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sequence for the seventh and eighth grades. The content for i;he se- "~
N quence is being selected to serve as a vehicle for.the development .
of relevant computational Qkills mathematical reasoning, and geo-

metric perception in three dimertsions. The application of mathemat-

ics to the sbcial and natural sCiences is also an important factor in

the selection.of material.
. ) Q? ’ r d .

The style of the sequence encourages individuaL as well
as group work thus developing the cpmmunication skills, in the
context of mathematics. Strong emphdsis is placed on student ac-

tivities many of which ‘are’ manipulative

%
L

° ‘ a - To serve a broad spectrurmof students in heterogeneous .
classes, the material ‘is divided into five types of sections. Three

types caonstitute the main core:

<
- .

A,ctivities by t'h'e'whole,clas‘s: small grouos

b “oar 'indivtduals; ' .
N \ '
J Short reading sections to be assigned and
. : Al discussed or to be read In class; and
RR ‘ . @ 'Questions to be worked oiit at home or.in*
“ ) " class. .
- . 1oy S
v "‘ vj
. ¢ r ‘ 5 , .

This book contains the first seven chapters of a mathematics °-

I
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a.weaker background, :and sections indicated by are to pro-
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vide extra challenge and pleasure for_the stréngly motivated student.’
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SECTION 1. SKETCHING. A BIKE TRIP >

L4
) . M 0

.

'
2 A boy who was spending his vacatlon on a small islan(.

wrote a letter to hls sister He wanted to tel her about a bike,

[}

tr'ip he had taken. Here is part of the letter. ‘

5

- “ | ,
. "Thé town where we are gfaying is in the Center of the ! ‘

island There is one road fro(rﬁ town that leads to a deserted vil-

lage on the shore of the island Yesterday we decided to go there

+ on our bikes \Oh the way out of town we came to a fork in the . S

road. by a tall tree We went'to the right. And, as you can guess, ' -

_the road to the yillage was the one on the left. Anywa?, we were e

. v .-, ‘s'w~
lost.- g .

. L N
~~  "After a.while we came to an intersection. We were not '
. N (

i

sure if we should keep going ,straight ahead,‘tﬁr‘n left, or turn

right. We decided to turn right, and soon came to a forest. (Later

we found ocut that.the road to the left leads to a_‘nlce beach. Going

straight ahead.would have taken, ug to some cliffs overlooking the

-
' . =

ocean.)




"Soon we came to another fork im road and decrded to go
straight We should have turned right That would have taken us
*back to town!) We ended up at the boat pier on the other side of ‘
the island. By then we were, tired,\‘so we wanted to go back to
town. We knew there was a direct road from the’ kSoat pier to town,
but we missed it. Instead we ended up going a-lor{g the shore of
the island all the way to the deserted village. So weTvisited the

%
village after all, but we sure went the long-way.

»
-

ot "What I don't understand is,"how we got to the village from

thé pier and never c':ross'e'd any other roads. After al‘l., the village

&

and the pier are almost on opposite sides of the island." .

P

L3N v -

_His sister, reading the letter, couldn't make head or tail

t of the descr her brother's trip. So, she decide o
out of description of *rbr er's trip o , ?_L%

.drav‘v a sketch of the island, ®s'roads, and its landmarks.

s -

. RS
Can you draw a sketch of the.island and.the trip using the

~

description g}ive:n in the letter? o

-

Compare your sketch with your classmates sketches. In'

what ways are they alike? Different"




l»
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SECTION 2 COMPARING TWG SKETCHES 'OF THE SAME THING

You probably found that in some ways your map of the island
/ P

was the same as your classmates’, bht in other ways it was differ~-

ent. All the sketches, however, were based on the same descrrp—

tion. 1t is possible that dll the sketches werg coygrect 1llustratlons
of the bike trip. - ) - .. )
We will now try to find out, by comparing two sketches,

]ust how dlfferent they can be and yet describevthe’same thing.

"Figure 1 and Figure 2 on page S are maps of an islang drawn by two

differe’nt ‘students.. The 1sland here is not the one you drew but ’
these sketches were magde- from the same ki d of informatlom Let g*

use both figures to answer the followup questions.

TN

(a) Look at Figune 1. Gdlnq along Lighthouse Lan€, which *
ts closer to. the first~aid, station, th?rees or the flag? . -

=~ (b) Now look at Figure 2. Do you gt
(c) Which sketch do you think. 1s correct ? ‘Why ?

.}
" (d) Do you think that either of the two sketches gives the
distances between places ,accurately" . ‘

#
.

""u ‘ . (" ‘ ‘i
N o . . * < ) Yo [
2. Compare the corner of South Streét and.Airport Road on, the
vt tWO maps Pl o ~ t' . i
(a) How are they-different ? . /

(b) Do you think that either sketch teLls ou h%w sharply ;
- you must turn, going from one stxeet mbe other" . N

? 7 l'
‘. N 4 R - L

the same answer? - /£ °




3. (a) How many roads come together at the flagpole? . .

.

S (b) Is the*humber the same for'both sketches? g J

B ' ' . (e) Is the number, of roads at each intersection the same on
both maps?- ¢ \ ; . ; -

~

¢ © o A(d) /Does it make any difference @hich sketch you use to
L o fll’ld the number of roads at an intersection"

. ! ¢

(@) In Figure 1 the lighthouse is between which two inter- , -
> . sections? . . < . ) . y

(b) 1Is {t between the same intersec{ions in Pigure 272

<

- {c) How.many streets come into Airport Road betweenr the ) .
shark lookout and the boat doek ? L

(@ ,Does it matter which map you use to answer these questions ?

L

N 5 (a) - Use Figure-1 to describe :Airport Road. m

(b) Now describe the ‘same road,using Figure 2.

-~

(c) What is the biggest diffe‘rence between the two drawings
of Airport Road? L e

: ' " {d) Do you think that the sharpness of curves has been cor-
i . rectly shown on either-sketch? . -

o 6. Which of the following are the same or different for the two
sketches?

(a) Distance between any two points. - ¢
- By R
(b} Number of roads coming together at-any-ohe intersection.

~

“ (c) Angle that two_road# make when they-meet.
g/"' i ‘

.. @ Order of langmarks along a road between any’ two places.

.,

rd . .
(e) Sharpness of curves on any road.
t' | CL ‘ : .

Ed

e 7. (@) Using Pigure 1, write down instructiong on how to get ‘
oo - . - from the airport tc)) the lighthouse. . o

o ’ " (b) If someone were to use your instructions with Figure 2, .
. _ would they get to the right place? . ' : .




1

B 8. ’~\It3y how many different ways can you get from the lighthouse
¥ o the dock? ) v /.

v f

?
g
@«
£
u
S
v
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§ ‘
-i

‘v

Figure 1 . ) Figure 2
N

SECTION 3 ~ HOW MUCH CAN YOU CHANGE A MAP
- ‘ AND SPILL HAVE-IT BE USEFUZ? .= - Ra

<

’ . In the previous-section we compared two_sketches of the '
roads on an‘island. We found that when we look at.ejther of the
sketches, we cannot tell accurately the distances:, angles betweén -

roads at intersections, or sharpnes's of curves but‘ we Can find out:

R

o / o ) - ‘(@) The. number of roads- at each intersection.
.o (b)- The order of points aiong»lines. T S
. . o) .
. : . ) Th bd®of routes. ting two pl .
-~ k ‘ (c) .The num ' o rou es;onnec ng two places

- ' o o - 'Often maps or diagrams ignore correctjSstanc'es 'angles,

e ' ' and straightness of roads or 'routes  but carefu-lly show ‘Intersec-
, . .\ tions, connections and the order of ‘points aldng a route.\ We will

-~ . ’

"~ call such maps or diagrams network maps or network diagrams

"

tow

* ; .o

. . M R , .
’
. . -
r bt 3. ..
i . L -
v . . P .

i
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.dmn,international airline.

A
s
”

~
v / -

Pi’gure 3 shows such a network -diagram fof sonie of the routes of,

SAIGON

o

'+ SINGAPORE

' JIBKARTA Figure 3° .

7 .
- N bt .
LN . N

" Neither distance, angle, nor the "stralgh‘tness of lines needs

’ to: be correct in such a dlagram. }herefore; all these thingsd can be

changed in any way we wish wlthout changing .the lmportant informa-
tion given by the dlagram. Someone could ever redraw the network
to ma‘ke it look lik? an aircraft as shown ln Figure 4 This'mlght\ be

done as part of an’airliné's advertising campaign. g

- <
| ¢

\
~ S, y

ANCHORAGE ) SAN FRANCISCO .

LoS ANGELES

J HONOLULU

CAIGON UAT ' . -

. Figure 4

Both ‘diagr,a ms provide the same infor}nation«to a.‘traveler.
Either one,f’?an be used fof the purpose of choosing a route from:

Los Angeles to-Saigon and back. - S

rn’
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to g. Are the two diagrams-in Figure 5 diagrams of the same air-
line routes, or of different ones? Give reasons for your
- answer.
we N , . ® »
‘ r ‘ANCHORAGE
i “Figure 5(a)
7 * . .
. . SAN FRANCISCO
. . Lb6 ANGELES
) " z HONOLULU
" HONG KONG L
BANGKOK SAMOR ‘
SINGAPORE
Ly ‘ !
- . W TAKARTA .
' ANCHORAGE
‘/ A 3 N “
Figure 5(b) ‘ \ '
- SAN FRANCISCO
) LOS ANGELES
’ M ' - ONO
R HONG KON HoNOLuLU
. WAKE I1SLAND .
N BANGKQK T
. SAMOA
‘ SINGAPORE /
S . ‘ 4 . - it
. e
> ) o s . By * ‘
’ * 10. Are the airline routes shown in Figure ﬁ the same as those
' . shown in Figures 3 and 4? : B
-~ o ‘ - g‘ -
- c\' . ,' s k A \
. C ¢
[ ' LN . . - - *
Q . . ' K ’
RIC




13.

-

.
. N . %e
. o

0 v .

sIh;Figure‘G_, find intersections like those in (a), (b), and '(c)‘ :
on the road dfagram in (d). :

Figurg 6 )

Find the path shown in Figure 7 on the road dlagram of
Figure 6(d) and label the intersections, )

o~
e - ¢ '
Figure 7 lﬁ /l\ L 'L / lr
. LT . ‘ . 14 ’ *
Figure 8 is a highly simplified version of Figure 9. Copy

Figure 8 and label the~cities on your copy..
. . ~

Figure 9
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mplify the map in Figure 10 by dr
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'SECTION 4  WHAT DOES-A NETWORK MAP TELL US?’

Yy -
4] We have seen that network maps are, often used to show

airline routes. :l\nother common use of such rhaps is to shew bus
or subway routes. .A network map of & subvfzéy} system can supply
much useful information. However :there are some questions that

., . °

such a map cannot answer. . ;T ~

) N * .
@ Use the Boston Rapid Transit map shown in Figure 12 to
» . 7
find the answers to as many of the following questions 4s you can.
Decide what you would need to know in order to be afile to anéw_er

the others. The stations mentioned in'the following questions are

underlined on the map. S .- .

t K \‘ '/o ! A Q
16. (a) If you got on at,Qui_ncKuCenter dnd fraveled to Airport,
how many stations would 1y pass through ? .

. (b) How many different routes could you take from Quincy

. Celte-r/to Haymarket” \

(c) Which stations would you pass through just before and

just after you pass through Maverick? T -
Y

’ ) (d) Do you need to change trains in order to'go from Quincy
Center to Symphony ? If so, where?" *«‘

a0

[

(e) Which two stations are nearest to each other?
o

. .. (f) "Which is faster, to walk from Arborway to Forést Hills
. . ) or to take the rapl/\transit" ’ ) ~

(g} Which is farther from Forest Hills, Essex or Dover?

4

(@) Write down i,nstructlons on how to go from Qulncy Center .
to Afrpoft. _ &

.(b) Write down instructions on how toUgo from Quincy Center
to Charles, using four subway lines.

T

[}

’




P AIRPORT,
GOVT. ; STATE
‘g. i 4
: 1 5
‘ o PARK isT *+ | WASHINGTG
CHARLES — )
S i :
< 4 ' . ’ :
? J ' .
“ BovLsTon O & essex
e .'...‘ fl' ¢
A ARLINGTON @ ® Ddover
1/’: ' : :
’ copLEY, @ - @ NORTHAMPTON
5 ‘ l
. g ® supy
‘PRUDENTIAL @  PUPEEY :
. | . # Cowumeta
SYMPHONY @, ® =acesTon
NORTHEASTERN ’/ ¥ | o @ savin HiLL
BRIGHAM CIRCLE ®; ® creen ) :
) i 1 ‘ .
HEATH @, ! FIELDS CORNER
ARBORWAY @ @ copect piuss
o Figure 12 \eeer
. « ’

Figure 12 " A network ‘map of part of the rapid transit system of —

Boston, Mass. Ma)ny stops that are next to each other along a

line' seem to be the same distance apart. In fact, most of them

are not. They are shown the same distance apart to make the
o map simple, small, and easy to read. Also, the-different transit’
‘ lines are far from straight. ‘

[ .

*
v ¥
e
L4




18.

‘(c) Thereis\a break in the syste‘m%somewhere ‘In grger to.

.6 . ..
- Which of the maps of Flgure 13 show the same connections R
between different points" ’

Figure 13 S ,
. ‘ l‘ N . \ . {
Figur'e 14 represents 3 diagram of’a small network of telephone .
lines. : . L R
(a) ‘The connectton fgom A'to Dis breken A canrot talk to.
B. ‘there 1is one additional break in the system where must™ .
it be"’ N ‘ . . &_ o
(b) If the connections from A to D and from BtoC are broken, )
can A talk'to B? . D

talk to B D then_proceeds to reconnect his lines td B}-C,
and E and disconnects his’line to A. 5Now A can talk to B, -
Where is the break %




' 20,

21.

.

.t

Imagine that the lett s of the alphabet in Figure 15 ; are net- 9
" work didgrams. Thé¢letters Y and T then represent the samee :
network. How many different networks are represented by

the alphabet'? ) o e
. . _'\4 q ‘ é N . -~

* .
AN
L

‘\/\ s
How many
toothpicks X" They may not be beht ,they must not. over-lap,
and th ay touch only at the ends. The tablée belpw has/\ o
. been £i led out for less than five toothpicks. ‘ e -, - ’

. . . . . ¢ w
Number of - > = - & T ¢
Toothpicks * Number gf Different Network Patgrn '

/—\ ¢ " ‘ ' .
1 N , I

- EY /\ . -

. ol ' .
2 . 1 N~ ; S @ e e ¢
’ . =< 0\/'. “" ;‘1" : i 1. ' b
) 3 / 3 -/,\‘_- /a 1 - ’:~~, > /
— . € " T -«
e X “f: v R ]

.
7 -
.

" Note:" Be «carefpl in doifg this prob‘lem. The patterns
AN a—d ~—-- mean the same: ,thing, since only the - Lo«

angle between the toothpicks is changed.

- - <
- 3

/XBCDEFGHIJK@M et




&  In Chapter 1 you-learned about simplified maps or diagrams.
These maps did not show true distances of directions, bat you could
use one Berfectl} well to find your way from-one place to ano_ther by

road or subway. For many purposes, however, you need to know

< .both directions and distanges.

Inthis chapter and the’ next you will learn about measuring._
. . ‘ . ~ .
distances and angles. Then,you will be able to find distances be-

tween places on regular maps.
e
e,

.

-

2

_wBECTION.1  UNITS OF MEASUREMENT

t

"11 How do yg@; ‘fell people how heavy you are?
2. How do you tell people;how .tall you are? -

o4

-

S

. ‘s & . - L -
\f ~ 3. ° How do you fell people how old ycm_g{e? ’
¢ K : oo ~ ’

-
st et .
AT i ;Lo i I S
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. a.small pail will hold?

.
-

. - - }‘ ‘s ~ . s
How wquld you go abouf measuring how. n%any cups of liquid

i

5.  Suppose you wish to measure a table to dee if it will go

th#ough a doorway before you try moving.it. You don't .
- have a ruler or a m€asuring tape, so you decide to use
a pencil as a measuring’rod. Tell how you would decide

(4

if the table will fit. _

V4

2 \
- If you vs_/is,h to know how much money you hgve, youd count

-

N
\

o

~

the number of penrys, nickels, dimes, and quarters/ n our pocket

<\, or purse, and add up their value in dollars and cents{ . N
 } , - N

2

‘
-~ *

¢«  So in any other case where you answer thre question “how

<

much " you count units. To'find the distance between two trees *

you-may count the number of steps it takes to go from gne to the ~

. other, Sometimes tlfe counting is done for you and you read tii

1
result on a scale.

- L]
A Y .
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&

A meter is a unit of'length in the-metric sy

sg of units .‘\

This system of measurements is used in most countries of the

world

In this book we will measure lengths in_meters and other

metric units.instea'd,of in yards, feet, an

inches.

v 7 . ’ . [

4

\ . d . ' .
' W Look at a meter sticky:--Do you think a meter is longer or . -

: shor%r\than one of youn normal’ steps ? Find two or three people

in your class who can make their step be close to a meter, “and
havﬂhem pace off the width of the ciassroom. What result do
they get " to the nearest meter?

a

,
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. Now have two people in the class measure with a meter

g . \

stick ~the width of the classtoom to the nearest meter. Does this

/\; . result. agree with the ones found by paclng" ' % - j . '
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< SEGTION 2 CENTIMETERS ‘
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Meters are useful for measuring long distances-, but we need
a smaller Unit of length for short distances. Inthe metric systqrn
the most common'unit of length next to the meter, isia centimeter.

e OnZe hundred centimeters equals one meter _Thus if we divide a’
meter into one hundred equal parts, we wlll have divided t{ into

s \ . centimeters. If you look at a rﬁeter stick you wlll see that it is
divided into centimeters. '

o

3
[ 3

Look at a palr;of centimeter ‘markeérs that are pnext to each R
other. The‘/}dlstance between them is a ljttle greater than'the width
v f of a'pencil. A centlmetergets ‘its name because cerrtl means "one

hundredth of " just as a cent is one hundredth of a dollar Figure 1 -

) is a llfe-slze plcture of a centlmeter scale golng from 0to 10 cegtl-

B | T R

. Flgure 1
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¢ ) . ﬁ/hen you use a meter stick to measure short 1engt‘hs,,you do

. ~
) rot have to count cenbimeters because the centimeter marks .are num-
) bered right on the meter stick. < These numbers do sthe counting for you )
‘. up’to 100’ centimeters. The abbreviation for centimeter is cm -Te) we ‘
o - u ‘can write "100 cm" instead of "100. centimeters. o o "
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6. _:’ Why doesn't a meter; stick star%ith the 1 cm mar(on the

- , ‘bft-hand edge? 7 ' < \ .
] , , , U ST ,
« - Y Q / .
c 7. Describe how you would use a meter ‘stick to- measure in_
o i . centimeters, a,djstance that is greater: Ehan K. (The abbre-
' . vlation for meter is m.). N & -
- A N e 't * 5 ’
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- -, SECTION 3 . )}ST‘IMATING LENGTHS IN CENTIMETERS ¢ / "
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§ Here is an estimation contest that will help you to. think of
4 the lengtji of obfects in terms of centimeters. Separate into about ° |
LTS ~gix teams of equal'S‘Tze. Mcher will pick out several obje.cts

14

\h‘

T \ - to’ measgre. , Everyone writes down an estimate of the object s

length. Two students £rom. different' teai:ns then measure the object -

’
- s
. . \

N

to'fge nearest centimeter, using a centimeter~ scale.

S Edch student finds how ma\y cent
.t oo small hisa{;hf‘-‘f estimate is., .

Eacﬁ team adds up its members errors for its score for that

e -object. On the board Eeep score for the game. Thq team with the
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1. laweést total wins. ‘e L
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—- SECTION 4 HOW TO SUBTRACT ) '

:
.
i v

r( :
. ,H Finding your group's score in Section 3 calls for sub'traction.

sl

&

( in87=53; ‘
. /-‘ . " . . 8- - ! . )
PR < \ ~ 87 .
- S L =33 .. -
w e : 34 °
A R ’ ) . ) .
" - Trouble appears whgn larger digits are beneath srna}ler .
.  digits as i ' . - Coe
- i BN L /
’ ¢ H ‘ . <
oL . >— 38 - .

e

There are several ways-to subtract. One way to subtract involves -

"borrowing." Here is a'ncSt/her way that you may find easier.

4
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PR

Sometimes }he larger digits in a subtraction are on top as

. ’*k—/ : -
~JHére you cannot subtractr the bottom digit from the top. To
gét around this we add 10 to both the top and the bottom numbers.

.We can do this because the difference between the two new num- -

~ bers will s‘till remain the same. On top we add 10 by making the 2

in the ones place 'intoa 12. On the bottom we add 10 by changing

the 3 in the tens place to 4. It looks like this: T
2 ) 2 .
T 57X -
>
) — 38 !

4
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' To chec‘é our answer, we just add to see that 38 + 584 = 572, Here A \\
T . is another example, 1738 —487: ' . \
. . . ;\‘ .. \\
, ~ - 7 1738 - A \ \
R . - 487 \ ‘ ¢ . \\V/\
* _ : ’ / L) o~1 .
o We can s’ubtract 7 from 8, but not 8 from 3. So we place a 1‘ in/ : ’ ‘
¢ .~ front of the 3 making it 13, and increase the 4 in the-hundreds -
. e sl
! place to 5 like this: R ‘ ~ .
| ’ 13 B '
o X
. ‘ ) - %8 7 -
. J 1251
“We can.check the answer by adding. In this case, add~1ng 487 + 1251
. we.get:
. x ) 487
: . oL T 1251 ’
' ) : ' 1738
s ‘ E '? . . - o’ p -
o 8. Y:ou give a salesperson 75¢ for a 59¢ item, how much change
should you get? ‘
. . 91. In each of the following cases, how far ij is your estimate?
\ . . .
] ’ (a) Suppose your estimate of a length is 87 cm, and the
RN measured length. is 123 cm. S
.- ' ) ' “'(b)- Your estimate is 85 cm, and the measured length is 63 cm. .
N, (c) * Your estimate is 39 cm, and the measured length is 57 cm.. o
Lo | (d) You estimate from a map of the United States that you '
O .would have to drive 210 miles to get from Charleston, West .
Yoo ‘ 4 Virginia, to Richmond, Virginia. Actually, it is a 196-mile.
ST drive. : . )
st , : -




3

Look at the drawing on the sheet of paper your teachér’gives

you. It doesn't look like a trail, but we will call it that. As you go
from start to finish,‘the trail Becomes narrower and narrovgef. Your -
teacher has_the same trail c;ut in g board and sliders 1 cm, 2cm,
etc., up to 10 cm long. Eacb slider can easily,move along the
straight sections:of the trail until finally it gets stuck in-a Qorner

too narrow for it to get around (see Figure 2),

Figure 2 -

2
I

Using/a centimeter scale, make meaéunq{pg!)ts on your copy
. .of the trail t{o decide where you think each slider will get stuck,
Write on your sheet the number of the slider at its sticking point.

The sliders are so thin that you don't have to'worry about their

thickness. ' ?

R4

-Check :your predictions by tr'yincj the real sliders .on the real

trail. °

~
w4
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" You wilwl recall that we defiri_ed the centimeter by dividing a’

. meter into 100 equal parts. You may wonder how a given length,
)

such as a meEer, can be divided into equal parts. i—Iere is how.

\ £

) Take "an index carel and cut it into strips a centimeter wide.
Using a sheet of ruled paper (xjiotebook paper will do just fine)
divide one of the strips .in'to two parts as shown in Figure 3. Are
the two parts eqpal? . PN .

[ M ¥ A . Vs

<'l ' \

) , . Figure 3

‘.
.

- ‘ You*‘:eeuld check to see if the two parts are .equai by r;lea-'-

e 2 suring them with a centlmet%mler. However, we do not care how

o | ) ' long each partis in units of centimeters, or inches or anything ' .
6o  else. Al we wish to know'is whether the two parts are equal, so '

you can use a "ruler" without any markings. Pigure 4 shows how

- ’ a sheet of Qaper can be used to check if the two parts are equal. 5
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Figure 4

.3

First mark off the length of one of the parts of the strip on
a sheet of paper as shown in (a). Then compare the marked-off .

- length with the other part as shown in (b). Are the twd parts equal

.
.
. -
. .
“a - >
. 4 » . *
- B
.
. .

10. How must the strip be placed on the ruled paper to divide it

* in length? . ‘ X . ] -

< into three equal pieces?

11, (a) Dlvlde a strip into three piepes, using the same ruled
paper you used to divide a strip into two pieces.

(b) Are the'three pieces equal?
' s L §

13 / ' » :
12.  How many llnegwould you need to divl*g a strip into

-

.(a) four pieces? ) .

1

(b) five pieces? . —
. \ (c) ten pieces? "
R (d) one hundred plgces?
TR
: . , /-
= 1 ,
N © 31 .
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Divide a strip into three pi"eces, using only every other line

on the I:uled paper. "

Are the three pieces equal? Are they equal to the pieces you

made in Question 11? .Does it matter how far apart the lineés are on

the'ruled paper? ’ i . (

a

Now divide a str‘ip into two, pieces, using lines next to each

N J ~ - ‘ ~
other on the ruled paperf Divide the same strip using gvery fourth

line of the ruled paper.: Do you get the same result in both cases?.
« . \ -
~ ) By folding the strips on the divisions you can find out which

of the two di\}isions is\more accurate. Why do you think one way is

more accurate than the other?: '

v

e

SECTION 7 NAMING SUBDIVISIONS OF A UNIT

<
-

. k Y ¢ . .
Using the parallel lines on a sheet of paper, divide 130 strips

(_as follows: ‘ - L : ,

(a) Divide each of two strips into two equal parts.,

(b) Divide the remaining strips into three, four, five 'six,

-
.

seven, eight, nine, and ten equal parts.

