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3-1 ADDITION AND SUBTRACTION OF DECIMALS

Place Value of By now you know that whole numbers are written in a form based on powers of
Decimal Numbers ten. A number such as

means (2 x 100) + (3 x 10) + (7 x 1) or 200 + 30 + 7

This way of writing numbers can be extended to fractions. A decimal number is a
fraction whose denominator is 10 or some multiple of 10.

A decimal number may have both a whole-number part and a fraction part. For
example, the number 324.576 means

Sec. 3-1 Addition and Subtraction of Decimals 101
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(d) Seven hundredths
(e) Five and sixty-four thousandths

(f) Eighteen ten-thousandths

Learning Help P The word and represents the decimal point. Everything preceding and is the whole-
number part, and everything after and is the decimal part of the number. <«

It is also important to be able to perform the reverse process—that is, write a deci-
mal in numerical form if it is given in words.

EXAMPLE

To write “six and twenty-four thousandths” as a numeral,

First, write the whole-number part (six). This is the part before
the “and.” Follow this by a decimal point—the “and.” 6.

Next, draw as many blanks as the decimal part indicates. In
this case, the decimal part is “thousandths,” so we allow for

three decimal places. Draw three blanks. 6.
Finally, write a number giving the decimal (twenty-four). 6.__24
Write it so it ends on the far right blank. Fill in any blank

decimal places with zeros. 6.024

YOUR TURN

Now you try it. Write each of the following as decimal numbers.
(a) Five thousandths

(b) One hundred and six tenths

(¢) Two and twenty-eight hundredths

(d) Seventy-one and sixty-two thousandths

(e) Three and five hundred eighty-nine ten-thousandths

ANSWERS

(a) 0.005 (b) 100.6 (c) 2.28 (d) 71.062 (e) 3.0589

Expanded Form The decimal number .267 can be written in expanded form as

2 . 8 7
10 100 * 7000

Sec. 3-1 Addition and Subtraction of Decimals 103
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Addition

The number 5376.2 has one decimal digit: 2.

All digits to the right of the decimal point, those that name the fractional part of
the number, are decimal digits.

YOUR TURN
How many decimal digits are included in each of these numbers?
(a) 14 (b) 315.7 (c) 0.425 (d) 824.0075

ANSWERS

(a) one (b) one (¢) three (d) four

We will use the idea of decimal digits often in doing arithmetic with decimal num-
bers.

The decimal point is simply a way of separating the whole-number part from the
fraction part. It is a place marker. In whole numbers the decimal point usually is
not written, but it is understood to be there.

The whole number 2 is written 2. as a decimal.

2=2. or 324 =324.

[ The decimal point| i The decimal pointl

This is very important. Many people make big mistakes in arithmetic because they
do not know where that decimal point should go.

Very often, additional zeros are attached to the decimal number without changing
its value. For example,

8.5 = 8.50 = 8.5000 and soon
6 =6. =6.0=6.000 and so on

The value of the number is not changed, but the additional zeros may be useful, as
we shall see.

Because decimal numbers represent fractions with denominators equal to multi-
ples of ten, addition is very simple.

234 =2+3+%

+523 =5 + 5 + 15

T+ 3+ 05 = 1.57

il

Adding like fractions

Of course, we do not need this clumsy business in order to add decimal numbers.
As with whole numbers, we may arrange the digits in vertical columns and add
directly.

Sec. 3-1 Addition and Subtraction of Decimals 105



BQun jewdag ¢ “deyy

3 ‘SIOqUUINU S[0YM [IIM Se ppe
9y} ‘Uwm[od sures oy} ur sjutod [ewnep oYy Suwerd A[eondes wns yoes oSurLIy

_ (oW} sty Surmp
[8sTL 9Y SBY 9JBIJUIIUOD JO JUNOWE
'g 2103 JeyM  sqol oAIsseoons uwo

€+ E80+6L9+L00 B

'aqs v KBOlouuoal |19 199YS ()

=609$+3L0$+68 B — = ¥'e+ LS (3
= QI€+QI+9% (P — = SI'T + L0082 (@)
= LST+881 @ — = L9'E$ + B0F$ (®)

