 192 cm?.

You can also find the volume of a rectangular solid by multiplying the length times the
width times the height:

V= | X w X h
=8cm X 4cm X 6cm
= 192 cm?

Note: cm X c¢cm X cm = cm’.




EXAMPLE 4

FIGURE 1.15
Cubic foot

Exercises 1.3

1.

+ 3.
4 4.

&, 5.

7 6.

1.3 ® Area and Volume 15

How many cubic inches are in one cubic foot?

The bottom layer of Figure 1.15 contains 12 X 12, or 144, one-inch cubes. There are
12 such layers, or 12 X 144 = 1728 one-inch cubes. Therefore, 1 ft> = 1728 in°.

How many square yards (yd?) are contained in a rec-
tangle 12 yd long and 8 yd wide?

. How many square metres (m?) are contained in a

rectangle 12 m long and 8 m wide?

At a small airport, Runway 11-29 is 4100 ft long
and 75 ft wide. What is the area of the runway?

A small rectangular military operating zone has
dimensions 12 mi by 22 mi. What is its area?

A 2005 Honda Accord LX measures 189 in. by 71 in.
Find the area it occupies.

Five pieces of sheet metal have been cut to form
a container. The five pieces are of sizes 27 by 15,
15 by 18, 27 by 18, 27 by 18, and 15 by 18 (all in
inches). What is the total area of all five pieces?

In the following exercises, assume that all corners are square
and that like measurements are not repeated because the fig-
ures are assumed to have consistent lengths. All three of the fol-
lowing mean that the length of a side is 3 cm:

fie

3cm 3cm 3cm

| B

Find the area of each figure:

7.

6 cm 2 cm

6 cm

12 cm

10.

11.

8 in.

8 in.

2in—») S

3in.

3in.

8 in.

3in.

3in.

2 in.

4 in.

12 in.

2 in,—»

8 in. 12. S cm

20 cm /
3in.

2in. 20 cm

7 in.

4 in.
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How many tiles 4 in. on a side should be used to
cover a portion of a wall 48 in. long by 36 in. high?

(See Illustration 1.)
4 in.4>1 D
&
_T

4 in.

36 in.

48 in.

How many ceiling tiles 2 ft by 4 ft are needed to
tile a ceiling that is 24 ft by 26 ft? (Be careful how
you arrange the tiles.)

How many gallons of paint should be purchased to
paint 20 motel rooms as shown in Illustration 2?
(Do not paint the floor.) It takes 1 gal to paint
400 square feet (ft).

8 ft

12 ft 16 ft

How many pieces of 4-ft-by-8-ft drywall are needed
for the 20 motel rooms in Exercise 15? All four walls
and the ceiling in each room are to be drywalled.
Assume that the drywall cut out for windows and
doors cannot be salvaged and used again.

The replacement cost for construction of houses is
$75/ft2. Determine how much house insurance
should be carried on each of the one-story houses
in Illustration 3.

45 ft 85 ft

43 ft

16 ft
(@) (b)

T 18. The replacement cost for construction of the

building in Tlustration 4 is $64/ft>. Determine
how much insurance should be carried for full
replacement.

75 ft
44 ft 40 ft
16 fit 12 ft
24 ft
26 ft
Find the volume of each rectangular solid:
19. Q 20.
8 ft
10 ft 20 ft

s

21. 4 cm
6 cm
5 cm
10 cm
20 cm

22. 18 cm

3cm

i 15 cm
6 cm

23.

5in.



24.

25.

% 26.

& 27.

% 28.

7 29.

&, 30.

T 31

32,

33.

34.

& 35.

8t . 8ft
12 ft
20 ft 20 ft
15 ft
60 ft
Find the volume of a rectangular box 10 c¢cm by

12 cm by 5 cm.

A mountain cabin has a single room 20 ft by
10 ft by 8 ft high. What is the total volume of air in
the room that will be circulated through the central
ventilating fan?

Common house duct is 8-in. by 20-in. rectangular
metal duct. If the length of a piece of ductis 72 in.,
what is its volume?

A furnace filter measures 16 in. by 20 in. by
1 in. What is its volume?

A large rectangular tank is to be made of sheet
metal as follows: 3 ft by 5 ft for the top and the
base, two sides consisting of 2 ft by 3 ft, and two
sides consisting of 2 ft by 5 ft. Find the volume of
this container.

Suppose an oil pan has the rectangular dimensions
14 in. by 16 in. by 4 in. Find its volume,

Find the weight of a cement floor that is 15 ft by
12 ft by 2 ft if 1 ft> of cement weighs 193 1b.

A trailer 5 ft by 6 ft by 5 ft is filled with coal. Given
that 1 ft> of coal weighs 40 Ib and 1 ton = 2000 lb,
how many tons of coal are in the trailer?

A rectangular tank is 8 ft long by 5 ft wide by
6 ft high. Water weighs approximately 62 1b/ft’.
Find the weight of water if the tank is full.

A rectangular tank is 9 ft by 6 ft by 4 ft. Gasoline
weighs approximately 42 1b/ft’. Find the weight of
gasoline if the tank is full.

A building is 100 ft long, 50 ft wide, and 10 ft high.
Estimate the cost of heating it at the rate of $25 per
1000 ft>.

Formulas
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36. A single-story shopping center is being designed

to be 483 ft long by 90 ft deep. Two stores have
been preleased. One occupies 160 linear feet and
the other will occupy 210 linear feet. The owner is
trying to decide how to divide the remaining space,
knowing that the smallest possible space should be
4000 ft>. How many stores can occupy the remain-
ing area as shown in Illustration 57

< 483 ft »>
o [MEMER T |
P‘g?« [ | How 90 ft
\S$ [ B many
! L | stores? l
le— 160 ft —»ie———210 ft —»

ILLUSTRATION 5

37. Atrophy company needs a shipping box for a trophy

15 in. high with an 8-in.-square base. The box com-
pany is drawing the die to cut the cardboard for this
box. How large a sheet of cardboard is needed to
make one box that allows 1 in. for packing and 1 in.
for a glue edge as shown in Illustration 6?

| Flap | Flap l Flap | Flap

Flap | Flap | Flap | Flap

ILLUSTRATION 6

38. Styrofoam “peanuts” will be used to pack the trophy

in the box in [llustration 6 to prevent the trophy from
being broken during shipment. Ignoring the box
wall thickness, how many cubic inches of peanuts
will be used for each package if the volume of the
trophy is 450 in®?

A formula is a statement of a rule using letters to represent the relationship of certain

quantities. In physics, one of the basic rules states that work equals force times distance.
If a person (Figure 1.16) lifts a 200-1b weight a distance of 3 ft, we say the work done is
200 Ib X 3 ft = 600 foot-pounds (ft-1b). The work, W, equals the force, £, times the dis-

tance, d,or W = f X d.
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3 ft

FIGURE 1.16

o EXAMPLE 1

° EXAMPLE 2

o EXAMPLE 3

Basic Concepts

A person pushes against a car weighing 2700 Ib but does not move it. The work done
is 2700 Ib X 0 ft = O ft-Ib. An automotive technician (Figure 1.17) moves a diesel engine
weighing 1100 1b from the floor to a workbench 4 ft high. The work done in moving the

engine is 1100 1b X 4 ft = 4400 ft-1b.

1100 Ib

FIGURE 1.17

To summarize, if you know the amount of force and the distance the force is applied,
the work can be found by simply multiplying the force and distance. The formula W = £ X d
is often written W = f- d, or simply W = fd. Whenever there is no symbol between a num-
ber and a letter or between two letters, it is assumed that the operation to be performed is

multiplication.

If W=fd f=10,and d = 16, find W.

W=fd
W = (10)(16)
W =160 Multiply.

Ifl=§,E=450,andR= 15, find 1.

—
R
,_ 450
15
I=30 Divide.

If P=1?R,]=3,and R = 600, find P.

P=IR

P = (3)%(600)

P = (9)(600) Evaluate the power.
P = 5400 Multiply.




(b)
Triangle

FIGURE 1.18

o EXAMPLE 4

b
Parallelogram

FIGURE 1.19

° EXAMPLE 5

b
Trapezoid

FIGURE 1.20

o EXAMPLE 6

a = 10in.

h = Tin.

=

b= 18in.
FIGURE 1.21
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There are many other formulas used in science and technology. Some examples are
given here:

a. d=vt c. f=ma e. I=

b. W= IEt

E
R
2
d. P=IE t.p="
R

Formulas from Geometry

The area of a triangle is given by the formula A = %bh, where b is the length of the base
and # is the length of the altitude to the base (Figure 1.18). (An altitude of a triangle is a
line from a vertex perpendicular to the opposite side.)

Find the area of a triangle whose base is 18 in. and whose height is 10 in.

A= 5(18 in.)(10in.)

=90 in® Note: (in.)(in.) = in? e
The area of a parallelogram (a four-sided figure whose opposite sides are parallel) is
given by the formula A = bh, where b is the length of the base and 4 is the perpendicular

distance between the base and its opposite side (Figure 1.19).

Find the area of a parallelogram with base 24 cm and height 10 cm.

A = bh
A = (24 cm)(10 cm)
= 240 cm? Note: (cm)(cm) = cm? =wele L

The area of a trapezoid (a four-sided figure with one pair of parallel sides)
is given by the formula A = (“ L h, where a and b are the lengths of the parallel sides
(called bases), and h is the perpendicular distance between the bases (Figure 1.20).

Find the area of the trapezoid in Figure 1.21.

=2
i (IOin. + 18in.>(7 -
2
= (28zin' )(7 in.) Add within parentheses.
= (14 in.)(7 in.) Divide.
= 98 in? Multiply. "
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Exercises 1.4

Use the formula W = fd, where f represents a force and d Find the area of each trapezoid:
represents the distance that the force is applied. Find the 2. a=Tft.b=9ft h=4ft

ootk 22. a=30in,b=50in., h = 24 in.

1. f=30,d=20 2. f=17,d=9 23. a=96cm, b =24cm, h=30cm
3. f=1125,d=10 4. f=203,d =27 24. a=450m, b =750m, h =250m
5. f=176,d =326 6. f=2400,d = 120 25. The volume of a rectangular solid is given by V = lwh,

where [/ is the length, w is the width, and & is the
height of the solid. Find Vif / = 25 cm, w = 15 ¢m, and
=12 cm.

From formulas a to f on page 19, choose one that contains
all the given letters. Then use the formula to find the un-
known letter:

7. If m = 1600 and a = 24, find f.

8. If V=120and R = 24, find P.

9. fE=120and R = 15, find L.
10. If v =372 and ¢ = 18, find d.
11. If /=29 and E = 173, find P.
12. If I = 11, E = 95, and 1 = 46, find W. 30. Given P = IR, I = 4, and R = 2000, find P.