- . . , <,
’. Considér one of the strips that you divided into two equal

parts. We COnsider the whole strip to be one, unit long. Because

each part is one of two equal parts we can write its size as 5

meaning % of the unit length. ' )

) ;) L i
* // » e )
In the same way, for the strip divided into three equal parts,

[

o e 1<
each part is 7 “and so on with the remaining strips.
p 3 F’ .
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The size df the smallest piece when a unit is’ divided into

v

any, number of pieces is called a dnit fraction. Therefore‘—%, 3
%, and Ta are,examples ‘of unit_fractions since they show the sizes

-

of the smallest pieces when a unit is divided*into two, three, four,

etc, pieces.

4

<~

1 R .
o Since.it takes two parts of size 5 to obtain a whole strip,

we can write

%
»

1 . 1
4 = = - = .
5 1 and 2><2 1

A

[ S

where the X means "times" or "multiply." So 2 >< 3 means "2 times*

3," or"3 multiphed by 2.

-

@

13. What number would you put in’each box of the following equa- -
tions to make the equations correct'?
\

1

100

Take the two strips you divided into two parts each and place
thém end to end. Complete the following equations by look-

~ ing, at your strips. -

. -

1,1 1 1
(a) z+z+2+z’EI

(b) Dx%=
L.
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15.

16.

17.;

18.

. . /\.‘\
Without making any addltlonal strips, complete the following /
-equations.

(a) % +

‘(b).. D%—%=4

-

6% 2 =[] -

bededeOed R

1 1
=4 =4
2 2

(c)

(@) Dx-lg=

‘e

100x—1— z

(e) 10

10

-

U

l

<

How' many strips would you have’to divide into equal parts to
check your answer to patt (c) of Question 157?

i

By.placing the two-piece and three-piece strips together as

shown in F,igure, 5, decide which is the greater, ';— or -:13-
.‘ - -
\ . ,
~ [y v
Figure §. . .
- - »*
Using other strips arranged as in Figure 5, decidew(hich’ frac- ‘
tion in the followlng palrs of unit fractions is the greater of
the two. :
.l- i ‘ ’
@ 3.5 ' -
1 1
(b‘) 10 [ 5 . , .
‘ f 4
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19. ﬁ Arrange the following unit fractigns from the smallest to
the largest: L L1 1 1 1
TSt 25 r8 e 10 C
@ oo . v
(b) When you increase the number of equal parts into which
a unit is divided, what happens to the size of each pa'rt?

o

SECTION'8  MULTIPLES OF UNIT FRACTIONS
1,1, 1.1 -1.1.1 1 -

N et I

p ittty six g

-
AR L1, 1,1, 1, —+=
Howmuchiszhz'l'2 R Since

' . 1

2 . We

we can answer the question by findéng out how much’5 X = is
know that the number 4'x ';' is lress than 5% %‘ and § %% '{s less than.

\

6x~.
The symbol "<" is used to sté'n'd for "less_than.". Thus

7 < 8 is read "seven is less than eight” and 7. < 8 < 10 is read
¥ —

2

"seven-is less than eight and eight is less than 10."

P

Using the symbol < for "less than! we write
1 1 -

% oo
- 2L ExS<EX
ixg<sxg<exy

1
3,.we can write .

or, since 4 E‘ =2 and,G X 5=
1

<5x =<
g 255><2 3,‘ «
[ ‘ i )‘1
sythatSXEis

Therefore 5 X ‘21' is between 2 4nd 3 and we can
and 3. . - v ) ¢

is one way of ségnng'fhaﬂt we have Pive halves
: 2 1
3 AX5 =

" "bracketed" by>

. Writing § X > '
of a unit. An éﬁﬁer way is to write 'g' Thus, 2 X %~=

8 etc
12'4.'
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Expressions like T or TE are dallegl{éctions. , The thp of a
fraction is called the numetator and the bot{om is called the denomi-
nator. . - ) . . “ S
. \J . :"\_*:ga.jaﬂ-
. , :;
Note that every fraction js a multiple of some unit fraction. -.
For.example, : ' B
4 1 8 17 o ST
—_—— x — e x f— s -, » ot
51X 5y T8X ‘ -
: - ', \ .
ior > i : $ . D
A fractjon like 'g‘whose numerator is gredter4han. its denomi- ,
‘nator stands for more than 1 whole unit. ) ’ . -
We can write )
L S .
3 2 T ’ ¥
3 . 3 ' o . ‘»
A o i, " ‘
= N . .
: °5 1 1 1., 1 ; ,
. I R T e !
3373 RR 3T o .
¥ . }
: . _3 .2 \"‘/ . .
L. © 3 .3 . .
- 2 - ‘ ‘ ; w,\ - (
= + = ~
* 1 3 hd ¢
- Sl ) (
he ]
_‘ﬂ .
[ad . é ; 4 N ) . '
So%ve see that - is # more than 1.. That 1s, - .
B e : -
» ’ " ; ’ -
. . % = 1+ % ' ) ;.' 3 ) .
k AT Coa A
o o 2 .2 el - ‘
. We ubuglly write 1 + & as’ 177, omitting the plus sign.

3.9% 3

Y Ry
(Note that 1 X% # 1% .) Since 1% involves-both a whole number

and a:fraction, we say that-it is'_written in mixed notation.

-
— ; * ." N
. A
5, Yo C s ?
L dd -
-~ - - - 7
-
N .
1 g i R ”
LA — - s
.
N N v 24 36 N
e - ]
- ¥, 1Y
N -
e N 4. : !

-
- L
.
¢
.
.
5
-
- J
A
>
<
<
-
» f
.
~
Y
B
-
-
-
1
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Bracket the following products with@ whole numbers.
(@) 7% % - ‘ Y
fb) 11X L ' -

10 ) ) .o

o L

(c) 12x s ‘ , ‘ ) .
. 1 . 4
(d)_ 3 1 . \\

-Bracket the followi‘ng fra tions in the same way as in
Questxon 20.

s ,
(a? 2 )
4 .
(b) =<
~ S .
1 .
(C) 2 ? ’ ‘R
Write the following fractions in mixed potation, A
S ) : .
‘ (a) 4 , - K
11 T ' - ~_
b - - v ~
(b) 5 e y oY
N 23 N s P
© 7o T
What fraction is represented by the following numbers ? » N
S5 /- S _, . :
a) 1 T X ’ .
) 34 | " '
. () 2'2' " ’ k\
N gl - | -,
’ 5
M Se it - < '3@;&‘




: oo ’\
.- */} .
3 ERIN . " '
N . NG ) - 2-16 .
. [l 5 ’
pml - g - \ .
‘e ,.-’{;"’/ ) . v 2 v
a ‘ " 24. (a) Which'of the following fractions can ybp write’in mixed
'3 1 2 3 8 6 ' -
< [ B N - s
, , & notation? 9t 93030373 R . .
- N “ (b) Can you*write a fraction in mixed notation ff the numera- )
g tqr and the denominator of the fraction are equal? Can you
A\ A wr#e a fraction in mixed nofation if the numeratdr is a multi- ‘
AR "¢+ . phkof the denominmator? . oo '
Tt N ' 7 8 5 - .
, 3(c) Note that the fractions 7, 3, 5 are all greaterthan1,,
~ v \\ . , . . . .
‘ while 3% % ‘ —122- are all less than }. How must the sizes of
- ‘, -~ ! . ‘ , 3 -~ v
v the numekato‘r and the denominator of a fraction compare when
7 / , the fraction gan be written in mixed notation? . o .
" b ‘ ‘ ~
- i‘ ‘/ / . - \

."" [ T~ysdCTION 9 . EQUAL FRAGTIONS

.
.
—
g ]

e ?
ow large a part/’_/

’
i
i

. N _
We can label the lines on our strips td show h

of the whole 'strip we have up to that line. For example, the first
strip you made c%an be Jabeled as in Figure 6(a).
N K] ; - + N . .

. o / | 1 2
s 2 o J S 12 ’ 21 . ~
- /, ; ~ ] !
Aol N , Figure 6(a) -~ .
. /'\ | o ' ' i .
. ~ S . A - . )
§ Complete labeling the strip in Figure 6(b), and then label a}l your
. s?rlé/s i this w Y. S " Q’
— T T T L
3 o
. Figure 6(b)
- . : ' -
ki - . : '
;’Exﬁ . Y . 38 ’
. S '
. < LAY . ‘« -
' CR N .. s »n N
= s :
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Q
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If you put the two strips in’ Figure 7 together as shown, you -

0.0, 1_2 2_4
canseethat 2. 4,x2--4,2—4./ . )
C ‘ 1 2
2 . 2 - "2 -
() 2 12 3 4
4 ] 4 r " 4 4 4
@ . ' "Figure7 ‘ b . L
\‘

25. (a) Place the strip divided into fifths together with the striﬁ
" divided into tenths™ What equalities }ike the ones above do
you notice? .

(b¥ Using your strips as above, find all ‘the fractions that

1 . .
~ are equat to 3. ; " 7 L
(c) On your strips, which fractions are equal to E? -1-6?
‘

1

1

26. Complete the following edﬁ'ations. \ -
(a) . iy = 3
: N
(b)_=_.2_*=_._3_=_§_1 ’ \
5 ;D D ’D \\ v
(é) If you double thef}iumerator of a frgction, what must you

do to thé denominator of the same fraction i.h order to keep the
value of the fraction unchanged?

27. Complete the following equations. \
(a) 6 = D - = - 9 -
¥ 12”6 4 :
6 _:3 - ~
(b) 16 | ‘

' (c) If you divi,de the numerator of a fraction by 3, what must
i * you do t6 the denominator of the 'same‘fraction in order to ke%p
¥ theivalue of the fraction unchanged? T

t

~

'\- | - 7 P
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0‘ .28, If the lengths of the two strips were not equal and one strip
was divided into halves while the other strip was divided ;nto"
. 2 N
- fourths, would %of the first strip equal Z of the second strip o
. , Use twor strrps of une‘qual length'to check your answer \ - B -
. £ - :
. . ’
We can use fractions to diVide things othexﬁ'ﬁian lengths. In- .
music we need to havé a way of showing how long a~note” LSoheld a
We use different symbois to repr?sent different lengths of time. L . ’
. . i ’ . ?“ J * y o // - ’
. /" o = whole note s o° 1
.
CJ = half note
‘ 4
: . J = quarter note _, . )
. , J*. ) ) . « R
" = eighth™note ¢
| | P L
\ = sixteenth note ' -
- . v . h ’ )
' As the names of the symbols suggest each note represents ke ; ;
half as much time.as the previous one. We have, for example, '
. * ? . BN
. Cy . 4 A A O ‘ oL -‘t \2 i
Note;s aqg pla-ced on a staff (a set of five lines) and are . V'.’
marked off in measures (groups of notes\)separ;t‘ed by vertical ii/nes)
q\lin Figure 8.. _ A ) ' ) -
4 . 2 | | ; 1 4 “B N
- ; o (=
. ; v o IR g g i
4 ) " Figure 8 7/ o ”
'\»., s (i ) i
- a i ) . A' B - » A-‘-, .
: . vy . . - ' - § .
/‘: ° B .\}\ + ” - ; .. s . .
“ < . 40 . Y4 ~ .
- ' - - e, ‘ e : i: ’ - T - . g -~
! - e A: ” - e, o Lﬂ‘\‘

B o



X tyes 0

S ’ -|+J+J+J._. SR

F

» . The symbol Z at the beglnnlng of the staff is called the time

2 signature and means that every measu;e must*contain the equivalent

of four quarter notes. Note that this is the .same as saying that each

2
e - unit {measure) is divided into four fourths. . . e
~ . : ) 3 3
. The first measure shows n~.
) -1_ , )
. T4 A = 1 measure
- . : ’ : ) - '
N . L 3 [
. " The second measure shows ‘
) 2Xl+lxlﬁ=1’measure,
4 2 Lt .
Tt e . I > R

29, Complete the following equations uslng a single' note as thes.

. answer, . . . . M

.

f

“ .
30. » .Express each of the following measufes as an equation giving
¢ the sum of numbers equal to 1,

~

. .
T 16' a2, 'fm»u o O e e '
L ua&"u.. oy Ze DEE o ki L it 3 4

(b) L .
R i" . ‘ ) , v‘&.“ . .
B o e . . “
s . 41‘ \ . ) , ) 5

-




31, §Qow a measure that represents

(a)’ 2X = =

o0 |-

oS

X .
o -
it

—

(b)

+
i}
et

o+
+

o —
it
—

o~
X
+
NN
X
o |
it
—

SECTION 10 DECIMAL, NOTATION

/

AL 'You have seen that fractions such as 14 or %%% can also be

10
written in mixed notation as 1‘1% and IT%% Whenever we have

fractions that involve tenths, hundredths or thousandths we can
=3

write a fraction yet anot{xer way. We simply do not write the denomi-

' » nator of the fraction. Instead we use a point (.), called a.decimal
point, to separate the fraction from the whole number.

o

b
bl
¥

Look at the foliowing examples of decimal notation.

One and three-temtﬁ% -= 1,3

) \ -Fift_een and one-hundredth = 151}0_6 =

‘ 7.
Se}en-tenths =10 = 0,7
5

' Pive-thou'sandth.? = Tooo = 0-005
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) Note that the decimal point is a dgVicev to indicate tHe
place of the ones: The number jmmediately to the left of the deci-
?mal gifies you the number of opes and tHe tens place is one step to
the left of the”oneé.' Similarly, one step to the right of the-ones
gives you the number of tenths. The place of the hundredths is two .
steps tp the right of the ones, etc. |

. . '638.156 o
R AL S - A 3
. % ® ZLU% NN
. Q . Q0
. @ %% 4
5% -
- .
-] . -~ . o .
& .. , . ,
3’% Write these fractions in words.
(a) 0.2 . g
(b) 0.064 ) ' '
(c) 25.35
» - /"
33. Write the following in decimal notation.
7 e
(a) 410 L o . )
(b) Bleie  * - ’ o
100 . 4
(c) g1 ! ’ . ..
100 - . ’

<
»,

34. Write the following as fractions or in mixed notation. -

(a) ;1,6'/“

(o) - 0.001 . N
(c) 16.36 y
(d) 16.306 .

(e)” 169.360

LY




I Lo , \

' SECTION 11 MATCHING FRACTIONS

. A 4 -
[

hd i

Spread the cards that your teacher gives you face down in

-a rec'tangularvarrangeﬁlent. wa to four players per deck can play
this game. _A player turns over one cafd and then another, reading.
aloud the fraction on each card. If they aré-equal the player keeps
them and plays again. If the fractions are not equal the cards must .
be replaced, face down, and it is then the fext player's turn. When
there are no cards left on the talble, t‘he player who has the most

cards wins the game.

~

SECTION. 12 MEASURING TO TENTHS OF A-CENTIMETER

i -
0
]
*

The smalléﬁt 'divisions on a meter stick or centimeter ruler . )

. . " divide a centimeter into 10 equal parts. (See Figure 9.} Each part

_ is, therefore, '1'10- cm = 0 1 cm. Each 0.1 cm is about %‘ the thick-

ST e . ness of a pencll lead.

.

E Figure 9

LI . ! R 4 “) .
B o) become familiar wlth making measurements to _1_16 cm you
\ ' can try the "tratl" agaln, This t;me you will need to measure th&
trall to 0.1 cm. .. o . . °

. .
. ¢ b}




9

The _first sliders you will use have their length marked on
them but this time they are given to the nearest 0.1 cm. They ‘are

2.4, 3.9, 4.5, 6.6, 7.6, and 9.4 cm long.

As before, ‘mark the length of each slider on'% copy of the

-

trail at the turn where you think it will get stuck.

Check your prediction with the real sliders on the real trail.

’

‘Now repeat what you have just done With the sliders but use

the blocks of different.length and width shown in Figure 10.

*é‘

SRR vywmmr*‘tv iy 5;
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. Check your predictions. , %
ldcm 4 '
Figure 11 VA
- 0.6 cm e g
je— 2.8 cm —3|
- .
. ¢
A Vol " . -
<~ ' :
»
2y
14
. . < . ‘7 . \"
. - * -

‘ \“‘ ‘- v -
~
\. » . >
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Make measuremeénts of your copy of the trafl to see where
~»
the large, middle-size;, and smail semicircles (Figure 11) will get

“.stuck. . '
wa
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To find out cut out a rectangle of paper or cardboard 5.0 cm
long and whose thickngss is small enough so this slider paper can

jl}s\t get through the first turn. Try it in the real trail. Is {t snug?

What is the greatest length you could have for the block in
Figure 13 and still have it get through the first turn after the big

-_circle? Cut out a piéce of paper with your answer and try it{

i

How wide ca)n the block inFigure 12 be and 3till get through? *
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SECTION 13 MAKING PAMLLE! LINES

»
.

To solve the puzzles in the next sectio‘}a'you will have to

. draw parallel lines. Here is an easy way to make a line that is

parallel to a given straight line. The five-steps that follow are
shown in Figure 14.
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. 38. (aJ Draw a rectangle that -is twice ag_ long as it is wide. o
-+ {.b) Fold your rectangle in half, end to end. What is the -

A, first draw a straight line on a sheet of N)er. ] .

.B. Next, place a mark somewhere along a short edge of an
index card or another sheet of paper. . ¢

C Now place an edge of the index card on the line you
drew on the sheet.of paper and make a mark on the .
sheet of paper next to the mark on the lndex card. . ) .

[

D. Move the card, along the strg’lght line to the right and

again make a mark on the paper next to the imark on . 7
the cards R - .

E. Now remove the card and draw a straight line threugh ) . .
thé* “two marks you made on the paper.” : . .

L] * '

: If two lines are parallel, they are the same dlstance apart

everywhere. Are the two lines you have drawn on the sheet of paper

. the same distance apart everywhere" 1f so,-whd’.lrs_this dlstance"

!
35. Draw two parallel linés that are 2.0 cm apart., 3

A\

. 4 . » * .
36. Draw two parallel lines that are 3.3 cm apart. - 5.
S . ' <. ' .
37. Have a classmate measure the distance between the parallel E
lines you drew in Questions 35 and 36. : _ N

‘name of the figure you now have°

~4 —
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' v ~ SECTION 14 SCRAMBLED ' SQUARES Lt
‘Carefully measure and cut out pieces of paper with the dimen- ’
. k] - @
sions shown in Figure 15. (All lengths are given in centimeters )
Can you flt'the pieces together to,makeq a squa,re?. Don't turn the -
. . pieces ovegr, just use them as they arg pictured. ' .
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Figure 16(b)
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SECTION 15_ M

given are miniat

the manholes and use them to find out somethfng about the size .

EASURING MINIATURE MANHOLES

K]

Imagine that the holes in the}seheet of cardboard you are

_ofﬂthe'holes .

hole. Make three manhole covers, one for each of the three holes.

You can make a cover by fast:aning tywo discs tégether (Fig- .

-

TOP VIEW

-

ure manholes.

You a

']

v

E]

’ ‘

e—t+——- SIDE VIEW~ .
R I .

L Figure'l7

going to make covers-for:

, ure 17) so that one disc fits inside a hole while the other covers the

<




S \ the "less than" (<)lsign as in the following example.

-

- . ——

k.

ey

n:’.{

N

E disc is marked with its size. Prom the sizes marked
on the covers you have made , what can you say about the size of

each hole? Can\you bracket the size of each hole? oo
~ "X ‘ ~

Try usin different discs, if necessary, to bracket th/e, size

of the holes as closely as possible. Write down your results using -

-

P

Suppose we have a cover whose two parts are 5.7 cm and
6.1 cm. We don';know the exact size’of the hole, but we do knew

that it is between 5.7 cm and 6.1 cm. In other words, we can
, .

"bracket" the hole size between 5.7 cm and 6.1.cm. We can write

this as ¢

5.7 ck(___]< 6.1 cm ,
’ & .

where the L__]can be f}lled in with the size of the hole, We leave It

qgen, however, because we don't know exactly how big the hole is

o -
-~

& . e
N L

How closely- have you bracketed the th?ee hole sizes" To

ﬂnd out,’ subtract the lower bracketing value from the upper bracket( .

ing valuep. ~———

3

-, \Which hole size are you most sure of? ’V\)/hich‘ hole size‘are*
yo ‘

u least sure of ?

°

Il

@ P d r
‘ . N ~

‘Now measire and write down the- size of each hole, Does’

3 N ]
" the size of each hole lie between the brackets you found for it? °

o




SN in Section 4 of this chapter

Sy . “

39. Suppose'you made a cover for a manhole from discs marked
4.8 cm-and 5.3 cm. Use [:]for the hole size and the "less

—~

R ' than" symbol to bracket the hole size.®

'40. (a) Aboy has an older sister who is 19 years o'ld He also
has a younger brother who is 13 years old. What might be
the age of the boy ? .

(b) Use D for the boy's age and use the symbol " <" for
- "less than" to bracket the boy S age.

£l

{ 41. A particular block is too wide to slide through the part of the

“trail that is 1.5 cm wide. It can, however slide through the’

part that is 2,4 cm wide. Letting stand for the width of the ,

,block, bracket the width of the bloc ..

s . . v

Ty

-

»

SECTION 16 SUBTRAGTING DECIMALS

A

*
- . . s ‘
N , . j A

LA In the last section you had to subtract the value, of the smal-

©, Cler bracket fromaﬁ;alue of the larger bracket. Since these values

‘ 4

were given to tenths of a centimeter, you had to subtract decimals

* .. The important thing in subtracting decimals is to alway’s l’ine up the
- <decimal points. P_Qr example, 100.0 —93.6 shpuld be written - ow

A
kY

. " 100.0 : .
: ¢ - 9305 ’

. - l
d

’
H

.Now you can subtract by usiny berrowing or, the way described

O

\! \"‘




, ‘ L nas ) N
What is the giffereﬁhc‘:eﬁbetween‘"17.8 and 20.07?

-

, , .
‘Subtragt 745 from 423.7,

[l

“

~
What {s 79.2 minus 43.0?
o .- - . i ) .
The two discs of a manhqle cover are 6.1 ¢m and 5.7 cm’in
. diameter. What is the difference in their didmeters? '

> .

4
.

Do the following subtractions.

(a) 37.95—4.4 - * - (b) 198.1 —95.3
¥ Y .
(c) 105.0->96.4 © (d) - 37.6-21.0

(e) 91.1.5-—7.047/ -2 .-

~ 2 -~
. -y
e o

Suppose you have $7.00 {n your pocket and you b6we someone
$3.06. How much money do you have left-after paying ‘what
. you owe"’ ' ' .2 .
- ) X {

7

SECTION 17  OPTIGAL ILLUSIONS * | /.

-

R +
~ . »

-Optical illusions are drawings and other ;’ings that trick W
your gye. Figure 18 is an ?xample. Do thé heévy’line's, ‘appear - )

st;algiht or curved? . Use ybur ruler to check your eye.
. ‘. " [F33
. \

{

3

the longer. Check your estlmate by measuring the llnes .




/ TFigure 19

Is the'hat in Figure 20(a) taller than it is wide? In Figure 20(b)

.which pencil is longer, the left or the right" '

G




L Y Which is greater in Figure Z\I(a) , the man's arm spread or

"his height? In Figure 21(b), which ttlower“has the bigger center?
Whigh' boy is taller in Figure 21(c) ? .(What do you mean by taller?)

F igure 21

'
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'SECTION 1 TURNS. AND ANGLES

=

¢ ) .
EAE Two line segments that meet at a point, as in Figure 1, form an
angle. One way of thinking of angles is to imagine a line segment
The two' lines of the angle indicate

»

turning with one end stationary.
the starting and sto;fping positions . _ .

-

e
~

. o Figure 1

ﬁ
'\
If we think of the horizontal line in Figure 1 as the starting

position there are two ways the line could have turned to get to

£

4




'S
L,

]

+
’

b~ - L]
]

the other position. We can put a curved arrow in the diagram of

the angle so that we will know which way the line tumed (See

Figure 2.) - |, ' .

[\

. Figure 2

Look at Figure 3. Because a line has to turn farther in

angle a than in angle b, we will say that angle a is greaterqthan

”angle b. To measure angles we measure the amount of turningv
. \

.

In Figure 4 note that the arrows 1n angles ¢ and d indicate

: opposite directions of turning. However the amount of-: tuming is

the same. In angle ¢ the line is turning ir\the sameg\direction as

the hands of a clock turn, so we call this a clockwi e turn or rota-

. 1

tion: The turn in-angle d is a counterclockwise turnlor rotatw.

& »
5 8
. ~
.




Figure 4
\' ! ‘

If a line turns so that it ‘comes back to its sfa'rting‘ position,
we say it makes a full turn Figure 5 shows thrée-diagrams of full
turns starting from different positions Note that in each case,

.although the line has made a.full turn, it doesn't look as if an angle

was formed because the starting and stopping positions of the line
« are the same. -~

+

<

1

Figure §

'

.

To measure angles we tan use one full ﬁi‘n as a unit for meas- "
uring angles:

~
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If an-angle representing one full turn is taken as a.unit for
measuring angles, what is the size of the angles in.
Figure 6(a), Figure 6(b), and Figure 6(c)?

KY - ~
The angles in Figure 6(b) are so common that they have a .
special name. They are called right angles. Name some;

.~

exam,ples' of right angles yod' find in your classroom. 7 _
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y . .
. ' . A
3. . In Figure 7 decide, for each turn whether it is more than,
equal to, of less than a right angle.

e

3 ) o ) 5
v' [} ’ ’ @ -
< ‘ )
“\
A LY
g )
» - . .
Figure 7 . /
\l . g
4, What part of a full turn i{each of the angles in Figure 87 ..
‘ \ . All the angles in each drawing are the same size. :
~ s 'b‘ ) . , ‘ & -

N v . e ' ' .
- T Figure 8
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SECTION 2 A SIMPLE PROTRACTOR FOR MEASURING ANGLES

:" A * s . ‘ -
8 Youcanm simple instrument called a protractor for

‘measuring angles. Trace a dircle on a piece of papér: Be sure

that the diameter of the circle is about 5§ cm. Cut out your circle.

