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PREFACE

BASIC ASSUMPTIONS

3

chievoed Che

b

T o aamaned Ghat thae studont hias not yotb o
objaniivos Linted Tor this vooklofb, althouph he has bean

4

crnosed toomueh ol Ghe contont.  Althoash he has praviously
acad oo nrotractor, the studant's understanding of its con-
shonztlion and use in ameasuring angle size is probably sketchy

ol rohaniocal in nature.

OBJECTIVES

A swmmary of the terminal objectives r the booklet,
2 developed.

follows the TABLE OF CONTENTS . 1In addition, the objectives

Jo
indicating Isssons whaere thase objectives ar

(B

Tor 2ach lesson are listed geparately lesson by lesson in

the TEACHER'S GUIDE . Althousgh your teaching and class discus-
sions shoul-l not be limited by these objectives, evaluation
of the student's progress should be based on the stated objec-

fives for the vooklet. Use the objectives as a gulde to the

intent of zach lesson and discuss them with your students.

The to's':ni.na]. objectives are also listed at the beginning
& of tha stident bookleat., Indicate tho location and purpose of
this list tc your students. As you ‘discuss the objectives
ol each lesson with your students. rafesr them to the corres-~
ponding ob. jactives in the front of their booklet. Trne student.
can use hiis wuderstanding of thie objectives, \/POlNT' xercises,
and EXERCISES to evaluate his own progress.

iii
O
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OVERVIEW

st e et ienn o hwo levaels thorough-

. SR S L / S A 2 T T PR S P sy 4 ey o s )y
b Lhve hoehion, e T Tan 0% saiiblbé nis compeltence in the

mectanicos of cweas e o ant cafiomning angle siZe. a2ha
Tt T JE - - e g g - N . . . . yo
(£’> L0 Mmess e o Uinabions o Do nabure OF tieasuremnent.,
T L .. B R - R P e ., al N L -~ 1 -1 -
Mg raniv, v e o0t S e vie s bz Tor bhe student to

semi-nircyalary pooooester, oo ot st will be uzed as a tool
in Fuature beoestobhe . ooer e e ewee abstrac
measireo ot sl et b s e b e, Fobimation antivities

and ~las; dizouscions oo ciaon s omador role dn the lossons.

Allow the =bhoadonh te sornociments to make errors without

retribution; o dorelor Lis own mebhods of estimation;  and to

freely diceouss iz probisms with bobh you and his classmates.

BOOKLET ORGANIZATION

in achiaving fthnss aime, d4ifforent sections of the
‘booklet serve Aifforent functions. The role for some of the
major sections ave an follows: '

EXERCISES .ianobss thos: nreoblems that are for supervised

study in the 2looarccos, prinarily worzed on an individual

pasis. Althcuignh 16 s not antielpabted that much homework
will be given. periions of Sheze problens could be used as

brief homewori =aslsnmont

CLASS ACTIVITY  Admnchns thosc prodlems ©o be worked on a
cooperative or toam vasis. - These are not appropriate for
homework. The rola that of a resource per-

son to be used only the students to gather

data and to disnover
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DISCUSSION QUESTIONS e s Sediogrea b el of e Tea-

sotnt, ey ey o e Bosonioare Ghono coneen b thalb
ot din bt s mend situationa. The meanaroement
ot e oactiviiios w Il b onove moaningiul bto thoe stu-

ot trada et on are diacussoed and compared with Chose of
cabon, Thoso aquestions are Lo be used for in-class

{not vomework). The Teachey's Guide for each

/

—~—
ite

lesson oluas othoy srion btoplics relevant to the studant

ook lat mileee B tyradlings THINGS TODISCUSS an't CONTENT
AND APPROACH.

paovoiaan labeled /POINT in the student booklat ar«

to poe nned by the ntidlant in evalaating his own progress.

T APPENDICES contein material i'or two nurposes:
(1) veewdiow and roredintion, and (7)) onrichmeont activities

#hich aan bz cxplorad by indiviiuals or grouns of students

to svtond Bhelr Enowlods~ of 2ngle measure beyond the stated

ohjectivos of this booklt.

In addition to a lesson by lesson list of EQUIPMENTAND
TEACHINGAIDS . 2 summary list 1s given on page xiii.