A, 31. The formula for piston displacement is P = cd*SN,
where c is a constant, d is the cylinder bore, § is the

26. Find the volume of a box with dimensions [ =
48 in., w = 24 in., and & = 96 in.

27. Givenv =vg + gt,vg= 12, g = 32,and t = 5, find v.

28. Given @ = CV, C = 12, and V = 2500, find Q.

29, Given I = IZE, E =240,and Z = 15, find I.

Find the area of each triangle:

13. b= 10in., h = 8 in. 14. b =36cm, & = 20 cm stroke, and N is the number of cylinders. For ¢ =

15. b = 54 ft, h = 30 ft 16. » =188 m, h =220 m 0.7854,d = 3, S = 4, and N = 4, find the piston
f displacement.

fiudibagred of cackireetanele: A, 32. The length of a cylinder is given by [ = 7:2, where

17. b=8m,h=7Tm 18. b = 24 in,, h = 15 in. c is the constant 0.785, d is the diameter of the

19. 5 =361t h = 18 ft cylinder, and V is the volume of the cylinder. Find

20. b =250 cm, h=120cm [if V=47 in3 and d = 2.98 in.

Prime Factorization

Divisibility

A number is divisible by a second number if, when you divide the first number by the sec-
ond number, you get a zero remainder. That is, the second number divides the first number.

° EXAMPLE 1 12 is divisible by 3, because 3 divides 12. = - o

° EXAMPLE 2 124 is not divisible by 7, because 7 does not divide 124. Check with a calculator.

— o

There are many ways of classifying the positive integers. They can be classified as
even or odd, as divisible by 3 or not divisible by 3, as larger than 10 or smaller than 10, and
so on. One of the most important classifications involves the concept of a prime number:
an integer greater than 1 that has no divisors except itself and 1. The first ten prime num-
bersare 2,3, 5,7, 11, 13, 17, 19, 23, and 29.

An integer is even if it is divisible by 2; that is, if you divide it by 2, you get a zero
remainder. An integer is odd if it is not divisible by 2.




EXAMPLE 3

EXAMPLE 4

EXAMPLE 5

EXAMPLE 6
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In multiplying two or more positive integers, the positive integers are called the factors
of the product. Thus, 2 and 5 are factors of 10, since 2 X 5 = 10. The numbers 2, 3, and 5
are factors of 30, since 2 X 3 X 5 = 30. If the factors are prime numbers, they are called
prime factors. The process of finding the prime factors of a positive integer is called prime
factorization. The prime factorization of a given number is the product of its prime factors.
That is, each of the factors is prime, and their product equals the given number. One of the
most useful applications of prime factorization is in finding the least common denominator
(LCD) when adding and subtracting fractions. This application is found in Section 1.7.

Factor 28 into prime factors.

a. 28=4-7 b.28=7-4 c. 28=2-14
=2.-2-7 =7-2:2 =2-7-2

In each case, you have three prime factors of 28; one factor is 7, the other two are 2’s.
The factors may be written in any order, but we usually list all the factors in order from
smallest to largest. It would not be correct in the examples above to leave 7 - 4,4 - 7, or

2 - 14 as factors of 28, since 4 and 14 are not prime numbers. i

Short division, a condensed form of long division, is a helpful way to find prime fac-
tors. Find a prime number that divides the given number. Divide, using short division. Then
find a second prime number that divides the result. Divide, using short division. Keep re-
peating this process of stacking the quotients and divisors (as shown below) until the final
quotient is also prime. The prime factors will be the product of the divisors and the final
quotient of the repeated short divisions.

Find the prime factorization of 45.
3[45  Divide by 3.
3|15  Divide by 3.
5

The prime factorization of 45is 3+ 3 - 5.

—e
Find the prime factorization of 60.
2|60 Divide by 2.
2|30  Divide by 2.
3|L5  Divide by 3.
5
The prime factorization of 60is 2 -2 -3 - 5. —_ o

Find the prime factorization of 17.

17 has no factors except for itself and 1. Thus, 17 is a prime number. When asked for

factors of a prime number, write “prime” as your answer. AR

Divisibility Tests

To eliminate some of the guesswork involved in finding prime factors, divisibility
tests can be used. Such tests determine whether or not a particular positive integer divides
another integer without carrying out the division. Divisibility tests and prime factorization
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EXAMPLE 7

EXAMPLE 8

EXAMPLE 9

EXAMPLE 10

EXAMPLE 11

EXAMPLE 12

are used to reduce fractions to lowest terms and to find the lowest common denominator.
(See Unit 1B.)
The following divisibility tests for certain positive integers are most helpful.

Divisibility by 2

If a number ends with an even digit, then the number is divisible by 2.

Note: Zeroiseven.

Is 4258 divisible by 27

Yes; since 8, the last digit of the number, is even, 4258 is divisible by 2. e el e

Note: Check each example with a calculator.

Is 215,517 divisible by 2?7

Since 7 (the last digit) is odd, 215,517 is not divisible by 2. e e

Divisibility by 3
If the sum of the digits of a number is divisible by 3, then the number itself is divisible
by 3.

Is 531 divisible by 3?
The sum of the digits 5 + 3 + 1 = 9. Since 9 is divisible by 3, then 531 is divisible by 3.

—e

Is 551 divisible by 3?
The sum of the digits 5 + 5 + 1 = 11. Since 11 is not divisible by 3, then 551 is not divis-

ible by 3. S .

Divisibility by 5

If a number has 0 or 5 as its last digit, then the number is divisible by 5.

Is 2372 divisible by 57

The last digit of 2372 is neither 0 nor 5, so 2372 is not divisible by 5. =, BN

Is 3210 divisible by 5?
The last digit of 3210 is 0, so 3210 is divisible by 5. T N
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Find the prime factorization of 204.

2(204 Last digit is even.
2{102 Last digit is even.
31 51 Sum of digits is divisible by 3.

17

The prime factorization of 204is2 -2 - 3 - 17.

° EXAMPLE 14

Find the prime factorization of 630.

21630 Last digit is even.
3|315 Sum of digits is divisible by 3.
3|105 Sum of digits is divisible by 3.

5035  Lastdigitis .
7

The prime factorization of 630is2-3-3-5-7.

Note: As a general rule of thumb:

1. Keep dividing by 2 until the quotient is not even.

2. Keep dividing by 3 until the quotient’s sum of digits is not divisible by 3.

3. Keep dividing by 5 until the quotient does not end in 0 or 5.

That is, if you divide out all the factors of 2, 3, and 5, the remaining factors, if any, will be
much smaller and easier to work with, and perhaps prime.

Exercises 1.5

Which numbers are divisible a. by 3 and b. by 4?

1. 15 2. 28 3. 96
4. 172 5. 78 6. 675

Classify each number as prime or not prime:

7. 53 8. 57 9. 93
10. 121 11. 16 12. 123
13. 39 14. 87

Test for divisibility by 2:
15. 458 16. 12,746
18. 877,778 19. 1367

17. 315,817

20. 1205

Test for divisibility by 3 and check your results with a
calculator:
21. 387
24. 178,213

22. 1254
25. 218,745

23. 453,128
26. 15,690

Test for divisibility by 5 and check your results with a
calculator:
27. 70

30. 56,665

28. 145
31. 63,227

29. 366
32. 14,601

Test the divisibility of each first number by the second
number:

33. 56;2 34. 42;3

35. 218;3 36. 375;5

37. 528;5 38. 2184;3

39. 198;3 40. 2236; 3

41. 1,820,670; 2 42. 2,817,638; 2
43. 7,215,720; 5 44. 5,275,343; 3

Find the prime factorization of each number (use divisi-
bility tests where helpful):

45. 20 46. 18 47. 66
48. 30 49. 36 50. 25
S0 52. 59 53. 51
54. 56 55. 42 56. 63
57. 120 58. 72 59. 171
60. 360 61. 105 62. 78
63. 252 64. 444
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Unit 1A S NGUEY
[

1. Add: 33 + 104 + 75 + 29 11. In IMlustration 2, find the volume.
2. Subtract: 2301

506

3. Multiply: 3709 X 731 6 ft
4. Divide: 9300 = 15

5. Josh has the following lengths of 3-inch plastic pipe: 8% I5ft
3 pieces 12 ft long ILLUSTRATION 2
8 pieces 8 ft long
9 pieces 10 ft long 12. Ifd = vt,v=45,and t = 4, find d.
12 pieces 6 ft long E

13. If I=—,E=120,and R = 12, find .
Find the total length of pipe on hand. R

6. If one bushel of corn weighs 56 Ib, how many bushels 14. IfA = lbh, b =40 and h = 15. find A.
are contained in 14,224 1b of corn?

Evaluate each expression: Classify each number as prime or not prime:
7. 6 +2(5X4-2) 15. 51 16. 47
N P
9. 12+ 2[3(8 —2) —2(3 + 1)] Test for divisibility of each first number by the second
10. In Illustration 1, find the area. number:
11in. 17. 195;3 18. 821;5
9 in.

Find the prime factorization of each number:

Il in.

24 in. 19. 40 20. 135

8in.

32in.
ILLUSTRATION 1
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° EXAMPLE 13

1.5 ® Prime Factorization 23

Find the prime factorization of 204.

2204 Last digit is even.
2[102 Last digit is even.
31 51 Sum of digits is divisible by 3.

17

The prime factorization of 204 is2 -2 -3 - 17.

o EXAMPLE 14

Find the prime factorization of 630.

21630 Last digit is even.
31315 Sum of digits is divisible by 3.
3|105 Sum of digits is divisible by 3.

5[ 35 Last digit is 5.
7

The prime factorization of 630is2-3-3-5-7.

Note: As a general rule of thumb:

1. Keep dividing by 2 until the quotient is not even.

2. Keep dividing by 3 until the quotient’s sum of digits is not divisible by 3.

3. Keep dividing by 5 until the quotient does not end in 0 or 5.

That is, if you divide out all the factors of 2, 3, and 5, the remaining factors, if any, will be
much smaller and easier to work with, and perhaps prime.

