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Numerator

Denominator
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A fraction is normally written as the division of two whole numbers: 2, 2, or . One
of the five equal areas below would be “one-fifth” or } of the entire area.

EXAMPLE

How would you label this portion of the area? [ | | | [ |=7?
L1l [ | 38 _ 3shadedparts

5~ b5 total parts

The fraction  implies an area equal to three of the original parts.

3 _ gy (L
’5“3"(5)

There are three equal parts, and the name of each part is - or one-fifth.

5
YOUR TURN e

In this collection of letters, HHHHPPT, what fraction are Hs?
SOLUTION

Fraction of Hs =

number of Hs
total number of letters

The fraction of Ps is £, and the fraction of Ts is 7.

= % (read it “four sevenths”)

The two numbers that form a fraction are given special names to simplify talking
about them. In the fraction g the upper number 3 is called the numerator from the
Latin numero meaning “number.” It is a count of the number of parts.

The lower number 5 is called the denominator from the Latin nomen or “name.” It
tells us the name of the part being counted. The numerator and denominator are
called the terms of the fraction.

3 <Numm“’ werator, the namber ot pares |
== s

5 £ Denominator, the name o'f \part, “fifths”

A handy memory aid is to remember that the denominator is the “down part™—D
for down. «

YOUR TURN

A paperback book costs $6 and I have $5. What fraction of its cost do I have? Write
the answer as a fraction.

numerator = , denominator =

ANSWER

$3$3%3% $5is 5 of the total cost.

Gt 6
5 Lnumerator = b, denominator = 6

Chap. 2 Fractions
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Mixed Numbers

We can rename this number by regrouping. A EEE
3133 equals 1
% :—13— % equals 1
1 Z-041gr2]
3 g5 2+ 3 or 23

A mixed number is an improper fraction written as the sum of a whole number and
a proper fraction.

7 1 1 We usually omit the + sign and write 2 + § as 23,
§ =2+ § or2 § and read it as “two and one-third.” The numbers 13,

22, and 162 are all written as mixed numbers.

To write an improper fraction as a mixed number, divide numerator by denomina-
tor and form a new fraction as shown:

Remainder:

Improper 13 - ; - ; . ' 3 Mixed
fraction ? =13+5= g with remainder 3 f '5_ number
5 | L\

3 £ iy 1 1

s

YOUR TURN

Now you try it. Rename £ as a mixed number. B =

SOLUTION

28 — 93 + 4 = 5 with remainder 3 — 55

If in doubt, check your work with a diagram like this:

EE IS FEEEEEEEEENEEEENEEEE EEER

\ v _— EEER
23 —EEEE 5 rows of 4

EEEE

EEEE

mEm 3remaining

PROBLEMS

Now try these for practice. Write each improper fraction as a mixed number.

9 13 21 31 41 17
(a) 5 (b) T (c) % (d) 4 (e) 1 ) 2

Chap. 2 Fractions
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I call 5 *7 over 15."

Is that O.K.?

Equivalent Fractions Two fractions are said to be equivalent if they represent the same number. For

64

bz B

L]

example, 3 = % since both fractions represent the same portion of some standard
amount.

DD There is a very large set of fractions equivalent to 3.

1_2_3_4_5_ _46_ 61 _ 1437
2 46 8 10 92 T 122 T 2874

and so on

7
.|.1}|.!.1.i.1;‘111m1
I

I L L N ¢
Sle e sk -

Each fraction is the same number, and we can use these fractions interchangeably
in any mathematics problem.

To obtain a fraction equivalent to any given fraction, multiply the original numer-
ator and denominator by the same nonzero number.

EXAMPLE
Rewrite the fraction 2 as an equivalent fraction with denominator 15.

2 _2x @ _10

3°3x 5 15

4

| Multiply top and bottom by SJ

YOUR TURN

Rewrite the fraction £ as an equivalent fraction with denominator equal to 20.

Chap. 2 Fractions
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In general, you would write a fraction in lowest terms as follows:

EXAMPLE
Write %81 in lowest terms.

First, find the largest number that divides both top and bottom of the fraction
exactly.

30=5X6
48 =8 X6

In this case, the factor 6 is the largest number that divides both parts of the frac-
tion exactly.

Second, eliminate this common factor by dividing.
30 _30+6_5

48 48 -6 8

The fraction -f; is the simplest fraction equivalent to %. No whole number greater
than 1 divides both 5 and 8 exactly.

EXAMPLE

; 90 .
Write 105 o lowest terms.

90 _90+15 _6

105 105 +15 7
This process of eliminating a common factor is usually called canceling. When
you cancel a factor, you divide both top and bottom of the fraction by that num-

790 ex15_6
ber. We would write 105 25 7Tx15 -7
a pair of common factors, one factor in the numerator and the same factor in the
denominator.