'SI9qUINU [ew100p SULMO[[0} Y3 PPV

NUNL 410A

. 'SISqUINU 9[0YM JO UOT}IPPR Se ssed01d swres ayj £[30BX9 SI sIequunu
- [Bwpap Jo uonippe ‘sjurod [ewrmep dn Sururf Jo dejs Areurwiead oYy 10§ 3dedxy

00T+ sewodeq ~ T+
Ge's SVEG

~ '5)181p [BWOP JO IOQUINU SUIES 9y} 9ABY YJOQ JBY} OS PIPISU SB SO0z AUBUI SB
- [oB1E 19Y30 9Y3 UeY} SHSIp [BUIIOOP I0MOJ [}IM USJILIM ST SISQWNU 8] JO 9UO JT

; ‘K[esnnien dn paur sfempe aae sjurod
i pau:tmec[ "UWINJ09 [BITII9A dWES 3] Ul peor[d aie ua) Jo Jomod swes ayj Jo SIS

uwn|oo juiod jewioeg

UWnjoo suipalpuny |

wnjoo juiod [ewRa

V'€ + SV'1 PPB S39]

A TdINVXH

90T




What do you mean
by "one decimal
place"?

SOLUTIONS

Decimal points are lined up vertically.

(a) $4.02
$3.67
$7.69 0.02 + 0.07 = 0.09 Add cents.

| | r 00 +06 =06 Add 10-cent units.
4 +3 =7 Add dollars.
As a check, notice that the sum is roughly $4 + $4 or $8, which agrees with

the actual answer. Always check your answer by first estimating it, then com-
paring your estimate or rough guess with the final answer.

Decimal points are in line.

(b) 13.20 Attach a zero to provide the same number of
1.57 decimal digits as in the other addend.
14.77

Place answer decimal point in the same vertical line.

E' 13 + 2 = 15, which agrees roughly with the answer.

(c) 23.007 (d) 14.60
+ 1.120 < Attach extra zero. 1.20 +- Attach extra
24.127 + 3.15 ZEeros.
18.95
1 1
(e) 5.7 ) $9.00
+3.4 0.72
1 0.7 + 0.4 = 1.1 Write 0.1. 6.09
Carry 1. $15.81
Add:1+5+3 =9
11 1
(g 0.07 (h) 2.36
6.79 7.00
0.30 :I_ 3.90 } Attach extra
3.00 <~ Attach extra zeros. 0.60 Zeros.
10.16 13.86

Careful P> You must line up the decimal points vertically to be certain of getting a correct
answer.

Sec. 3-1 Addition and Subtraction of Decimals 107
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10.

11.

’~—3.3?50"—-‘-‘
0.0025"

0.0025"

Problem 13 13.

14,

15.

12.

Painting and Decorating In estimating a finishing job, a painter included
the following items:

Material $ 677.85
Trucking $ 32.80

Profit $ 250
Labor $1645.50
Overhead § 67.75 o
: ___:}—0.74"
What was his total ‘f—lr iy g ¢
estimate for the job? 1.5 0957 o
S Ed Ce NI
4-[-— 0.75"
2.95"

Problem 5

Metalworking Find A, B, and C.

Plumbing A piece of pipe 8.4 in. long is cut from a piece 40.8 in. long.
What is the length of the longer piece remaining if the width of the saw
cut is 0.2 in.?

Machine Technology A certain machine part is 2.345 in. thick. What is
its thickness after 0.078 in. is ground off?

Masonry Find the total cost of the materials for a certain masonry job if
sand cost $43.65, cement cost $114.47, a steel lintel cost $32.65, and brick
cost $1476.28.

Masonry The specifications for a reinforced masonry wall called for
1.5 sq in. of reinforcing steel per square foot of cross-sectional area. If the
three pieces of steel being used had cross sections of 0.125, 0.200, and
1.017 sq in., did they meet the specifications for a 1-sq-ft area?

Building Construction A plot plan of a building site showed that the east
side of the house was 46.35 ft from the east lot line, and the west side of
the house was 41.65 ft from the west lot line. If the lot was 156.00 ft wide
along the front, how wide is the house?

Auto Mechanics A mechanic must estimate the total time for a particu-
lar servicing. He figures 0.3 hour for an oil change, 1.5 hours for a tune-
up, 0.4 hour for a brake check, and 1.2 hours for air-conditioning service.
What is the total number of hours of his estimate?