Taaching sugscestions and answers to exeweises Trom the
studant booklet appear. whenevery nossible, on the teacher's
naza opvosibe the <orresponding student nage. For oxample,
paze T owlill contain coaments nertaining to page & of the

studont booklet,

v
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USING THE TEACHER'S GUIDE . . .

A curriconlion
curriculu:
o narticalar
the inberactio
doents for the

curriculiun

achieve Lhe
ctudentz,

The aubnors concur with bhe above stalenents
The toital content c¢f the hooklet ANGLE MEASURE 13
priate for all classes or all students. The Laachﬁng

=

used and the conitcnt coverod should vary with the

)‘\“ D rp!l:\‘-z-
not I o=

antering

behaviors of cach <lass. Use the shggesticons for each

teachiing techniques, discuscion qguentions, and class act

as a springboard for develeping yeur lesscon plans.

pacing and expeczted level of mastery ol earh fopic

the intended outceomes of instruction ave corpatible

level of ability and previcus background of your
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student

lesson,
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Given a labeled vaopreseniaticen ol an angl

will be abhlse to Lossha anl reume the

x sides
R

The student «will »o abls to damonstrate

of unit angle by 2nnvering aquestions such as:

a.

Given &£ 1 as

following:

(

{2} to :he nearcst unit, m{ L BOA) = units

$—

) Cunits <m(

™~
(48]
&
joeY
ol
3
[N
+
6]

[T

b. If zips and zaps are units of angle measurs and

i

m( L BEF) = & zips
m{

L BEF) = U zaps
Which is th2 larger unit of measure, a zip or
a =anv
The student shall demonstrate his understanding of
amount of turn as a measure oi an angle.

a. The student will be able to describe, by drawing
the apovrooriate arrows, clockwise and counterclock-

wise rotation.

viii




g oodentbe s Bha it chion of rotation indicabed,

SR 1.0 - 4. vnry . —~ S PO - .
peoab e Lo manacure tho anglo,

et toof meosure inoa fractional amouint of
tarn, To civels 1o aicidsd Into congruant arns

a2 an ald in determining the measure.

v

2

m(L_ABC) = == of a turn:
30

1 i

c. The student is able to define a degree as =
350

oi" a tumn.

d. Tho student is able to convert an angle measure
from a fractional amount of turn to degree mnea-

surae and vice varsa.

2. The student recognirzes and can describe a right
‘ 1
la as an angle swert oubt by a i turn and a
raight angle as an angle swept out by a

m
)]

n

st

turn.

=

L. The student will be able tc estimate the size of an angle.
ns , . ~O
a, Given an angle whose reasure is between O and 3600,
the student will be able to give a reasonable
. o] .
estimatz (a 10~ tolerance) of the measure in

dogrees,

Q ix
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Doy & omenaiivys i
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e

protractor, the sTudmnt will Lo able Lo draw

having the glven momsure,

9., The studant {s abl~ to demonstratse his undorstanding

of mrocision in angle measuremont bty answoring guostions

such 2s:

0

> Figure 2 colr2la A Qg
R divided into 2% con-
gruent ares.  Wnich
rig. 1 circls helps deotormiae
T the more pracise mon-

suras ol L AT

c. Which unit gives the more precise neasure of

an angle:
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EQUIPMENT AND TEACHING AIDS

A. STUDENT LESSON

vackets of olastic unit angle wedges

winge comnass

Trine gl

cireulzy orotracidr {1 per student)
senl-circular protracior (1 ver student)
"orok.n' vrotractor

; . . 1. .
ruler {groduated to = inch)

B. TEACHER

srhead nrojector
ion screen
rulers
protractors (arbitrary units)

red transparernicies
through TR Z-9)

nrotractors (in degrees)
scui-cilrcular
circular
"Hroken”

4o,y b~ .
ctate overlay
"

¢
for checking cxercise 7

.;7. :1
{

Indicates those materials provided with the booklets.
Use same matcriazls vided with the booklet EXPLORING
LINEAR MEASURE .

PAFulToxt Provided by ERIC




LESSON 1

MEASURING THE OPENING

In billiards, a successful "bank

shot" depends on the angle of
jncidence and reflection.

The smootnness of a plane's
landing depends on the

angle of descent.