L3

Now fold your circke three times; first in Half, then again
in half, and finally once more in half. It will look like Figure 9(a).
While it 4s folded, cut off the tip of the point. Now unfold the
circle and ddraw lines.along the folds./It ehould look like Pfgure 9(b).

< L]

(a).

'Figure 9

Pick one line and think of it as the starting position for all

-

l 'tuorns. Label/this line with a 0" as shown in Figure "?(b) . A corﬁ—

plete tufn from this line would bring you back to this same line.
We can represent a complete furrel by the number 1. The other lines

form with this' line an angle that is sorpe"_fﬁr.gcti‘on of 1.

°

Starting at the O line and going around counterclockwise,

use fractions to label the size of each angle on the pape&




. Towmeasure an angle, place the center hole of your protrac-
'« tor over the center of the angle. Place the 0 line on one Eide of' b )
the angle. Theglace where the other side of the angle falls on

: . ‘, ‘the protractor gives the size of the angle.

. A
~
- ’
° “ .
" A 4
.
~

Use your protractor to\measure the angles in Figure 3 and
Figure 7. If the angle t ;ls between two angle measures on
your protracter, bracket the measure'of the angle. For ex-= ’

<

ample, ¥ the angle is between % and % turn, write

3 o
=t m<D<— turn. *© . N
8 N\
- P \\

-~
[

~—

.

p . 5 N N
) - " You can divide your simple protractor into twice as many
angles as you ‘have by folding ._it ag\a’i’r;. You would then have angles
which are half the size of the ones marked. Sometimes you may
wish to divide an angle into two equal parts without folding the

paper or page on which it is drawn. Here is how:

Y - -
v N~ )
P

You can use?a pair of parallel lines to di~vide an angle into .
LG . &

o

two equal angles. '

- o

7 . ~Lay’a}narrow streightedge along one side of the angle to be
divided as in Figure 10(a). Now draw a line segr}lent like AB that
T ' is parallel to the side of the angle along which the rule lies.
T / A B. Do

3'4 5 6-7 8 9 . RS

- ~ , ] A
/ ‘. : ~ . N
{.

&

. Figure. 10(a) Ie ® L. -0




c % L
- ~ / 3"‘8 . ’ ’ . ~ e
‘,\‘\ ) / " )
= 4 ‘ . T . \
%
Next lay the stx‘aightedge along the other side of ﬂ'{ngle, _
as in Figure 10(b) and-repeat what you have just done. ' ' \ ,

. \‘ ¢
e 7o w
E ,. Figure 10(b). * ! ’
,zK‘ ‘. ‘

Yy

-~ - »
- L4
.

=3

Draw a straight line connecting the pqint of mtersection of’
the parallels with the- point of interséction of,‘the two sides of the
- angle (called the vertex of the angle) as shown in Figure 10(c).
‘You have now divided'the original angle i*nt\o tv’vo'eqdal parts or, as

is commonly said, you have bisected the originé,l angle. 2’

/




[ 4

Bisect each of the angles in Figure 11 and give its size.
&

3/8 TURN ‘ 5/8 TURN

- Feigure 11 -

S i _
SECTION 3 °~ MEASURING ANGLES IN DEGREES . /

\
[

-

.
.

¢ It 1s, not usually convenient to measure angles as fract;\gns

: of a fﬁll firn. What is cemmonly done is to divide an angle repre-
:senting one full turn lnto -360 equal pgrts called degrees (wntten as
360‘0) The number 360 was \probably chosen because it can be di-
vlded evenly by many different whole numbers. So now ®e can name

.many parts of a ful@tum with whole numbers instead of fractiorfs".
N .

Y | n( & i' ' B
v L 2X%X180 =360 . -

\/) L 3Ix120=3g0 .

4% 90 =360 >

» 5X 72 = 360 : k
v - 6% 60 =360
. o 9x 40'= 360
« .r Lot T s 10x 36 =360
S S 12x-30=360 e
‘& . )
—, - . -15% 24'= 360 o
J S 18 X 20 = 360 o ;
. o - =%, R . oo »
R ' -etc., '
3 . . [ ,
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Startlng at- he 0 line label the angles on {your simple pro-

: tractor in degrees Write the degree name directly. below
' the fractional name for each angle.

-

7. What size a;gle in degrees,_is formed by . the hands of each
; - clock in Figure 12° .

-~

Figure 12 _ o

a

®."

Use your protractor to measure at least five angles of.differ-
ent size in the bridge in Figure 13. If the angle falls between
. two angle measures on your protractor bracket the measure of

the angle. For example, if the angle ls.b/tween 2700 and
3159, write 2700 <} [< 3159,

3
N .

N )
~—

. Figure 13

. > - h \ °

Ry ’l" .
. ) .
e | .
* &‘




459 (¢)” 135° (d) 315°

+

\
Without uslng 8 pro\qctor; figure out the’ easure of the
smaller angle formed by the hands of a cldck at each of the
following times. - (Drawing'a picture for each case may help.)

\(3)./ 4:00 (b) 9:00 ' (c) 11:00 (d) ;5:00 (e). 4:30

.
*

When you bracket the angles in Plgu&e’«;3 how manyﬂdegrees
are there between two neighboring brac{ets (two- nae’ig‘h%oring

?
folds) 7 . N o

) Here' s a way to measure some angles without using a pro-
tractor, Trace'the ?&r in Pigure 14 and cut it out. Now cut o{;;-
the five point8 of the star. Place them side by side so th‘at»the -,
five points all meet. How large is~the angle at each of the_ points

. of the star?

"Figuré 14 ° Figure 15

-

Trace and cut out-three idenhtical copies of Figure 15. By

plqcing the three copies carefully together, you can find out what .
' ¢ a”
each of the angles must be )
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" SEGTIQN 4  MEASURING ANGLES O ‘THE- NEAREST DEGREE

'
~ <

e
1

]

. ¥
~ ° -
' A \

IS

%/

. O The protractor shown in Figure 16 is marked off in deg're‘gs. ' ;;)

from zero to 180. There are'two numbérs every 10© around the

scale. One set of numbers marks degrees counterclockwise from

.

- right to left # The other set reads clockwise from left to right.
‘This’makes it possible to measure angle’s from either left to right

_~or right to left, eliminating awkward or upside-down positions of

*the protractor.

‘\ L
\ N

B

drawing the largest angle plays first. Place the st;qffled decl‘z face
/c-l\béw-n In the center of the table.’ The first player turns over the top

card. He estirmates, the rﬁeasuﬁn’ent of the angle by bracketing the

\ ar{gles, making the upper bracke 1Q° greater than the lower bracket

- -

.

%.

Y

%l’
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-

The player to the left then measures the angle to the nearest degree.
If the firs_{ player bracketed the angle he gets one point. The next
‘player then draws a card from the top of fhe deck and gi"bhis es-

timate. The game continués until all cards have been drawn. The < ‘ ,'
’ player with the highest total wiﬁs..

A4

-

.
.
1
‘ ’
v N N .
.
.. . " .
.
. . )

12.  What angle would complete the half turn in each case in”
- Figure 17? (An angle that represents a half turn is called b

a straight angle.) This question g\an be- answered without
~  measurilg. How? ) )

53




13.

14,

In each diagram of Pigune 18, what is the size of the angle ’
that completes the full turn?’”

Figure 18

. -

Describe how you used your probractor tQ measure the ar;gles of -
the triangle m Figure 19 to the nearest degree. .

.

rs 1

K

Figure 19




a

15. Use a protractor like that in Pigure 16 to measure the differ-
ent angles in Figure 13. Do your results. agree with those

you found for Question 8 in Section 3?
§

‘%

- ' L’S'. (a) Are the angles a-and b"x Figure 20 the same slze" To ‘ -
= ) , « find out, measure them with a protractor. ’

(b) - Do the 1engths of the sides of an angle have anything to
, do with the 'size of the angle?

4 )

Figure 20

17'. Without using a protractor, make sketches of angles whose
sizes are;

‘ 1300, 459, 120°,” 90°, 155°, 85°, 270° ’
_ Check your drawings by aetually'measnr(ing with a protractor. '
&, ~ Ineach case determine how much your drawing is in error. .
I - J \ ‘:; )
~ C - ‘ ’ . 3
: 18. . How many angles are formed by the intersection of two lines?’ ' /
i - Are they all different? * . "
- . ) P t . ) 0 ’ \.A) ' '
v\ ' ° ] - ’
- 1] { ‘
[+
V rti lAn 1
o . ertica gles s /
5',,_« at the pair of angles formed by thejtwo intersecting

lines in Figu e 21, How does the figure change if you, flip it over, '
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3-16

Figure 21 ° . :
‘Using the fact thati<A +<B.= 1800 and<B +£C = {800 ;
., Wwecan show thatZA =£C. 7413.,48, and < C represent the sizes
of these angles.) ’ .‘ , .
¢ {
_ Z A+ ZB =1800 . ’ T
T LG+ £B = 1800 K

Note that we can write either equatior as

&

1

J+-B=180°

where we write in the box the number that when aq/ded toAB glves

"

18Q°. But there is only one number that can be added toéB to
< give 180°, and s02A and C must-be equal
. . | ‘
19. Can you show that £ZB in Figure 21 equalsAD?‘

\ ] . . - .t ’
20. In Figure 22, without using a protractor find
(a) the sizes of all the unlabeled angljes.' i

(b) /th/e sum of the angllesoof@e triangle.




Make the triangles shown in Figure 23 and assemble thef‘rp

into a é;uare .‘

»
;

F]

SECTION 5 THE SUM OF THE ANGLES IN A TRIANGLE

\ -
N

v

Measure, to the nearest degree, the angles of the triangles

in Figure, 24 and put your results in a table like that shown in
Table 1. ) '

r
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» Y
. - TABLE 1 : B
‘
aangle . 1 2 3 4
., Measure of. .~ : .
Angles
Sum of All ’ )
Three Angles i .
- . &

2

_ " Now Igok at the sum of the measures of the three angles in
each triangle. What does this tell you about the sum of the angles

of any triangle? s

Now draw any triangle. Mea§ure the thre\e ’angles. -What
is the sui of these three angles? ’

4

v Cut out a triangle- and number the,angles. By tearing off the
corners of the triangle and regrranging the pieves, show that the

sum of the angles in your triangle is. 18(30. . -

\ Can you-fold the vertices (the ,corners) of a paper triangle

sb.tha 'they meet at & point on the\long side‘and show that th'e_ sum

of the anylés of a triangle is 180°? e
{ . . - - ! .
. In the triangle below,Za +£b +<c = 180°, Why? Itis

"also true thatZx + Zc = 1800, . Why?- What can you conclude about
X and the sum<Za +£b? ’
P .
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SECTION 6 - PROTRACTORS AND ACCURACY
' ’

3

¢

R

-

-

N
in degrees, is bracketed by heighboring marks on each one?

Three protractors: are shown in Figure 25. How large a gap,

\ .
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Cut a large triangle from a sheet of paper and place it on
top of one of the prg,tractors in, Figure 25 and measure one of the

angles of the triangle.

.

.. . /
Next, measufe the same angle with each of the other pro-

- tractors. Which protra“ctor do you think gives the most accurate’

measurement of the angle?

J,\; * 1

If you want to know the 'size of an angle ac':'l:urately rounded

off to the neare\st degree, which protrac_tor"(or protractors) would

e -

you use?

’

., Use your commercial 'orotractor to estimate the angle in

Figure 1l ‘to the nearest 0.10,
s C ' T,

Put your answer on the chalkboard next to those of your

classmates. ' )

. &
How far apart ere the largest ‘and smallest measurements r

made by your class? Does this tell you how closely you can bracket

©

_the measurement of an. angle, uslng your commercial protract ?

£ \\
, - § ’
As you can see from the scales on the three protractors in,

Figure 25 the larger the protractor tHe gr;eater thg distance be-
tween degree marks.\ This is, not the case wlth a centimeter scale.
On any metrTc ruler, long or short 0. 1 cm marksware.always the
‘same dlstance apart. By mak,lng lt longerr we cannot lmprove the
accuracy \?Eth“whlch wk read a centlmeter scale; Special devlces

..
are requlred to measure accurately fo hundredths or thousand.ths

o f .

of a centlmeter. ¢




-

{f  measurement of angles'to tiny fractions of a degree.

. " 3-21
»
-~
. A pfot[actor is differént. We can divide any half circle, no
matter how large, into 180 dégree rriarks and fractions of deg\rees.
. We can, therefore, make a more accurate prbtractor by making-a
larger protractor. Tpere are-limits, however.‘ If a protractor is
very la\rge, it may bé that we cannot acci:rately extend the dides

of an angle we wish to measure. Qur errcy in exterfding the sides

t

may be greater“than the angle bracketed vy the smallest divisions

‘on thﬁ protractor, Or perhaps we can t line up the protractor with

the's’ides of an angle, gccurately enough /
q é . o

1

Finally, there is a limitation in o ability to make small
fractions .a?:curately on a protractor because of its manufacturing

N

process. . }

A3

As in the case of measuring }eﬁgths, there are special de-
vices that improve the accﬁracy of measuring angles beyond that
obtainable with a simple protrac':*t"r,. In astronomy and surveying,

for example, specially desig elescopes make passible the

SECTION 7 ANGLES OF REGULAR POLYGONS _~ -
. 1 » ) .

4 . - L

-

<

What is the éum ezf the angles of a four-sided ficj re?

\ -

.

The sum of the angles of a triangle is 18\e we can find

$

the sum of the angles of any figure by dividing it into the smallest

number of triangles (with no lines crossing).

.
v, .
. \\ . - -
\ M .o
. .. ' . ) . LA
A L)

¢
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A g . ’ )
Divide figures like those below into triangles by drawing
*  one-line seg@ents connecting any pair of opposite corners.
]
into triangles. .
21. Into how few triangles can you divide ] four-sided fig- ’ ! *
ure ? ) N
< £
' 22. What is-the sum of the measures of the angles of a four-
. sided figure? (
/23 A figure fhat has all sides ard all angles equal is called a
regular polygon. A golzgon is any plane figure bounded ) Rl
. ‘ straight lines, from "poly" meaning many and "gon" mea ng
. _angles. Here are some examples of regular polygons.’
(T . ' . . N .
f 55::1' \ . s ! ’ » . . . :'
L _ How large is each angle in a regular folr-sided figure? . \‘
“ . .1 ’ B o E \ 2 ’ g R 3 ) '/' e
'24. How could you find the sum of the measures of the angles of - Co
> ) a five-sided polygon % What {s this sum? . 1
o . .t e LS *
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¥ | \

25. Into how few triangles could you divide the polygon in ' -
Question 247 ) :
26. What is the sum of the angles in a regular five~-sided polygon? , (
. ‘k‘ ‘ ’ )
27. hat is the measure of each angle in a regular five-sided . s
, polygon? R -

28. Find the measure of each angle in a regular six-sided polygon.

1y

" 29. Complete Table 2 descrlb{ng regular pqugons.

TABLE 2 . /
Number of Number of Measure of . i
Sides . A's Total of Angles : Ea'cH\ Angle SN
. 3(‘\\ © I |1 x 1800 = 1800 % 1640 = 600 \ ~
s - T
4 |. 2 |2x180°= 360° iv 360° = 400
5 | : co s o '
5 N
ii\,\‘
30. Into héy few triangles can an ?lght-sided polygon be divided?
> ‘ \ ) e , ’ t:
31. What will be the measure of each angle in an eight-sided
“ “regular polygen? g ~ e
32. Can you wrhe a rule for finding the sum of the angles of any . /\
' polygor?  * \ . ) :
/ . o x —
v 33. C ou write a rule the measure of eqcp angle of a reg-
ul Plygon? . :
- - - ' - T ——
., " .,
SEN ., 73 ) \ , . “’
- -
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SECTION 8 TILING WITH REGULAR POLYGONS‘

B You may have see(n piétures such‘as Figure 26, which is a

drawing by the Dutch artist Maurits Escher. Notice that he uge‘d
the outline of a man to fill a- surface without lea;_/ing any gaps.. We

could, therefore,. design tiles in the outline of a man and use them

to tile a floor.

LIRSl

e Ak
[ 3
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K e
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2

Needless to say, tiles like the oneq in Figu

“cult to deslgn. Let us ask a related but some

"Which of the reguLar polygons we studied’f:l the previous sé&lon

c"ould be used as floor t»lles ? Remember that to cover a surfac

1'such as a floor we must be able to ftf the tiles together without

leaving any spaces between them. ,, \
’ ‘o s )

(XS . . » N ~

Using index cards (or stiff pﬂeces of cardboard) draw one
-of the following régular polygons on each’card. Make the sides

&% each polygon equal to 2 cm.
F) A regulanthree- s1ded frgure.

jbl A regﬁlar
(c)




Now, using the template - the hole left by the cutout tri-
angle — as a stencil, determine if a regular threé- sided polygon
. can be used to tile a floor. To do this trace the triangle, then

v . mark a point on one of the verticew(Pigure 28). Begin tilin.g by 4

filling in the space around that point with triangles.

q

Figure 28 .
RIS I : ) ] : 7w,

Wif?i the same procedure you used with triangles , deter- | »
mine which of the remaining regular polygchs carr be used to tile

a floor. s , . : .

- ' : N ) “ . # . N ’ ®
* gmem — & . ’ '_:‘ N *
» - . i . . 7 T

- ; - . ’ \’
’ ( . 34. Use your knowledge of the angles of regular polyg\\‘is and the. =
’ ‘results of the tiling you have just done to answer the follow—
ing questions ‘ s v . -

ot Aa)s Doés the triangle tile the plane"

e i ;..': : K (b) How many triangles meet-at the?.l?hi?_,lf—c} point" R y y:
T - * (c) What»ls-tfife #heasure of each angle of the triangTe" e
: y . S v
| ' \ (a) What is. the’sum of the angles around ‘the polnt" R
A T SN *"*’“‘“’%‘i SIS R / _ (;f-;,:ﬂ, :
| 35. Using the tiling r ts, answer the four questions of Queg§ Tt
! " ) : tion 34 for thgremaining regular/pblygons ) 1 . ( Lo ) .
= 3 o . . ) ] , 7,
‘ 36 (a ‘\r thel regular polygoﬂs that tl\a\floor, what is %the sum . . T ,
P , of the angles ¢ round the marked: point ? a " L °
T o . (b State in your-own wefds how.you could"detzgrmlne' whether .

» a regular polygon would or'would not tile a floor, witHodt trying

v . * - - . v
N - .

. . . - B
., , itc . 4 /- o« . " .. . N
< b . . - .

o R . . s . . . '
. . v *
. ‘ N . .
. - * - ‘ ! : DN
< .
.
3
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i SECTION.S  TILING WITH MORE THAN ONE POLYGON

N .
4 . [ { » . . »
. /, » <
» ¢ . / . ‘
N . . . . - ~ -

. In the previous sectlonw\ersaw that the only regular polygons L&
A wlth whlch tiling is possible are trtangles, squares and hexagons »
- (A six-sided polygon is called a hexagon ) The. tiling patterns using
‘ ) these pngons are not- véry complicated However, if we use more

than one of’theseipolygons we can get rather attractive patterns?

»
‘Pt’gure 29, shows$ part of a pattern using two squares and three tri-
. ‘ N

. ' . . . A N . N
angles meetlng at a point. Draw this pattern.on your papey using .
?
the templates you made earlier. Carr you complete the design" / N
Does every poi?nt ‘include a corner o‘ftwo squares and three trlang es?

' . e . What is t}le sum of the %ngles at that polnt" .
Pl “r ) ’ . . 1 ”~
. _ . We can use polygons ta tile a floor if the sum of the ‘angles b \
1 . . 4
/ around . point is 360 dégrees! B \ T S
N . o . -~ s ‘ * )
L 37. There are f)ur other patterns that use two dlfferent polygons. . ‘ ) ‘
#. +- - Find two of tHem. . . “ :
. . . % . v s .‘ »
3N . . .
S * 38s" There Is one pattern that uses three of the polygons you have L
:' C . Whatls lt" }.. T T . . :
o . ) i S e} «. - %
. ' + "39. Therelisa pattern that uses twel{e slded poFYgons and one . o~
ST e " other regular polygon What must the other polygon .be” L oa

. : .
Coe , . . . ¢ e \
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Look at the sketch of the airplane in Figure 1, How would

&
you enlarge this sketch to twice its size ? Would you have to~mea—

sure the length of each Iifie segment and then double it? Not nec-

essarily You can makethe enlargement with a pencil,” Ahber .

band‘and sonie adhesive tape. . .
5 , , ‘. . : ) , S~y .

Placea sheet of paper on the page containing Figure 1 saq

o

that the paper covers the page. Trace the airpla;le in .the figure.

N g ‘o
.("\ Ttz e S Vv.u TR




.+~ Now tape t)ﬁe tracing to the edge. Q,t/a’table or desk as shown
" irf Figure 2{s}. -Bury-one end of the r;ubb/e/r band under a goéplé'c;f
céntimeters of tape along the édge of t?/e desk.

. 4 ¢
’ o ' e
e, o y
= S
S ,"/. forane,

Figure 2.

Stretch the rubbef band with, the tip of a-pekcil so that it is

. -+ .
-~ 10 cm long and-have a classmggte mark the rubber band at the 5 cm

mark, the half-way point, as shqw’n in Figure 2®).

-
. st




\. . ! )
Now, 'with the. pencil point firmly on the paper, trace out an
enlargement of the airplane. This you can do by mQving the pencil

\ tip@er the paper while keeping your eye on theflf—,way’ mark to
' mak’e sure it follows the outline of the airplane t®cing (Figure z(c?).
’ t - - .

. ;9'
Use the rubber band method of enlargement to enlarge the
y nose of the airplane in F'igure 1&0 three'~times its size.

. >
e .

SECTION 2

@

'ENLAlQGEMENTS MADE \EROM A POINT

LA

v . B

’

When yqu used a rubber band to double the size of a draw-
" ing, you placed a mark in the middle of the rubber band "The rubb
band stretched and contracted as you made the qenlargé‘ment‘ How—

‘-
.
i

\.gever at all times, / the distance from the tape at the end of the rub— 4

ber j nd to the,pencil was twic the distance from the tape atthe ¢
‘end ;o the pe‘nc /l\ma e

°




\ ': < < s ’ ' ,
) ) 4-4 - e
) ' ‘ ’ ) N
* . . /
4 . -
) Because the stretched length of the rubber band was always’

. twice that of the distance to the mark you were able to make a two. i o

s . % times enlargemeént Figure :ikshows another way of enlarging a fig- - ©
) ure. We pick any point P, c:ailed the center of enlargement and ot

draw straight lines fromgitvthrough each of the comers in the figurej

&l ge
i N

N P . . E
/ o ine turn (Figure 3(a)) ' LSy ' | ,
. . <t ) . akgl\li‘e 3 , B » ; |
A}
-‘ ‘
W R K " * .
. e I\}ow,, to get a two times enlargement we do what the rubber R
I ' band would have done. &‘Ve measure from the center of enlargement B -
" to each comer oh the drawing, Then. we mark equal distancé; frorrL .o N
A '? " the extension of the lines beyond the corners (Figure 3(b)) c .
:' " . . < ‘\“-: " « ".") < ” ) . \ b . . o - -
f o ) ] e ' . , ¥ ' vy .
- . , Pinal‘ly we conne&ct the new marked points to get a two times-
L “" - ‘ ‘ - - . . ) . -
gL ‘ enlargement (Pigure 3(c)) e . \ e '
. Ty \ ( o S
. . / ‘ - 5 ) \ o
T YR : C——
. @ \‘. VAR Y . z _ . Y l‘
M ‘ ’ 1Y . .. . -
by 2 n .gg




‘A center of enlargement may be .anywhere: below_, .
above' i‘nside or on the figure itself. In Figure 4, the‘to'p corner
P. of triangle PAB is used as the center. First we extend lines from
‘P through all other corners of the figure' (see Figure 4(a)) Then we T

“locate the new point C twice as far out from the center P as the

original paint A (see Figure 4(b)). {We locate D in the same way. . ; K

£

.
. . ’
v R 4 N

.

. ) A :
Jn Figure 4(b) as sides RA_ and PB get d’o@led tcﬁ"s’des PC and )

D sid’é)’AB gets enlarged to side ap. “'Mpéasure to see' that'CD- is two G,
AN )
times larger :han.AB. L ) : 0 T A N Lo

R . ' . - . " ¥
-, - . N . v

T'.':'s,," toe LSRN ')@B".’e,

A . Each side and its enlargement a.re called corresponding side 7 -
Whert a.figure is enlarged each palr ‘of corresponiding\sides Ds\rJar;g ’ “ ‘9‘ P
" {or'the two sides l'iekp/the same strdi?nt ling). C?lgeck to" see that e
' sides AB and CD are parallel by, using the procedure described in _ S . ° P
Section 13 of ChapterZ s SRR ) ~ <7 !
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‘
¢ - A

Draw a square, 2 cm on a side, choose a point to

. s a
] 2
center o enlargement and then make a three tlmes enlargemey

' o e . .