Auto Mechanics A heated piston measures 8.586 cm in diameter. When
cold it measures 8.573 cm in diameter. How much does it expand when
heated?

Auto Mechanics A piston must fit in a bore with a diameter of 8.3750 in.
What must be the diameter of the piston given the clearance shown in the
diagram?

Auto Mechanics In squaring a damaged car frame, an autobody worker
measured the diagonals between the two front cross-members. One diag-
onal was 196.1 cm and the other was 176.8 cm. What is the difference
that must be adjusted?

Machine Technology The diameter of a steel shaft is reduced 0.007 in.
The original diameter of the shaft was 0.850 in. Calculate the reduced
diameter of the shaft.

Sec. 3-1 Addition and Subtraction of Decimals 111
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3. Add as shown.

(a) 0.0067 (b) 1379.4 () 14.07
0.032 204.5 67.81
0.0012 16.75 132.99
0.0179 300.04 225.04
0.045 2070.08 38.02
0.5 167.99 4
0.05 43.255 16.899
0.0831 38.81 7.007
0.004 19.95 4.6

(d) 0.002 + 17.1 + 4.806 + 9.9981 — 3.1 + 0.701 — 1.001 — 14 — 8.09 + 1.0101

Check your answers in the Appendix, then continue in Section 3-2.

3-2 MULTIPLICATION AND DIVISION OF DECIMAL NUMBERS

A decimal number is really a fraction with a multiple of 10 as denominator. For
example,

0.5 =3 03 =2 and 0.85 = &
Multiplication of decimals is easy to understand if we think of it in this way:

056 x03=5xE=28=015

Learning Help P To estimate the product of 0.5 and 0.3, remember that if two numbers are both
less than 1, their product must be less than 1. <

Multiplication  Of course it would be very, very clumsy and time consuming to calculate every dec-
imal multiplication this way. We need a simpler method. Here is the procedure
most often used:

Step 1 Multiply the two decimal numbers as if they were whole numbers. Pay no
attention to the decimal points.

Step 2 The sum of the decimal digits in the two numbers being multiplied will
give you the number of decimal digits in the answer.

EXAMPLE

Multiply 3.2 by 0.41.

Step 1 Multiply, ignoring the decimal points. 32
X 41
1312

Step 2 Count decimal digits in each number: 3.2 has one decimal digit (the 2),
and 0.41 has two decimal digits (the 4 and the 1). The total number of dec-
imal digits in the two factors is three. The answer will have three decimal
digits. Count over three digits from right to left in the answer.

1.312 three decimal digits
-

g 3.2 X 0.41 is roughly 3 X 1 or about 1. The answer 1.312 agrees with our rough
guess. Remember, even if you use a calculator to do the actual work of arith-
metic, you must always estimate your answer first and check it afterward.

Sec. 3-2 Multiplication and Division of Decimal Numbers 113
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(e) 2 X 0.003 2X3=6

Count over three decimal digits. Attach two zeros as place

Three holders.

decimal

digits 0.006 2 %X 0. = 0.

006, 0.003 = 0.006
(f) 0.01 x 0.02 1x2=2
éé Count over four decimal digits. Attach three zeros.

Twi Tw
decimal||decmet|  0.0002  0.01 X 0.02 = 0.0002
digits || digits —
Total of four o
decimal digits digits

(g) 0.04 X 0.005 4X5=20
Count over five decimal digits. Attach three zeros.

0.00020 0.04 x 0.005 = 0.00020 = 0.0002
A

Total of five Five ﬁimal
decimal dig‘its digits
(h) We are given the weight of 1 sq ft and we need to calculate the weight of 8 sq ft.
Multiply
1.1 X 8 11 x 8 = 88
/ One decimal The answer will have one decimal digit: 1.1 X 8 = 8.8
digit

The weight of 8 sq ft of tile is 8.8 1b.

=

Learning Help B Do not try to do this entire process mentally until you are certain you will not

misplace zeros.

2. Always estimate before you begin the arithmetic, and check your answer
against your estimate. <

Multiplication of larger decimal numbers is performed in exactly the same
manner.