To stay on course, the bearing (in
degree measure) of a boat must be

measured accurately.

i 15




LESSON 1

MEASURING THE OPENING

OBJECTIVES

1. The student will demcnstirate his
relative cinen ¢

a. Make the staterent true by inserting

> T L

:\J ! 62 m(lo 1) m(L 2

b. Arrange Lhie

o~ 4= . H - - -+
smallest ¢ larzgest.

124 renresentatlon of an angle, the student

2. Given a lzbelis
will be atle %o locate and name the

a. vertex, and
b. sides of the angle.

3. Given a unit wedge { ‘42240 ), the student will be able

to...

a. measure a given angle to the nearest unit.
b. draw an angle having a given measure.

EQUIPMENT AND TEACHING AIDS

A. STUDENT:
*]. Packets of plastic unit angle wedges (109, 159, 30°).

B. TEACHER
1. Overhead projector
2. Projection screen

O

— 16 !
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TESSOK 1
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A hunter will be successful if
he judges the "lead angle"accurately.

A space ship will safely re-enter
the earth's atmosphere if the

angle of re-entry is not too
steep or too shallow.




CONTENT AND APPROACH

The nictures on vages 1 and 2 i1llustrate some situations

where the deterrination (by measuring or estimating) of the
measure {or seme angle iz useful or necessary. Thes: illu-
strations may he a partial motivation for the need to study
the topic of angle weasure. If ycu desire to have a short
discussion on the uses of angle measure illustrated, your

students may be able to sugoest other uses of angle measure
witnh which they are flamiliar.

This booiklet assumes some understanding of geometric

vocabulary and notation such &s reay, point, segment, and
< —

the distinction between AB, AB, AB, and BA. To aid the
student 1in understanding the meterial, it meay be necessary

2t times to conduct a qguick review of such vocabulary and
notation.

PAFulToxt Provided by ERIC




LESSON 1

THE SIZE OF AN ANGLE IS...

The size of an angle depends on the amount of opening
between its sides. The greater the opening, the greater the
size of the angle.

To illustrate, L XYZ has a greater size than LRST because
"the opening between the sides of £LXYZ is greater than the
opening between the sides of LRST".

R X
s
T . | Y
“« Z

The size of LXYZ is greate. than the size of L RST.

A double-headed arrow will be used to indicate the
opening between the sides of an angle.




LESSON 1

CONTENT AND APPROACH

In this initial expcsure, the size of an angle is de-

fined as the amount of opening between its sides. The mea-
sure of an angle is a number determined by (1) the size of
the angle and (2) the unit of measure used.

Hotice the use cf the double-headed arrcw to indicat
the angle (av . of opening) under consideration. This
symbolism wil > used unktil the angle is considered as a
rotation. this time, the double-headed arrow will be
dropped and a single-headed arrow will be used tc indizate
both the direction and axount of turn.

{AFulToxt Provided by ERIC




LESSON 1

< POINT

1. What determines the size of an angle?

-

2. In this booklet, what symbol is used to indicate

the amount of opening between the sides of an angle?

WHICH ANGLE ISGREATER?

Without measuring, which angle in each pair seems to have
the greater opening between the sides? Circle your response.

A. L1, L2

B. 4

B. 7l_z',, L4

N

c.. Ls,le
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ANSWERS

v POINT

1. The amcunt of onening between its sides.

D, A double-hecaded arrow.

CONTENT AND APPROACH

of the exercises under WHICH ANGLE IS GREATER?
is to indicate a need for a method to measure angles. Other-
wise, it would be impcssible to differentiate between anglec
irferent size (See AMETHOD ISNEEDED , ©v. 5.). The
students should nct be expectad to answer all four questions
correctly-- encourage them to guess.

lNotice that "greater angle' is defined as the angle with
the greater amount of opening between its sides. One of the
major purposes of this booklet is to have the student develop -
the skill to measure this opening accurately, using either a

circular or semi-circular protractor.

22 -




LESSON 1

Lt L8

A METHOD IS NEEDED. . .

Although the angles in some of the pairs on pages 4 and 5
seem to have the same amount of opening, this is not the case.
(The correct responses are &2, LU, L5, and . 7.)

Before you could accurately determine which angle in each
pair has the greater opening, a method is needed for measuring
the opening between the sides of an angle.