- . : \ ' 7 .
° Draw another 2 cm square and this time choose a completely X
dlfferent center of enlargement and agaln make a thr.ee times en-" « )
, SN largement._ e LT L ~ . . : Y
. . o v y ' »
° * - ° LI L 4 . ‘ ’
-~ C _Does it matter what point we choose for a center of enlarge-" .
yE ment? - ) . Lo i . \ .
v . ) ‘. ’ Y > : i~ - - - .
. ' ~’
h - @ Trace the rectangles and polnts below. Double each rec--'
’ ‘( L, tang,le from the lndlcated center of enlgrgement. Rectangle 1 should ’ ’
. s be doubled twice, .once from each center labeled "1." What kind of . -
", an#mal do yé‘p get? ’ '-/“ . S ' %
. ] . .
- i ’ -
° \
§ . 4 .
. * h '.-‘ Ll . °
, CY
° - ( ) ’ -
. * [N ‘
Ao o 2
B ‘ i 3‘.' g0 )
b. \‘ .
[y . /
- ' " ‘
N ’
.- * 4 ¢ 1 ’
L LN
° - [ -
. . Al . q ° A}
: ‘ B




' SECTlON 3\ REDUCTIONS FROM A CENTER

>

¥

We canoﬁse the method of enlargement develo ed in the last

section to also reduce a figure We start with.the larger flag in

Figure 5, then fdraw lines to any point P chosen asa center of re—
a one- half reduction, we mark the halfway point

duction. 'To g
from the center of enlaf‘gement to each corner of the flag (see Fig-
ure 5). Connecting these points.Will give you a smaler flag that
is the saﬁe shape as the original, but half as-large.

B \\‘ , 4

Figure_?S’

7

D

{

-

. How do we find the halfway point on eag’l line ? We can

use l;he same, method we used to subdivide the strips in Section 6

of Chapw place a sheet of ruled paper under the figure, i
then adjust a ark the halfway poiht and repeat the proces’s fon

eaX:h Segment~.

v

W

>

|
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) 'I‘\e quadrilateral, B, in Pigure 6 is a reduction to one third -
£ . the size of the‘quadrilateral.A , ' '
rl ‘ N - N \

. .
PR
A
.
- r
’ .
] : -
RS .
| ]
, “
~ -
\
. -
- ;e
we
;
-l
Kee

.’ by
e e ;-w.

Y

~

b A - . .. . . . )
o Trace the figure and the. center of reduction in“Fxgure 7 and\' ,
reduce the ffure to one-—third its size.
. - Yo . > N
B
.og . ,,
. s"-. “ ! ‘ . -
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\ : _Figixe 7
i SECEION 4 THE SCALING FACTOR A F
X Y - _— :
Co - »” E;l . h N \\ -9 N }'1
N A When a figur: is enlarge'qi three times all lengths of the

original figure are
- is reduced té‘one ha {t \original‘size, all lengths of the original
. figure are multiplied by onexhalf.

he number by which we multi-
ply thep lengths of the original

ure‘ls called the scaling factor:

K '

new- iength

4

5

v

(scaling Tactor) X (@riginai length) )

[4

o original length,‘and multiply it y g

.
. This equation is read from left to rlgh& like any otherf sen-

. tence in English However, when you carry outdts{iftmctions, .
you go from 3 eft. Thus the equation says: ake the

saling factor, The “product
is the new length. .

.

e
. L4

. e
0y

e
‘Golng from right to left in. carrying out the ins\tructions

- given Ey an equation is standard procedure in mathe?ria‘tics .

. . .
PN - N oo

.. . St
iR v <t R SR
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» : . * \ ’ : . . .
. _— :p - ’ ‘ (_” ! - ‘ 3
N . V' 1. What scaling factors have you applied in your enfarg’em%nts- T
- and reduc;*tions sq far? - L ( ‘
} . ¢ . . ! , .
: s 2. Aq_“enlargemen’t of a\triangle is made using a scaling factor
coeL e I of 5. If one side of the original triangle i§'9 cm-long, what . .
: is the length of the corresponding side of the enlargemgnt.? - ’
G 3. A scaling factor of 5 is used in making an enlargement_of a
/ ‘ ) snapshot. If-a tree in the enlaggement is 15 cm tall, how .
i . . tal was the tree in the ‘snap‘s ot from which the enlargement . ‘
i . ‘was made? ¢ A \ . O
L 4.  TFigure 8 shows three kites. - .
Y et [ . {a) If the kite in Figure 8(a) is the Sx:\iginal, what scaling *
/ . N X . factors were used to draw Figures 8(b)and. 8(c)? . . -
(b) " If th& kiteein Figure 8(b) is the original, what scaling .
factors were used to draw FiguKes 8(a) and\@(d ? . ..
' M : - ' . o N - s T ' \\ N ". ¥ N
Y
{

g

A oo e SR
TN st L, o TN
SR ORI e Nt Y




>7‘;f'.4_ . ‘\ . }.-‘ -

e

.- . 5, ', A car on a~pt;otographic slide is enlarged by a slide projector -
v RS " by a factor of 47. What is the lergth ‘of the car'on the slide
SR ' if it is 94 cm on the screen ? —
N w0 -

T 6. For each péir of triangles in Figure 9 find the séaling factor
from the small to-the large triar}gle, gnd from the large to the -~
- smal triangle. ' i

4
‘ . 'L , N . )
e . ) . /

- /
. * .

, b

‘ ‘ 7..+ How does the size of eéch angle in an enlargement or a re’dgc—
° _ / _ tion compare to ‘each angle in the original? Use a protractor
to compare_corresponding angles in each pair of(triangles in' s
Figure 9. ) -

’




When you. uvltiglz the length of eaol/si-e of the trivan$e i@ .
Figure 10(a) by three you get Figure 10(b).’ When you add 3 cm

“to the length ‘of each side in FTgur’e lea you get the triangle
_'in Figure 10(0) .- D .

( ) ~Are the‘ahgles< in Figures 10(b) and lO(c) the same as the -,
correspondi.ng angles’in Figure lO( )?

N .

(b)\ Are both Figures lO(b) and lO( ) enlargements of Figure l%(a

P
-

.

" /{ -
N (b) :
. ~ -
» ™Y
: -
g ) - ]

N i

R S

~

s 7 B x.', <
\\>\»\ L~ PR
o R a Lf
[ ~
= ¢ IP

In Set}tlon 2, Figure 4, a triangle is enlarged‘ﬁsing its »top,

P, as-the-center of enlargement. : The emrgxd side CD is parallel
. ‘’
to the corresponding side AB. e

. A . b . - . « .
Z “ . . ’
° ‘o ‘0 * "

N ,

, % - —
L ‘mﬁ N E SEGTION 5 " A SIMPLE MULTIPLYING DEVICE

2

»

." § o >

Instead of beginning with a centerrof enlargeme,nt and enlarg-

ing one side to a correspondirrg side we can reverse the pr@cess.

We can take a pair of parallel segments and- find a center of enlarge-

o .
a . ° . 5 -

-
ment.

PR "

T %igur"e ll(a) shows two parallel line segments. The f‘& is
~1 cm long. the secopd is 3 cm long. To find a cent@froawﬁ’fth the

e Fan L yree b r 0N

K
%

ypengearmeys
L A
e




=<- e - 2 ~ < Ve }Jﬁ"
<: - v <, N -13 é :#
. S , I3 ot R :x ’ . ) ; - ,
- , ' ) * \\ - » - PRI ‘\ .
o . ’ ' ‘ g } 3 Soet
: cm segment eﬁlarges to the 3 cm segment we draW"%nes cOnnect— et 0
] the endpa’nts of the egments. The point of intersecti'an of these . a v
— - links, P, giVes us the center we are lookmg for (Flgure 11( )).*«.‘The L
] . D “\ » w
. sca lng factor for this enlargement is 3 o A * :
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C is B4 R
. "« * ecan be sed to enlarge [ ents of anyLLngth by a factor of 3, as * '”/ 2 '
~ . t e ® 2%
‘ long ad the seg{ments are extensions (or parts) of the original seg-""J
3 \ment . Figure12 shows the two paralleI segments extended We se t \
g; ) " now draw a line from P that crfosses both, parallel llnes (Figure 13). ",, .
. . 5 T
= > - .
) T en CG is three times* as long as’AF.. - - . . o
b 7 X\v/‘" : _j ! ’, - \ o, v.l". - ; ( ;k‘:
_Figure 12 + N v Figure“‘lB T
1‘00 ' P
A



"

"

Sinc'e/wengths are expressed by nymbers, we have con-

structed a device that multiplies numbers by a factor of 3. To make
h - . -

\ I'4 s ‘e y « .
« Mt easy to use we mark off scales on the two parallel lines.. Fig-

ure 14 showshow we can.use this device to find the prc;duct

3-%-(2. 57..' V\‘/ic‘an ";_iraw a stra}}ght line from P th?ouQi the poiht‘
labeled 2.5 on the upper scale. We continue the line until it hits
th‘e 'lower scale. This';gc—c/urs at 57\.(5, which is the product‘3 X ({.5).

. - o 1 . ~7
v

L

~ ) Figure 14

- ’ '
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e
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~

‘ l T
? , Y ' ~
(o] 1 2 " 3 4 5 6 7 8 \9 10

»

This procéss works because we are really enlarging segments

so that . i T > e '

. °

¢

. (new length) = (scaling factor) X (original length) *

-
v

. We can use- this method of constructing a multiplying device

Nfor any multiplier Suppose the multiplier is tobe2.5. You start .

“

with the two paraliei scales. You connect the endpoints o/f the 0 to 1"
segment cgl the upper scale with ‘the ends of the 0to 2.5 segment on

the lower scale. Extend: tiy lines until they c&oss, and you have the
new Tenter, P, for multiplying by 2:5. -

1

-

o St

.

Ky ' . *

- . ' . [ 4 ‘
- &

L~ . . . Y -

. . -
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Use rule: on Figlre 14 to find the preducts 3 X (2. D) X (0.7),
and 31{ 2.9). . o

~>

Use a,%lsr on Plgure 14 to solve the equat1ons

3>,<D-6o x| |=5.7, and 3x[ ]=4.2

Construct a device to multiply any number between 1 and 5
by 9 ‘ . \

-
~ - 1

@

One ipch equals 2.54 cm. QGonstruct a device to convert
incheg to centimeters. .

-

The perimeter of a circle is given (very nearly) by the formula

.o

1 perimeter = 3.14 X (diameter)

¢
*

Construct a dev1ce to rapidly find the perimeter of any circle
with a diameter’ between,O and § cm.

"In 1974 one German mark was equal o about 0.40 American
dollars. Construct a device to convert prices in marksg to.
prices in dollars. Use your device to obtain the price in
dollars Of an item that costs 96 marks?

-

¥

Could you use the device of Question 14 to convert prices in °

dollars to prices in marks? / .
L~ . -

A

If t}\e scale of Question 14 extended only to 10 marks could
it be used for conversions up to 100 marks ? . What would be
the pricle in dollars of an'item which costs 96 marks ?
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17. We connected the segment from 0 to 1 on the upper number
line to th_e; segment from 0 to 3%n the lower numbex_Jin€ to |
gét the, center of, enlargement in Flgure 12. . Are there other
segmentS\that .could have been used to find this'center?

. Hlustrate witk a drawmg . ’ >

s

" Is the distance betweenthe two number lmes important in

the multrplylng devu:es" , . o

"

SECTEON 6 - SIMILAR FIGURES: SCALE MODELS

- \

. —
A2 A

gazzﬁ Imaglne that you have-a photo ,a\nd an enla'ltgement of the
photo y Certamly the' ~enlargement remains an enlargement regard—

less of how the pag‘e on whick it is pr'm'ted is turned. Iust by look -

. ing at two photo's, you‘ca;n tell by eye whether one is an enlargement

of the other or not. . o .

¢ . \ - ! \_\ .
., Wrth slmple geometrlc shapes, h<>wever, it is not alwa-yl&--h__.

50 spot an enlargement If a shape is turned or flrpped
over, it may be dlffrcult to tell by eye whether one is an enlarge- -

_ment of the other. ‘ o C.




-17 Lo

Vet

. Is one triangle in Figure 15 an gnlargement of the other? =

R -

Apparently it is not. It appears as if AB is reduced to DE, while

&

BC is enla:;ged to EF!. ) .

: N * . '0 . :

- . LA

' BN « N

' FX&]  Acjually triangle DEF is an enlargement of triangle ABC.
"To see that this is so,}trace the two t‘Tiar.igles, d cut out the

copies. Move the cdpies around (flip over if needed) until you
/ - c ] '
can see that the on€ is an enlargement of. the othér. ' ‘

. . { S

- . Two geometric figures, one of which can be shown to be
: " an éenlargement of the other, are called similar figures.

.

. . , .
. .
\ - .
! ! - oo

19. The pairs of shapls shown in Figure 1.6 are not similar. Ex-
plain why . . . : S

. ' _ Figure 16

“\)‘ \' ) . -
,EMC . .y ‘ » . e R

. .
: : . s . .
) . . . ) . .
.
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20. _ The pairs of shapes in Figure 17 are similar. Describe how
to move one shape to make it look like an enlargement of the
other. T . . )
\ -8 )
¥
- ‘ \ )
N . Figure 17 ’
) ’ . ‘ ~ L%)
. | e -
"\\~ | o . [ ] £
[ . : . ; —
. A g _ ’ :
21.. Which of the pairs in Figure 18 are pairs of similar figures?
. Trace and move to find a center qf enlargement to test your
. answer. T
¢’ -
’ o
]
L} I -
N+ \ ’
- § ‘

,“ . ‘
’ ‘3 , o ' /
Q ! ™ { 101- ' \ . ,
d . <t . . ' . .
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223~ There are threé trrangles ip Figure» 19 two of these trrangles
“~ _are srmrlar Whrch two are they"u R
- ( . ! . ¥ N
‘ ~

S ]
Ne real thing. . . . .

W

-

- ( oo N, b3 -
. . . N

x/ Y “ . ’
One often makes a small scale model of a,,shlp or a building
before 1t ls constructed This allows people to get an idea of what

the real shrp or burldrng will lool< like. ) :

By makmg length measurements on the scale model ZJd mul- -

tiply‘ing them by the scalmg factor, you can, calculate lengths on

«

»

@A ) v . (

23.- (a) The length ‘of a model~car is 19 cm. \eThe real ca
tlmes,larger What 1s the length. of the keal car?

¥ b
' S cm on the model what is the same distance- on the

(a).- A scale mod—el boat is 2—15 the slze of the actual

_the length of the model is°75 cm, what ls the length
actual boat? ~ ! ‘) -

! “(b)" If the helght oﬁ the model is'26 cm, what ls the

the ac&ral boat? - ‘ .

is20--

If the-di'stance from the front bumper to the windshield.is
real car? I

poat. If *

of the

height of 4




Jy 25

5

26.

27.

/
N .
- 29.
+
b 4
30.

- building i's 56 c¢m on each side".

})race be?

copies to form a larger similar figure.

(a) An archltect builds a model bulldlng which is 4—18‘ of the
|

The width of the scale mode of the
Can the life size buildmg be
constructed on a lot that lS 24 meters wide?

)

~

actual size building.

3

(b) If the model has 12 floprs, how many floors will the life
size-building have ?

-

y o

1
24 of the actual size.

A12 cm block i's added onto the model home for the garage
Can the garage contain two cars?

An archltect builds a scale model home —

~
]

Bouwen Byildihg Ceompany ~mal<es billboards that are 80 times )

bigger than the picture of the' billboard onthe cover, of this
book. . |

(a3l About how fmany meters of wood are needed to make a
frame that-goes around the blllb\oard?’ g

l

(b) If diagonal braces. are p!aced dlong the bacb of the bjll- '
board- for extra stl'ength angt how long must 6ne dlagonal

.
’ . Y
.
- «

Aboat‘ ls 9m long, 12 m high, and 2 m widé. You have a

scale model -1% the srze of the boat.
Qu dse to make?a rectangular glass case to.hold the ‘model?
‘ Y . * -

What d1 mensions would

- N
» ¥ ~ L N\
. ’ .

Trace Figure 20'land make four cut-out copies. Arrange the »
»

. . - ~ *
»
' ¢t
There are eight different size triangles in Figure 21 that .are
similar to the smallest triangular tile. Can youd find them all" :
A N

Q
.. . .

SR - 103

~
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31. How many fHifferent size figures can you find that are similar
* ' to the,small shaded tile in Figure 22°?

& !
. [ ]
& . . -
. W Figure 22
/ - 13
&N
< - \
. Z .
. . ) i )
. f ) ! I
|
1 . : ::1' % ‘ .
¢ . ¥ : [
' SECTION 7 ! STAIRCASE MULTIPLICATION ¢ o

‘__ % 1] .
» H '
. If you make mistakes in multipltca/pn because you cannot

v

) Temember where to place the numbers on the paper; here is a way
to help you The idea is to draw " staircases" on paper before you™
begin to multiply, so that the numbers will automaticatly fall in the
right places. You also do not have to yvorry about carrying éxcept

when you add up. columns at the end of the multiplication."

k S
3 »
. /. ! - .
. N Ll
.
, .

. s '

«
.
. .
/ . ', .
. . .

'$
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1

Suppose you wish’to inulti'ply\'574 by 6. First write the flum-

bers down as shown in Figure 23(a),

>

1

£

Figure 23 (a) - X

I

. 574

6

-

7 ) ) -
Next, make sgme vertical.columns and draw a Staircase as,

, top pumber, 574, has three digité.

-~

& .

5

17

/

]

Al

* shown in Figure 23(b). The staircase has three step$ because the

+

(

- ¢

Now start multiplying from the right. First, multiply 4 by, 6

to get 24 and place the number 24 on thé top-step as shown in Fig-

(\S >ure 29/(9). ’

-
SN

15]7

4
é

Troew




. \/ ¢ ,
Next multrply 7 by 6-to get 42 and place it on the second

Y

,‘: stair as shown In’ Figure 23(d).

‘ ) . 9

. b - .
N 5714 -0 - :
. ' X 6
(@) 214 ’ . ]
: 42
,} ' - ’/.» | ‘ 7

Finally, multiply 5 by 6, put the result, 30, on the third

. . , 4
step and then add up the columns to get the answer (Figure 23(e)). .

15|74 ¢ ~'
il

v e

SR

Suppose ybu wish to mglttply 574 by 36, a two-digit num'ber.

) Because there are two digits in the bottom number, you need
~& tWO staircases - one\fef/each of the two digits. The firkt staircase
' starts in the column u‘nder the bottom digrt on the right. The "second

staircase starts in the column und@r the bottom digtt on the left.

—a




4 A

-

~

Figure 24 (a) shovg.s the two staircases and the multiplicatiqn by the
first digit on the right. " This multiplication -has already been shovs)n
o Figure 23(e). \It is shown again in Figure 24(a), but the columns

have not beenrtotaled because the problem -iq_nét finished. ..

- ‘

Figure 24 -

In F{gure 24(5), in addition Iq"mul'tiplicafibn by the first *

digit’, the multiplication by the digit on the left is shown. It is
done the same way as before. First, you'm'ultip[yA by 3 ar'xd‘put

. . sl - - .
the product, 12, on the Q’rst step of ‘the second staircase 3s *shown

in Figure 24(b). Ther you place the product f 3 X 7 =.31 on the
second step and the product 3 X 5 = 15 on the la.stjstep».."- )
. = LonN) -

. . B .
a B )

" Adding the columns gives the émswem ‘/Q

P
-\’ ’




» ¥ .
| @ Use staircase multiplication to.find the answers.to the e~ .
- » following questions. o '
———__- - A . -
-~ S SR,
' e , - . . s . -
., 32. Which Xzould you rather have, nine quarters or 275 pennies? -
'. . . . . - < N . . A, 7 R
- Q - ‘ -
33. . In doing the multiplication. %

¥ 34,

35..

~

- 364

-

¢ : . 375
“ X 24 \2 -~
. hd o X
(@) Why will y'ou,us‘e two staircases? ' . .

(b) Why will each staircase have three steps?

(c) Do ffe\nultiplication dnd(have a claésmate check your **

. answer. . - ~
Multiply 34 times 56. *
S ' ., o
Which would you rather have, 55 quarters or 265 nickels ? e
V— i - . 1\

. L4

Find the product of 574 X 306.

S

37. A newspaper preas prmts 735 newspapers m one minute. C o
. How many doés’it print in an hour" ) ‘4 . N
~ - . . ’ N ’
N (/' iﬁs )
.- SECTION 8  GRID ENLARGEMENTS

Vs

g-a center of enlargement.

’ ‘ash

Here is a way to make enlargements and reductions without
£ '

We draw a gtid on the figure we

-
to enlarge ag shown-in Figure 25(a):
P o ' .
. ' 2
z |
‘ : 1u¢ .
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'\Qhe enlargement in Figure 25 was,made ‘hy copying the part

Gf the heart in each square of the $mall grid in Figur\e 25(a} onto ,
the corresponding square of hhe larger grid (Figure 25(b)). The num-

bers and letters on the grid are to make it- easier to find each square

)

a

p

L }. .
/* ) LG o " 6

i

on the large grid that corresponds to each square on the small gri(é Ca

. i - -~ < )
LI . /\ . ; s .
e | {
Figure 23 : (b o
. P b2 '3 47,5 6 7
(a) 5 A, N A
\ . N , - L : °
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LY
[}

’

/ ) /‘ . . ._ o
Homemakers occasionally copy designs for stuffed tQys' and .

pillows by this technique. First they enlarge the design onto news-

‘ paper, and then they cut throngh the newspaper and cloth at the

- same time to get the pieces that can be sewed together to make the

3

oy or pillow.
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Enlarge the pattern for maklng arstuffed elephant that s shown
) l'n._Flgure 26. Begin by maklng an enlarged grld on a sheet of graph
. N ,'(paper Label the grid squares as 1n‘PLgure 25 Copy each square
- . ofxthe picture on the corresponding enlarged square of your grid. _ )
R el '
f . . \ ; '
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~ SECTION—T A FLOOR WA KH\TD -OF MODEL* R \_//
delﬂ)’

o/ M N
M = : L} RN

e Before people construct a building they draw a reduced floo(
plan to stiox)v size of rooms, _corrid,ors, etc. Figure 1 is such a
floor plan. It shows part of the building where this ‘book is Gbeing

written

- A‘f_loo.r plan and the real thing are not ‘similar.figures in every ’
\ detéi}. All the -lengths and widths of room and corridors are“scaled

. reductions. The thickness of the walls is also reduced by the same
. scalingfector. However, the doors and windows themselves are

. simply indicated by lines and pairs-of lines, gifing their widths -

[ ¢ . )

without regard to their thickness.

¢ \

The scaling factor used in drawing Figure 1 is’ T That iS, ((

1.morl00 cm in the real building appears as —=X 100 cm=1 cn;

10G,
in the drawing W length of 2 m or 200 cm in the rea1 t%uilding witl

appear as Té'ax 200 cm = 2 cm and so on. Thus a scaling factor ~\ .

of ET)'o‘ is very convenient:? the multiplication by'l—(lﬁ is carried out

-~ a simply by replacing meters in the real building b centimeters oh

the drawing.
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S Golng from the drawing to the| real buildlng We have an-en~ -
largement by a scaling factor of 100. That is,. eveqL centlmeter on
the drawing eQUals 100 emor 1l m in he building. #—lere the multl-—
pllcation by 100 is done: by replacing centimeters on the drawing
) }y meters in the real; building/, /This lis true for anyrle’ngthqih,c_en—
P N
t

wf

(imeters, whole numbers or fractions oy G,

v

Trace the floor plan of the Laboratory 1n~Figure 1. Suppose
the Laboratory in the floor ?SIan is to be uséd as a classroom. Mea- '
-sure the lengthrand width of your teacher s desk and your deskdtnv A

eters . How larye would they be on the floor plan?- Make pencil L
sketches or cut out the scaled pleces of«f-urhlture to show how you
would ar;ange the /classroom. .(Don't et the aisles.)

The typing office has two desks 1. 50 m long and 0.75 m

wide and two typewriter tables 0.75 m long and 0. 50 m wide.
*Each desk has a “typewriter table besld,e it. How would you arrange

the desks and tables in the most practical way° o

# .-

Y

o
L

A table is 1. 5 m long and 0.8 m wide. HOW long and wide
would ‘you draw it on the floor plan?

[y

" Awindow is 1.3 cm wide on the drawing. How wide is the
 real window?. - o

LY

How thick are the inner walls'in the buildlng° The\ter
walls"’ The pillars?

w N ’ ] '
The darkroom has a 0. 75 m wide counter along one wall., If
a similar counter is placed on the opposite wall, how wide
will the aisle betweén them be;\

4/;/




p (5. - One office has two outslde windows. What is the distance - )
+ ' between them? _—_—

: \ ‘6. .Could three display tables 0.80 m wide and 1:8§ m long be
l ) plaeed in the hall next to tHe darkroom and still allow space »
for walking? How much?

s P
}
A ) - -
/ .
' {
. . . v o
v

.7 The L-shaped figure next to the'darkroom is a bench. *About
S how many students will it seat? |

F] . M

area in which he is interested is a rectangle of length 250 m .
and width'150@p. < 17 : ‘

8. A student wishes to draw a (pl\ani/éf'his neighborhood. The

(a) How largé a sheet of paper does he need if he chooses

. 1 .
a scale of 777 - Lot

1
(b} . 1000 .
the whole neighborhood on a/sheet in your notebook?

v

1d a scaling factor of be small enough to get

r

. . ‘ ' .
) SECTION 2 <A SCALED MAP OfF A NEIGHBORHOOD "
Y . To c}eﬁhe floor plan of part of a bullding"(Flgure 1) ona
: page of this-book, a reduction by a scalipg factor of 150 was
y needed. Tb get a scaled plén of a larger area on a page of the

same size will requlre a larger reductlon That ts, the lengths on

100
Flgure 2-1S a scalfasmap of Day Iunior High School and .

. ’ the drawing must be less thalf — of the real lengths :‘""

- other bujldlngs néarby. }ust as in the case of the floor plan (Flg-

»

. ure 1) this map and the real thing are not slmllar flgures in every

-~

detail. The lerigths and widths of buildings, sldewalks and streets 4

o are scaled reductlpns. However, trees, lamp posts, stairs, and,

IS _ other details are not shown at all. ' v

“ A

N 5 SR Y




Figure 2
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0

+ The scaling factor used in drawing Pigure 2 is 12100' Thu,L

to find\a real length we have to méasure the. corresponding length

on the map and multiply it by 1200. Multiplying a length tn centi-

meters_by 1200 is best done in two steps, first multiplyyby 106 and ‘
‘.m.m-—-‘ -~ then by 12~~ The. .multiplication by 100 can be done”‘ﬁy replacing»

’ L
centimeters by meters. Now youy are ready for tHe second step,

\ 1
-

which is to multiply by 12 to get the real length e -

N -

Here - is an example: the length of the p’st office (along
Maple Avenue) on the drawing is 2.3 cm How ‘wide 1s the r¢l
building? Multiplying 2.3 cm by 100 is done by replacing 2.3 cm
- by 2.3 m. Now multiply by 12 which gives 12 X 2. 3 =27, 6 m. "

(a) How wide is Main Street? g
(b) WIill a marching band with eight people abreagt-be able
to march down Main Street?

o ° '

. How far is it from door A on the Iunio/;;High Schooito the door’
of the post office going along the sidewalk on Junior High
School Road and Chestnut Street? < *

) > L ‘& .