Exercises 1.5

Which numbers are divisible a. by 3 and b. by 47

1. 15 2. 28 3. 96
4. 172 5. 78 6. 675

Classify each number as prime or not prime:

7. 53 8. 57 9. 93
10. 121 11. 16 12. 123
13. 39 14. 87

Test for divisibility by 2:

15. 458 16. 12,746
18. 877,778 19. 1367

17. 315,817

20. 1205

Test for divisibility by 3 and check your results with a
calculator:
21. 387
24. 178,213

22. 1254
25. 218,745

23. 453,128

26. 15,690

Test for divisibility by 5 and check your results with a
calculator:
27. 70
30. 56,665

28. 145
31. 63,227

29. 366
32. 14,601

Test the divisibility of each first number by the second
number:

33. 56;2 34. 42;3

35. 218;3 36. 375;5

37. 528;5 38. 2184;3

39. 198;3 40. 2236; 3

41. 1,820,670; 2 42. 2,817,638, 2
43. 7,215,720; 5 44. 5,275,343; 3

Find the prime factorization of each number (use divisi-
bility tests where helpful):

45. 20 46. 18 47. 66
48. 30 49. 36 50. 25
51. 27 52. 59 53. 51
54. 56 55. 42 56. 63
57. 120 58. 72 59. 171
60. 360 61. 105 62. 78
63. 252 64. 444
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Review

1. Add: 33 + 104 + 75 + 29
2. Subtract: 2301
506
3. Multiply: 3709 X 731
4. Divide: 9300 + 15
5. Josh has the following lengths of 3-inch plastic pipe:

3 pieces 12 ft long

8 pieces 8§ ft long

9 pieces 10 ft long
12 pieces 6 ft long

11. In Ilustration 2, find the volume.

6 ft

8 ft 15 ft
ILLUSTRATION 2

12. If d = vt,v=45,and t = 4, find d.

13. If I = E, E =120,and R = 12, find 1.
Find the total length of pipe on hand. R

6. If one bushel of corn weighs 56 Ib, how many bushels 14. IfA = lbh, b =40,and h = 15, find A.
are contained in 14,224 1b of corn? '

Evaluate each expression:

7.6 +2(5X4—-2)

83 +12+3-2x3

9. 12 +2[3(8 —2) — 23 + 1)]

Classify each number as prime or not prime:

15. 51 16. 47

Test for divisibility of each first number by the second

10. In Illustration 1, find the area. number:
11in. 17. 195;3 18. 821;5
9in. 11in. Find the prime factorization of each number:
24 in. 8in. 19. 40 20. 135

32 in.
ILLUSTRATION 1

WWIM OF OPERATIONS WITH FRACTIONS

i A
i i
[w

Introduction to Fractions

The U.S. system of measurement, which is derived from and sometimes called the English
system, is a system whose units are often expressed as common fractions and mixed num-
bers. The metric system of measurement is a system whose units are expressed as decimal
fractions and powers of ten. As we continue to convert from the U.S. system to the metric
system, more computations will be done with decimals, which are easier—especially with
a calculator. Fewer computations will be done with fractions, which are more difficult.
During the transition period, we will need to feel comfortable with both systems. The met-
ric system is developed in Chapter 3.

A common fraction may be defined as the ratio or g]uotiengt7 of two integers (say, a

and b) in the form % (where b # 0). Examples are %, %, T and ETL The integer below the




FIGURE 1.23

EXAMPLE 1
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line is called the denominator. It gives the denomination (size) of equal parts into which the
fraction unit is divided. The integer above the line is called the numerater. It numerates
(counts) the number of times the denominator is used. Look at one inch on a ruler, as shown
in Figures 1.22 and 1.23.

%in, means | of 4 equal parts of an inch.

% in. means 2 of 4 equal parts of an inch.

% in. means 3 of 4 equal parts of an inch.

156 in. means 5 of 16 equal parts of an inch.

12

e in. means 12 of 16 equal parts of an inch,

% in. means 15 of 16 equal parts of an inch.

Two fractions | and & are equal or equivalent if ad = be. That is, 3 = 5 if
ad = bc (b # 0and d # 0). For example and "¢ are names for the same fraction, because

(2)(16) = (4)(8). There are many other names for this same fraction, such as 4 OO S

2° 187 207 10°
6,and SO On.

2 _ 1 _ 2 _
4 =5, because Q)) = () = 10, because (2)(10) = (4)(5)

We have two rules for finding equal (or equivalent) fractions.

A——
Equal or Equivalent Fractions

1. The numerator and denominator of any fraction may be multiplied by the same

number (except zero) without changing the value of the given fraction, thus pro-
ducing an equivalent fraction. For example,
4 _ 45 _ 2

SadagShiSgm w5
2. The numerator and denominator of any fraction may be divided by the same
number (except Zero) w1th0ut changing the value of the given fraction. For
62

6 -
example, — TP E-

We use these rules for equivalent fractions (a) to reduce a fraction to lowest terms and
(b) to change a fraction to higher terms when adding and subtracting fractions with differ-
ent denominators.

To simplify a fraction means to find an equivalent fraction whose numerator and de-
nominator are relatively prime—that is, a fraction whose numerator and denominator have
no common divisor. This is also called reducing a fraction to lowest terms.

To reduce a fraction to lowest terms, write the prime factorization of the numerator and
the denominator. Then divide (cancel) numerator and denominator by any pair of common

factors. You may find it helpful to use the divisibility tests in Section 1.5 to write the prime
factorizations.

Simplify: %

35 _ B-7 _ T Note the use of the divisibility test for 5. A last digit of 0 or 5

50 2-8-5 10 indicates the number is divisible by 5

—e
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e  EXAMPLE 2 Simplify:%.

o EXAMPLE 3

o EXAMPLE 4

* EXAMPLE 5

d 2
of proper fractions are >
greater than or equal to its denominator. Examples of improper fractions are M and %

63 _A-3-7 _ T
99 A-p-11 11

Note the use of the divisibility test for 3 twice. o

Simplify: 34

300°

84 _ 71337 _ 7

300 2-2-3-5-5 25 —

Simplifying Special Fractions
1. Any number (except zero) divided by itself is equal to 1. For example,
i B g Sy Tl

; = NH = Il
3 S 173

2. Any number divided by | is equal to itself. For example,

iz5; 229; 2225.
1 1 1

3. Zero divided by any number (except zero) is equal to zero. For example,

0 0 0
= === == 0
6 13 0 8 .

4. Any number divided by zero is not meaningful and is called undefined. For
example, % is undefined.

A proper fraction is a fraction whose numerator is less than its denominator. Examples
5 3 . Lo . .
" and o An improper fraction is a fraction whose numerator is
1
; . . ) s
A mixed number is an integer plus a proper fraction. Examples of mixed numbers are

3 3 1 2
IZ (1 + 'Z), 146’ and SE

Changing an Improper Fraction to a Mixed Number

To change an improper fraction to a mixed number, divide the numerator by the
denominator. The quotient is the whole-number part. The remainder over the divi-
sor is the proper fraction part of the mixed number.

Change 13—7 to a mixed number.

1—7=17+3=3|g =
3 3
5r2 S u wx

Change g to a mixed number.

Z7§=78+7=7118_ -1t

1rl ——




EXAMPLE 6

EXAMPLE 7

EXAMPLE 8

EXAMPLE 9

EXAMPLE 10

EXAMPLE 11
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If the improper fraction is not reduced to lowest terms, you may find it easier to reduce
it before changing it to a mixed number. Of course you may reduce the proper fraction after
the division if you prefer.

Change % to a mixed number and simplify.

Method 1: Reduce the improper fraction to lowest terms first.

324 72-7-3-3-3-F 27 3
48 2-2-2:2+% 4 ng 4

Method 2: Change the improper fraction to a mixed number first.

6136
324 36 2-7-3-3 3
== = 48(324 =6— =6t =6>
e 48 “Z-2-2:2-% 4
36 i

One way to change a mixed number to an improper fraction is to multiply the integer
by the denominator of the fraction and then add the numerator of the fraction. Then place
this sum over the original denominator.

Change 2% to an improper fraction.

1_@x3)+1_71
3 3 3 S

2

Change 5% to an improper fraction.

SB_Gx89+3 43

8 8 8 —_ .
Change 10% to an improper fraction.
S_(0X9+5_95

9 9 9 —
A number containing an integer and an improper fraction may be simplified as follows.

10

Change 3~§— a. to an improper fraction and then b. to a mixed number in simplest form.

8_(3x5+8 _23

3
a3 5 5
b2=-23:5=523 =42
5
4r3 - A

A calculator with a fraction key may be used to simplify fractions as follows.
The fraction key often looks similar to (A% .

Reduce % to lowest terms.

108 (A% 144 [ =

( 3ry )

Thus, AU = e in lowest terms.

144 4 .
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Exercises 1.6

Simplify:

r, 2
28

12
18

10. —
13.

16.

EXAMPLE 12

EXAMPLE 13

_— N

A calculator with a fraction key may be used to change an improper fraction to a mixed
number, as follows.

Change % to a mixed number.
25 (@A) 6 =
( urire |

Thus, s, = 4L.
6 6

—

Note: The symbol [ separates the whole number, the numerator, and the denominator in
the display.

A calculator with a fraction key may be used to change a mixed number to an improper
fraction as follows. The improper fraction key often looks similarto [ % |

Note: Most scientific calculators are programmed so that several keys will perform more
than one function. These calculators have what is called a second function key. To access
this function, press the second function key first.

Change 6% to an improper fraction.

‘@ @-@E

( 33r5 )
Thus, 62 = 2
5 5 I
27 15 12
19. == 20, = 21. =
36 18 16
36 9 20 12
3. — 22, = 23, — 24, —=
42 18 25 36
8 12 54 12
6. — 5. = 26. — ==
10 2 40 6 72 128
48 330 112 525
9. — 28, 2= 29, —= 30. =
60 360 144 1155
n 1B
Tl Change each fraction to a mixed number in simplest form:
9 78 11 28
15. — 1. — 2, — .
0 3 . 3 2 33 3
18, Vgl 35 B 36, 57

28 3 36 16




57
37. —
6

70
40. 2—
0 16

Change each mixed number to an improper fraction:

41. 3é

6

—

3
42. 6=
264

EXAMPLE 1

EXAMPLE 2

EXAMPLE 3
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15 2 7 1
39. 5— 44. 5= 45. 1— 46. 4—
12 3 196 8- 4,
7 1 3
47, 6— 48. 8— 49, 1
8 5 05
5
50. 12—
6
1
43. 2—
8

Addition and Subtraction of Fractions

Technicians must be able to compute fractions accurately, because mistakes on the job can
be quite costly. Also, many shop drawing dimensions contain fractions.

Adding Fractions
a . b

[ c

That is, to add two or more fractions with the same denominator, first add their
numerators. Then place this sum over the common denominator and simplify.

Add: % + %

% + % ol ‘g . % = % Add the numerators and simplify.
Add: % + 1_56—

% + 15_6 2 125 =—c  Addthe numerators.
Add: 32—1 + 37—1 + —;—

32_1 + 571_ + ;—? = 2-*-;—1—'—15 = %— Add the numerators.