MEASURING THE OPENING . . .

To measure angles, a method similar to the one for
measuring length is usually used.

GIVEN AN ANGLE TO BE MEASURED . . .

(1) Select some angle to use as a unit of measure.

(2) Compare the angle to be measured with the unit angle by
counting the number of unit angles it takes to "fill

up" the opening of the angle being measured.

This method of measuring angles is illustrated on pages
6 and 7.

23
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LESSON 1

CONTENT AND APPROACH

The section MEASURING THE OPENING moent.ons the similarities

between the method of angle measure described on pages H-7 and

the way in which length 1s measured. These similarities will
be discussed in scme detail in LESSON 2 (See pp. 14-10).

MEASUREMENTIS ...

THE SCIENCE OF OBTAINING

BETTER APPROXIMATIONS.




6 LESSON 1

EXAMPLE

What is the measure of Z CAB?

SGLUTION

(1) SUPPOSE THE RED UNIT ANGLE WEDGE FROM THE PACKET OF
ANGLE WEDGES IS SELECTED AS THE UNIT OF MEASURE.

)
o . -

“




CONTENT AND APPROACH

‘"ne solution to the example on pages 6 and 7 follows
the steps outlined at the bottom of page 5. The unit angle
used in the sample solution is the same size as the red
angle wedge included in the student packets.
Additional examples can be worked by using a packet of angle
wedges and (1) angles drawn on the stage of an overhinad projector
or (2) angles represented by objects in the classroom v.cinity
{corner of & desk top,...).

26




LESSOR 1

() COMPARE THE ANGLE TG BE MEASURED WITH THE UNIT BY COUNT-
THG THE WUMBER OF UNIT ANGLES IT TAKES TO "FILL UP" THE

OPENING OF THE ANGLE BEING MEASURED.

6 units <m(L CAB) < 7 units

It takes more than 6 and less than 7 units to "fill
up" the angle being measured. Since the measure (size) of
L. CAR is closer to 6 units than it is to 7 units,...

m(L CAR) = 6 units when measured to the nearest unit.

I:m(LCAB) is read "the measure of angle caB" ]




LESSON 1

CONTENT AND APPROACH

Notice the use of intermediate steps in "thinking out"

step number 2. First, the measure of the angle is "trapped"

between two consecutive whole units of measure. Secondly, a

judgment is made as tc which whole number of units the
measure is closest. These steps are often done as a matter
of habit, especially when a person becomes proficient in the
use of the measuring instrument. However, at this stage of
development these steps are probably useful and can be used
as a model for the kind cof gquestions the student should be
asking himself when determining the measure of an angle.

Symbolism such as "6 units < m(4LCAB) < 7 units" will be
used in the first part of this booklet in a similar manner
to its use in EXPLORING LINEAR MEASURE .




LESSON 1

You will be given an envelope containing unit angle wedges
of three different sinzes.

These will be used in the remainder
of this lesson.

YET TO BEDONE .. ..

1, Verify the solution on pages 6 and 7 by using the red
units from your envelope.

2. PFind the measure of L CAB to the nearest yellow unit.
to the nearest blue unit.

CLASS ACTIVITY .
l. You will be given some angles to measure. Measure each
angle to the nearest whole red unit, yellow unit, and

blue unit.

— VEASURE T0 THE NEAREST WIOLE...
. Red Unit Yellow Unit Blue Unit

Extend the sides of two of the angles listed in the

above table., Measure these angles again. Does the

length of the sides of an angle have any effect on
the measure of the angle?

CHECK AND CORRECT YOUR RESULTS BEFORE
GOING TO THE NEXT PAGE.

o 29




CONTENT AND APPROACH

The CLASS ACTIVITY  is designed to be worked by teams ofl
ol students wiun onc vackeb of unit wedpes peor team. Space
1z provided for as nany as £ angles to be measured tor

auastion I, =ach angle baing measured with each of the three

unit wedges. Tewver than § angles will probably be enough as

the method of measuring angles will pe developed further and

oracticed throughout the hooklet. Use as many angles as you

feel is necessary for your class. If possible, provide a

dravm on naver and some represented by objects in

the rlassroom vicinity (corner of desk top, braces on a chair,...).