_(a) What is thé shortest distance from doorA to the ide

" cream shop? .
(b) How many meters do'yoe-s'ave by going diagonally acrw
the field rather than along the sidewalks? o

S o . TR
If you run aro d the block where Day Iunior fHigh School is
located, how faxwill one trip, be'? . N

Can you make a 150 m loop around the edge of the parking lot
with your bike? How about a 250 m loop'f‘




K

. £y

&
14, A footbalL,fleld measurgd 50 yds b lZOyds Thls is about 48.m:

by 108 m. Wlll one ft in the space marked "field"

. -~
.. . -
. k34

s g K o )
R 15. ﬁow many meters of .fencmg would g)e needed to enclose the
. . field? ¢ ) B ) ¢ .
< . . e e

- "2 16: Could Chestnut Street be'atwo-lane street with parking on ? ?
. : . \ :

, both sides? -

17. Which't 1der the side alk outslde your school oL, the s
' L sidewalls:on\Chestnut Street ? By how much” < .u

<

“

18. In Pigure 2 the bloc’k between Ilmior ngh Schpol Road and
Maple Avenue % 7 0 cin long What is the real distance

’ : expressed { centlmeters ? Would you ever expregs’'such &,
N large distance in ce(ntimeters ?. V\fhy ozr why not” . 6’/\
J o . . . l’ Y; = ; - r ' a H
7 - = : v:‘« . . — R
SECTION 3 METERS AND DOELARS™ . S . 7

Y

~ -3 - .

Lengths on a sb}ed ‘map are con'\(enlently expressed in cen—~

timeters. a-Lengths of building or dlstanqes along street’s are ex-
real world, ~we change from centinfeters to meters.g Thls saves us

- the trouble of handling large numbers. We can avold large»numbers

‘ in a similar way when multiplying” amounts of money expressed ln

cents. The reason ls that 1 cent is L of a dollar,. just as l centlv .

LR ]
* .

100

1 :
. metgr is 7o 100 of a meter ‘Here is an example. | .~ . = “

L .- co v : '
A pencll sells for 14 cents. A box contains 200 pencils

How much does the box of pencils cost? ‘The 200 acts like-a scal- -
/-
ing factor. To find the cost of 200 pencils we multlply the cost
’ of one pencilbyZOO ' \’g T

° 8
«

pressed ln meters. When 'errlargi:;)from a- neighborhood.dnap to th( .




v s
- S
= % ‘ g

" As we -did in Section 2 we shall d'“ofhe -multi;’_;lication in two

/ ‘ *'  steps; first multiply by 100 asd then by 2. The multiplication by
i , . * y\
. : 100 is done by replacing cents by dollars.. Now multiply by Z_M,m I
. " get the answer. .
. ‘ ‘ J .
. 200 X 14 cents = 2 X 14 dollars = 28 dollars L
19. Express in dollars - . B 3
~ (s 600x4¢ ' . I
(b) 300X 7¢ . C ‘ '
v (c) 1000 x19¢
. P
,(d) 6700 X 80¢ .
3 ¢ * )
(e) 14,000 X 33¢ . ) S o
. (731,000 x 74¢ | o /\
~ 20. Find these products in dollars - . _
T, ¢ (@) 600x2.5¢ _ S c -
| (b) 300x1.2¢. - . LT
, (o) .400x0.2¢ : : ’ . )
o R 1ooo><,o 3¢ o "
T (e) 200 x—¢ o ) ' -
N - o . ~ ' ’ 1 - .o p
e (D) 1zoox—~¢ S o ,
wﬁw"“ . ) . a ! ‘. . . v\/
. ® . - 21, "If BIC pens sell for 19 centsleach how much will 1200 pens » ’
i ' cost? o :
| . - | &
.22+ At.a school book stoére, ruled paper costs 0.25¢ for each
' sheet when you buy IOD—sheet pads.
.. -~ -(a), How nfuch does each pad cost? y
- (b) How much widl it cost for your class to have o;/e pad ° -

/(o,f 100 sheets) for each student? N \
4




\

> Nails aré€ sold in layge numbers. Each nai may cost less than
one cent. A certain\nail costs 0.3 -cent.,

(a) How much will a bag of 15,000 cost"3>

three dolla=rs ?

[3
L
v

¢

SECTION 4 'APPROXIMATING PRODUCTS OF WHOLE NUMBERS

\ - R
N

Mistakes in ‘multtplication happen. Therefot‘e it is us‘etul.tb .
be able to spot at least thpse which produce un%sona e results.
“2,  For example, is if possible that 23 X 380 = 19082 To find
out round off 23 to 20. Similarly round off 38040 400. The prod— «
uct 23 X 380 must be close to 20 X 400.¥ere is a good way of
miltiplying 20 X 400 without paper and:p ncil. Start with 2'x 4 =8, -

-

Now, what about the zerss? ° - -

s

'I‘he zeros in each number tell us whether the dlgit in fr(ﬁ

of them is in the tens, hundreds, or thousands place, Thus‘the_z
g e

s. To

@

in 20 stanas for 2 tens The. 4 in 400 stands for 4 hu
complete the multiplication of 20 >< %00 we note that (tens) X (hun- '
dreds) = thousands. Bherefore 20 X 400 = 8000, and we expect
23 X 380 to be close to 8000. 'Clearly 23 X 380 cannot gossibly

7
equal 1900, !

Here are the main steps-‘to use: ' a

’

(1) Round off each of the-factors to get one non-zero digit
and the correct number of zeros.

. (2) Multiply the two ‘nan-zero.digits. :

'43) Use the number of zeros in each factor to tell you the '
place value of each pon- zero digit \ 4

(4) Use Table 1 to find the piace value of the' product




~ o, -
2 » . . % .
. . ) 5\"10 . A ) .
. ] </ ‘
- 4 : ' ‘?" - §
B
. . ' . ‘ o\
o ‘ . .\ : TABLE 1 ,
A X ones tens - 1 hundreds , | thouSands o
’ ones | omes | - tens | hundreds | thousands
) . - e ) " | ten
V ‘ tens‘——,/te'ns | hundreds | thousands | thousands
T . - _ ten - | hundred.
d hundreds 4 ‘hundreds | thousands | thousands .| thousands
' ten hundred
) thousands § thousands .| thousands | thousands k‘millions
* .
Here is another example: What is,an approximate answer ' .
_ to'112 X 520072 '
o ' . 112 rounds off to Mhundred * ‘ ; B
‘ ; 5200 rounds off to 5 thousand v “ P
1x5=5 . (hundreds) X (tpoﬁsands) = hundred _
< . “thousand¥
. Hence 112 X 5200 is roughly 500, 000. = - i

-

Make a t:;ble like Table 1 using numbers instead of Words.

" v e
R .
. -
\ . e .
. . e °
. % <= P¥ .

[*Y . s’ . - °
724, Rou;}d off the following numbers t%—zero digit and

5
1y g

T . the correct(number of zerost .
- 9 \/\N ‘ (a? 782, ' .-m.% ' J»
A . : : \ ’ : S:B»
- (C) 843‘]J . AT .
‘o E v ' ‘1 ' ~ )
A {q) 103 i . <
-* e 91°. . Y
A\ 85 - . ' -\
- v - , -
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A
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!
27.
)t
L)
. -
. £
<
[+~
@
é
2
< oS
4 Ve

< © 26,

, o ‘
pproximate the folbowing products (Try t\o do 1t in your
head ) : . »
(a\) . 43th 22 - o §>:\ { . ¥
(b) \19.x 51 . S - ‘
4 : T ~ ' -
< () 238x37 : - , J s Tt
(@) 6342%349. T -~ T ’ '
¢ hd Q '
(e). 3340 x 2700 ¢ . . e
(£) 965 x 3009 _ - . A
. ’Y e * ¢ * .// .
. 1 - . Lo
€. oot - .’ e ——— - ’ .,
L ; .
Thg number 1500 can be read as "bne thousand five hundred"
o/as "fifteen hundred." Simijlarly read
(a) 2800 as M thousand ———— hundred" or as . ’ . .
M hundred" ' e~
. ~ :
(b) 15 000 as Mo thousand" or as "~---- hundred".
N v# -
(c)’ 60,000 as P thousand" or as "---- tefl thousand"
(d) 700,000 as "-<-- thousand" or as,"---- hundred“
Je), 3,200,000 as "—--— million ~=-- h’undred thousand'* .or ‘
" as Vo hundredjthougand" ' ’ ) . S
- N ¥ L . . . ' i s ’, “
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Full Tt Provided by ERIC.

}ﬁt@%”m&@«?

’?g?" - -~
543 .
. o AN
Examples: 0 *
(1) 37.5%4,81 = ? )
Ignoring the decimal point we have ¥
375 X 481 = 180375 ‘ o

Approximating the product give's 40 X 5 =200,
decimal point so that the answer is close to 200; that 1s

. &
\ 37.5X°4.81 = 180.375. e ‘

r

(2). 40.6x0.021 = ? . _
Without decimals 406 X 21 = 8526 Roughly‘, the factors are 40
and 0.02. From Table 2, (tens) x (hundredths)

tenth s. Hence the

‘(g{/ "approximate answer is 8 tenths or 0.8; and the exadt answer must
i~ bed. 8526 )

.
-
-
3

&
- J
v~/ TABLE 2
g; -
g, X ones tenths “hurjdredths
ones ones tegths | hundredths
. - : —
~.. tens ‘tens ones tenths
! L
hundré}:ls hundreds tens ones
thousands | thousands | hundreds’ tens

'%M ’ ]
Make two tables like Table 2 replacing the words with num-

In one table use fractions (_ ‘——') and in the other use

bers. 10° 100

decithals (0.1, 0.001).

-

Hence we place the )

o
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Ignoring the decimal point we have ¥
375 X 481 = 180375 ‘ o

Approximating the product give's 40 X 5 =200,
decimal point so that the answer is close to 200; that 1s

. &
\ 37.5X°4.81 = 180.375. e ‘

r

(2). 40.6x0.021 = ? . _
Without decimals 406 X 21 = 8526 Roughly‘, the factors are 40
and 0.02. From Table 2, (tens) x (hundredths)

tenth s. Hence the

‘(g{/ "approximate answer is 8 tenths or 0.8; and the exadt answer must
i~ bed. 8526 )
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-
-
3

&
- J
v~/ TABLE 2
g; -
g, X ones tenths “hurjdredths
ones ones tegths | hundredths
. - : —
~.. tens ‘tens ones tenths
! L
hundré}:ls hundreds tens ones
thousands | thousands | hundreds’ tens

'%M ’ ]
Make two tables like Table 2 replacing the words with num-

In one table use fractions (_ ‘——') and in the other use

bers. 10° 100

decithals (0.1, 0.001).

-

Hence we place the )

o
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31. ' Explain in your own words why‘ .
’ \ﬁ o (a) (hundreds) X (tenths) = tens. -
(b) (thousands) X (hu_nd(t"e‘dths)'= tens ) |
(c)\’(thoué'ancjs) % (tenths) '= hundreds
| ‘

’ ! '
32. Explain in your bwn words why
(a)" (tens) X (hundredths) = tenths *

(b) (tens) X (thohsa?yhé) = hundredths )

33. Ce‘zl‘cuiéte the folilo,wing products. Use Table.‘z if you wish.
. (@ 7x0.4 . \
() 20%0.03
(& 80x0.05 -

*(d) - 600 x 0.1
J (e} 2000 x 0.04

34. Where do the decimal points go?
(@) 4.9%5.7=2793
(b) 82 x 3.7 = 3034 o 7
P (c) 9.6x0.54 = 5184 |
(d) 11.7 % 0.46 = 5382
{e) 0.88x4.5=3960 . -
() 19x0.017 = 323

. o - .'125'




&

. In the.following products all\}:he digits are correct. waever,
y\ some cases the decimal point is misplaced. Find them.
(a) .

3.56%°0.03 =0.1068 , /-~ "
(b) 560x0.8=44.8 “
(c) 0.04X%9.6=3.84
“(d) 800.0 X 0.025 = 2
(€) 1,6x3.8=6.08
()" 0.06 X 12=0.72

N

Find the values of the following products:

(a) 360X 0.15
(b) z.zxo.z)ef
(c) .7.6X% o.‘se
(d)*5.7x8.6

(e) 105% 0.027
(f) 2100x 0.3

- . K -
IS \J ! [S ’

Without doing the gctual rhultiplications, which of the following

products Have the same value?
. . .7 §

35 26 ’ 28

==X Yy 3 X 7 . . p—

To X 2+ SXTgogr  0-35%26,  3.5xEE

-
B

—_
Sep;arate into about 'sb; te&ms 6f equal size. Your i:egche,;
will.give you a list of products like those in Questiqg 37. Some '
products are &qual to others. :eroup equal products toc;;ether. You
will receive one poil;lt for each: correct grc;up. The team with the

highest score wins.
,
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.39. How much ‘do you save—By buying the 8- pack rather than v

eight single cans of Coke? - R % . . ' .
'40. There are 25 persons. You wish to have two hot dogs for '0,,‘ N s

each of them. How much will the hot dogs cost? o, .
41. How much will ‘you spend on $ix quarts of lemonade ?

v . , » ° ’

42, Which is cheaper to serve for g, pan:y of five, hot dogs or ham- ' _j

43. If you were planning a party for twice as many people, would

total cost is shared eqt;ally" . S

-

T ‘t@ -
SEC;P'ION 6 PLAN A-PARTY . . .

\ . ir"'..‘ < . v

Use the prices from the price list to answer the following

questions. . R 'y

y)
vk

38. You plan a party for five people. Eachwperson has a. 12-0z /
Coke. How much will the Cokes cost?

*

burgers? How much cheaper?

- .
- Y \/ o
- . .o
o

you haye to buy twice as much of everything?
L :
’ A\ :
\.J’\ . N ‘ ]
-~ .Vg‘ . , ) ) , . s

Plan a party for your whole math class. Get prices from

. local stores » *Compare prices to decide on the best buys for each _—

" item. Find the total chst. How much will have-to be spent on items

"~
that areknot edible ? " What will the cost be for each stu?t if the * . ¢ . ‘

b "
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o v ‘ PRICE LIST -
. .
( & :
-. ‘ {
‘ {
Coke 22¢ for one 12-0z can ‘wo.a..m

\/-
$1.61 for eight 12-0z cans
»  68¢ for one 48-0z bottle

\ »
Potato chips 59¢ for eight l--oz packages

2
g ‘ . 79¢ for one 10%o0z bag -
~
Lemonade mix | » 35¢ for two 1-quart mixes
" Hot dogs + $1.00 for 10 -
Hamburger pat-_ties $2.19 for12 - R
- Hot dog rolls 42¢ for six '

'Hamburg-e; rolls 52¢ for eight

<

c
Ketchup b 55¢
v - »
‘o Relish | ‘s 40¢
Mustard 29¢ for 9 oz
, =7 478 for 24 0z | \
-8 * Ice cream bars 89¢ for six R
Iy Paper plates. ' 49¢ for 40
Nagk}ns . 25¢ for 70
R Pa;;er'cups :85¢ for 100 |
2 : ) . .
) e} \\ ’ ~
:( : - ' .«"‘ : ’
1 * - \ -
\ —
. kv
: 128 ‘
t’z ? . 7 i ’ A6




‘ persons, cars, wingows, etc. appear

« }'  » . g
€ . \ . R
. e, - et . ¢ .
SECTION -7 THE KILOMETER R A S
. 4 :

When it comes to expressing lengths longer than a few city
blocks, a larger unit than a meter is convenient « A common unit

*

for thl,\s, purpose is the kilometer, which is l,O\OO_)meters.( It is ab-

breviated by km: (1km=1,000m), ‘

[

To, develop a feeling for the length of a kilometer, you can

do a variety of things Here are a few suggestioné Try them and

report the result to the class. T
. e -

(1) If you have a long, straight street n&ar your school, your
teacher will assign'groups of students to post themselves at 200 m

intervals up to 1 km. This will give you opportunity to note how

you at different distances.
In particular, at which distances can you still see arms and legs of

a person, wheels qf a car, or doors ahd windows of a building" '

Qx\
(2) There is a way of making things ‘appear farther away
° . £
than they really are. Look "the wrong W‘ay" through a telescope or

one lens ‘of a pair of binoculars. The telescope acts as a scaling

'device.A For example, a teleqcope with a magnlfying power of 7°

will make objects appear seven times farther away when, viewed -
"the wrong way." A person standing lSOp—my/from yol will ap-.
pear as being 7 X 150 n\or just about 1 km away.

e

/

. - -
(3) If your school h‘as a field with a track, find out what

" the perimeter of the ack is. Calculate how many times you have

; “to walk ar(!und it to cover 1 km. Walk 1 km at your normal pace

and time it. You can then think of a kilometer as the distance you

1 9
walk in so\meny minutes.

1]




.

i

SECTION 8 A ROAD MAP '~ 1 ' &

5‘3‘@ A road map Is commonly used by persons making trips by
, car or bus. Such a map often covers whole states or several states.-
To get a scaled map of such a large area on a page will rgqulre much

larger reduetions than a nelghborhood map.

Flgure 3 is a portion of a scaled map of the state of Michigan.
(We purposely left out many smadll towns and country roads.) The
scalingc&cgjlryln drawlng Flgure 3is 1;)0*3006 Thus, to find
a real length we have to multiply a measure on the map by 1,000,000!
For the nelghborhood map (Seection. 2) the scaling factor was 1200.
There we did the multlplication in two steps — by IMd by 12.

Here we shaIl break up the multlplicatlon by 1 000 000 .into three
_steps — flrst by 100, then by 1000, and flnally,by 10. -

Suppose we measure a length gf 1 cm on a map for whlch the
.1

?
1,000,000° To what distance does this correspond ?

scaling factor is

' One ceﬁgmeter multiplied by 100 gives I m. In the next step, 1m

multiplied by 1000.gives 1 km. We have left only the multiplication

by lb Therefore, 1 cm on the map corresponds to 10 km of Teal -

dlstance In short ’ ) ' .

— .

1,ooo,ooo><1 cm=10,000X1m=10xX1km= 10 km

\3‘_’ \ Once we have thls “result we can use it directlyswithout go-

“ing through the ln-between steps. 'For example, the distance be—
tween the two markers on_Route 21%in Flgure 3is 1.3 cm. The real -

dlstance is . "

&

. . 10X 1.3 km = 1% km

(e}

130 .

-

-

»




What is the (real) dlstance ‘between.the 1ntersecti,on of
Routes 75 and 23 and the intersection of Routes]& and 78?7

. 46

When speaking of maps, the distance betweén two points may
have one of two meantngs: (1) the distance "as the crow

flies, " that is, the distance along a"straight ltne, ,(2) the
,dlstance alon ven route.

-

(@) as the crow flie's.

(b) along Route 21.

o, A\
PORT \\},/
HURON i\ =

<

SCALE:"

4

D;ﬂi§|
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47. Find the distance between the interseétion of Routes 23 and _
75, and the intersecti.on of Routes 23 and 96 :

(a) along a stralght llne
(b) along Route 23.

48. , Look at your answers to Questions 46 and 47: Under what
Y conditlons° is the differénce between the distance along the
road and along a straight line unlmportant'f. Important?. | -

rd
. [ i - . \'
\ * .
| F . ¢
) [ - .
. .

-~

L3

SECTION 9 . BRACKETING DISTANCES ON A MAP -

DR .

-~

«/

\
LAEY

. So far we have used Plgure,,S to flnd only dlstances between

1ntersect ns of roads. What about distances between cities"

Clties _unlike road intersections, \Qf\teicover large aréas In Pig-—

ure 3 the rough shape of the cities-is\ndicated by shaded areas
Note'also the directlons of north, east, \SQuth.,/and\Ne‘st

a «

*

)
.
H

Suppose you fly over Detroit. What is the largest dlstance
you fly over the city in a straight line?. ° L .

- .o

hat is the distande from the no,rth-westsg)rher of De-

troit to\the south-east corner of Detroit? K

(b) What is the distance from the north-west corner of Pon-
tlac to the south east corner of Pontiac" /

tiac to the north-west corner of Detrolt"

- ]

(d) Does it make sense to speak of "the distance from Dé-
troit to Pontiac"? -
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¢ S1. (a) How long is the part of Route 21 that goes through Flint? \) :

— : . () How faris it from the éint’ersectierf of Routes 94 and 21
along Route 21 to the ea stern end of Flint? t - -

(c) Use youranswers to parts (a) and (b) to bracket the dis-
‘tance from the intersection of Routes 94 and 21 to Flint.

'52.  (a) How.“wide" is Port Huron? \ .
“"/ (b} Use your answers to part (a) of this question and part (a)
q

of Question 51 to bracket the distance from Port Huron to -
- Flint, -

a - v . ~—

53. ’,Bracket the distance from Flint to Ann:Arbor along Route 23".'/

3

~

. 54, Bracket the distance’from Port Huron to Detroit.

. e,

s SE_CTION 10 YUNCERTAINTIES IN MAP READINGS
/ "\W‘ 2 ' » ’ ) | ’
A . 1

*a N < . '
Figure 3 was .drawn with a scaling factor of 1,000,000 ° o

7 ' Starting from Figure 3 draw a map of Route 23 from Plint?é"‘Ann Arbor

3 . with a scallng factor of m Include the tv/vo cltlexand

. - shade their shapes the best you can.
anw the same stretch of the map with a scaling factor of
Can you still recognize Whapes of the two cltles ?

1

- - 1
3,000,000°

a ‘\
N
-

© / _
GAEL igure 4 is a map "of part,of the southeastem United States.

o -~

Comp e thure 4 wlth Figure 3. The roads in the two maps are
. marked the same way. " In Figure 3 the cities are shown by shaded
areas whlcl{show their shapes. ‘But all the cities ln Flgure 4 aré

N

ro " A i ‘

4 % . b
. . . . s - P . -
-




1
2,500,000 " ™"
duces the cities so much on the map,, it is not practical to draw the °

shown as little clr-cles. Since the‘ scaling factor,

.- actugl shape of the city. y ' .

| ‘ -

55. (a),—I—n Figure 3, whioh city is larger, Plint or.Pontiac?

(b) In P;gure 4 all cities are represented by the same size P

! circle. -Do you think all cities are the same;%ze"

. 56. Find the real distances that correspond to the 'following dis- - ' .
tances in Figure 4: . ‘ '

. ¢
¥ (a) 1.0.cm . ’

® 0.lcm = * v -
(¢) 0.5cm . T "

a 57. Dothan hes roughly theshape of a rectangle 11 km wide from /—/
) T east to west and 14 km long from north to south., Show Dothan ,
\ as a rectangle on the map. Compare your drawing with those
' " of your classmates. : '

»

4

‘Figure 4

— :
1 \ ,
‘\ ] %» SCALE:  1/2,500,000
} ‘ N o e
DOTHAN L \
b _;__ﬂ {
o e
23) - % JACKSONVILLE
_ TALLAHASSEE
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2L ' When scaling factors like 2 00(1) 000 y 000 500 @

(\ used it is impossible to avolid uncertainties in placing cities ona |

map. Also plain errors in d’Fawing and reading add to. the uncertain-

ties. Thus even straight line distances between cities can only bé

s

~ ' found approximately. R o
For example the straight line distance on the map between .
centers of the circles indicating Columbus and Dothan is 5.8 cm.
‘ *  (See Figure 5. ) Multiplying by thi scaling factor, we get 145 km.
But a measurement error of 0.1 cm would give an error of 2.5 km.
Also the cities are each a few kilometers wide. With all of the un-
\ certainties we. might expect that answer to be off by as much as 10 km. -
; One way we could allow for the uncertainity yuld be to say ‘ ’ P
"The distance 15145 km to within 10 km." That would indicate that’

the distance is most likely anywhere from 135 km to 155 km. We .y

<[] > Ly
.can also write this as 135 km <155 km. _ ', T PPN
/
‘Knowing that getting distances from maps is not exacf’; we >,§ . ®
“often just give answers using the word "about." For example wel ‘; ¥ }ﬁ\ .
, could say "The straight line distance from Dothan to Columbus is ;ﬁ ,& ’ ,,«;
* about 145 km.". ™ RN - Doyl _«_tf RGN
. ‘ « , . ,‘ )\sls .4“‘ ;"3\";\‘ :.gié.ﬁ.__c
~ Finally, this uncertaihty allows us to make our work easier’ ,%::’ LE [
- by rounding off the numbers before we multiply, For the map dis-— »r’i"it :%:‘, ) |
w o, . o W
tance from Columbus to Dothan we coﬁld use 6 cm instead of S, 8 cm ' ;?:_ .
: so we get 6.cm X 2, 500 000 or about 150 km. - R RN
:‘1~ . ] ) - /;/ | . %)i; l'f\’ ?s;:;l . - ;,\ .
. : . “' ’ LS '
:(. o4 -
58. The straight line distance, on the map, between Savannah ‘ .o
5 "and Jacksonville is 6.8 cm (Figure 5}..». ° . I
f . .(a) How far apart are the two citi._es? T R
N c LT ) ¥ - -

% et
T
31
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)

59.