To add fractions with different denominators, we first need to find a common denomi-
nator. When reducing fractions to lowest terms, we divide both numerator and denomina-
tor by the same nonzero number, which does not change the value of the fraction. Similarly,
we can multiply both numerator and denominator by the same nonzero number without
changing the value of the fraction. It is customary to find the least common denominator
(LCD) for fractions with unlike denominators. The LCD is the smallest positive integer that
has all the denominators as divisors. Then, multiply both numerator and denominator of
each fraction by a number that makes the denominator of the given fraction the same as
the LCD.
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EXAMPLE 4

EXAMPLE 5

To find the least common denominator (LCD) of a set of fractions:

1. Factor each denominator into its prime factors.

2. Write each prime factor the number of times it appears most in any one denomi-
nator in Step 1. The LCD is the product of these prime factors.

Find the LCD of the following fractions: —é—, %, and 1—18
Step 1 Factor each denominator into prime factors. (Prime factorization may be re-

viewed in Section 1.5.)

6=2-3
8§8=2-2.2
18=2-3-3

Step 2 Write each prime factor the number of times it appears most in any one de-
nominator in Step 1. The LCD is the product of these prime factors.

Here, 2 appears once as a factor of 6, three times as a factor of 8, and once as a factor
of 18. So 2 appears at most three times in any one denominator. Therefore, you have 2 - 2 - 2
as factors of the LCD. The factor 3 appears at most twice in any one denominator, so you
have 3 - 3 as factors of the LCD. Now 2 and 3 are the only factors of the three given de-
nominators. The LCD for %, %, and %8 mustbe 22233 =72, Note that 72 does have
divisors 6, 8, and 18. This procedure is shown in Table 1.1.

Number of times the
prime factor appears
in given most in any
Prime factor Denominator denominator one denominator
2 6=2-3 once
§=2-2-2 three times three times
18=2-3-3 once
3 6=2-3 once
§=2-2-2 none
18=2-3-3 twice twice

From the table, we see that the LCD contains the factor 2 three times and the factor 3

two times. Thus, LCD =2-2:2:3:3 = 72, B Emls iy
1 33 3
Find the LCD of —, =, —
ind the LC of48ar1d16
4=2-2
8=2:2-2
16=2-2-2:2

The factor 2 appears at most four times in any one denominator, so the LCD is
2+2-2-2 = 16. Note that 16 does have divisors 4, 8, and 16. e



EXAMPLE 6

EXAMPLE 7

EXAMPLE 8

EXAMPLE 9
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. 2 4

Find the LCD of g, E’ and 536
5=5
15=3-5
20=2-2-5

The LCDis2-2-3-5=60. e
Of course, if you can find the LCD by inspection, you need not go through the method
shown in the examples.

3 3
Find th D of = and —.
ind the LCD o 8an 16

By inspection, the LCD is 16, because 16 is the smallest number that has divisors 8 and 16.

—_e

After finding the LCD of the fractions you wish to add, change each of the original
fractions to a fraction of equal value, with the LCD as its denominator.

3.5
Add: =+ —.
8 16
First, find the LCD of% and %. The LCD is 16. Now change % to a fraction of equal value

with a denominator of 16.

9
Write: 3= == Think: 8 X ? = 16.
8 16

Since 8 X 2 = 16, we multiply both the numerator and the denominator by 2. The numer-
ator is 6, and the denominator is 16.
6

3,2_56
8 2 16

Now, using the rule for adding fractions, we have
5 6 + 5 6+5 _ 11

80005 L Gneils| B
8 16 16 16 16 16 — —o

Now try adding some fractions for which the LCD is more difficult to find.

Add:i—+i+L+L.

6 16 12
First, find the LCD.
4=2-2
6=2-3
16=2-2-2-2
12=2-2-3

Note that 2 is used as a factor at most four times in any one denominator and 3 as a
factor at most once. Thus,the LCD =2-2-2-2+3 =48.
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° EXAMPLE 10

° EXAMPLE 11

o EXAMPLE 12

Second, change each fraction to an equivalent fraction with 48 as its denominator.

12 1x12 12
4 48 4ax12 48
17 1X8 8
6 48 6X8 48
1 _ 2 1x3 3
16 48  16x3 48
g = 7X4 28
1248  12x4 48
1,11 .7 12,8 3 28
4 6 16 12 48 48 48 48
_ 12+ 8+3+28
i 48
51
48
Simplifying, we have
51 3 -1 1
el =1
48 48 16 16 —
R S
Subtracting Fractions
@bl e bR )
c (e C

To subtract two or more fractions with a common denominator, subtract their
numerators and place the difference over the common denominator and simplify.

3 2
Subtract: = — =,
ubtrac s
3.2 = 22l = = Subtract the numerators.
5 5 S 5 m___ = =y
5 3
Subtract: — — =,
ubtrac 3 3
2 = kel = 2 = Z—I = 2 Subtract the numerators and simplify.
8 8 8 8 Z-4 4 o,

To subtract two fractions that have different denominators, first find the LCD. Then
express each fraction as an equivalent fraction using the LCD, and subtract the numerators.

5 4
Subtract: = — —.
ubtrac 6 5
% - % = i—g — % First change the fractions to the LCD, 30.
-25-8_17

Subtract the numerators.
30 30 S—




EXAMPLE 13

EXAMPLE 14

EXAMPLE 15

EXAMPLE 16
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Adding Mixed Numbers

To add mixed numbers, find the LCD of the fractions. Add the fractions, then add
the whole numbers. Finally, add these two results and simplify.

.ol 3
Add: 27 and 35.

2% = 2% First change the proper fractions to the LCD, 10.
3 6
32 =3—
7510
11 11 1 1
—=5+"—==5+17——=6—
> 10 10 5 10 10

Subtracting Mixed Numbers

To subtract mixed numbers, find the LCD of the fractions. Subtract the fractions,
then subtract the whole numbers and simplify.

Subtract: 8% from 13%.

13% = 13% First change the proper fractions to the LCD, 12.
2 8
8= 8&—
3 12
s L
12 —

If the larger of the two mixed numbers does not also have the larger proper fraction,
borrow 1 from the whole number. Then add it to the proper fraction before subtracting.

Subtract: 2% from 4%.

4l = 4i = 5 First change the proper fractions to the LCD, 10. Then
i o e borrow 1 fi 4a daddl—o—t A
3 6 6 1O rom 4 an 0P To
2==2—=2—
5 10 10
12
10 —

Subtract: 2% from 8%.

8% = 8% = 7—;% First change the proper fractions to the LCD, 28. Then borrow |
from 8 and add 25| to l
. l =5 E - E 28 28
7 28 28
23
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o EXAMPLE 17  Subtract: 12—4%

12 = 11§ First change the whole number 12 to the LCD, 8, as shown.
8 Then borrow | from 12.

4_3_= 42
8 _8
73

8

Applications Involving Addition
and Subtraction of Fractions

An electrical circuit with more than one path for the current to flow is called a parallel
circuit. See Figure 1.24. The current in a parallel circuit is divided among the branches in
the circuit. How it is divided depends on the resistance in each branch. Since the current is
divided among the branches, the total current (I7) of the circuit is the same as the current
from the source. This equals the sum of the currents through the individual branches of the
circuit. Thatis, Iy = I} + L+ L+ -+ -

e

Parallel circuit

FIGURE 1.24

° EXAMPLE 18  Find the total current in the parallel circuit in Figure 1.25.

ﬁrT’Uz

A l[zzl};A l@:%A l14=1%A l15=1A

to|—

-

FIGURE 1.25
IT=11+12+13+I4+15
%A = %A First change the proper fractions to the LCD, 8.
l 2
I—A=1=-A
4 8
1 1
—A= —A
8 8
3 6
I=-A=1-A
4 8
1 A=1 A
13 5
3—A=4-A
8 8




EXAMPLE 19

EXAMPLE 20
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Find the missing dimension in Figure 1.26.

3.

1 in

A 16 B E_16F
[e——— 7 ———> I%in.
C D
2%in
H 3. G
5§§m.
FIGURE 1.26

First, note that the length of side HG equals the sum of the lengths of sides AB, CD, and
EF. To find the length of the missing dimension, subtract the sum of side AB and side EF
from side HG.

That is, first add AB + EF: Then subtract HG — (AB + EF):
AB: 1T36_ in. HG: 5% in. = 533—2 in. = 4;—; in.
EF: l%in. AB + EF: 2% in. = 2% in. = 2;—; in.
AB + EF: 21% in., or 2% in. = 2§—z in.
Therefore, the missing dimension is 2% in. 8

The perimeter of a geometric figure is the sum of the lengths of its sides.

Find the perimeter of Figure 1.26.

AB: l%in. = l%in.
I . P4
i l—in. = Il—in.
BC 1 16 n ) in
CD: 2?—; in. = 2% n.
1. 2 -
i l—in. = l——in
DE 1 6 n ) n
EF:. l%in. = l%in.
S 20 .
FG: —in. = 2—in.
G 28 in ) in
GH: 5;—2 in. = 533—2 in.
HA: 2i in. = 2& in.
8 32
Perimeter: 15g in.= 15 + ZE— in. = 17—9— in.
32 32 16 A
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Using a Calculator to Add and Subtract Fractions

e  EXAMPLE 21 Add:§+17—2.

@y W@ 2@

( icicqy )

2,7 1
Thus, — + — = 1—.
us 4

312 S,

e  EXAMPLE 22 Add:7= +s54

4 12

7 (A% 3 (A% 4(+ 5(A% 11(a% 12 (=

| T

( 13rars )

Thus, 7é —+ 5-1—1 = 132.

4712 3 —

e  EXAMPLE 23  Subtract: 8% — 3

4 12
8 (A% 1(A% 4 (= 3(a% 5% 12(=
( yrsre )
1 5 5
Thus, 8- — 3— = 4=,
us 8y 37 =% .
Exercises 1.7 N
Find the LCD of each set of fractions: 11. 2 + 3 12. 1 + 2
7 28 9 45
p L1 3 123
"2°8° 16 "357 13. 34 2 @ 3. 1
8 64 10 100
313 1 4 L 1L 5
6’ 10" 14 9’15 21 5k, 3 . 5
s 1 17 13 4 5 20 4 16
7316’8 " 5714’35 4 1 2 4
17.g+-2— 18.§+§
Perform the indicated operations and simplify:
1.0 .3 .1 = o il .
2 .1 1,3 19, -+ —+ =+ — 20, =4~ +—
7. 5+ = L=+ =
- 8. S +3 3 6 16 12 16 8 3
1 3 5.1 1,1 1 1 Il
e 24— 21—+ — + — 22, — 4+ —+—
> 16 32 10'6+18 20 30 40 14 15 6




23.%+ﬁ+—1‘15- 24.35—6+;—é+%
25.%—% 26.69—4—%
27.%—13—0 28.17—6—%
29.%—43—2 30.%—25—4

3. 2%+4% 34. 3%+5%
35.3—% 36.8—5%

3. 8—1%— 3% 38. 5%+ 2%

39. 7—1%—4% 40. 87}—417—6

41. 3%+9% 42. 4%+6;—(7)

3. 3%+4T72—+3% a4, 5%+3T76+417—5
4s. 162—4%—2% 46. 1219—6—3%”%

47. Find the perimeter of the triangular plot in Illustration 1.

/7 48.