{ew angles

ANSWERS

YET TO BE DONE

2. m(LCAB) = 4 yellow units
wm( L CAB) = 2 blue units

CLASS ACTIVITY

1. Answers will be determined by the angles provided
the student.

5. No. This is an important idea and will be useful
when the student must extend the sides of a repre-
sentation of an angle in order to get a reading on
the protractor scale. It is important that the
student understand that the measure of an angle

does not depend on the length of the sides of
its representation.

LRIG 30




LESSON 1 9

v~ POINT

1. Describe the process for measuring angles used in
this lesson.

2.- Look at your results for the CLASS ACTIVITY (p. 8).
Does using a different unit of measure change the
number used to express the measure of the angle?
the amount of opening between the sides of the angle?
Give reasons for your answers.

EXERCISES

1. Make each statement true by inserting eithery , <«
or = in the blank provided.

> means "is greater than"
< means "is less than"
= means "is the same as"

Recall that the measure of an angle depends
on the amount of opening between the sides of the |
angle.

A AN \s_ﬁ A

o. /1 _Lz | —

“H” T

fz I\E > B

cl5___/6




ILESSON 1

ANSWERS

' POINT

1. Do not demand a verbatim response from the text (pp. ©-7)
but only an indication in the student's words that direct
measurement involves two steps: (a) selecting a unit of
measure and (b) counting the number of units it takes to
"£4i11 up" the object being measured.

2., Yes. No. The amount of opening is constagk%§.0hanging
the unit of measure will usually change the” ntmber of units
it takes to "rill up" the opening.

EXERCISES

1, a. 4L 1< L2
b. L 3> L4
c. L 5¢< L 6

THINGS TODISCUSS

Notice that Exercise 4 (p. 12) is the reverse of the
measurement process demonstrated in the text (pp. 6-7).
Students may need help on this one. Prior to the EXERCISES
and in conjunction with the discussion of the angle measure-
ment process, you may wish to demonstrate on the blackboard
and/or overhead stage a procedure for using the angle wedges
to draw an angle of a given measure, In Lesson 11, this proce-

dure will be refined as students are required to draw angles
of a given degree measure,

Since we are measuring to the nearest whole unit, would
all angles drawn for a given measure (for example, 3 red units)
have to be congruent (the same size)? How could congruence
be tested? (tracing and superposition )




10 LESSON 1

<i E elr_te

MAN T

al

2. TFor each set of angles, arrange them in order from

smallest to largest. Part a is done as an example.
Record your answers in the blanks provided.

A_, \Qa‘_) :d WAWA VA ,
b A L s
\Y\&@L °a ¢

d. Of the 9 angles pictured in parts a-c, which
angle seems to be the largest? the smallest?

d.

33




CONTENT AND APPROACH (for page <)

In relation to question 42 of the \/GKNNT a distinction

=
[

;111 ve made between the use of the words size and measure.,

~

=
I

e will be used to denote the amount of opening between the
sides of an angle and measure will be used to denote the number

of units it takes to "fill up" the opening of the angle being
measured., Thus, angles having the same measure will not
necessarily be the same size, The authors have attempted to
be consistent in their usage of these two words.

ANSWERS (for page 10}

1, d. L 7< &8
e, L 9> L1210

1, L 3,42
5, L 6,40

9, L 7,48 |

(e I o
N~

d. largest - £ 8 |
smallest- L 5

NOTE: In relation to exercises 1 and 2 (pages 9-10), field-

testing results for prior versions of this booklet
indicate that students have difficulty judging
relative sizes of angles in situations like those
below.

In each pair, which angle is largest?

L1ordl 22 ‘L.3’6rl-zt?
When exercises 1 and 2 are checked, it may be
helpful to discuss methods that your class
used to determine the angle with the greater

amount of opening.
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LESSON 1

The rays which form an ahgle are called the sides of the
angle. The common endpoint of the sides is called the vertex
of the angle.

E
SIDE
VERTEX D F
SIDE
EF is read "ray EF'. vertex: E

sides: ED and EF

3. For each angle, name the (1) vertex and (2) the sides
of the angle. Record your answers in the blanks provided.

g
L SK
a. b.
N
M
a. vertex- . b, vertex
sides sides
c [ ]
R
——
T 'S

c. Vvertex

sides




e

LESSON 1

ANSWERS
3. a. vertex N b. vertex I
— — —) J—
sides L, NM sides 1J, IK




LESSON 1

Using the unit angles from your envelope as guides,
draw angles having the following measures.