. 60.

- (b) If your answer is accurate to within 10 km, bracket the —
" distance. .

4

There are three redson
Measure each routes
- Can you ‘be sure? -

N [4
“

to Iacksonville" )

About how many kilometers v/ould you sail from Panama City °
. to Alligator Point° ¥

&

N\

o

3

Figure 5 -

v

d

\"\

agle routes from Dpthan to Gainesville -
Which toute do° you think is shortest"

€

Y1
t#

What is the approximate distance on Route ltf frp‘m Tallahassee

—

<
.

o*

\

® COLUMBUS

(

&2

l(
l
]
1

’

. TALLAHASSEE \Y

=

- -

" SCALE: ' 1/2,500,000

a

"N\ CITY T
‘(’ \B‘\ ’- . S‘is —'\t\\“' )

" 1) stz ALLIGATOR POINT GAINESVILLE
: B — S B

N
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'SECTION" 11 MAP SCALES - . 1

= ) For a map'with a scalln? factor of 1,000,000 one cm Ol:l
the map equals 10 km of real distance (Figure 3). We can express
. the same fact by drawing a scale on the map 1n/h{chén 1s marked

- . as 10 km (Figure 6).

&
& - .

. @
/

. -

0 10 20 30 40 50 60 70 80 90 100 km
FIGUE 6 ot 1_Lj_¢4_¢ ;

- ¢ ~ In Figures 4 and 5 one cm of map distance is equal to 25 km W
- " inreal distance. We can say the same thing by the scales shown
in Figure 7. - , - ’ .

0 25 50 75 100km
. @ i t———]
-Figure 7 ‘

. (b)

-
0O 20 40 40 80 100 km

!
In both of these scales 4 cm represents 100 kan. So they _

express the same scaling factor. ‘

Scales such as those in Figures 6 and 7 arey

ery convenient ~

t,o use for ffﬁdlng approximate-distances on maps. ' youneed to

do is mark off the dlstance on the edge of a sheet of é’aper. Hold
one endpoln t the zero of the scale and read off the distance on
. the scale at the other endpoint. If the desired distance is too long,
o | you can break‘;t up into several segments, and t'ead each one sep-

arately. -/ ) -»

' . .
- - .
. U . ’
. - B .
4 - f .
. s
. .




- ‘ ‘ 5-27

e @5@

>
P
1]

Having a fnap scale is a great advantage over knowing the
. scall g factor. You do not need to do any multlpllcatlon.q This ls

why almost every map has a scale.
L - \ ' g
i ‘In cooperation with your social stugles teacher, do a p;‘oj-,‘
Wvolvl_ng getting information from a ma\p. -The scale on an atlas -
N is likely to be in miles. If you want answers in Rilometers remember
| that 1 mile = 1,63 km. You can make yourself a multiplication de- -

vice (Chapter 4, Section 5) to convert distances from miles to

kilometers. . ;

SECTION 12 BEARINGS AND NAVIGATION

e v

: When taking a trip by car,.-we follow roads. However,

e when ﬁraxwellng by boat or airplane, there are no roads to follow.
- Sométimes boat captains and afrplane pilots can not see where
. ) they are going bécause" of fog or clouds.” They use a compass like

the one shown in Figure 8 fo make sure they-are going in the rfght
\ .

diyection. A

- . o . \Eaéh compass has a magnetic pointer that points north. )
o The.angle betwee;l north and the direction you‘ are going, measured
. ~J clockwise, l§ called a bearing. If you are going east,‘your bear-
‘ .Ing is 90°; -lf\y?u aré going west, your bearing is 2709. '




~

Imagine you are the captaln of a boat stalllng in the Gulf of
Mexico. You are located where’ the center of the compass is drawn
or/l the/aép shown in Figure 9. Measure the bearlng you must sa11
along {n order to go to Cedar Key. Measure the bearing from the

center of the compass to Panama Cltyc

Figure 9

3

%ZANAMA “ . " 20 40 & 80 100 ;(m

To measure the bearifig from any point, S}ou may have to
draw a line golngv‘north' at that point. This Ilne’wlll be parallel to
" the north qtrectlon already drawn on the map. Find the bearing
from AlligatorsPoint to Cedar Key. Also fln& the bearing going back




from Cedar Key.to Alligator Point.

oy . (] . -

‘ -]

You are piloting a shfp from Toledo to Detroi/txélong the route

showd in Figure 10. Along what bearings will you head? How long

is the trip in kilometers ?

-

»

Suppose you want to sail from Detroit to Point Pelee (Cana- ~
dian) National Park (Figure 10). Choose a course that is,short and
changes direction only once.. Measur;e to find the bearings and

Compare your course with-those of others, ip your class.

distances.

Figure 10

€ Q"

L T ’/4///',\\;-‘
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~
aBbaw
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LY
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Y
+

Find the bearings corresponding to E, S, W, N, NE, SE, sw,
and' NW without using a protractor.

. | ) ) )
For the Gulf of Mexico map -(Figure 9)-, the-scale is' 2,500,000

(a) What is the bearing from Alligator Point to Tampa ?
(b) What is the bearing from Tampa to Alligator Point ?
(c) How far is it betwegq’these two places?

v
—

A navigator on an airplane receives radio signals that tell

the bearing from the signaling station to the airplane. The
map in Figure 12 shows two such stations. .

(a) If you are located on bearing 1200 from station A and on
bearing 8390 from station B, where are you located?
&

(b) Which station is closer to you ?

-

(c) If the scaling factor'is ——— L , how far are you from ‘
pa 500,000
gtation A? — ~

h’—/
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' 66. (a) If you are located.at C,

- <

in Eigure 13, what is the bearing

l toward D?. How can you answer this without a protractor?

. (b) The bearing-from one town to another is 140°, What is

. (b} Describe your path as follows:
’ Head in'the direction of bearing’_-

Turn to beari

A -
s ‘ \'}lo‘th
Al
. . :
.station A ¢,
“ ‘\.
N b
e - ‘station B &
Figuxf‘e_...lz
. . . (
» F 4

7

Go

¢

>z

the bearing from the second town back to the first°?(¢'
. -

67. Imagine you are the captain of a ship sailing from PanaTa
" City to Cedar Key (see Figure 9).

: (a) Choose and draw the path yoyu would like l:7\/ollow.

"Start at Panama City.

O, Go ____ kilométers.
_____kilometers. (€ontinue until
your directions take you to-Cedar-Key.)"

L

>z
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T 68. Where is the treasure? -’ S _ N
" ‘ ‘ Figure 14~ ‘
-

F i ,
. / o w Start af . Whales Meuth Bay (4). \
o Go alongy 627 for 2% km }'
. ' Then dlona léb -F~o(\ l.o ke .

- - ps‘nB“j d’ona 2,(72 ‘For‘ 25 k. S ) .'

. . . Tf‘eas UMS A . ! —

T " | h : )

| T .

ERC . o 133 .

Aruitoxt provided by Eic: . ~
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69. You and your friend are on Snook's'Island at point A (see Pig— .
ure 15). You want to row to point B on Buffie's Island. But =
.Jyou have to drop your friend off at the mainland, At which
humbered point should you drop him off so that you row the

shortest distance possible? How lczng is the total trip?
e

"Measure and compare the two angles formed by your path and
the mainland shores Measure and compare also the angles

. any other path makes with the shore. What can you say about
the two angles of the shortest path that you cannet say about

’ the two angles of any other path ?

o : S 7

Snook’s e
Island N
[ A ?
N ¢ .
NA : N
. Figure 15 .
/ - ' -
N /\/\\ . H
3 - ANV
‘ % - Buffie's
Island
~B_
-~ .
- - = . L TV e
- el —— - ——— :-:.. ——, hd — - - T e e —_—
PY d - PY - @ —ceem o Py _ -...-:..:::’. ::..—....—
1 2 3 4 5
mainland shore 0 8 02 03 04 ke .
' . c : et ——
- ’ .\ [ ' j ~
Y /\' - -
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' T i
, Suppose you pilot a ship as follows: (1) head\}ong the

o : e -

bearing 1800 for 10 km; (2) change youg bearing to 270° and travel

T for 7 km.. Suppose.you now wish to sail directly back to your start-

ing point. What bearing should you use? How far wil[ you have to

sail? ) : o 7
. “ e ;
You can find out by drawing a scale model diagram using a
1 = . y .
se{ale 100,000 (1 cmrepresents 1 km). Here is how. ?‘irat mark a

starting point on a sheet of paper. Choose a direction for north.

. ’ Y
Measure a bearihg of 1800 from your starting point. Draw a 10 cm
line segment to represent 10 km. Méeittre a bearing of 2700,

Draw a 7 cm-line segment for the 7 km distance. Now you can mea- z,

sure the bearing and the distance towards the starting point. o

70. A sailor sails along 90° for 6 km and then 150° for'10 km. ‘
What is his-bearing and his distance back to his starting po-
sition ? -

SN
vt

A .
"

71. Travel in the direction of 1200 for 4 km', then 240° for 8 km.
What is the bearing and the disténce directly back to the e

> —s‘tarting position?
. ”» ..

.
. . +

. - . s [
- . .
~ . -
.

e
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SECTION 1 ~ WHEN DO WE .MUgPLY? .

®
] - * LY

. . ‘
L 3 . ‘ ) . <
P ' “ . . v o
/
- . - w ) .

1. The sides of a‘triangle are 3,4, and 5 cm 'long. If you enlarge
the triangle by a fpctor of 6, how long will the sides be"

' : ..
“ ~,

3

2, ° One shirt costs $3.50.° How much will four shirts* costf?

. <
- . .

S 3. Choose a number. What mathematical operation do you use

to find a number three times af large ? S . .
v e /"'\ ~ ’ .,
4. You know the weight of one object. How do you calculate the -
welght of D such objects'l.? . ' , ,
. L AT . | |
“ Questions 1 - 4 haYe sore hIng in mmon. In all of them ) .

P f

you ‘know something about "one" nt tgjf‘lnd something about

"many." To get the answer we, multiply what we know about "oné"
by the number that tells us "how many~. " This is true also When the
"how many" is less than one. For ex mb . one meter of ribbon

costs $2.00. Then -1- me of the ribb S| N

1

4 v




5. One yard is about 90 cm. A foot is % of a yard. How many
centimeters are in ohe foot? . -

6. Otfe gallon of milk costs §1.40. L ) ~

(a) How much does -;' of a gallon cost? ,

4

‘(b} How much does 1 ofg gallon cost? (A fourth of a gallon -

is called a quart.) 4

e d !

(¢) How much do 2. 5 gallons cost?

yd

SECTION 2— WHEN DO' WE DIVIDE?

. Four aLes'cost 60¢; how much does one apple cost? Here

we know something about many and want to know somethipé about

one. In this case:

the cost of oge apple = 60¢ + 4

Vg

. (Read "sixty cents dividéd.by four.")
N
Sixty cents goes with four :apples and 60¢ +4 = 15¢ goes )
with one apple In gene I, if we want to find what goes with " one

when we know wha/goes with " many, ivlde.

Befo;e doing the division! we‘vmust decide which number to
divide by which. The units asked f.or in the question will hélp you
decide, Read the question to ﬂr&d the units the answer must have.

Divide the quantity. with thoge units by the othér number.
’ ’ ' N

o
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4
@ Write sentences for the answers to Questions 7 - 13.

Carry out the division where ?ou know how to do it. '

7. Thirty chairs >:ost $450.00. How much does one chair cost/?

<

8.\ Inan enlarged drawing the side of a rectangle is 30 cm.

-

The scaling factor is 5. What is the origihal fength ?

S. A stack of five 'pgnnies is 0. 8 cm high. How thick is one
penny ?

\

10, -(good runrfer runs 100 m in 12 seconds. -

N

" (b) How many seconds does. it take him to run one meter?
& y

-

. ‘ .
11. A train going at q steady speed travels 480 km in ZE hours.

(a) How many kilornet'ers does-the train travel in one hour?

(b) How many hours does it take the train to travel one
.\kilometeﬁ e s

12.: A jet airplane travels 9’00 km in 60 minutes.
(a) How many kilometers does it travel in one minute?

-\—“.
(b) How many minutes does it take the plane to travel-one
kilometef?

.
-

”

4

“#  (a) How many meters does He run in one second ? ] 'f%ﬁ\

13. The cost of 3 of a pound of fish is $1 70, What {s the cost

.

of one pound of fish'>

In Questions 14 - 17 be sur(e“to decide , whether to multiply or
divide. " o :

3

14, My Brother is three timés as old as I am. Iam 12 years old.
+  How old #s he? . . s




X

> L— ‘ 4 L
3, ' i ? o
5 I
. N | o
° third ofour day ; £
15. One-third o ur day is spent’ sleeping. How many;ggurs is
. .*  that?’ ; PRt ’
' , ’ ¢ \ ) o o .,m?x.wﬂ

16. Selling a roll of 100 tickets to the basketbaﬂ géme brought -
. 1n $75.00. How much did each one of the tlclqets cost?

N

T\

Y
17. A 45 rpm record goes around 45 times each minute (60 seconds). "
How many tlmes does the record go around in on¢ second?

»

w - -
7

SECTION 3  QUOTIENTS AND FRACTIONS

- Ve ol
¢ g In Chapter 2 we used unit fractions to'name the size of the
’ . smallest piece when a ‘stt"ip was divided into-a number, of gqual

pieces. For example,_when we dlvl'ded a strip into three equal parts
. the size of each part was '31' ) \

Since each strip v}‘as one unit lo}lg we can.write

P N

) !

° I ) . N 5 =1+ 3
. LN — . . "5
_That is, the unit fraction -:1;-'15 tha result™of dividing 1 by 3.
/.;,‘ . . ' - - , /Q .z:’ . )
& ~.What can we say about fractions such as 'é"whldh are.not
: 2
. Janit fractlons? In Section 8 of Chapter 2, we saw that 3 Wwas a’
. > -~
- shorthand way of saying that we have two one-thirds. That ls
b ' 2 .1 2 1.1 ’
. —_—= X~ =+ =
. . s geixgoor gegty (oweld
1 . . N . 4 A/-/—— one ‘#l‘P —f_\a‘ . . ~
& - ' Figure'l
:j‘:; : ) A ., ‘-*\' .
i« . - ) .- 4 . ] - .o
e | SR S N
SERIC - (149 " :
o g ~ - b . -
%%Zi; T . . e e

by
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-

Is ?23-= 2+3? To answer thisl question 1et-us use two strips end-to-
end (Figure 2). To represent 2 +3 we divide the str)ps into three

equal pieceés.> The shaded part of Figure 2 is,the result of th[s divi-

4

R ~ x
~ -

‘eu
one’ i p-——————\/———\ ongast s‘i‘rt ?ﬁh

/
—
N

Figure 2 . -

-

sion. ‘What part of a single strip is this" Comparing the shaded
portions of Figure 1 and Figur)e 2 we. co@clude that the éhaded part -

of Figure 2 i % of a strip. Therefore we- can write . -
. ¢ - r a v .
2 . : .
| ) .3 =2 ?‘53 ) ‘ .
¢ ' ‘2 <l v Az . )
In words, the fr‘action’*é is equal to the quotient 2+3./7 . '
; \ ‘ -

1] BT e
18. (a) ‘Draw-a picfure of three strips lined up end-to-end.
(h) Think of the strips as ohe long strip. .Dlivide it  into two
equal piedes. - . ’ .
- ) - - = "
(c) Shade one of the équal pieces. . - —.
(d How many single strips are shaded?

(e) What. own? ’ v

(@) six halves ?

3y (b) 4 twenty-one sevenths? - . :

v 3

Y% of Ywo strips /5 of gwo slrps /8. oF ’ﬁ;o G'('rcl‘?s

)




20, By divldlng_ f-lnd the value of :

a

21, Thre® persons share five pounds of sugar equally. How much
*  sugar did each-ene’ of them get? .

-~

22. What is the result of dividing 4 by 7?
y 4 ¥ - S e

.
- ~

SECTION 4 COMBINING DIVISION AND MULTIPLICATION.

-~ ] + )
> It took a car three hours to travel 240 km on an lnterstaté

highway. How far would the car travel in five hours ? (Assume that

the car kept moving at the samé speed.) ' , -

Yod can answer this questldn by combining what you have.

. léameéd in the preceding two sections. “From the distance tra\}eled~

—

in three 'hours, you can find the dlstance, traveled in one hour by «

dividing ) T

1]

distance traveled in oge hour = 240 km + 3 or 2_43_9 km .~

]

From the distance traveled fn one hour you can find the dls:-

tance traveled in five hours by multiplying
v ) * 4
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A

L Y
distance traveled in five hours = 2403 km

( ' N -
The reasonlng usedin thls example Is quite general If you

X5 .. .

' can go from many to one by dlvlslon, amd from one t6 many by mul-

tiplication, then you can go from many to a different many by dolng

both. | ,_\__\ /]

‘ ’ . “ ’ :
@ - L
23. In a store you can bu{r four oranges for 80¢,

() What does each orange cost? o
(b) What do six oranges cost? . ‘. c J(

a

; \
In Questions 924 and 25; show which numbers you are going to

divide and multiply to get the answer. Then calculate the answer,

\ . \a
24, If six éandy barscost 90¢, how much will five candy bars cost?
25. “on a car trip you can comfortably go 540 km in six hours. \ yi
How faf can you comfortabl go in 14 hours?. TN :
In Questlene 26 - 28, write sentences desc bing how to get
the answers. You need not'carryhout the calculations. )
26. Eight candy canes cost 90¢. b LT T~y
(a) What does dne candy cane cost/
(b) What do 15 candy canes cost? \,_
) / . L

27. Aball is steadlly rolling across the floor and « goes three - *
meters _every two seconds. . . - "

(a) He'w far wlll it roll in flve seconds ?

“(b) Ho fiy seconds does it take the ball to go four meters ?

- ".1‘152
)

(-]




\

A city of 100,000 inhabitants uses about 309,000 gallons of

gasoline in one week. (

(a) How much gascline would & similar city with 130,000
inhabitants use in one week?

(b) How much gasoline would a similar city with 160,000
inhabitants use in two weeks ?

(c) What ts meant by the word "similar*" in this question?

»

A workman can do a job in five days.
(a) How much of the job can he do in one day?

(b) How much of the job can he do in foy/d-aﬁ?\\ .

fc),_ How many days will it take him to do % jobs? S

4

v

SECTION 5  RATIOS =

0 \ . /
-, 30.- F'igure 3 shows two similar tri'angles.‘ thsider the smaller
one as the original. What was the scaling factor used in

drawing the larger figure? = .
’ . i . -

Figure 3




31. A Dbig dog weighs about 80 pounds. A cat welghs about 10
s pounds. How many times heavler is the dog?,

s

) 32. A new car costs $4,000. A new blcycle costs $100, How-
o ) many bicycles can you buy for the cost of one car?

33.  You have 50(5._, How manyj 15¢.candy bars can you buy?

.
Sy ! P2
.
.

/d

- , - ,
In Questions 30 - 33 you 'w,ere aeked to gnake a comp,ar}s'en - :
between two quantltles. {n all four problems the ques°t10n "how\’ .
many times" is either said or implied. The answer is found by di- . .:
vision. In general, the questlon “how many times larger is D., k

- than A," has the answer .

I3
©

[
- (Read " [0 over A")
. s ’ P

. /], . 5. . N . " <y .

Can we\compafre any ywo quantities? Consider the question

. /
- "What is larger, five meters or seven pounds?" Obviously there is no - -

Sy

way to compare meters with pounds. So the question makes no sense, %:'.. I
7 / S
o Now consider the question "How many times larger is 8$ \ K
than 200¢?¢" Here both quantities are money. They are expressed ’/ \ ' el
, _in different ‘units, so we cannot compar.e them as they are.- (8 + 200 / ?
will certainly tiot give the right answer' ) Howewver, we can convert ’/,
. eight dolla"s to 800 cents and then divide: ’ .
” 800¢ a L
2008 T ‘ - .

So 800¢ is four times as much money as 200¢. . \\

¢




y. - We could.also cqnvert“;::ents into dollars: 200¢ = 2$ and

' * get the same answersy
’ 13
_§ =
28

\

V $
. In _summary, the answer to the question "How many times,

L]
Jarger.is [1 than A?" is = {f they are both expressed in the same

‘. \ units. The quotient of two quantities expressed in the same units
is galled a ratio. When we speak of the ratio of [J to A we al- f
N D ‘ , R . -
— . L . \
ways mean . | , .
@ .
@. Which of the following quantities can be compared as they ) . .
are, after proper convers ion of{;nits, or not at all? ; |
(a) Five apples three quarts milk ) '

- / -
(b)‘62m 85m : : ' *\>- ’
; Co®

) |
. ‘(c)/17cm,06m - ' ¥ }
, (d) 6%, 150¢ §
", +(e) - 10$, 20 Swiss francs v _ .
) . Two pounds, L pound . ' -
35. A large!:ox of candies costs $3.00. A candy bar costs 20¢. ‘
- How many times more, expensive 1s the box ? _ .
?
L] . N ’ . r [

-

36. .How many times more 15 : )
‘e (a) $3.00than3Q¢? - : | L, /\
{b) 2400 cm than 12 m? ‘ S ' .
(c) Seven dollars than 35 dimes?




-y

(d) \F‘ifty-si‘x dimes than seven nickels ?.
(e) Two pads of 100 sheets each than 25 sheets of paper?
() Three quarters thanthree dimes?

N . b .
1 SECTION 6  DOING DIVISION BY REPEATED SUBTRACTION O
. | ,’ . 2 | .
t’ l W How many. 15¢ candy bars, can you buir\ with 50¢? ‘You read
| in the last sectidn that .you can find the‘anéwer to this problem by
‘ doing the divisfénj 50 +15. You can do the division by ysing re-
-peated subtraction. 5 _ . .
. . .
. Im'agine ‘startmg with 56¢ and buyfnd candy bars one by one. ’
, ,\ " ' Number of 15's -
- . : LT ol subtracted -
* Start with 50¢ e ' \ :
. .=15¢ ,  Buyone candy bar. | . . L
Now you have 35¢ S * T
=15¢  Buy-.one more candy bar. \ -\ 1
_ Now youf have é0¢ - . .
&" | ‘ -15¢  -Buy one more candy.‘bar’. 1 \
. You have 5¢  left over. 3
o . You can b}.\y three caridy bars.becafise you can subtract 15¢ 7
. from 50¢ three times. oo . "
- . ) . : Y > ;
. “How many 15¢ candy bars can you buy with $2.00? You can
‘ angwer this question by changing $é .00 to 200¢ and then seeing how y \
# many times you can'sugtract 15¢ from 200¢.' -
y / ‘ -
. , .

Mgi.,g‘ . X T s al e, e
¥ e RO N 2SR




) . - Number of 15's
: ) S subtracted*

, 200¢ - .
N -_15¢ L1
. %
C 186 ° .
N Ty ’ 170 ‘ ‘ !
] . .
.o ¥ _i1s 1 \
' S . — = ..
> " 155 : '
-_15 1

& 140 .
-~ ? \ . _—lé 11

125 o
-_15 1 -

2 110

&
‘ ' -_15
’\ . 19 - .

-\ i R _ . 95 “ k
) ' \ - 15 1
) . . . i H - - . : |

. tt - 15 1

o o . .
CN o -15 |
v ) 50 :
7 . -_1-5- 1
35 -
- 15 1 \

» . .

20 '
) - 13 - 1 ',r

~J : 56 7 13

.Since you can subt‘rqct' 15¢ from 200¢-a total of 13 times, you.can .

Y buy 13 candy bars for $2.00,

2 .
o~ R
.- » - f
~ 1. - 4 ' -
. B ¢
~ . .
N »
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-~

But there is a better way to do this: subtract moge than one
" 15¢ atatime. ) .

AN " .

Since one candf bar costs 15¢, ten candy bars cost

10 X 15¢ or 150¢. So ine buying 10 candy bars all at once.,
Then find out how many«more yorr ca'mbixy with what is left over.

‘Number of 15's
subtracted

10 °

13

“You could have done the same brcblern even quicker like this:
- L ) .

. Numberof 15's
subtracted

-

Notlce that you subtracted 45¢ from 50¢ because the cost of the
" three candy bars was 3 X 154 or 45¢




U
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. + '37. How many 15¢ candy bars. can you buy with $1.00?

.« - " 38. How many 15¢ 92ndy bars, can you buy with $2.50?

39. ‘How many 35's can you subtract from 400 ?

A

. 40. How many 35¢ ice cream cones can you buy with $4,00?

41. How many 25¢ ball point pens can you get for $3.Q0?

. -
N I

< 42." How many nickels are there in a roll of'$2.00 worth of nicRels?

o

- e

H What is 1624 divided by 12?2 . N

12/1624

' The answer is found by subtracting as many 12's from 1624 as pos- o
sible. However, ‘subtracting 12's from 1624 one at a time is very

- " slow, so subtract 12's in groups. ,3\

. 3 . . .
- Look at 1624. It is 16 hundred and 24. Since we, can sub~

*tract 12 from lé, we can.subtract 12 hundred from 16 hundred. ‘One

" hundred 12's is 1200, so subtract one hundred 12's: c
i = Number of 12's
v . subtracted , .

' 12/1624 o '
-1200. 100 o @ R
, 424 »

- . é‘} & ‘ ! \
" 159




-~
K

e ‘15 : ).
e _ : i . - -

. Look -dt 424 It is 4 hundre&»@nd 24. You cannot subtract

+ any more groups of one hundred 12's” b’éq_g‘uca. you cannot subtract
12 hundred from 4 hundred

. - . éc —‘
e . | o . ’

Now rename 424 as 42'tens and 4, Since~12 < 42, we can’ .

. *

subtract 12 tens from 42 tens. In fact we ean do that subtracting®

' M * Lo . 4 iG’
’ -~ three times. : . J . .