. When you “cancel,” you must divide by

EXAMP.

In roof construction, the pitch or steepness of a roof is defined as the fraction

Pitch = 152
run

The rise is the increase in height and the run is the corresponding horizontal
distance. Typically, roofers express the pitch as the amount of rise per foot, or per
12 inches, of run. Therefore, rather than write the pitch as a fraction in lowest
terms, they express it as an equivalent fraction with a denominator of 12. For the
roof shown,

_Rise 8ft 8+ 2 4

Pitch =g 0 = o4r ~ 24 = :.2'; 12

IR
Divide by 2 ... to get a denominator of 12

Chap. 2 Fractions
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Comparing Fractions If you were offered your choice between 2 of a certain amount of money and 2 of it,
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which would you choose?

EXAMPLE

Which is the larger fraction, § or 3?
Can you decide? Rewriting the fractions as equivalent fractions will help.

To compare two fractions, rename each by changing them to equivalent fractions
with the same denominator.

3" 3x8 24 ¢ 8
; 16 ; 15 2.
Now compare the new fractions: 4 is greater than 2 and therefore 3 is larger
than §-.
8
1. The new denominator is the product of the original ones (24 = 8 X 3).

9. Once both fractions are written with the same denominator, the one with the
larger numerator is the larger fraction. (16 of the fractional parts is more than
15 of them.) <

YOUR TURN

Which of the following quantities is the larger?

(a) %in. or %in. (b) % or % (c) 3or %

@ 1l or 21 (@ 25for St ) = or 5

(a) % = %, %— gg, gé is larger than 38’ S0 3 in. is larger than % in.

(b) % = %%%’ —;-% 122’ !1'—2—3 is larger than 13;, =) %? is larger than %—

(e) 3= ?g, ?g is larger than ?g, S0 % is larger than 3.

(d) 1% = 1?5 = ;—5, -g— ;2, ji is larger than 22, S0 1% 1b is larger than = 1b
(e) 2% = % = %i_’ lﬁ]l = %i—, g—: is larger than g—i, S0 2& ft is larger than % ft.
H 156 ;gg, éé égg, ;?g is larger than ;gg S0 156 is larger than ;é

Now turn to Exercises 2-1 for some practice in working with fractions.

Chap. 2 Fractions
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Inside

diameter

Problem 5

10.

The numbers %—2, 1739, %, 385’ and % are all reasonable approximations to the

number w. Which is the largest approximation? Which is the smallest
approximation?

Sheet Metal Technology Which is thicker, a &-in. sheet of metal or a 33-in.
fastener?
Plumbing Is it possible to have a -in. pipe with an inside diameter of 3-in.?

Sheet Metal Technology Fasteners are equally spaced on a metal vent
cover, with nine spaces between fasteners covering 24 in. Write the dis-
tance between spaces as a mixed number.

2 _,

=]

Printing A printer has 15 rolls of newsprint in the warehouse. What frac-
tion of this total will remain if six rolls are used?

Machine Technology A machinist who had been producing 40 parts per day
increased the output to 60 parts per day by going to a faster machine. How
much faster is the new machine? Express your answer as a mixed number.

Landscaping Before it can be used, a 12-ounce container of liquid fertil-
izer must be mixed with 48 ounces of water. What fraction of fertilizer is
in the final mixture?

Roofing A ridge beam rises 18 inches over a horizontal run of 72 inches.
Calculate the pitch of the roof and express it as a fraction with a denom-
inator of 12.

When you have had the practice you need, check your answers in the Appendix.

2-2 MULTIPLICATION OF FRACTIONS

The simplest arithmetic operation with fractions is multiplication and, happily, it
is easy to show graphically. The multiplication of a whole number and a fraction
may be illustrated this way.

70

w
x
e |

Any fraction such as g can be thought of as a product: 3 x :

— [ |

1

+ = + three segments each i unit long.

[ =
N
| -
oo

4 4

The product of two fractions can also be shown graphically.

1 1 1 1
9 X 5 means of

23
—~ e —
1 1 1 1
The whole 3 1ot T
of the of the of the
whole whole whole

The product 1 X 1 is

bo| =

1_
Xg=

23

_ 1 shaded area
6 equal areas in the square

o=

Chap. 2 Fractions
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Note P>

EXAMPLE

Mixed Number Times a Mixed Number

Step 1 Write as improper fractions. 3% X 2% = %Q X %
5 3
i _HX$§ ¥
Step 2 Multiply. = e x £
12
; . 15 1 :
Step 3 Write the answer as a mixed number. =5 7-2- i
In many word preblems the words “of” or “product of” appear as signals that you
are to multiply. For example, the phrase “one-half of 16” means

e S i
T s e

1, 16-1,16_16_ ; 2_ T

5 X 16 = 5 X T R E 8, and the phrase “the product of3 and 4
2.,1_2 _1

should be translated as 35 X 11 <

YOUR TURN b

Now test your understanding with these problems. Multiply as shown. Change any
mixed numbers to improper fractions before you multiply.

a8 L 8 3 _ 3 .4 _ £
@ gofg=_ ® X" —r © gpofyg=—— :
5.9 _ 3 2 _ 1.,.2_
@ < wgg P B godg=.. . ® LGxg=__
(g) 4><§— (h) 36X10_ (i) 15><14

(j) Plumbing Polly the Plumber needs six lengths of PVC pipe each 26% in. long.
What total length of pipe will she need?