One side (ray) is given for each angle as a starting
point. Use the endpoint of the ray as the vertex of
the angle.

a. U4 yellow units




LESSON 1 : 13

c. 2 blue units

NAMING ANGLES . . .

An angle may be named in several ways. The more common
methods of naming angles are listed in APPENDIXB at the back
of this booklet.




LESSON 1

THINGS TO DISCUSS

Use APPENDIXB to orient your students to the methods
of naming angles which are illustrated in that section. All
of these methods will be used in this booklet.
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1h LESSON 2
BECOMING MORE FRECISE

Measurement is dons by comparisoi. In tihe previous
lesson, the measure of an angle was found by comparing the
opening of the angle being measured witix the opening of the

unit angle.
This lesson will review and formalirze some of the ideas

studied in Lesson 1.

ANGLES ARE. ..

Angles are formed by two rays having a common endpoint.

A

L BAC or L CAB |

In both cases above, 4L BAC (or LCAB) is formed by the
rays, AB and AC, having a common endpoint, A.

DISTANCES AND OPENINGS . . .

!
A segment is measured by the distance between its end-

points.

An angle is measured by the amount of opening between

its sides.

DISTANCE BETWEEN ENDPOINTS

le —
Al 1B

OPENING
BETWEEN
SIDES

49




BECOMING MORE PRECISE

OBJECTIVES

The student will be able to demonstrate his understanding

',_!
.

of unit angle and the measuring precsns by answering

questions such as:

at.

——T 1 o

Given L 1 as the unit angle, complete the

following:
(1) units < m(ZL AOB) < units
(2) to the nearest unit, m(L AOB) = units

b. If zips and zaps arc units of angle measure and

et

m{L BEF) = 6 zips

m(L BEF) = 4 zaps
Which is the larger unit of measure, a =zip or
a zap”?

5. The student is able to demonstrate his understanding

of precision in angle measurement by answering gquestions

such as:

a. ._-===::::f:, i Which unit angle will

yield the more precise

—‘::r__,——md' 2 measure of L AOB?




MEASURING LENGTH . . .

Stea measuring length, ...
{1y o length: (foot, pace, centimeter,...) is
selacted to us2 as a unit of measure, and...

(#) the length to be measured is compared with the
unit of measure by counting the number of unit
longths it takes to "fill up" the length being

neasured., .
Sare Suppose 1 cm. is selected as

CENT'METERS thhe unit of moasure. The

— v 1 | US| N ] measures of AB and TD to the
O { 2 3 4 B 6 nearest whole unit are...
) )
At B ‘: m(i_}_?l) =4 cm.
" E m(TD) = 6 cm.
|
C+ D

E\(m) is read "the measure of segment AB".

MEASURING ANGL.E SIZE . ..
When measurine an angle,...
(1) an angle is selected to use as a unit of

measure, and...

(?2) the angle to be measured is compared with
the unit of measure by counting the number of
unit angles it takes to "fill up" the opening

of the angle being measured.
Suppose L 1 is selected as the

unit of measure. The measure
of L CAB to the nearest whole
unit is...

m( L& CAB) = U4 units.

ONE UNIT

[n( £ CAB) is read " the measure of angle C-A-B".




LESSON 2

EQUIPMENTAND TEACHING AIDS
A. STUDENT

%#1. TPackets of angle wedges

B. TEACHER
1. Overhead projector
2. Projection screen
%13, Acetate ruler (same packet used in ELIM)

h Throe acetate protractors - each using a difterent

unit of measurve.

CONTENT AND APPROACH -
This lesson formalizes the process of measuring angles
described in Lesson 1. Notice that pp. 1l4-1C indicate the

similarities between measurement of length and angle si:ze.

The acetate protractors and rulers can be used to provide
additional examples like those on page 15, highlighting the ,
similarities between angle and linear measure.
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16 LESSON 2

The examples on page 15 illustrate that the measure of a

length or angle...

(1) depends on the unit of measure selected, and...