\ : . Number of 12's ”
s, subtracted # |
Y 12/Te2d - . . - :
-1200 100 |
~ _ 424 T
’ - -120 10
304 » ° ' .
. A -120 10 .
) 184 . >
-120. . " 10 v ,
64 " -

oo - . o2 ~ . ’ . . !

(You could have shortened your wdrk byesubtr.acf'ing thlrfy 12's all

rat.once.) .
A ) \'\ o~ - (J
- v Finishing, we subtract five 12's. . . #
‘ “ Number of 12's ,
h ‘subtracted - ‘ .
. 12/1624 _ L
< t -1200 100 - O
: : J; - 424 | . |
[ 4 . a ’ -_1;2__0__ 10 - ‘» . W
. A 304 N , .
P : -120 ° 10 - - * -
184 ‘ . '
. - o -120 10
! . ’ | ‘64 LN
; . -60, .5
' 4
) » | . L
" £ . .‘ » - )
160§




- ¢

We are don\ﬁ subtracting 12's because no more 12's can be
R ' %2
. taken .away from 4. :In fact, 4 is called the remainder.

We fgnd the quotient by 'adsmg up the number of 12's"that

v were subtracted.
N .
C - Number of 12's ;
’ . 4 subtracted
. 12/1628 . ‘
" -1200 - 100
. - 424 )
' T -120 10 - c
* . . 304. )
' S . -120 10
L . ’ ) 184 -
. , "~ s . ) _lz_g .10 .
~ . o4 S
‘ e ' -60 - 5 '
( 40135
' so 1624 + 24 = 135 with a remainder of 4. -
. .
%] T
. , Do the fol'lgwing dlhvisibgs: '
[ ’ ( ~ A
. A38+12 ,
© 44 45T . ‘ :
% ' ° . » ® + - ?

. .
45, How many 6"s are there in 12367
L)

3

* . ‘J ' 'A‘v —6é‘ “ N -~
. SRELINETUN S
47- *'707.1s how many timesJarger than 7? S
i by “ ' - -
. 48. 2939 divided by 8. '
\--' X ‘ .*’ % . ,

. ¢
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SECTION 7 .

How many dozen eg.;hgs are there-in 15;648 ~eggs? .
50.. 19/7700 - /
51, 3661 + 52 ; )
54, 8—22—0 -
. , \
DIVIDING éAST_ THE DECIMAL _ ) ‘

@ In order to save money on food bills, people somet'il\e\;
|

form a food cooperativé (called-a co—op) They buy feod in la

e
"y
ﬁ%{t a cheaper rate, and then divide it up. )

. 93. Aco-op bought 40 pounds of rice to be shared equally by
eight families.. Howsmuch rice should each family get?

54. Twelve fa'milies are going to share 18 potirﬂs of sugar. How
¢ much should each family ge ?/ g

55. There are 44 gallons.of syrup to be shared equally by 16 fam-
ilies. How much syrup should each family get?

A thseg guestions are answered by dividing. For Question
53, the division tells us that each family gets exactly five poﬁnds.
& How;vever, .Questions 54 and 55 do not come out exactly to whole
numbers 'To share the rest equally, we reed to find what part of
. a pound or gallon each family should get.

-

For Question 54 we need to divide 18 pounds by 12. ‘Di_vid—_

ing 18 by 12 gives 1 with 6 left over.

-

~
Therefore, each family gets




A

- mal form by extending our division process.

Iy ’

1 pound and a fraction part of the’gbounds left over. The 6 pounrds
still needs to be divided up among the 12 families. So each family
.gets 1 pound plus (6 = 12) pounds But 6 + lj or —, so each

1
family gets l'é‘ pounds of sugar.

Fo-p/Question 55, 44 'gallons + 16 is 2 gallohs plus (12 + 16)

each family receives 23

gallons or2—, 4

12 : 12 - 3
16 gallons. Since 16 4

gallons of syrup.

@} ' -

56. If you wish to divide $10 equally anfong eight friends, how
much.will they each get? . - \:D-r

A 36-cm stick is breken_in.to\five sticks of equal length How
long is each stick? . .

-,

3
¢

You earn $53 for working 20 hours. g;l;Iow much did you receive .
R

for each hour you worked ?

» °
- e

T%enty}oranges cost $3.00. How much will 30 oranges cost?

A hi-fi dealer had a salg' on cassetje tape- players. " He sold
24 and took in $786. How‘muc did he charge for eath
player? ) .

4

= . "
These \q.uestions are best answered by getting tlie‘quotient to

" . 1
one or two places past the decimal. We-ean get quotiénts in deci-

~
-

Method.I

?

J -~
/ . , . . .’ . : A\ ? .
.}he quotient of $786 = 24 will give You the answer to Ques-

[y

»




tion 60. Since you want to knéw the amswer in dollars and centd

g
]

you need to calculate to the hundredths place. « . d ’!

> «
.t >

\

Start, by getting the whole number part of the q'uotlen't.: - .})
. R . 9 ) - -

’
*

B

~

.66, ’
2

‘32

Since you want the answer to the hundredths. place, put a
decimal point and two zeroes"afté%e 786. Bring those-two zeroes

down beside the remainder; 18. Now draw a vertical llné on" the

—

right. This will remind you that what follows are hund;edtﬁs.'
« i ~ £ . - /

~ > Y \
24/786%0 ~e
/\/— 720 30
66
a8 2|
1800 32 .

Now you divide the 1800 by 24. It will tell us how many. hun-

dredths there are in the gliotient. Plate the answers to the r“ight oft#”
Lt [

~

the vertical line.” ~ .




‘ The quoti@t of $786 + 24 will givef'yo'u the. answer t6 Ques-

i

. Therefore the quotient is 32 and 170% or 32.75. The sale price

- of the cassette player was $32.75. . . \ ;

L. @ (Method I only) ‘ * o (\ ,
" 61. The followlng division is completed to the thou dths place.
Explain what happens in each step *

[
~ .

@& CT .

: Y Thergfore, “ ¢ sfer &

Method II o -

tion 60, Since you want'to know- the answer in dollars and cent§
you need to calculate tq the hundredths place,
R /
. Start by getting the wholé aumberpart of the quotient as be- ¢
fore, except don't add it up yét N . ' b
. R4)786 - At
S — 720 - B0 : e
. 66 - '
- 480 2 '.
. ‘ ) a {83 - p -




»

U Now, to get the nur_nber of tenths, placeQa zero in the tenths

place next to 786 and do the same to the remainder. . B

66
® \
, 48 2 .

¥ \ 1 .O -~ \) ‘

‘ Now do 18.0 + 24. ‘Since you want the number of tenths, re-
’ name 18.0 as 180 tgnthé. " Then the division is 180 tenths 24, ]

. - You'may guess 6 tenths, Put that on the right and multiply <
0.6x-24 = 14.4, - ‘ ' _
24/786.0

720~ 30
66 .
. : - v, 3
. ) 48 2
' 18.0 ' ) . .
. . . ’ '4.4 . 006 . . ’

————— o
3 *

< . . 3.6 —

-

,>P=‘~" e ™ ‘Rendme 3.6 as 36 tenths. Since 24 < 36, you can subtract
~ . v . .
. - J

., &1 = anotHer ténth. T v - po
. CETh b ' ¢ _,)"- o % /.

24/786.0 ) <o T,

' ’ | R T . ! v « V \/ c‘v N - ‘ : * B
' ‘ Repame 1.2 as 12 tenths and notice that 24 cannot be sub-- ’
. * . tracted from12. Thenefore, you cannot subtract any more tenths, ' | -
. - Tt , -~
b . . . L «< ) '
' ¢ 3 ’ Y !
e \ » . . s
?,2"2; I ) “ . ’: 4 . - .
i Q | ) . : , o 1(;6 ) C N
SIRIC. o 0 4 7 ' )
A e S e R P et o e '
S S R R A B3, Lo e o Lt T8 N X A LA
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o ‘.5, : L L
To get hundredths, put a zero in the hundredths place to the

righ-t of 786, and do the same to the bottom remainder, 1.2.

. ' 24/_76‘67(" : \
Yo 720 7 30, .

66
\ : 48 2
;e _ 18.0 ‘
. 14.4° 0.6 .

' 3.6 N C7
4 0.1 ‘ : :
. , 1.20 _ .

[l
N

. Now 1.20 + 24 is 120 hundredths + 24. You may guess 5 hun-
dredths. Mgltiplying gives you 0,05 X 24 = 1.20_. "Adding up gives -
the quotient '

720 30 ) ) ¥
‘ 66 '
- ° 48 2
18.0
14? 0.6 S (.
. » - 30\6 . .
; 2.4 0.1 ' ~
J “_ L] .
K l 1.20 \
. ' ,520 0~05- ;
- - 0,00 32.'75' -
-\ ( ’ ’ ’
. ' re
b So the cassette players cost '$32.75 each
~ . , ‘ ' .
t o : ’ / h T . N /)
B ) - -
). ' (Method II only) a . _— ’ ,

62. The following division {s completed to the thousandths place.
' Explain what happens in each step. . .
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4
R i .
(a) g ' .
° /
. .2_3. . ] | A
\ ' (b) - 5 . .
- \ by872 T,
® e 5 '
‘ 153
T, (a) ST : Y K
- 7 ' g
) : ~ (e) 3 2 ) . y
-~ 64, Suppose you want an answer to ‘the nearest tenth, Dividing,
you get 14,6 for a quotlent @an you be sure that 14.6 is'
- correct to the nearest! tenth'> Suppose By dividing to th® hun-
. ' dredths place you get 14. 66. Then the answer to the nearest
i _ ’ tenth is 14,7, Therefore, if you want an answer to the near-,
_est’ tenth, calculate to the hundredths place-and round off.
v Lo > Find these quotients to the nearest tenth‘ .
» \ ) Ve '1 i
R (a) 248 + 33 . .
i 57.6 : .
s (b) == ' s
o 18 . [
f . () 7/28.F ° , .
P )

B



L}

Find these quotients to the nea‘re‘s( hundredth:
(@) #112 + 21
&Y 18/48
(c) il;le

e
21

>
(d)

If a car loses $500 of value in a year, how much does it '
lose ¢ach.day? (It's not a leap year.)

k)

. Abag containing 50 nails costs $1 30. How much would
_» 55 nails cost?
' /

SECTION 8 . DIVIDING BY A DECIMAL

v’

ZE  sofar you have not learned to divide by a decimal number.
For example, | -

4

What is the quottent of 38 + 1.9?..

Y

-

. ] ) @
Her7 a way to answer thjis kind of division problem. First, re-

writ€ the division as a fraction:

s

" 382 - 38 -
38‘-0_‘1.9— 1.9

Next, find an equal fraction with a whole number in the denominator;
¥

s 38 _ _38x10 -380 i

‘ ) 1.9 1.9%x10 19 . STy

o i C - N

L}
’ . R4

Since -ig% and 318 are equal fractions, thy héVe the same quotients.
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L . \

In other vsrds', 380 + 19 gives the same answer as 38 + 1.9, Theres .

"

fore do , R : , .
. : 19/380 \ .

- ) v

Hsre is another example:
. 1.33/8,175,
Change the division to a fraction: ’

0.175
1.33

© Find an equal fraction with a whole number in the*denominator:

0.175 _0.175 % 100 _ 17.5
1.33 ~ 1.33 x 100 133

-~

v

Do the. division:

. . 133/1775
. : ' . *
@ ¢ -
,, / / . . ‘
@ “\ ‘ \ ~ . N
., N . 68, . T -change 1.9 into a vx;hole rfumber, we hultiplied by 10; To
e cga\qge 1.33 .into a whole numbet, we myltiplied by 100.
. s What would you multiply 0.057 by to ciiange it into a whole -
3 AU number ? ' ¢

69. Change' thé‘ following fractions info equal fractions vﬁth a
. whole number in the denominator: , :
N = . '
7 g -
g 7 .
e (a) 002 s

* (b) 2.8 .- N RIS <
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(c)

. (d) =3

N

(e)

-
»
[t
.
s
(9]
[
~
/

n 283, - »

El

‘. 70. What division will you do to get the quotients for these
- divisions: '

\ . )
- .+ (@ 4+0.6 - ~ '
. - Kd ~
' o (b) 237+ 1.42
7" (c) 30+ 0:007 °

71. Find the quotient for the following to the nearest tenth: -

36.3 , . . "y
> o(a) 4.8 . o . N -

"(b) 0.5239 + 0.052

: , ()491 . - 3

72, Flnd these quotients to the nearest htmdredth
(a). 4.5+ 3.02 ST

Lo 0,073 - : : . . ‘ ,
R S _ .

'

0.006

~ - g « & ,
‘ghe cost of ofle pound or one gallon of an item at the grocery » T
C store is ‘called the unit price. In- many states, large/grocery stores
\ . . e Y ‘e y




. ] ' ‘) . i ’
are required by law to display unit prices. By comparing unit prices,

customers can decid€ which packhage is the better buY.‘

[

A brand of chocolate candies comes wrapped in medium and
large size bags. The medium size costs $0.83 for 0.75
pounds and the large size costs $1.05 for one pound.

1

(a) What is the unit price’for each size? o

(b) Which siz€ is cﬁ‘eaper for one pound of candies ?.
Two different sized packages of the same type of white bread
cost - . e

58¢ for 1.251b° or
> " 48¢ for 1 lb

Which packa'ge has the cheaper unit price ?2&

13
K

You can buy raisins'in a 15-ounce box for 69¢ or in a pack-
age of six small ll—punce boxes (nine.ounces total) for 55¢.

Which type of packing charges more for each ounce of
raisins?

Lo e \
Jf bags of three ounce candy bars cost

$1 .99 for 2 ib.
7 $0.88 for 0. 81b

which is the hetter buy‘? .

. e
Ice cream sandwiches come in two sizes®

' ~  +8ix 3-ounce bars (1.13°1b) for $0. 89

Twelve Zé—ounce bars (2.5 1b) for $1.16

yVhl_ch size gives: yeu the cheaper unit price?

t

E«:‘ln ew.. LR
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SECTION 9 THE FAMOUS RATIO T -

-

¥ , —_—

2y T4 o .

Find and record:the ratio of the circumference to the diameter
of three circles using the steps shown below. You may want to use|

your-manhole covers. -

‘\k“,r

Stee 1 12 t - ’ ,

Tape g ‘plece of paper tgavour desk top.
Thewr place the diamet®bf thg circle at
the right corner’of the bottom edge of
the paper.. Mark the diameter length at
the edge. =

Step 2.

i’{ace & mark on the edge of the circle itself. The distance from t’h'e
mark all the way around the edffe of the circle and back to the mark
is the circumference of the circle. | ° )

Steg‘ é. .

Start with the mark touching the =~ / .

bottom right~hand corner. Roll A , ra -

the cirgle, without slipping, ° ‘ N ’

straight up the side-edge until TN .

the mark touct;e;s the paper again. L _ 3‘} |} START
- - . ™ . . ‘ f

L. : . ’ \e hr.
‘. ) . ' \’ B \\~‘4/




-

'(/ Step 4.
" Mark that polnt'at ‘
the sides edge.

*r

LRIC -

e o IR ¢ -
e WL . ' ‘
i Ry SOt Tt . S - )

-

Steg- 5.

Connect the marks \
on the paper.,

6-29- . ' \

o ’1

. . O
Step6. Step 7. =

Cut along the diagonal The bottom edge of the é—m
to get a triangle. triangle corresponds to =

/ the dlameter of the cirgle. E. ©
Measure and record its =

o length on your triangle. ./BE ™
Do the same for the E

. side of your triangle. E“‘o

_that corresponds to E" ot

. the circumference =10
of the circle. . . E

=—m

) 4 E—(N
Step 8. =3

. ) ’ =

Repeat Steps 1 through 7 = v

' using two other circles. = 0

. . w ) -

= ' N * v - \ —
W7 -
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78. What do you notice about the three triangles when you place
them on top of each othéw?

~
v

~79. Calculate the ratio of the circumference to the diameter for

. ' the <cles‘you rolled. ) ) ‘

80. Are all the ratios equal? Compare your results with your
classmates', r,

a 81. What {s an approximation of the-ratio of the circumference
to the diameter for any circle?

- ' '
) Thm of the circumference of a circle o its diameter
/ S '
is w (read "pie"). S ‘ g

2 . ’ X &\
. : circumference _, :
diameter.

v

" It means fhat the circumference of a ;nrcle is = times as long as

s, the diameter of that circ,l.e.

. . . ’ circumference = w X‘diameter,

v

>

Did you find that = is about 3.1? More accurate calculations show

that w is approxim'ately equal to 3 l‘g . Y

s ‘ ' ' . N
@ \ ' \' \ |
- ~ \
- . . .

\ ‘82//I§a le has a diameter of 4.0 cm, what is its cirequerehee? . .

’ = L.

L i " !

-

. . . 83. Luiz’ ts to put a fepce ardund his circular flower bed. It
~ ) measures 6.7 meters across.

K . (a) How many meters of fencing will he need? ‘




H

(b), If each meter of fencing costs $1 .59,\how‘muc\ﬁ will he
, ieed to spend? : S o

. * = - \/ -
g4. Brenda's family has(a patio shaped like a half-circle. It is
3.5 meters across the diameter. How far is it around the

s

" curved edge ‘of the half-circle? See Figure 4. T T
M~ ’

+

9
Your waist is somewhat like a circle.

(a) Measure the distance around your ®aist.

. : \ Y . . ©o
86. How far T5 it ar6und the race track ‘shown in Figure 5, which K/J

(b) How i}1any times longer is your waist }:hap your widtf’?l ’

I)
1 1§ made up of a 'sq“w_: gnd two half Q(ir les )

‘ N . - ) l
Figure 5




Measurement inyolves &:ounting units.

7-1
™ \ v ‘
. . . . y 4

. rd

o . ) .

t ) :

ﬂn AREN .
’ . )

" WECTION 1 UNITS OF AREA
B :

Wheﬁ’/r;leasuring

lengths, our unit is a length (a ce

imeter, a meter, a foot, an-inch,

etc.). Whe_g/measuring angle

s_our unit is an angle (one degree).

.Similarly in measuring areas, &lr unit'is an area.
- ¢

Units of lehgi:h? vary On-% size (centimeter, inch, meter).

>

Units of area, however, 'can vary both in size and in shape. For

example, /any 3f the following three units shown in Figure 1(a) can
be used to measure the,p‘rea of the par'alleloy_m in\lzigure ().

- .

. ; o .

N

.
- 5K . +
) K 1 N . 3
S b N
’ . T e <
. A L] ¢ -
.




§ o0 e ; .. , < C
3 ‘ P@ 14 * 20 i N
§ A a - A o > s ' - .
. ° N < 7 2 PR
;. . A ) .3 . R
l . ¢ 2 g P .* /
The regult is shown in Figure 2(a), (b), and (c}). Notice that copies T -
of each of the three units of area have been arranged on the parallel- - o
| . ogram of Figure 1(b) so as to just completely cover dt. Then the R ’
t _ - number of units of area covering the parallelogram ln each case has : .
o been counted. a ‘ )
o * ( ’ + . - ) .
| - *  Figure 2 q .
N A ‘
% * Qb 1]
i o~ .V‘ ‘ r
’ .
- . - 8 units ) X
i ? ! 9 - ’ ) v ' h 3
’\; Tl /\: (¥ . . ‘l] o ’ y"‘/‘f"‘ — “;;« _‘7~k . \ o '

l‘-lslng‘

u:nlt of area what is ‘the - ar

Sach-of < - -
| R - . the (shapes in Flgure 3? . o . '
| . i ~ - V-,
; . . S R -t e,
A ”’,'\\: R B e - N st g St
A S i (RN NS o
‘; ) 1- AN T ) N
| ™~ . o N ] [ ' N - ( : '
. ¢ (a c) " - ‘
| | R S NG < AN
) e ) . . o, * -9
R . r N N
, r N N . . ,7
- / £ - 2% . ’\:%
: ’ . - o \i
. Al A - A ’ M 4 r ‘
(b) ) , )}, ) . - & '
\ ; b ‘..‘.: 4 ‘ * /:
?é_ v -
T - ) . ‘ ( b N
x N Fa )

5
s
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Which of the regions in Figure 3 have the same area?

s

"Use.
Figure ‘4.,

o~ ‘ * N ) '

o Ve §
as a unitﬁto{md the area-of the polygons in

’

v h - v . v )
Figure 4

4

w

in Figure 4(a)?

e

<
<
RN

e S
4—»-}3‘”:.”/4.-*‘ e Lo T

7 ’ * >
-«
: > W
Which region has the larger area, tpe one ln E'lgure 3 g) or .
B R4 . a
- s . ) .
< , .v , ) ! ¢ .
. ' 4 ] .
. *, 3

<




2 e b \ T .
o 5., Use the bird in Figure 5(a) as the unit’ area to find the arga of
- . B reglons of Pigures 5(b) and 5(c). . . L

i ]
4 AR
v *
Y
2
.
v
“
. )
.
-
’ '
-
'
Y
~ (20
,
-
.
4
. ~
¢
» N . -
4 Dl . PR . %
.
.
. WA ¢ . p
. ('
. .
’e .
N 7 .
{ v . \\~
- * P
N
- A\ N
« \
T ' - -
.. \ -
Fry = N .
b4 N 4
’
- . ¢ A
. M l, . .
-
”» ~ , ° \
0 . kK4 -
4 & . . :
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. N . N - A - . -
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) o 7-5 ' .
4 . . .
2 . e
B
. . .
. 7 .
Fy
& v . , . -
. - .
< - R a ¢ -
THY ; S
IR
~ 3

/

, L <o
Trace vach of the shaded unit areds in Pigure 6(a) sdix times

"and cut each out. Using each shape that will workQ find the areas* '
. \’9f the polygons of Plgures G(b) and 6(c) T, L .
3 N ¢ . »n—-- , f. L]
PR | 1, ) . . ‘ ' “Q
: - ‘ Figure 6 N N
- . ;
/ : ' L4 1 \ . ¢
. -t .
~ . ° - - ‘ , . » ,
-, . C ” . ¥ ) . . _
. L - Pl
’ 6} ‘ . ?i? . - ,a s
A
L . - . o i
) Which unit area exactly c':ov‘erg ‘both .bolygons e : .
s . . ' \ V‘ v -
7. What unit area is easiest.to count? ‘Whyg . e . /\/
'y . . ' T “'
hich unit area is easiest to dlvide into smaller equal units? \
* 7 . |
Why? e . . - . . )
Ll ‘ . * -~ \e "... o
* . . ‘ . S~ . '
9 ‘Which unit are&’is pasiest to use as a uypit of area? d '
L] » ~ " / L J §
: ~ ‘ \ - A - " C %
< ‘ ) K . ’ 4 N : B b
/ l~ ‘: ~ . - ,‘ ~’
A’_ K ~eg ! ° 1 81 Lt} N -~ ~
. R * N . R :
vy L X . : . -
1 . *
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SECTION 2

'FINDING- AREAS TN-SQUARE CENTIMETERS

h‘ave Seen that

meas‘.lring area.

3

s

. the square ‘centimxter.

X
' square centimeter is cm2

To find the area df

sl

sures.1 cm’on a si e'(Figure 7(a))
(N

a square unit area is 'all? bes” for

Thus a common unit- of area (for small areas) is

A square cen;imetel; ‘ls a square that mea-

. "The coninion abbreviation for

s
«

* -+
AN

' 3\
a regton in square centimeters we can

. either cover tie reg@ion with cut*out square centimeter pieces or

N4

use-a centimeter g:tdm igure #(b). 'A Slmplgcotmt shows that’ -
_the-areais 5‘%‘cm2 . Nt 5t ‘ T .
./; . w‘ / . A 2 ) ’ \ ‘ . \ . " » ~
. £ SR : - ~
‘ L 2 L o
@ ) }I . v N ﬁ' . L)
. Figure 7/ L
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10. Find the areas'in squage gentimeters of the regions in Fig- oL
ure 8., (Centimeter grlds%aveﬂ*been drawn on each 6f the -
regions.)/ | . .. . ' _
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11. Use'a c':enti;r'net_er gridto find the areWof the shapes in ) *
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. etimes we can use grids to find the exact area of a
shape even Jh we cannot fill 1t exactly with whole standard
units or divide single unit squares with diagonals. For example, .

‘ to find the area of the triangle in Figure 10(a) »We choose a rec- T .

.

?

\tangle which completely COVErs the triangle and whose area‘'we
car\easily find. Figure 10(b) showg that the shaded 12 cm2 rec~
- tangle covers the triangle. We can get the area of the triangle by
) subtracting, from .the area of the rectangle, thg shaded areas,
xlabeled I and II, of Pigure 10(c).

3

Figure 10

¢ * We-can do th.-[s in two’steps_. Pirst we find the area of
Part I, It is % of a rectangle whb‘ée area is 12 em2. &;refore,

th"e area of Part.I is & cm?. Part I is % of;a rectangle whose arza '

2.
rea of Part I and the .gx‘;ea of Part I is g

~
.

/s 3 cm?, aTherefore e, area of Part II-is 1—1' cm2 The sum of the - |
a

.

y -

';' . L Gcn‘(2 +}—cm2 Euxcmz | .,
e T

° ~

; So the area of_our region, the unshaded trianglévm Pigure.
1D(c) T . ' '
. F

v 2:.”1 2: :]-"2
.tZe,m ) 72% 42_c
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12. Find the 'ar‘eas of the polygons in Figure 11.
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SECTION 3  BRACKETING AREAS :
Qentiméter’squares do not fit ex‘actly'irit .a.regIOn- enqlosfedl
d?ot find the aréa .
We can, hgwe\Ze}, )

by a curved line (Figure 12): Therefore, we ca
1)

directly-

1

countip‘g unit centimeter squares'.

+ find an area ler than the region and.ar area larger than the re-.

a . ! " Pl -" - . .. ” - - Al - .
gid{x. So'we can bracket the area of the region between the smaller
and larger areas. ’ . . . .