VAR UR

/¥ 50.

4 51.

712%ft 563 ft

1
9615 ft

ILLUSTRATION 1

A welder has four pleces of scrap steel angle of
lengths 3 ft, 2 ft, 3 ft, and 4 ft If they are
welded together how long is the Welded piece?

A welder has two pieces of half-inch pipe, one of
length 2—;— ft and another of length 3% ft. a. What is
the total length of the two welded together? b. If
she needs a total length of 4% ft, how much must be
cut off?

What is the difference in the size (diameter) of
6011 welding rods of dlameter E in. and Super
Strength 100 rods of d1ameter LSS 1n ?

A pilot flies a small plane on a cross—country trip
to two cities and begins with a full tank of fuel

1.7

4+ 52.

4 53.

& 54.

&, 55.

& 56.

& 57.

& s8.
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from the home airport. Upon arrival at the first
location, the plane required 132 gal of IOOLL fuel.
At the next stop, the plane requlred 112 gal Upon
return to the home airport, the plane took 102 gal
to fill the tank. How much total fuel was used on
the trip?

A Piper Warrior holds 50 gal of 100LL aviation
fuel. A pilot takes off and lands at another airport
and fills up the tank, which takes 17% gal. The pilot
then flies to a second airport, which requires
20% gal. Had the pilot made the trip to the two air-
ports without refueling each time, how much fuel
would have been left in the tank?

A pilot flies to an island off the coast of North
Carolina and uses 25% gal of fuel. The return trip
only uses 23% gal. The difference is due to the
wind. What is the difference in the fuel used?

011 is changed in three cars. They hold 4 qt,
4L 10 4t and 41 ¢ qt. How much total oil is used"

A mechanic spent ? h changing spark plugs,
% h changing an air filter, and % h changing the oil
and oil filter. How much total time was spent ser-

vicing this car?

A heating and cooling specialist needs two pieces
of duct 3% ft and 2% ft in length. There are two
pieces in stock that are each 4 ft long. After these
two lengths are cut off, what excess will be left?

The cooling requirements for the three separate
incubation rooms are % ton, % ton and % ton. If a
central HVAC unit will be installed, how many
tons are required?

A finished product consists of four components
that will be assembled and packaged for shipment.
The box manufacturer has requested the total prod-
uct weight be on the drawing so that the appropri-
ate strength cardboard is used. What is the product
weight? (1 1b = 16 oz)

Part Weight each
1
1 3;1 oz
2 33§ oz
2 6 1b
4 1(}% oz
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& 59. What is the distance between points A and B in
Illustration 27

A

e 10 in. >

ILLUSTRATION 2

Find a. the length of the missing dimension and b. the perim-
eter (sum of the sides) of each figure.

60. 23

355 in.
5. 32
2——-16 in.

oo~

A

w
N

o

5

v

64. The perimeter of a triangle is 59% in. One side is
192 in., and a second side is 171> in. How long is the
remaining side?

m Find the total current in each parallel circuit:

65. *

(1,=7A ll%A

66.

67. *

b
b
y
p

¥ 69. Find the length of the shaft in Illustration 3.
L— 63 in. —>L-2% in.J

ILLUSTRATION 3

£¥ 70. Find the distance between the centers of the two
endholes of the plate in Illustration 4.

A 2

-+ »ld P ) >
L] >

; 5. 3.
g in. 516"1' 381n.

[LLUSTRATION 4
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£¥ 71. In [llustration 5, find a. the length of the tool and T 76. If no tap drill chart is available, the correct drill
b. the length of diameter A. size (TDS) can be found by using the formula
TDS = OD — P, where OD is the outside diame-
6% in. 1% in. 2% in. ; ter and P is the pitch of the thread (the distance
|'—T_T—’| T 16 i between successive threads). Find the tap drill
= t s size for a ~-in. outside diameter if the pitch is
——— — e S— T A IR - 8
==y t s v 16 m.

A Tiem T 77. How much must the diameter of a %—in. shaft
ILLUSTRATION & be reduced so that its diameter will be % in.?
¥ 72. A rod 138 4. long has been cut as shown in Il- T 78 V7Vhat is the difference5 in thickness between a

1ustrati0n16 Assume that the waste in each cut is 7g7in- steel plate and a 4-in. steel plate?
116 in. Whatls the leagth of he emaining piece? T 79. A planer takes a 3—32-in. cut on a plate that is
- - g 1% in. thick. What is the thickness of the plate
ILE il s M 4gin. i N after one cut? What is the thickness of the plate

—sfe—Lin, e Lin. I after three cuts?
| % in 16 16 ‘

— ' T 80. A home is builton a 65 -ft-wide lot. The house is
e — e 5— ft from one side of the lot and is 43> ft wide.
. 13 % in J (See Illustration 9.) What is the distance from the

house to the other side of the lot?

ILLUSTRATION 6

& 73. Find a. the length and b. the diameter of the shaft
in [lustration 7.

5
43 = ft
515—2 fo— 76

in.  Sin. 72in. 44

[LLUSTRATION 7 ILLUSTRATION 9

74. Find the missing dimension of the shaft in Illus-

tration 8 81. See Illustration 10. What width and length steel

strip is needed in order to drill three holes of
diameter 31% in.? Allow %2 in. between and on
each side of the holes.

. z 7 7
1. 5. 7,
8 3 3. 8 31t 37gin. T [“ 3z 10
16 10 16 1M , |

1.
§m. P H/ m

ILLUSTRATION 8 — + -+ + Zin.
T 75. Floor joists are spaced 16 in. OC (on center) | JK.L/._

1
and are 1% in. thick. What is the distance between
them? ILLUSTRATION 10

A
~

‘ W
Jq—w
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A, 82. Find length x in Illustration 11. %¥ 84. Find the total length of the shaft in Iilustration 13.

Qm
16

1ft25in.—» | x o le—102 in

ILLUSTRATION 13

A, 85. A mechanic needs the followmg lengths of
ILLUSTRATION 11 copper tubing: 15~ in., 7— in., 11 in., 7—2 in., and
10— in. What is the total length of tubing needed?
$¥ 86. An end view and side view of a shaft are shown in
Ilustration 14. a. Find the diameter of the largest
part of the shaft. b. Find dimension A of the shaft.

e 16 ft 45 in. ————

&, 83. Find the total length of the valve in Illustration 12.

A B

< 9 »!
| §

ANE 2
32 L 3 *‘ ——J 3
3 —m 2 g 9
g in. i‘—l \21 » 132 in. 116 in.
13 313 X 16
21 el in
327

7 in 105 in.——»

Side view End view
ILLUSTRATION 12

ILLUSTRATION 14

Multiplication and Division of Fractions

Multiplying Fractions

a_c_a-c

=X =— b#0,d#0

b d b-d ( )
To multiply fractions, multiply the numerators and multiply the denominators. Then
reduce the resulting fraction to lowest terms.

e EXAMPLE 1  Muliply: gxf—o

5,3 _53_15_151_1

9710 9-10 9% 456 6
To simplify the work, consider the following alternative method:

1-1

1__=L
w32 6
2

5
g X
3
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This method divides the numerator by 15, or (5 X 3), and the denominator by 15, or
(5 X 3). It does not change the value of the fraction.

—e

EXAMPLE 2 Multiply: % X %

As a shortcut, divide a numerator by 9 and a denominator by 9. Then multiply:
2
¥ =

(127 _14
25 27 25-3 75
3

e—

Any mixed number must be replaced by an equivalent improper fraction before multi-
plying or dividing two or more fractions.

EXAMPLE 3 Multiply: 8 X 32,

2
8 X 32 = g X 2 b 30 First change 3% to an improper fraction.
4 17 A 1
1 —— e
9 5 4 2
MPLE 4 Multiply: — X = X — X 3=,
EXA ultiply: - X > X = 33
3 1 1
LAVEERVE ISPV IR BV NVGAVE < i ¢
16277773 16 227778 36
4 2 1 B —

Note: Whenever you multiply several fractions, you may simplify the computation by

dividing any numerator and any denominator by the same number.

Dividing Fractions

a.c_a_d_a-d

L824 d
STy X o=, (#0.c#0.d#0)

To divide a fraction by a fraction, invert the fraction (interchange numerator and

denominator) that follows the division sign (+). Then multiply the resulting
fractions.

EXAMPLE 5 Divide:%+ %

5:1_5

X

1 2
=—orl— Invert 5 and multiply.
22 473 3 o

N | —

5.2
6 3

S R= 1%

EXAMPLE 6 Divide;7+§.

7+ % = % X % = % or 17% Invert E and multiply.
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o EXAMPLE 7

o EXAMPLE 8

o EXAMPLE 9

o EXAMPLE 10

One board foot

FIGURE 1.27

Basic Concepts

... 3
Divide: — + 4.
ivide 5
%+4=%+T=% %=23—0 Invert 4 and multiply.
.. 9 2
Divide: — + 5—.
vide 0 5
1 1
—1—96+5%=-19—0+2?7=—i%><%—% Invert%andmultiply.

When both multiplication and division of fractions occur, invert only the first fraction
that follows a division sign (=). Then proceed according to the rules for multiplying
fractions.

Perform the indicated operations and simplify: % X % : %
2,1.3_2,1.4_2-1-4_38
53 4 5 3 3 5-3:3 45 S —
Perform the indicated operations and simplify: 7% +4 X2
11 1
1 22 1 Z 11 .2
T-+4X2=""X—ZX=T=—or3-
3 3 747173773
Zz
1 E——

Applications Involving Multiplication
and Division of Fractions

Lumber is usually measured in board feet. One board foot is the amount of wood contained
in a piece of wood that measures one inch thick and one square foot in area, or its equiva-
lent. (See Figure 1.27.) The number of board feet in lumber may be found by the formula

width
(in in.)

thickness
(in in.)
12

number of
boards

length

bd ft = (in ft)

The 12 in the denominator comes from the fact that the simplest form of one board foot
can be thought of as a board that is I in. thick X 12 in. wide X 1 ft long.