(2) is the number cf unit angles or 1ehgths it takes
to "fill up" the length or opening of the angle
being measured.

SOME DON’T COME OUT EVEN . ..

When measuring length, most measurements don't "come out
even". PFor example, m(AB) on page 15 was not exactly 3
centimeters nor U4 centimeters but was somewhere between
3 and 4 centimeters.

The same is true of angle measure. Using 4L 1 below as

the unit of measure, m(4L DEF) is between 3 and 4 units.

! /
/ /
[]
! //
)
! e
! / _
. ! -
| —~
| I
- E —p
ONE UNIT D

We write this: 3 units < m(Z DEF) < 4 units. This
statement is read "the measure of £ DEF is greater than 3
and less than 4.," .
What is m( & DEF) when measured to the nearest whole unit?
(Use £ 1 as the unit of measure.) You have to dec?” whether

m( L DEF) is closer to 3 units or 4 units. Determ ..ing to which
of the two units m( 4 DEF) is closer involves sighting,estimating,
and judgment . In order to measure accurately, you must be able
to make accurate guesses as to which of two units the measure

is closer.
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| USE
Le Y ellow Unit

USE
Blue Unit

D M

t'or use with CLASS ACTIVITY , p. 17.
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USE
Red Unit

USE
Yellow Unit

For use with CLASS ACTMITY , p. 17.




LESSCN 2 T 10

CONVENT AND APPROACH

The ctatements at the top of vage 16 summarize the

similarities between lincar and angle measure illustrated on

pafFe 10,

The sentior. SOME DON'T COME OUT EVEN emphasizes the
approximate naitnre of measurement with particular emphasis on
angle measure. The format is like that used in the earlier
booklet EXFLORING LINEAR MEASURE , (See CONTENT AND APPROACH: ,
p.T7 of this boeoklet.) The comments in the last paragraph
emphasize the rellance of accurate measurement upon accurate

judgment by the person who is measuring.
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LESSOH 2 17

CLASS ACTIVITY

For this activity us? the unit angle wedges that were
used in lesson 1.

INSTRUCTIONS:

N
Measure the angles pictured on both sides of the insert

between pages 16 and 17, using the unit given for each angle.
Record your results in the table below.

ANGLE UNIT OF
MEASURED MEASURE COMPLETE THE CTATEMENTS
1. L DLH | Yellow units < m( <4 DLH) < units.
To the nearest whole unit,
m( £ DIH) = units.
2. L DMP | Blue units < m( £ DMP) < units.
To the nearest whole unit,
n{ L DMP) = units.
3. L PLC | Red units < m( <4 PLC) < units. ;
To the nearest whole unit, |
m( L PLC) = units.
b, L SAC | Yellow units < m( £ SAC) ¢ units.
To the nearest whole unit,
m( £ SAC) = units.

BECOMING MORE PRECISE. . . .

All measurements are approximations. A more precise
measure of an angle is one in which a better approximation
of the angle's size is obtained.




CONTENT AND APPROACH

The angles o o seocaesd L the CLASSACTIVITY  are re-

produced on behth sides of wne ineort hetween pages 16 and 17.
The units of measaere nve ni 00

ooeoincluded in the packet of unit
angle wedges.

If addition:l vraoticos Lo neesded, additional angles may
be given and or ina Tour sngles represented could be measured
using unit wedges oui.:r thon those indicated in the table.
ANSWERS
ANGLE UNTT OF :

MEASURED  {MEASURE COMPLETE THE STATEMENTS
. L DIH | velicw ¢ units < m(L DIH) < 6  units.

To the nearest whole unit,

m(z DIH) = 6 units.

2. L DMP | Blue % units < m(LDMP)< _5 units.
To the nearest whole unit,
m( LDMP) = 4 units.

3. L PLC | Red 3 units < m(Z PLC) < _4 units. |
To the nearest whole unit,
m(L PLC) = 4 wunits.

4. L sSAC | Yellow i units < m{(L SAC) ¢ _5 units.

To the nearest‘whole unit,
m(L SAC) = L4 units.

BECOMING MORE PRECISE

defines precision of angle measure
in the same manner precision of linear measure was defined in
the booklet EXPLORING LINEAR MEASURE , The definition is

jllustrated by the examples on pages 18 and 19,




LESSON 2

EXAMPLE

/. CAB has been measured to the nearest whole unit,
using two different units of measure. Which unit gives
the more precise measure (the better approximation of
the size of £LCAB)?