_ PROBLEMS
Try these:
: (a) 4.302 X 12.05 = (b) 6.715 x 2.002 =
1 (¢) 3.144 X 0.00125 =
(d) Construction Technology How much does 25.8 sq ft of heavy plastic sheeting

weigh if 1 sq ft weighs 2.37 1b?

Sec. 3-2 Multiplication and Division of Decimal Numbers 115
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Division Division of decimal numbers is very similar to the division of whole numbers. For

example,

6.8 +1.7 can be written %

and if we multiply both top and bottom of the fraction by 10 we have
6.8

1

But you should know how to divide these whole numbers.
68 + 17 =4

Therefore, 6.8 ~ 1.7 = 4.

To divide decimal numbers, use the following procedure.

Step 1 Write the divisor and dividend in standard long-division Example:

form. 6.8 + 1.7
1.7)6.8

Step 2 Shift the decimal point in the divisor to the right so as to  1.7.)
make the divisor a whole number. .

Step 3 Shift the decimal point in the dividend the same amount. 1.;@.
(Attach zeros if necessary.)

Step 4 Place the decimal point in the answer space directly above
the new decimal position in the dividend. 17.)@8_1.I

Step 5 Now divide exactly as you would with whole numbers. The 17 %
decimal points in divisor and dividend may now be ignored. - 68‘
6.8+ 1.7 =4 0

Notice in steps 2 and 3 that we have simply multiplied both divisor and dividend

by 10.

If there is a remainder in step 5, we must add additional zeros to complete the divi-
sion. This will be necessary in the next example.

EXAMPLE

Divide: 1.38 ~ 2.4

Let’s do it step by step.

2.4)1.38

T 2&’@ Shift both decimal points one digit to the right to make the
divisor (2.4) a whole number (24).

1 | 24.)1318 Place the decimal point in the answer space.
: 4 5
24.713.8 Divide as usual. 24 goes into 138 five times.
120
18 There is a remainder (18), so we must keep going.
! .57
j 924.)13.80 Attach a zero to the dividend and bring it down.
120
180 Divide 180 by 24. 24 goes into 180 seven times.
168
12 Now the remainder is 12.

Sec. 3-2 Multiplication and Division of Decimal Numbers | 1
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(69)

(a)

(b)

(c)

(d)

(e)

(e) 7.230 -~ 6 = f) 3+4 =
(g) 30.24 - 042 = (h) 273.6 = 0.057 =

Construction Technology How many pieces of plywood 0.375 in. thick are in
a stack 30 in. high?

SOLUTIONS sone o

0.001.J3.5001
S A p T S

3500. 3.5 + 0.001 = 3500
1.J3500. [ 0.001 x 3500 = 3.5

0.(1%.)9&@. Shift the decimal point two places to the right. Divide 900 by 2.

450.
2.)900. 9 + 0.02 = 450

M 0.02 X 450 =9

Dividing a whole number by a decimal is very troublesome for most people.

18.25,)0.3615
1825 does not go into 365, so place a zero above the 5. Attach
.02 a zero after the 5.
1825.)36.50 1825 goes into 3650 twice. Place a 2 in the answer space
36.50 above the zero.
0
0.365 + 18.25 = 0.02
18.25 X 0.02 = 0.365
3.2.)8.8.
i T
.75
32.)88.00
64]| 2 X 32 = 64 Subtract, attach a zero, and bring it down.
240
224] 7 X 32=224 Subtract, attach another zero, and bring it
160 down.
160 5% 32 =160 88 +3.2=275
0

E’ The estimated answer is 9 +~ 3 or 3.

Double-check: 3.2 x 2.75 = 8.8

1.205
6)7.230 The divisor 6 is a whole number, so we can bring the decimal
-6} point in 7.23 up to the answer space.
12
-12
03 .
5 1.205 X 6 = 7.230
30
—30 7.230 + 6 = 1.205
0

Sec. 3-2 Multiplication and Division of Decimal Numbers 119




’ B siequiny ewioag g “deyd e

TOMSTR 9Y) JO 91RWIISD YSNol B YjLm
Je)s nok jey] juegioduil ST 31 ‘ST oYl DLUewWY)LIe [ejudwr, SUTop USYA\