. L ./ : > 2 . ~ .
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\ Counting the squares that‘ completely cover the region, we _ ~ '
, . 4 . . .. . s - 4
qe«g.Zl -squares (Fiigure 13(a)). Each square is 1 'qmz . Therefore . .
. o - L , . - . . . -
.o . 3. ‘ N
. S S area of region < 21 cm?2 . /-) ‘ , .‘
sy ’ -V . .o . Ve NG
Y3 j . e . »’ - :
i "-Geuntirlg the squares-that lie entirely within the region, we .
' .’ .
|2 get'five squared (Figure I3(b)). Therefore‘< -—~ i )
N N a . < . s
. L0 j/.' 5 pmz < area-of region <\21 cm2 ! i T B
’ N ) . 4\’ -
,’ [ - '
[ 3 ' -
¢ ’ }
. ’ . -9
Etgure 13 (b) ) :
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A value halfway between the smaller‘and largér bracketing
I

values is usually d good approximation of the area of ,a region. ‘This

halfway valué is the-average of the lower and upper gracketing val-

~

ues, The average of 5 cm2 and 21°cm24s

5 cm? + 21 cm? - 26 cm?
2 2

= 13 cm?

Since the actual value|of the afe% ‘could be any nun)ber be-—
tween § cm? and‘?.l cmZ, ,our 13 cm2 approximation could be off b}"a
as muI h as 8 cm2 This is be ause@e difference between the av-
erage and the low mé and the difference betweenthe
averagé and the upper- bracket is 8. cm2 To show the uncertainty,

of the value we say the area is 13. cm2 to'\Nithin 8 cm2,

. v : . ]

. \ .

13. l“inc.l'th_ﬁe average of the following pairs of numbers ..
(a) 14, 22
éb) 191 2‘5 - " /.
(c) 312, 137
{d) 130, 179

o

Al : : S

(ay Bracket the area’of the regiof¥ In Eigure 14. (Use ydur
centimeteilgrid ) . e .

% &‘c e —

(bL4 W‘at is the average of the upper anc(lovgger brackets in

s

.eachcase" R AL A

- 1 .- .

(c) How good an approximation is each average"
(d) Which area are yo/u}st sure of? Why ?
’ . A v ’ . ..

¢ . - ’ . /
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/SECTION' A  MEASURING AREAS IN,PRACTIFJNS OFpA UNIT AREA .

N\ N o
In Section 3 when we used a c<t1nfeter grid to brack’et the

o 1 area in Figure 12 we found that . y : ' B .-
T e T € em? < afea < 21 cm2 . L. ¥

- ;" * ’ .

b&nowlng that the area of the reglon is between 5 cm2 and - s

21 cmZ gtves us only a very rough idea of what the area really is. .
"We can get a, better estimate of the area if we use 2 grid with smaller ,
_ squares. Let us see what happens when we bracket the area in Fig- .

&,
1 N . .
ure 12 witb squares that are only < , cmona side. ) .-
. . . s ) . 8 ) ' . ’
?. Hy . LN : . . 3_
- - N . - // ) .
» N o . S
. ~-/ .o .
. t‘: ‘, ] Y ." s
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A square E cm on a side has-an area of 1 tmé because four .

such squares are needed to exactly covegé squaré 1 cm on a side

’Tf’igure 15).

. 2
) N ) . ~'-‘1 1 cm . * !
‘Pigure 15 5 cm I E] | I . o
’ /\ = .

Counting the squares in Figu{e 16(a) that completely cover )

]

the region we get 70 of the % cm? sguares. This is - {
<3

| 5 - | 70X'Zcm2=17:5 cm? s

~ AY

A count of the numbet of squares that lie entirely within the region .

'(Figure 16(b) gLVes 36 of the %

cm2 squares. This'is -

.

. 'I 2 2 ,v
, 36X4cm 900m \ . y

. I -~ .
Therefqre . ' \ o . >
s ) 9.0 cm2<érea<17.5 cm2 )

. - - D L 4 - ‘v
N { 4.0 ‘e
Jk i *

This result is more accurate than the first since now we cdn say that

b 7. .
’ the area in Figure 2 is L;—é m2 = 13.25 cm2 td within 4.25 cm2. .
. : i L3 ’
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Figure 17 shows the same region used in Flgure 12 but it ls

)

covered wlth squares\-]"~ cm on each side. Because it takes 16 such

- ‘:‘ OIS 4 «N .

. S ' squares to: ftll 1 cméh“ eacl‘i little square has an area of Tlé 2.

v .

' . 17(b)\ Slnce the countlng may be tedious, you may want tothink .
o+ of a wgay to make it easier. ‘ , , o C
/\—.—-\ o R 1 Y H\ \ ! N B

-grage? To“wlthgn, how many squa e
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B \ | Bracket the area of the region by using Figures 17(a) and- \’” S
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» CTION 5 ~A SHORTCUT FOR COUNTING AREA -UNITS— AREAS | ‘
~- * OF RECTANGLES " . o 'L

N * : Re — 4 g ' u .
‘ A "‘ ’T :\Wg g ’ . - . A ’ “ h - ’ ‘a ’ -
PR It is tedious to count a very large number.of small unit ) :
. . squares as &ou did in Section 4. Fortunately there is a shortcut” . A ¢
s v . s .
- 5 . ~
o ‘that can make the job easier. .
" - 4 s o ’ ' co _/\: < i
‘ Try to find a "short ut" for. counting the number of square. o~
. . . »':"J i - -
- ' o unlts in"each dJf the rec’tangles in Flgure 18. Find their areas usimy
9 - s your shot’tcut. Compare your rule ‘with those of your classmates. . .
o P (
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) One way is to count the 1 cmz-squares in one row. and -mul-
tiply by the number of rows. For example, in Figure 18(b) we have
three 1 cmz-—,squares in one-row. That is, the area of one row is
3 x 1 cmZ,

Therefore, the total area 1s
&

We have four such rows.

.

N 4><3><lcm2=120m2.

'

Since the unit of area’ (cm2) is a square, 1 cm on a side, we can

write the above multipfication as , L

4 cmX3cm= 12 cm2
. \
We writd the unit of length (cm) and the unit of width (cm)
after the numbers that are thg measure of length 'and \'Nldth We do
this as a convenience to make sure that both dlmenslons are mea-
sured in the same units. Suppose we measured the lengthof a -

rectangle in'meters and the width in centlmeters. Then the product

v

would be neither the. area in square centlmeters nor in square meters.

So if the units are the same, the area of a rectang}(e is the length

times the width, - . o

area of rectangle = length X width . '

- Find the area of the rectangles in Plgure 19.. ¢

; : Figure, 19 - ) ,
‘ 4@ () \ -
- - (c) ,
- - 7 N
B : ")
. . ) - ' \ - § N A
] -: . . ' ,( ] N
) 11 i 1 - )
5 ‘ 2R
& ‘ "
. 5 . -
i i . -
. i,
. J .oavt 193 o
. -




15.

16.

17,

18.

19,

(a) How many centimeters are there along @ side of-a square-

" meter?

\ (b) How many square centimeters are there’in one gquar

meter (1 m2)?
_ .

-

How many square meters are therg in a square kilonteter

I3

Find the area of rect.a_pgles vith

(az, length, 12
width, 4
(b) length, 23
width, 14
(c) length, 20.
\wldth‘, 9
{d) length, 46.
width, 9:

Find tﬁe -area of the followi.ng rectangles: ’

(a) léngth, 1.2
kY

cm

cm

S5m

.7 m

7 km
2km

-

m

width, 80_cm

(b) 700 m by 2

km. 1}

W r
(¢} 65cmby 12.8 m

{d 8cm by.Sk

You plan to paint a porch floor. It is 40.0 ft long and 12.0 ft
~ wide. You know that one gallon of the paint ybu are going to
use will cover 400 square feet of surface.
- . of paint will'you need? ‘ '

Draw a.'rectangle whose area is

(@) 12 cm?
(b) 25 cm2
() ,15‘cm2‘

(d) 24 cm2.

'

m

v

)

@

"

How many gallons

\

@.‘

*
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21." In Figure 20 subdivide the enclosed region into rquahgoles .
Find the area’ of each rectangle, and then find the total area .
of the.enclosed region. S L * ’
':' ‘ Figure 20 y P ‘
3 " . . |
LY _ . Y ~ \
) / L ) . '
. \ -
N\
‘e ’ . ., \
' . 4 4 : )
/ - .
22, (é)' Figure 21 shows the region of Figure 17 enclosing five A
t rectangles. What {'s thg total area, of the five rectangles"
R | | How would you use your answer to part (a) to find @ —
N /rLcmer bracket for the area of the region? . .
e . - .
Figure 21 . )
g rri 5
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SECTION 6 MULTIPLYING FRACTIONS

- J
) In finding dhe area ‘of a rectangle we can use multiplication

as & short cut to count area units. For example to count the 1 cm2

squares ina S cm i)y 6 cm rectafngle we rnultiply S by 6.

~
.

13

So far however, we have not tried to find areas of rectan-

gles wiﬁx Iengths or widths that are’ fractions For example., how

do we find the area of a % by % rectangle.

To get the z by % réctanglje/we divide one side of a unit

3

~

RS

square into 7's and another into ='s. This divides the unit square

3 4
12.

into3 %4 =12 eixal parts. Each part is L of the unit square as -

shown in Figure 2

’

- A

Now we shade a 2 by 3 rectangle (Figure 23) It has two

3 4
rows and three columns, or 2 X 3 = 6 of the 12 equal eparts.

Y

~

There-

fore, the rectangle is £ of a unit square. Sincg the area of a rec-

12
tangle is length times width we conclude e
2.3_6 & . N
) X =Tr ’ *
, 37471 ‘
50‘
. 2-. L%
L] d ; . ‘:,
Vo Figure 22 Figure 23 = .
I, S —,
. _ . { . L
2
». - 3
1
A 3
) J 1
. 3 '
o 4 %%



. Ly

" or3 X2 =6 equal parts (Figure 24). ’

. squares beézitﬁ,e'z < -25- < 3. ’.So we add two unit squares to the one

~

Let us look at anotherﬂéxample. What {s the area of a

2 x i? Since we have

-:2; by 2 .rec}:angle? In other words, what is 3 % 3

2

o

1 "L .
g's and _Z.,S*WG divide a unit square into three rows and two columns '

v , .
Figure 24 ( ) - T
| A .
b 4
) <
1 -
\
Y ‘ : .
" To get a’% by ;;- rectangle, however, we need thrée unit T
» »

I

in Fléure 24. 'This is done in Figure 25. The shaded rectanglé in -
: A , ’
this figure has two rows and five columns or 2 X 5 = 10 of, the six

s

equel parts. Therefore

10. ¢

1A
.«
‘6 '

2.5
3%

Figure 25 ' : BN

i

o=

(@]
of—|
o
N
N
(4]
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RS " Note that in both examples (1) the denominator of the answer

“~
ris the- product of the denominators of the fractions being multiplied:

- "and (2) the numerator of the’ answer is the product of the numerators.
The examples suggest that we can multiply fractions in two steps. L
First we multiply the denominators. This product gives us the num-
ber of equal parts into wh.ich we divide the unit square. Next we
multiply the numerators. This gives us the number of the equal parts

- we need Therefore to multiply fractions together we multiply num-

erator by numerator and denominator by denominator. For example

2;3.2x3_6 ~

[}

23. What products are illustrated by the shaded rectangles in
Figure 26? . * s

4

" 'Figute 26« ° © b p .




24, Mhltip'ly the following fractions.
‘3.1 :

- -, — xh

. (a) S 2 .

(e)

S, 5
(fl —=x—

10 100
- [

L

25. . What is:
2
L )
(a) s of 27

[ (b) -




*

¢

Find the following products. (Hint: change eath number from
mixed natdtion to a fraction.) ‘

(e 2,,+,3
(a) 13><1S

~

28. Which o‘f‘ehe following products are equal?

7.9 )
\ (a) XIO and 75X h
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SECTION 7 MATCHING PRODUCTS OF FRACTIONS

This is a’'cajd qem% for two to four glayers. The objeft of

the game {$ to win the most cards by matching equal fractions. -

——— .

You win cards by mafchlng one_card from }}ou'r hend with one .

or more cards from the table. Your card matches one card from the i
table if the fractions printed on both are equal, and matches two or

more cards if their product equals the frection on yo‘ur single card.

N
L]

& .
You can use pencil and paper to multiply fractions if you .
need to. Whenever you make a match you must convince the other

' players that your card does match. . -\

- The game beging .}}vlth the dealer deallpg four cards to each
player, putting four ca_gdél face up on the table in the middle and -
putting the rest of the deEk face down in one pile on the table. The

play begins to the dealeris teft. and contlnues clockwise. -
X i

W

During & turn, a player tries to match one of his cards with
one or more cards from the tabie. If he makes.a match he gets to
. keep his card and the matLhed cards In a plle of his own. If he can-.

not make a match for any Seéson' he- must place one of his cards¢

L4

face up in the mlddle of the table. , After matchfng or placing his

-

.card, He draws one card ffom the unused deck ‘to replace/ts card.
- . o — “

Wheﬁ‘the deck is !‘sed up_th clay continues until all the

.. g
_cards from everyone's hand. are used. ‘The last person to make a

w

The plager with the ‘most cards is the wir'rmer. .

‘S
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P . SECTION 8  MULTIRLYING DECIMALS BY DECIMALS ;
. - < . .
r . % To calculate the area bf a 37 5 cm by 0.52 cm rectangle we

v need to multiply decimals { We can do this the same way we multi-
plied a decimal by a whole number. That is, we do it in two - steps.
(a) We multiply the two numbers, as if they were both whole number‘s.‘
(b) We approximate the product, with each factor "roun'ded off to one

' non-zero digit and the correct number of zeros. ‘We can then use

Tables 1 and 2 in,Chapter 5 (on'page 5-10 and 5-13) as well as

Téble 1 in this section to find the place value of the product.,

-Examples: ' ' . .
T (1) What is 37.5X 0.52? Ignoring the decimal point we

- o

- have . ) SN . : . ‘
‘ o | ’ '
) : . 375 X 52 = 500
. N N - .. .
N ' Approxlmatlng the product gives 4 tens >< S tenths = 20 tens X tenths

From Table 2 on page 5-+13 we see that tens’ X tenths = ones. So our

approximation\‘s 20 ones = 2Q. Therefore, we place the dechal

. _ point so that the answer is close to‘20; that is ' . R My
‘ f . l,k,‘
. T 37.5%0.52=19.5."
-~ ' , \
B (2) What s 0.51 X 0. 0217 Without decimals 51X 21'= 1071, =
> ) Rounding off the factors we get 0.5 and 0.02. From Tab],e 1 in this % '

. section we see that © ", - CoL

\« ! ' (tenths) X (hundredths) = thousan.dths " o,

S~ < ’ . b

Therefore the approximate answer is 5 tenths X 2 hundredths =,

'
L4 oy

. . 10 thousandths or 1 hundredth* and the exact answer must be 0s 0-10’7 1.




E —
e S— A
S ' TABLE1 \ o
' ’ ‘ _ . X . ones terths . hundredths “‘},‘
T ones || ones,” | tenths hundredths 4
tenths .} tenths « | hundredths | tho@tsandths "‘. )
hundredths [ hundredths |-thousandths | ten thousa?ldths - s
S— - : - R
v
11 (R
Make two tables like Table 1 using fractions (1—0" m) and ; .
«decimals (0.1, 0.0Q1) instead of words. S v
! ' '
29, Where do the decimal points go in each of the’ following ‘3"
A produgts ? . -~ Ty
(a) 0.21%0.32 =672 T ) !
o ) 0.056x0.8=448 . ' Cow
' (c) ,0.96x0.038 = 3648 o i
; © (A 1.6x0.035 = 560g . | Y
.o . (e) .0.082 X 0.057 = 4674 . ] ) ;
) ‘ : ' ' l
30. Without doing’the- calculations which of the folloWing results %
. are definitely wrong ? ' o .
- %
(a) 0.36 x 0.15.= 0.54 ) , ‘i
* ¢ « 3 Vj;: .,
. (b) 0.07 % 0.96 = 0,0662. ‘, L . P %g
(c) 0.88x0.045=0.0396 L §
(d) 0.063 X% 2.92 =0.184 - - T o
. ~ (e) 0.011%0.019 = 0:0002 , ‘ : f«%
. ) R - . N &
: . 31. . Find the valuis,of the products (akthrough (e). - ' W
, ¢ - . 4 ) N B -
: , (a) 0.22x0. 06 . Ep
) ’ C ), 0.86%0.76 - %
. BRI ; . e ‘g ) - '3:%:‘
- /' ’ N 'Tj)’ ) - > b
S Lt . -l
ERIC .,
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(c) 0.35%0.026 .o .
* (@) 0.081 % 0.012° . - iy

) 0.063%0.58 NG

SECTION 9  ESTIMATING AREAS . . '

Here is - an area estimating contest. "Break.up into five or

/ L six teams’ of equal size. Have your feacher pick out a number of -
x4
dlfferent rectangles whose area you will estimate (area of a black-

\ ‘ board, desk-.top, door, window, postage stamp,‘sheet of paper, etc.).
e - ; -
< Write down your estimates of length and width (in meters for

M ¢ .

large rectangles and centl'meters for smakl\ ones), Then calculate

4 P
" 4 ”

‘your estimate of the area. - -,

er;'everyone has 'wrftten -their estlmat,e of the area'sf a _

-

-

students from different ngms measure its length and

. , width and calculate the rectangle ﬁ area. ‘ . .

—
\

. » ~ B ) - «
€

' Everyone then finds out how larg ls or her error ls U

DA o - v

s . Each team finds the sum of its members errors. The team

-~

oo with the ‘Towest- total*wins.

¢ <

g s SECTION 10 THE AREAS OF PARALLELOGRAMS AND TRIANGLES -
' e -t Y ; ‘7

"

-

’ »/ ~ o - 1)
A parallelogram is a quadrllateral t has. opposlte sides
' . arallel The angles made by its sldes an\e often rot rlght angles.

. We can flnd the area of such a paralIelogram by maklng it lnto a ¥

.1
A . , M S

,
<. .rectangie.




- M H

‘ I -

%
’

We start wlth'the pa'ral'lelogra'm in.Figure 27(a). . We cut off

the right tt'langle ACE shown in Flgure 27(b) and. move lt to the other

end of the parallelogram ’ Thls gives us the- rectangle ABEF shown in_
Flgure 27(c). We can easlly find the area of thls rectangle by multl-
fplying the/length of the“side AB by the length ‘of the slde BP

. Figure 27

- ‘ [ . v
3 The line segment AE of the parallelogram in Figure 27 is usu~-

ally called the height of the parallelogram and the line segment EF is
called the base, (Pigure 28). Therefore .

P
[} N . [ 4 '

area of parallelogram = height X base.

“r

-

*" Figure 28

AV ST TN
& 3'-"';«} e,
%

4, oy
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[

@gle from either end. Fit the two-pleces“togetﬂ‘er to form a rectangle.. ’ ;.

T 32. Pind the area in cm2 of the parallelograms in Figure 36.

¢ . pone) .
- e . !
o

N
b
.
-
\ \)
O\

N (a) b
33. Pind tHe area ln cmZ-of the parallelogram in Figure 1(b) and
the area in cm? of the: two unit area parallelograms 1n Pigure 1(a).

~

s
+
.

‘v

, Figure 30

f ) i

34, Figure 31 showsa crirstal of the mineral calclte The face
ABCD has @ base of 3.8 cm and a height of 2.6 cm. What is

‘the area in cm2 of. thls face?

s . “‘ . ~ . v}\
it 7 - . / l"\\‘; . ; . K
o ' ,g
ot ‘ : iPlgure 31
i1 ) . -
N 4 ‘ . " - ’ 'VZ- [
?’ - . 35; ‘ A deck of cards_is plled up so as to make a rectangle as showp
o - =rin Figure 32(a). Then the cards are slid one over the other so
. ' ] - the deck looks like Figure 32(b) which is a parallelogram. How

does the area of the parallelogram in (b) compare*with the ’area
of the rectangle in (a)'?

' . .
[ : a ~— e
’\‘ ! v - . - ) ]
L “ 206
,«[mc . f
.
. 4 oy, -
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L4

1
L4

( To find the area of:a triangle we do something much 11'122 what
we did to find the area of a paralleloéram. In thls case we make a
triangle into a parallelogra,m To do-this we add another triangle that
is the same as the ‘triangle whose area we wish to find This is shown
in Figure 33(a) where the ‘triangle BAC has been fllpped over to make ‘
the triangle BCD This gives the parallelogram BACD shown in Plg-

ure 33(b). . . -

Figure 33 P o

The arep of .the parallelogram in Plgure 33(b) s its height times
lts base. This area is the same as the area of two triangles llke tri-
-angle BAC T# Figure 33(a). Therefore,

_area of triangle = -;- X height X base -

- . )

+ S




(d¥ .

4cm
432 cm ™~

2cm

37. What is the area of the following triangles ?

!‘

‘ T 2
. Nase =3 m, height = 3 m.

Find the area of the kite ir Figure 8(a) on page 10 in Chapter 4

(a) base =3.2 m, height=7.8 m

" 38, .
/ ’ " ' .
39. (a) Draw three different triangles with the same base and the
o ~same height. . \
(b) How do their areas compare?

’ 40, (a) Draw three different triangles that have different bases
and different heights but all have the same area. !

(b) Write down the base and height of each of the triangles
/

in part (a). )
\

/ il
-

. “ Trace the shaded"'quac‘lrﬁatera}—imf‘{guré 7 on page 9 in

Chapter 4 and find its area.

i v
' Describe how to find the area of an}’%ﬁadrilateral.
‘O . : .
-] o)
. = | 208 #

2
o %cm
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-SECTION 11

¢

rd

I

.AREAS OF ENLARGRMENTS

A}

I

If we are givena square and apply a scaling factor of 3,

»

-

the small square is 9. : .
‘_‘\ . .
i
. Figure 35 . ) w
i . .
T 1 .
A - ¢ H H i - . <
i* . | !
--q --+--- - ° i
- !i ' 1
Yem 3cem P 5
--g+--+--- . - s
=~ ' > & ] .
e - ‘ S

each side oﬁ thé enlarged square is thre'e times as long as a side of
the small square. (Figure 35). But, as you can see, the area of the

M * - » s ‘ - L/ ) : -,
large square is nine times greater than the area of the small square.

~ Or we can say the ratio- of the area of the large square to the area of

4

Trace the triahgle' in Figure 36. Row use the method de- .
scribed on page 4°of ChapteiY 4 to enlarge theftri,angle‘ by a scaling
factor of 4. What is the ratio of one side of the enlargement to the .

corresponding side'in Figure 36? .

. ‘. Fi'gure 36

-

~ - . v ,
Find the. area'of each t;aj,gle. .How many times larger is the C
area of the new triandle? What'{s the ratio of the area of the large '

trlangle 4o the area of th(e small- triangle? : .

LY ]
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~ Now make an enlargement of the _paral’lel‘ogr’argn in. Figure 37

using a scaling factor of 5. What is'the ratio of the gfea of the
large parallelogram to the small one?

-~ oo
A
s -~ B -
- o\ s :;i“‘ ) ’ . -
= M R .
§ ¢ » .

Figure 37 . t
o ," .~ ~ -

\

P
-
i *

41.,

R

Find how many times correSponding lengths are: increased ‘and

how many times the areq is increased in each of the enlarge-
ments in Figure 38.

. . . TFigure 38~ ~




42, "The area of a big square is 100 times the area of a smaller . L
square. What is the scaling factor from the small square to
* the big square")

s R ‘
‘ el - As you probably have discdgve'red when you make an enlarge- ./
ment of a figure the afea’ of the larger figure does not scale up the

7

X ‘same way the lengths of the figure do. ) -

» , In’ enlargements, to find out how many times the area is in-
creased we multiply, the scaling factor times itself,
Thus, if the scaling factor is 2 all lengths in the enlargement
are twice the corresponding lengths in the original. Thg area of en- -

« largement, however, is four times that of the original.
\ ' ' LN

SECTION 12  AREAS ON -MAPS , L. .

- . k-/ 4 .y ' ’ * .
5“33' Scali_ng factors always apply to lengths, not.areas. Consider
»  amap where the scale istm It is the actual lengths that are re-

a0

duced by “—1—', not the areas. In fact, the actual areas on such a
12,000 1 1 1 .
map are reduced by 757000 * 12,000 - 144,000, 060.

43. A student is making a map of the lot his house- 1s on. The 1

“ ) . 1s 20 m By 28 m. He decides to make the scale for his map,
B _/ o -2%6 What is the ratio of each actual length-to the. corresponlL
. ' . _ing length on his map? What is the ratio of the actual area to
- ' . the map's area? . . \
s . \'
LT ~ $
/ 2 1 ‘ —~\
- T s
o A‘ ," . et

: %}‘@\@2 4*3?‘%%




45,

47.

48.

. *.4s the figuré"drdwn? Find the area of
(a) the:"ut{lities" room; °
(b) theé bench next to the darkroom.

s 7

_room.

e

 Suppose the field ne '

, ,
to the Day Junior High School (Chap-

. A \,
To whgt scqle

»

Usfﬁg Figure 1 in Chapter § find out how many square meters
- of ‘carpet are needed to cover the floor c?f th nly

ejart and editing

~

,

ter 5\page 5) needs re-seeding. If one box of grass seed

will cover about 50 QE
needed to re-seed the field?

" Given a map with a scaling factor of
-be the actual land area in km2 of

(@) a squarel cmonr a side on the map ?

(b) a square L omon a side on the map? .

2

1,000, 000

many boxes of seed will be

>

what would

1
¢

~ o

Use the map on page 20 of Chapter 5 to find thé area in km2 of

(a) Flint.

(b) Pontiac.
., » N %

Use a griﬂ to bracket the area of the Petroit-Windspr regton

on the map on page 29 of Chapter 5.

L}