Remember to write your answer in lowest terms.

SOLUTIONS
(a) (Hint: “Of” means multiply.)
7.2 T X 2 7 7

8 3" Wx2x3 4x3 12

Eliminate common factors before you multiply.

Your work will look like this when you learn to do these operations mentally:

1

7.2 5

8§37 12

4
1 i

b B x3 - 8§X3 4 3 _ 1

12716 4x3)x(8x2 4x2 8

1 1

Chap. 2 Fractions



g/ SuoRoel4 Jo Uonedldnny -z “99s

2.8 . By 9u%, - 8o Bu®
ngxz Ge ngsz ¥ ZXZXI €%

%xgxgt %% %x%x% 1% ?IXSI ‘0¢

%Xé{'[ 61 %IX%,IL ‘g1 %I—zvas LT

%ex%m ‘91 thg- ‘qT QL—IIX;‘% I %I X%Z G
R Ex% m Xy o 2xE o
v Bde o Bde b

"STWLIOY 1SOMO] UL JoMSUR 9y} 93LIM pue A[dump 'y

suopoe. jo uoneaydyniy ¢-¢ SOS10J9X3

— 4
ur < =0 =
.1091 Tze
z
v I_
0T “ 8 "
g
i -
Lot <97
Yoz x 9 =
9091d YoB9 Jo ypdus] x severd jo zequnu = adid Jo yySuey rejog, (I)
0o _02 %, S_7, .8
et=g ~LXg =gt X3 @
4
06, _08_0L, 9 _0I_ 9
§' e g g g gt @
T
14
6o 8 _8,1_8 3
i° BT LOF For @
'g9 o3ed 99s uworjoey L
zadoxduwr ue 03 raqumu E LT
pexTr & a8ueyo 03 Moy ﬂ=§x%=§x%1 (#)) I=%x§ ©)
Jequuiawel j,uop nok jj i 1 1
g g 8
B B 0T .0 o _gr, 2
e b W T " g @
g I I
4 v
§=£XEJO
I g 8
I 1

e o



74

Problem 11

B. Find.

13.

Ioof % 2.&01“% 3. 2 of 2 4.%01*%
2 of 1d sgof% 7. 2 of 2% 8.%of1%
% of—i— 10. % of 1% 11. %— of 1% 12.% of 4
L oof 6 14 2 oof 17 15 % of 2% 16. 1> of 12

C. Practical Problems

1.

10.

11.

12.

13.

14.

15.

16.

Building Construction Find the width of floor space covered by 38 boards
with 33-in. exposed surface each.

Building Construction There are 14 risers in the stairs from the basement
to the first floor of a house. Find the total height of the stairs if the risers
are 73 in. high.

. Roofing Shingles are laid so that 5 in. or 157 ft is exposed in each layer.

How many feet of roof will be covered by 28 courses?

. Carpentry A board 5‘% in. wide is cut to three-fourths of its original width.

Find the new width.

Carpentry What length of 2-in, by 4-in. material will be required to make
six bench legs each 28% in. long?

. Electrical Technology Find the total length of 12 pieces of wire each

913—'3 in. long.

Auto Services If a car averages 222 miles to a gallon of gas, how many
miles can it travel on 14 gallons of gas?

. Machine Technology What is the shortest bar that can be used for mak-

ing six chisels each 63 in. in length?

. Manufacturing How many pounds of grease are contained in a barrel if a

barrel holds 463 gallons, and a gallon of grease weighs 7% 1b?

Plumbing A plumber cut eight pieces of copper tubing from a coil. Each
piece is 143 in. long. What is the total length used?

Machine Technology How far will a nut advance if it is given 18 turns on
a 3-in. 20-NF (National Fine thread) bolt? (Hint: The designation 20-NF
means that the nut advances 55 in. for each complete turn.)

Building Construction What width of floor space can be covered by 48
boards each with 43 in. of exposed surface?

Drafting If £ in. on a drawing represents 1 ft, how many inches on the
drawing will represent 26 {t?

Manufacturing What is the volume of a rectangular box with interior
dimensions 123 in. long, 8; in. wide, and 4} in. deep? (Hint: Volume =
length X width X height.)