Lumber is either rough or finished. Rough stock is lumber that is not planed or dressed;
finished stock is planed on one or more sides. When measuring lumber, we compute the full
size. That is, we compute the measure of the rough stock that is required to make the
desired finished piece. When lumber is finished or planed - m is taken off each side when
the lumber is less than 1— in. thick. If the lumber is 12 1n or more in thlckness, % in. is
taken off each side. (Note Lumber for framing houses usually measures 5 in. less than the
name that we call the piece. For example, a “two-by-four,” a piece 2 in. by 4 in., actually

1. 1
measures 15 in. by 3—2- in.)




EXAMPLE 11

EXAMPLE 12

EXAMPLE 13

EXAMPLE 14
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Find the number of board feet contained in 6 pieces of lumber 2 in. X 8 in. X 16 ft
(Figure 1.28).

FIGURE 1.28
number of _ thickness width length
bd ft = boards (in in.) (in in.) (in ft)
12
= SX2X8X 0~ g ha

Energy in the form of electrical power is used by industry and consumers alike. Power (in
watts, W) equals the voltage (in volts, V) times the current (in amperes, or amps, A). A sol-
dering iron draws a current of 7% A on a 110-V circuit. Find the wattage, or power, rating of
this soldering iron.

Power = (voltage) X (current)

1
=110 X T1=

2

15
=110 X =

2
=825W

Power may also be found by computing the product of the square of the current (in

amps, A) and the resistance (in ohms, (}). —

To give % grain of Myleran from gld-grajn tablets, how many tablets would be given?
To find how many tablets would be given, we divide the amount to be given by the
amount in each tablet.

6
1_1, 30

1
5730 871
1
= 6 tablets
One form of Ohm’s law states that the current 7 (in amps, A) in a simple circuit equals the

voltage E (in volts, V) divided by the resistance R (in ohms, {}). What current is required for
a heating element with a resistance of 7% ) operating in a 12-V circuit?
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Exercises 1.8

Perform the indicated operations and simplify:

1.

.1

Chapter 1

2
=X 18
3

3

X 12

4

3«
4
16

S

16

s
178

EXAMPLE 15

EXAMPLE 16

Basic Concepts

Current = (voltage) + (resistance)

12 =
12 -
4

1z X
8
—orl=A
5 or

2L

u-f;;lw N’G )

Using a Calculator to Multiply and Divide Fractions

Muitiply: 2% X 4—.

2 (A% 5 (A% 6 (X 4% 1 (A% 2 (=

2

[

1273y

Thus, 2=
us 5

Divide: 5% = 8l.

s@s@ @ @8

5

><4-1-=12 .
2

3

L

24rss

5 1
Thus, 5= + 8=
us, 5 3

11.

13.

—e
—_——
9 2 6
. T X=X 1—
T 16 3 115
12. 2324
16 9 25
5 3l w1 2owy?2
14, — X =X =X =
2805 3 9
16 >+ 1
8 4



3 .10 10 . 3
The=n s —— 18— =15
. 5 12 12 5
1 1
19. 4— + — 20. 18+ 6
2 4
3 77
21. 15 + = 22. — =6
8 6
7 3 1
L2 24. 7+ 3~
e 15 38
2 2 .3 7.1 . 2
L S5 XB= = 26. — X —+ =
255 33 4 g8 2 7
27, 8531051 g exex - ag
5 2 4 3 7
7.3 . 28 1 10
9 =X % — 30. 2— X =+ —
2 9 8 81 3 4
2.5 3 9.9 2
X=X =56 32, - X=X = +38l
3 7 9 10 4 4 7
7 .31 5.25_5
p == i =— 4, =+ = X=
33 16 8 2 3 8 64 6
35. A barrel has a capacity of 42 gal. How many gal-

VARK TR

/7 38.

4+ 39.

4 40.

% 41.

% 42.

lons does it contain when it is 1 full?

. a. Find the area of a rectangle with length 6— ft

and width 3 ft. (Area = length X width.)
b. Find its penmeter

A welder uses seven 6011 welding rods to weld
two metal slabs. If each rod makes a 6%—in. weld,
find the total length of the weld.

A welder has 6 ft of -1n pipe. How many pieces
of pipe, each of length 12 ft, can be obtained from
the original pipe?

A small a1rcraft flew a total of 684 mi. If it took
the plane 5 h to make the trip, how fast was the
aircraft ﬂylng"

On a Civil Air Patrol mission, 5 search planes
searched for 3% h for a missing aircraft. How many
total hours did they search?

Nine pieces of 8-in. X 12-in. duct that is 3% ft in
length is needed for a building. What is the total
length needed?

The HVAC supply duct is 17 ft long. Our truck bed
can only carry ducts 4% ft long. How many pieces
must the 17-ft duct be cut into and how long is

each piece, assuming most of the pieces will be
4 ft7

1.8 o
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Find the number of board feet in each quantity of lumber:

T 43.
T 4.
T 45.
T 4e.

T 47.

T 48.

T 49.

T 50.

10 pieces 2 in. X 4 in. X 12 ft
24 pieces 4 in. X 41in. X 16 ft
175 pieces 1 in. X 8in. X 14 ft

Find the total length of eight pieces of steel each
5% in. long.

The outside diameter (OD) of a pipe is 43% in. The
walls are 17_2 in. thick. Find the inside diameter.

(See Nlustration 1.)

in.

45 in.
ILLUSTRATION 1

Two strips of metal are riveted together in a
stralght line, with nine rivets equally spaced
2— in. apart. What is the distance between the first
and last rivet?

Two metal strips are riveted together in a straight
line, with 16 equally spaced rivets. The distance
between the first and last rivet is 28% in. Find the
distance between any two consecutive rivets.

Find length x, the distance between centers, in
Illustration 2.

157 in.

5% /
g8 3

5%

ILLUSTRATION 2

in.

. From a steel rod 36 in. long, the following pieces

are cut:

3 pieces 2% in. long

2 pieces 5% in. long
9 VS

6 pieces 3 1n. long

1 piece 3% in. long

Assume 1—16 in. of waste in each cut. Find the length
of the remaining piece.
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£ 52.

L¥ 53.

T 54.

T s55.

A 56.

A 57,

A 58,

il 59.
il 60.

il 61.
il 62.

Chapter 1 ® Basic Concepts

A piece of drill rod 2 ft 6 in. long is to be cut into

pins, each 2% in. long.

a. Assume no loss of material in cutting. How
many pins will you get?

b. Assume = in. waste in each cut. How many
pins will you get?

The cutting tool on a lathe moves I% in. along the

piece being turned for each revolution of work.

The piece revolves at 45 revolutions per minute.

How long will it take to turn a length of 9%—in.

stock in one operation?

Three vents are equally spaced along a wall
26 ft 6 in. (318 in.) long, as shown in Illustration 3.
Find dimension d.

[LLUSTRATION 3

A concrete pad for mounting a condensing unit is
4 ft long, 2 ft wide, and 3 in. (% ft) thick. Find its
volume in cubic feet.

How many lengths of radiator hose, each S% in.
long, can be cut from a 6-ft roll?

A car dealership received 6 cars that needed to be
detailed. If the service staff took 7% h to detail the
cars, how long did each car take?

Four tires can be replaced on a car in % h. If 11 cars
needed their tires changed, how long would it take?
Find the load of a circuit that takes 12% Aat220V,
(See Example 12.)

An electric iron requires 4% A and has a resistance
of 24% (). What voltage does it require to operate?
(V=1IR)

An electric hand driil draws 3% A and has a resis-
tance of 5% Q. What power does it use? (P = I’R.)
A wiring job requires the following lengths of BX
cable:

12 pieces 8% ft long

7 pieces 18% ft long
24 pieces 1% ft long
12 pieces 6% ft long

2 pieces 34% ft long

How much cable is needed to complete the job?

¥ 72

1 7.
1 7a.
¥ 7.
1 7.

. What current is required for a heating element with

a resistance of 10% ) operating in a 24-V circuit?
(See Example 14.)

. How many lengths of wire, each 3% in. long, can

be cut from a 25-ft roll?

. A total of 19 ceiling outlets are to be equally

spaced in a straight line between two points that
are 130% ft apart in a hallway. How far apart will
the ceiling outlets be, center to center?

. Tom needs to apply 1% gal of herbicide per acre

of soybeans. How many gallons of herbicide are
needed for 120 acres?
3

. An airplane sprayer tank holds 60 gal. If - gal

of water and —;— Ib of pesticide are applied per

acre, how much pesticide powder is needed per
tankful?

. If 1 ft} of cotton weighs 22% Ib, how many cubic

feet are contained in a bale of cotton weighing
500 1b? In 15 tons of cotton?

. A test plot of 21—0 acre produces 448 Ib of shelled

corn. Find the yield in bushels per acre. (1 bu of
shelled corn weighs 56 1b.)

. A farmer wishes to concrete his rectangular feed

lot, which measures 120 ft by 180 ft. He wants to

have a base of 4 in. of gravel covered with 3% in. of

concrete.

a. How many cubic yards of each material must he
purchase?

b. What is his total materials cost rounded to the
nearest dollar? Concrete costs $90/yd* deliv-
ered, and gravel costs $11/ton delivered. (1 yd?
of gravel weighs approximately 2500 Ib.)

. A medicine contains % alcohol. A bottle holds

2% oz of this medicine. How many ounces of
alcohol does the bottle contain?

The doctor orders 45 mg of prednisone. Each
tablet contains 10 mg. How many tablets are given
to the patient?

To give 50 mg of ascorbic acid from 100-mg
tablets, how many tablets should be given?

To give 500 mg of ascorbic acid from 200-mg
tablets, how many tablets should be given?

A patient is given % of a 5-grain aspirin tablet. How
much aspirin does the patient receive?

To give 1 grain of digitalis from lé—grain tablets,
how many tablets should be given?



? 77. A patient is given - grain of codeine from
-gram tablets. How many tablets are given?

'g 78. If you give 5 of a 73-gram tablet, how many grains
does the patient receive?

'f 79. A patient is given % grain of Valium from
é-grain tablets. How many tablets are given?

& 80. Six pieces of pipe are going to be welded together
with flat ]-m plate between them to form guides.
The plpes are 6— in. long. What would be the over-
all length L of the assembly as shown in [llustra-
tion 47?

{LLUSTRATION 4

& 81. A drawing is lacking dimension A. It is critical to
make the channel 1 ft long with a cross section as
shown in Hlustration 5. Find a. dimension A and
b. the volume of metal in the channel.