09%T = 0T X 9%T = 0T X g X €L = 0% x gL :3|dwex3z

JySu oy 03 9or[d auo jutod [BwLp Y3 SuTyIys
‘01 &q LAidymu vayy ‘g £q Adymu js1y ‘07 £q equnu e A[diymw of, ‘F

€7y =01 + €/ =0T + G =~ 98 = 0% + 98 :9jdwex3
"0T Aq 9PIATP USY} ‘g £q OPIAIP 384y ‘0 £ IJoqWUNU B SPIAIP O, '€
9T'3T = 00T + 9TZT = 00T + ¥ X ¥0€ = 9% + $0g :o|dwex3y

1191 seor[d omj qurod Tewap 8y} Sul
YIS ‘00T £q SpIATp ueyy p £q A dnnu 381y ‘gg £q I9qUINU B SPIATP O, G

8CL =0T + 83T =0T +&X¥9 ¢+ ¥9 :ajdwex3
“1J01 a3 01 soe[d suo jurod

[ewoep oy} Suryrys £q 0T £q opIaIp ueyy ‘g Aq Jequmu oy Adymuw
‘98ILg QT JO J[BY-OUO SI G JBY) 18] 9Y) 9SN ‘G £q I8qUINU & OPIAIP O, T

«3AVY1 FHL 40 SHORL, JILINHLIMEY

"UOTSIAIP [BUIIDSP UL JOPUTBWIAI & 93ed1putl A[[etauss jou
Op 9A\ IOMSUR 81} PUNOJ 10 ‘TemSUB oYy3 Ul s90e[d [ewep Jo Joqumu josaid swos
deyye sseooxd oy dojs Jeyjie ‘I0SIAIP oY] Aq S[QISTATP A[JO€XD JOU ST PUSPIAIP 9Y3 JI

"yoeys o1y} ut poomArd jo seserd (g oI aIaY],

0¢ = cLg0 x 08 JA]

‘ =

=

06—
0

0°0g('sLe0 (D

oD
s} fami

9'€LT = L90°0 X 0087  [A]

9G¥
9gy_
009°6L2( 1200 (W)
0087
7508 = 57’0 x gL JA]
%
v8
6
20
L
Lo=%+¢ 0z
5 032
b 8%
008 =¥xaL0 JA] 00E(F @
£ gL

)
o ™

——

Tvo @)

o | <f




Rounding Decimal Calculations involving decimal numbers often result in answers having more deci-
Numbers mal digits than are justified. When this occurs, we must round our answer. The
process of rounding a decimal number is very similar to the procedure for round-
ing a whole number. The only difference is that after rounding to a given decimal
place, all digits to the right of that place are dropped. The following examples illus-
trate this difference.

Round 35782.462 to the nearest thousand nearest hundredth

Step 1 Place a » mark to the right 35 , 782.462 35782.46 , 2
of the place to which the
number is to be rounded.

Step 2 If the digit to the right of the 35782.460
mark is less than 5, replace
all digits to the right of the Drop this decimal
mark with zeros. digit zero.
If these zeros are decimal The rounded
digits, discard them. number is 35782.46

Step 3 1If the digit to the right of the 36 000.000
mark is equal to or larger i
than 5, increase the digit to Drop these right-
the left by 1 and replace all end decimal zeros
digits to the right with zeros.

36000
Drop all right-end decimal i
zeros, but keep zero Keep these zeros as
placeholders. placeholders.

The rounded number
is 36000.

Careful P Drop only the decimal zeros that are to the right of the , mark. For example, to
round 6.4086 to three decimal digits, we write 6.408 , 6, which becomes 6.4090 or
6.409. We dropped the end zero because it was a decimal zero to the right of the
mark. But we retained the other zero because it is needed as a placeholder. <«

Try rounding these numbers.

(a) Round 74.238 to two decimal places.
(b) Round 8.043 to two decimal places.
(¢) Round 0.07354 to three decimal places.
(d) Round 7.98 to the nearest tenth.

ANSWERS

(a) 74.238 is 74.24 to two decimal places.
(Write 74.23,8 and note that 8 is larger than 5, so increase the 3 to 4 and drop
the last digit because it is a decimal digit.)

(b) 8.043 is 8.04 to two decimal places.
(Write 8.04,3 and note that 3 is less than 5 so drop it.)

Sec. 3-2 Multiplication and Division of Decimal Numbers 121
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