Machine Technology How long will it take to machine 45 pins if each
pin requires 6% minutes? Allow 1 minute per pin for placing stock in the
lathe.

Manufacturing There are 231 cu in. in a gallon. How many cubic inches
are needed to fill a container with a rated capacity of 4; gallons?

Chap. 2 Fractions
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Reciprocal

In the previous problem you were being asked to divide a set of eight objects into
sets of four objects.

EXAMPLE

In the division 5 + %, which number is the divisor?

The divisor is %

The division 5 + -%, read “5 divided by %,” asks how many %-unit lengths are

included in a length of 5 units.

T T 1T T ] &

5 units § Unit

Division answers the question: How many of the divisor are in the dividend?

8 + 4 = [] asks you to find how many 4s are in 8.
It is easy to see that [] = 2.

h= % = ] asks you to find how many ls are in 5. Do you see that [] = 10?

2
1 1 1 1 1
r-&v—"Hr—’W—H-‘H
s+3=1088 [ 1 | 1 [+ [+ |
X1

There are ten %-unit lengths contained in the 5-unit length.

Using a drawing like this to solve a division problem is difficult and clumsy. We
need a simple rule.

We can simplify the division of fractions with the help of a new concept called the
reciprocal. The reciprocal of a fraction is obtained by switching its numerator and
denominator. (This is often called inverting the fraction.)

EXAMPLE

The reciprocal of -g— is

or 4.

=i oo

The reciprocal of —i- is

The reciprocal of 8 or % is %

To find the reciprocal of a mixed number, first convert it to an improper fraction.

; 3 13. 5
The reciprocal of 25 or = is 7.

YOUR TURN

Find the reciprocal of each of the following numbers.

(a) 2 ® % © 2 @ 7 @ 2%

Chap. 2 Fractions
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The final, and very important, step in every division is checking the answer. To
check, multiply the divisor by the quotient and compare this answer with the
original fraction or dividend.

2.4 8 4.3 2
Ifgvs—-lo thengxloshouldequal :

5

T:

3 _2
5

5

= G| e 10

YOUR TURN

Divide:

SOLUTION

Reciprocal ]

P |
Ny =

x2_ 1

2 _
X3 8x3 12
4

Muitipl'j)x

The chief source of confusion for many people in dividing fractions is deciding
which fraction to invert. It will help if you:

col=a
bo| o
oo|=3
o
pOj&y
oo|=a

7
*32
4

1. Put every division problem in the form
(dividend) + (divisor)

then find the reciprocal of the divisor, and finally, multiply to obtain the quo-
tient.

2. Check your answer by multiplying. The product
(divisor) X (guotient or answer)

should equal the dividend. <

PROBLEMS

Here are a few problems to test your understanding.

5 .18 7,21 8.5
(a) 578 (b) 20 ~ 25 (c) 34 © 5
1 = i g Pt P tal § é
(d) 43 2 110 (e) 33 -3 (f) Dlﬂde4 by 28.
(g) Divide 1% by 1%, (h) Carpentry How many sheets of plywood,

each 43 in. thick, are in a stack 18 in. high?

Work carefully and check each answer.

Chap. 2 Fractions
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Exercises 2-3

WHY DO WE USE THE RECIPROCAL WHEN WE DIVIDE FRACTIONS?

2
, T 1. 8.1
Not1cethat874—2and8><4—1X4—2.

1
Dividing by a number gives the same result as multiplying by its recipro-
cal. The following shows why this is so.

1
The division 8 + 4 can be written % Similarly, % e —% can be written %
3
3
To simplify this fraction, multiply by % (which is equal to 1).
1 1, B 1,3 ?
2_2"8 272 _1_3
2 2 le. 272
3 3 j
2.3
3%2
. 3 s s B
Therefor : > the reciprocal of the divisor 3
Turn to Exercises 2-3 for a set of practice problems on dividing fractions.
Division of Fractions
A. Divide and write the answer in lowest terms.
5.1 L2 5 .4 21
1.§f2 2. 3 3.12-3 48.4
6 .3 1.1 3 .6 3.3
5 1671 6. 573 T 1673 8 41716
9. l§? 6 10. 6 = 12 11. 37 : 214 12. 32 2
2 . g1 L1 P 2.
13. 63?53 14. 10 = 15 15. 8= 5 16. 3 6
3 J2
12 4 5 2
LF, —2*— 18. E 19. ? 20. zl
3 8 3 2
5 .3 7.2 ol S 2. 41
21. 16738 22. 573 23. 32-14 24, 13.14

B. Practical Problems

1. Drafting How many feet are represented by a 4-in. line if it is drawn to

a scale of 5 in. = 1 ft?

2. Drafting If ! in. on a drawing represents 1 ft 0 in., then 3; in. on the

drawing will represent how many feet?

Chap. 2 Fractions