A

‘A
l«—-» D

-

A~

in. i

—

=

I .
121n.

e——3 in.—>

{LLUSTRATION 5

(& 82. A CAD drawing in Illustration 6 shows a bar 2 in.
by 4 in. and 36 in. long being cut into smaller
pieces. How many 3%—in. pieces can be cut if each
saw cut is %-in. scrap?

1.8 * Multiplication and Division of Fractions 47

2 in.t
36 in.

M

ILLUSTRATION 6

In a parallel circuit, the total resistance (Ry) is given by the
formula*

1

Re=1—7
—t— e
Ry R, R;

Note: The three dots mean that you should use as many

fractions in the denominator as there are resistances in the
circuit.

M Find the total resistance in each parallel circuit:

83. *

120 60?

4
b

84.

40 O 60 Q

SOQ§

85. v‘l' *

o
120 249} 489§

*A calculator approach to working with such equations is
shown in Section 6.9.
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EXAMPLE 1

The U.S. System of Weights and Measures

Centuries ago, the thumb, hand, foot, and length from nose to outstretched fingers were
used as units of measurement. These methods, of course, were not very satisfactory be-
cause people’s sizes varied. In the 14th century, King Edward II proclaimed the length of
the English inch to be the same as three barleycorn grains laid end to end. (See Figure 1.29.)
This proclamation helped some, but it did not eliminate disputes over the length of the
English inch.

O

|

"Q\I-_ A

NN

R
N

i\

(a) One old way to define one yard. (b) Three barley corns laid end to end
used to define one inch.

FIGURE 1.29

Each of these methods provides rough estimations of measurements. Actually, mea-
surement is the comparison of an observed quantity with a standard unit quantity. In the es-
timation above, there is no one standard unit. A standard unit that is constant, accurate, and
accepted by all is needed for technical measurements. Today, nations have bureaus to set
national standards for all measures.

The U.S. system of weights and measures, which is derived from and sometimes called
the English system, is a combination of makeshift units of Anglo-Saxon, Roman, and
French-Norman weights and measures. The metric system, which is now used by interna-
tional industry and business, all major U.S. industries, and most federal agencies, is pre-
sented in Chapter 3.

The U.S. system requires us to understand and be able to use fractions in everyday life.
After we have converted to the metric system, the importance of fractional computations
will be greatly reduced.

Take a moment to review the table of U.S. weights and measures on your reference
card. Become familiar with this table, because you will use it when changing units.

Change 5 ft 9 in. to inches.

1ft=12in,s05ft =5 X 12in. = 60 in.
5ft9in. = 60in. + 9in. = 69 in.

—e

To change from one unit or set of units to another, we use what is commonly called a
conversion factor. We know that we can multiply any number or quantity by 1 (one) with-
out changing its value. We also know that any fraction whose numerator and denominator
are the same is equal to 1. For example, % =1, % =1, and % = 1. Also, since 12 in. =
1 ft, lf;tn' = 1, and likewise, %?n = 1, because the numerator equals the denominator. We
call such names for 1 conversionfactors (or unit conversion factors). The information nec-
essary for forming conversion factors is found in tables, many of which are provided on the
reference card included with this book.




EXAMPLE 2

EXAMPLE 3

EXAMPLE 4

EXAMPLE 5

EXAMPLE 6
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3
Choosing Conversion Factors

The correct choice for a given conversion factor is the one in which the old units
are in the numerator of the original expression and in the denominator of the con-
version factor, or the old units are in the denominator of the original expression and
in the numerator of the conversion factor. That is, set up the conversion factor so
that the old units cancel each other.

Change 19 ft to inches.

Since 1 ft = 12 in., the two possible conversion factors are I8 | ang 220

TS = 1. We want
to choose the one whose numerator is expressed in the new units (in.) and whose denomina-
tor is expressed in the old units (ft); that is, 22 Therefore,

Tt
194 X % =19 X 12 in. = 228 in.

[ - conversion factor

Change 8 yd to feet.
3ft=1yd,

3ft
Syd X —— =8 X 3ft=24ft
so 8 yd "

|- conversion factor

Change 76 oz to pounds.

b 76 19 3
T6orx -2 10, Dy 43y
ZX T6or 160 4 4

L conversion factor
Sometimes it is necessary to use more than one conversion factor.

Change 6 mi to yards.

In the table on your reference card, there is no expression equating miles with yards. Thus, it
is necessary to use two conversion factors.

Bty 5280.4%'>< lyd _ 6 X 5280
| mr 3 3

conversion factors —— Wy

yd = 10,560 yd

How could a technician mixing chemicals express 4800 fluid ounces (fl oz) in gallons?

No conversions between fluid ounces and gallons are given in the tables. Use the conver-
sion factors for (a) fluid ounces to pints (pt); (b) pints to quarts (qt); and (c) quarts to gal-
lons (gal).

4800 floz x —PC_  lar lgal 4800

= I =375 gal
1680z 2pt 4gr 16x2x4°" -
Conversion 1 7 1
factors for (a) (b) (¢) S
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o EXAMPLE 7

o EXAMPLE 8

o EXAMPLE 9

Exercises 1.9 _

Fill in each blank:

1.

NN RV R O

11.
13.
15.
17.
19.
21.
23.
25.

LA4qtlpt=
. 2 bu 2 pecks (pk) =
. Sbu3pk =

3ft7in. =

. 51b30z=
. Tyd3ft6in. =

— pt

g ft =
3gt=
96 in. =
10pt=
88 oz =
l4qt =
56fl oz =
92 ft =

2mi=

in.

SR
ft

- qt
Ib

. ga

—isr pt
___yd
_yd

Pk

The use of a conversion factor is especially helpful for units with which you are unfa-
miliar, such as rods, chains, or fathoms.

Change 561 ft to rods.

Given 1 rod = 16.5 ft, proceed as follows:

firod = 34 rods

5614t %
1656t =

Change 320 ft/min to ft/h.

Here, choose the conversion factor whose denominator is expressed in the new units (hours)
and whose numerator is expressed in the old units (minutes).

320i,>< 60 mimr
IpHT

= 19,200 ft/h

1h =s .

The following example shows how to use multiple conversion factors in more complex
units.

Change 60 mi/h to ft/s.

This requires a series of conversions as follows: (a) from hours to minutes; (b) from minutes
to seconds; and (c¢) from miles to feet.

g0 o LK Lmim 5280 ft

K~ 60mn < 60s - Lmr ol
Conversion 1 1 1
factors for (a) (b) (¢) - .
27. 500floz = qt 28. 3mi = rods
in. 2. 6yd4ft= ft T 29. A door is 80 in. in height. Find its height in feet
oz and inches.
in 4 30. A plane is flying at 22,000 ft. How many miles
high is it?
6. 6gal3qt=____ pt 31. Change the length of a shaft 12% ft long to inches.
pk T 32. A machinist has 15 wrought-iron rods to mill.
Each rod weighs 24 oz. What is the total weight of
10. 5yd = fit the rods in pounds?
12. 4 mi = ft T 33. The instructions on a carton of chemicals call for
mixing 144 fl oz of water, 24 fl oz of chemical
e e No. 1, and 56 fl oz of chemical No. 2. How man
) Yy
16. 54in. = ______ft quarts are contained in the final mixture?
18. 32floz = pt mﬂ 34. The resistance of 1 ft of No. 32-gauge copper wire
1 20. 3bu = pk is % (). What is the resistance of 15 yd of this
22. 7040 ft = mi wire?
m 35. A farmer wishes to wire a shed that is 1 mi from
24. 9000 Ib = tons the electricity source in his barn. He uses No.
26. 6000 fl oz = gal 0-gauge copper wire, which has a resistance of




7 3.

/ 38.

+ 39,
A 40,
@ 41.

& 42.

43.

g 44.

1]_0 ohm (Q2) per 1000 ft. What is the resistance for
the mile of wire?

. To mix an order of feed, the following quantities

of feed are combined: 4200 1b, 60G 1b, 5800 Ib,
1300 1b, and 2100 1b. How many tons are in the
final mixture?

A piece of sheet metal has dimensions 3% ft X
4% ft. What is the area in square inches?

Three pieces of steel angle of lengths 72 in., 68 in.,
and 82 in. are welded together. a. What is the total
length in feet? b. Find the total length in yards.

An airport runway is 2 mi long. How long is it in
a. feet and b. yards?

A given car holds 17% gal of gas. How many
a. quarts and b. pints is this?
A small window air conditioner is charged with

3 Ib of freon. How many ounces is this?

Air flows through a metal duct at 2200 cubic feet
per minute (CFM). Find this airflow in cubic feet
per second.

A CAD drawing survey sheet shows a property
road frontage as 153 ft. How many yards is this?

The septic tank that exists on a property is 3 ft
by 6 ft by 4 ft deep. How many gallons of water

=9

45.
46.
47.

48.

49,
50.
51.
52,
53.
54,
55.
56.
57.

58.
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will this tank hold? (Water weighs 62.4 /35 1 gal
of water weights 8.34 1b.)

Given | chain = 66 ft, change 561 ft to chains.
Given 1 fathom = 6 ft, change 12 fathoms to feet.

Given | dram = 27?

o grains, change 15 drams to
grains.

Given | ounce =
ounces.

Change 4500 ft/h to ft/min.
Change 28 ft/s to ft/min.
Change 1% mi/s to mi/min.
Change 7200 ft/min to ft/s.
Change 40 mi/h to ft/s.
Change 64 ft/s to mi/h.
Change 24 in./s to ft/min.
Change 36 in./s to mi/h.
Add: 6yd 2 ft 11 in.

2yd1ft 8in.

Syd2ft 9in.

1 yd 6 in.

8 drams, change 96 drams to

Subtract: 8 yd 1 ft 3 in.
2yd2ft6in.

- Review

oo

Simplify:

9

1. —

15

3. Change % to a mixed number in simplest form.

4. Change 3% to an improper fraction.

Perform the indicated operations and simplify:

S 122 3 5
L2 es B
3 6 3 6 8 12

5 16 3 5
=X e
7 12 25 8 4 18

2 5 1 2 1 1

= 43> —2— , 42 5 3= X 1=
9 l3 36 24 10 43 32 12

11. Find the missing dimension in [lustration 1.

12.

13.

1.
7. 1< in.
18m. 3

51 &
1121n.

T

7 in.

ILLUSTRATION 1

A pipe is 72 in. long. Cut three pieces of the following
lengths from the pipe: 16% in., 24% in., and 12% in.
Assume % in. waste in each cut. What length of pipe
is left?

Find the perimeter of a rectangle with length of
6 in. and width 22 in.
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14. Find the area of a rectangle with length 6% in. and
width 22 in.

15. Change 4 ft to inches.

16. Change 24 ft to yards.

17. Change 3 1b to ounces.

18. Change 20 gt to gallons.
19. Change 60 mi/h to ft/s.

20. Subtract: 14 ft 4 in.
8 ft 8 in.
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7 3.

/7 38.

+ 39
A 40.
%= 41.

% 42.

1. —

% ohm () per 1000 ft. What is the resistance for
the mile of wire?

. To mix an order of feed, the following quantities
of feed are combined: 4200 1b, 600 1b, 5800 Ib,
1300 Ib, and 2100 1b. How many tons are in the
final mixture?

A piece of sheet metal has dimensions 3% ft X
2 o 0 o
47 ft. What is the area in square inches?

Three pieces of steel angle of lengths 72 in., 68 in.,
and 82 in. are welded together. a. What is the total
length in feet? b. Find the total length in yards.

. An airport runway is 2 mi long. How long is it in
a. feet and b. yards?

A given car holds 17% gal of gas. How many
a. quarts and b. pints is this?

A small window air conditioner is charged with
3 Ib of freon. How many ounces is this?

Air flows through a metal duct at 2200 cubic feet
per minute (CFM). Find this airflow in cubic feet
per second.

. A CAD drawing survey sheet shows a property
road frontage as 153 ft. How many yards is this?

. The septic tank that exists on a property is 3 ft
by 6 ft by 4 ft deep. How many gallons of water

1.9

4s.
46.
47.

48.

49.
50.
51.
52.
53.
54.
55.
56.
S

58.
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will this tank hold? (Water weighs 62.4 Ib/ft?; 1 gal
of water weights 8.34 1b.)

Given 1 chain = 66 ft, change 561 ft to chains.
Given 1 fathom = 6 ft, change 12 fathoms to feet.

Given | dram = 27?

0 grains, change 15 drams to
grains.

Given | ounce = 8 drams, change 96 drams te
ounces.

Change 4500 ft/h to ft/min.
Change 28 ft/s to ft/min.
Change I mi/s to mi/min,
Change 7200 ft/min to ft/s.
Change 40 mi/h to ft/s.
Change 64 ft/s to mi/h.
Change 24 in./s to ft/min.
Change 36 in./s to mi/h.
Add: 6yd 2 ft 11 in.

2yd1ft 8in.

Syd2ft 9in.

lyd 6 in.

Subtract: 8 yd 1 ft 3 in.
2yd2ft6in.

| Unit 1B_BIR:ENE

Simplify:

9 48
15 2. 54

3. Change 2?7 to a mixed number in simplest form.

4. Change 3% to an improper fraction.

Perform the indicated operations and simplify:

5.2 3 .5
L2+ 5T -0
6 3 655 7212
S5 16 g 3.2
127 25 478
B g5l ol 20 il 5l
L4322 10, 45 + 3~ X 1=
3% % it 17

11. Find the missing dimension in [llustration 1.

7.
18m. 3

7 in.

ILLUSTRATION 1

12. A pipe is 72 in. long. Cut three pieces of the following
lengths from the pipe: 16% in., 24—; in., and 1215—6 in.
Assume = in. waste in each cut. What length of pipe
is left?

13.

16

Find the perimeter of a rectangle with length of

4

6L in. and width 2§ in.
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14. Find the area of a rectangle with length 6% in. and 18. Change 20 gt to gallons.

. 22 oo
width 25 in. 19. Change 60 mi/h to ft/s.
15. Change 4 ft to inches. 20. Subtract: 14 ft 4 in.
16. Change 24 ft to yards. 8 ft 8 in.

17. Change 3 1b to ounces.

W REVIEW OF OPERATIONS WITH DECIMAL FRACTIONS
AND PERCENT

Addition and Subtraction of Decimal Fractions
Introduction to Decimals

Fractions whose denominators are 10, 100, 1000, or any power of 10 are called decimal
fractions. Decimal calculations and measuring instruments calibrated in decimals are the
basic tools for measurement in the metric system. The common use of the calculator makes
a basic understanding of decimal principles necessary.

Recall the place values of the digits of a whole number from Section 1.1. Each digit to
the left of the decimal point represents a multiple of a power of 10. Each digit to the right
of the decimal point represents a multiple of a power of %. Study Table 1.2, which shows

place values for decimals.
Note that 10° = 1. (See Section 2.5.)

TABLE 1.2 Place Values for Decimals :

1,000,000 One million 10 X 10 X 10 X 10 X 10 X 10 10
100,000 One hundred 10 X 10 X 10 X 10 X 10 10°
thousand
10,000 Ten thousand 10 X 10 X 10 X 10 10
1,000 One thousand 10 X 10 X 10 103
100 One hundred 10 X 10 107
10 Ten 10 10
1 One 1 10°
0.1 One tenth —115 (%)1 drgo
0.01 One hundredth e X — (—1—-)2 or 1072
107 10 10
0.001 One thousandth a Tl (—1-)3 or 1072
10710 10 10
0.0001 el LA e e BV | (L)4 or 1074
107107107 10 10
thousandth
0.00001 @n T A RN (i)s S
169 10 716, olo= ] 10 10
thousandth
0.000001 One millionth A xR DR b sl (i)6 or 1076
107107107107 10" 10 10




1.10 Addition and Subtraction of Decimal Fractions

EXAMPLE 1  Inthe number 123.456, find the place value of each digit and the number it represents.

1 Hundreds 1 % 10?2
Tens 2 % 10!
3 Ones or units 3X 1000r3 X1
|
4 Tenths 4 X (%) or4 x 107!
1\
5 Hundredths 5 X (1—0) or5x 1072
13
6 Thousandths 6 X (—16) or6 X 1073

Recall that place values to the left of the decimal point are powers of 10 and place
values to the right of the decimal point are powers of %.

EXAMPLE 2 Write each decimal in words: 0.05; 0.0006; 24.41; 234.001207.

0.05 Five hundredths

0.0006 Six ten-thousandths
24.41 Twenty-four and forty-one hundredths

234.001207 Two hundred thirty-four and one thousand
two hundred seven millionths

Note that the decimal point is read “and.”

EXAMPLE 3  Write each number as a decimal and as a common fraction.

One hundred four and 104.17 104i
100
seventeen hundredths 3
Fifty and three th dth 50.003 50—
ifty and three thousandths 1000
Five hundred eleven 0.00511* -
. 100,000

hundred-thousandths

*This book follows the common practice of writing a zero before
the decimal point in a decimal smaller than 1.

Often, common fractions are easier to use if they are expressed as decimal equivalents.
Every common fraction can be expressed as a decimal. A repeating decimal is one in which
a digit or a group of digits repeats again and again; it may be written as a common fraction.



54

Chapter 1 e Basic Concepts

EXAMPLE 4

EXAMPLE 5

A bar over a digit or group of digits means that this digit or group of digits is repeated
without ending. Each of the following numbers is a repeating decimal:

0.33333 ... 1s written 0.3

72.64444 . . . is written 72.64
0.21212121 .. . is written 0.21
6.33120120120 . . . is written 6.33120

A terminating decimal is a decimal number with a given number of digits. Examples
are 0.75, 12.505, and 0.000612.

I
Changing a Common Fraction to a Decimal

To change a common fraction to a decimal, divide the numerator of the fraction by
the denominator.

Change % to a decimal.

0.75
4% Divide the numerator by the denominator.

28

20

20

% =0.75 (a terminating decimal)

Change % to a decimal.

0.5333

15 |8.0000 Divide the numerator by the denominator.
75
50
£,
50
il
50
B
5
8 = : .
15 =0.5333...=0.53 (a repeating decimal)
The result could be written 0.533 or 0.53. It is not necessary to continue the division once

it has been established that the quotient has begun to repeat. 5

Since a decimal fraction can be written as a common fraction with a denominator that
is a power of 10, it is easy to change a decimal fraction to a common fraction. Simply use
the digits that appear to the right of the decimal point (disregarding beginning zeros) as the
numerator. Use the place value of the last digit as the denominator. Any digits to the left of
the decimal point will be the whole-number part of the resulting mixed number.




EXAMPLE 6

EXAMPLE 7
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Change each decimal to a common fraction or a mixed number.

Common fraction
Decimal or mixed number
a. 0.3 13—0
b. 0.17 —1%
c. 0.25 %050— = %
d. 0.125 % = %
e. 0.86 —186% = %
f. 8.1 8%
g. 13.64 131% = 13%
h. 5.034 51—3(5:% = SSLO%

—_—

In on-the-job situations, it is often more convenient to add, subtract, multiply, and
divide measurements that are in decimal form rather than in fractional form. Except for the
placement of the decimal point, the four arithmetic operations are the same for decimal
fractions as they are for whole numbers.

Add 13.2, 8.42, and 120.1.

a. Using decimal fractions: b. Using common fractions:

132 131—20 = ]3%
8.42
120.1 g2 _ 42
12172 100 100
1 10
12— =120——+
10 100
72
141—— = 141.72
100
—_—e
R
Adding or Subtracting Decimal Fractions
Step 1 Write the decimals so that the digits having the same place value are in
vertical columns. (Make certain that the decimal points are also lined up
vertically.)
Step 2 Add or subtract as with whole numbers.
Step 3 Place the decimal point between the ones digit and the tenths digit of the

sum or the difference. (Be certain the decimal point is in the same verti-
cal line as the other decimal points.)
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U EXAMPLE 8 Subtract 1.28 from 17.9.

17.90 Zeros can be supplied after the last digit at the right of the decimal point with-
1.28 out changing the value of a number. Therefore, 17.9 = 17.90.
16.62 e

° EXAMPLE 9 Add 24.1, 26, and 37.02.

24.10

26.00 A decimal point can be placed at the right of any whole number, and zeros can
37.02 be supplied without changing the value of the number.

87.12 —

° EXAMPLE 10  Perform the indicated operations: 51.6 — 2.45 + 7.3 — 14.92.
51.60
— 245

49.15 difference
+ 7.30

56.45 sum
—14.92

41.53 final difference .

. EXAMPLE 11  Find the missing dimension in Figure 1.30.

24mm . _ 24 mm
C |D G| H
7.6 mm 7.6 mm
1.6 mm 1.6 mm
A B E F I J 1.4 mm
L K
18.8 mm
FIGURE 1.30

The missing dimension EF equals the sum of the lengths AB, CD, GH, and /] subtracted
from the length LK. That is, add

AB: 1.6 mm
CD: 2.4 mm
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