Figure | A . Figure 2
Using £ 1 as the unit UsingZ. 2 as the unit
of measure,... of measure,...
3 units <m(LAB)<4 units 6 units <m(LCAB)< 7 units

In Figure 1:

m(4ZCAB)lies somewhere in the interval between 3 units
and 4 units. The measure is located in an interval equal
to the size of £ 1, the unit of measure.

In Figure 2:

m(4LCAB)lies somewhere in the interval between 6 units
and 7 units. The measure is located in an interval equal
to the size of L 2, the unit of measure.




LESSON 2

CONTENT AND APPROACH

Use the example (pp. 16-19) to illustrate fhe leirinicion
of precision given. The key point is that a moere preciss
measure will give a better approximation of the sine of
object (angle) being measured.




LLESSON

2 19

Which of the two measurements are more precise? The more

precise measurement will give the better approximationi of the

angle size.

Since the interval is smaller in Figure 2, the measure

obtained for L CAB, in Figure 2, is a better approximation
of its actual size.

Therefore Z 2 gives a more precise measure than L 1 as

it locates m(4L CAB) in a smaller interval.

PRECISION — depends on the unit of measure. The
smaller unit of measure, the more pre-

cise the measurement.

~ POINT

Which unit in each pair will give the' more precise
measurement?

L =
X Y " |

Suppose blobs and gobs are units for measuring
angles. When L 1 is measured to the nearest unit,...

2 blobs < m(L1l) < 3 blobs
4 gobs < m(L1l) < 5 gobs

a. Which is the larger unit of measure, a blob
or a gob?

b, Which unit will give the more precise measurement?




LESSON 2

CONTENT AND APPROACH

The student should use the \//POINT Lo check Wiz uncder-
standing of precision. he definition in fthe bpex spario s
the discussion of po. 17-19. The exXercises in tne v/ POINT

are similar to those in questions 4 and 5 of the¢ EXERCISES .

ANSWERS

v~ POINT

2. a. Dblob
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20  LESSON 2

EXERCISES

1. Suppose an angle with an opening as large as that of
L ABC has a measure of 1 unit,

8 _/_cA ONE UNIT

C

If the measure of L ABC is one unit, what is the measure
of the following angles?

2. The measure of the angle in 1(c) is how many times the
measure of the angle in 1(d)? How many times the
measure of the angle in 1 (e)?

£,
uil




LESSON 2

ANSWERS
1. a. 3 units
b. units

2
c. B units

2, U times ; 2 times

units

units
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N T e T T N

Use LRST as the unit angle. For each angle pictured,
conplete the blanks to make true statements.

R

(08

m(LRST)= 1 UNIT

Tﬁ

units < m(Z4 LMN) < units.
To the nearest whole unit,
m( £ LMN) = units.

units < m(4L GHI) < units.
To the nearest whole unit,
m(Z4 GHI) = units.

units < m(Z QRP)< units.
To the nearest whole unit,
m(L QRP) = units.

I, Suppose zips and zaps are units for measuring
angles. When £ TGC is measured,...

m( £ TGC)

m( £ TGC)

Y

10 zips

6 zaps

a. Which is the smaller unit of measure?
b. Which unit will give a more precise measurement?




sni 2

ANSWERS

)

. a. 3 units < m(4L LMN) < 4 units.

To the nearest whole unit,
m(LTHR) = 3 units.

b. 2 units < m{ & GHI)< 3 units.
To the nearest whole unit,
m(L GHI) = 3 units.
c. U units < m(4L QRP)< 5 units.

To the nearest whole unit,
m(L QRP) = 5 units.

L, a. A zip is smaller

b. zi

THINGS TO DISCUSS

Notice that the angles in 3(a) and 3(b) have the same
measure when measured to the nearest whole unit but =zre not
the same size. The students could be asked if angles of the

same measure are always the same size, reinforcing the dis-

tinction between the measure and size of an angle.




LESSON 2

5. Which of the following units will give the most precise
measurement?

DISCUSSION QUESTION b

Using{ a as the unit of measure,
4 units < m(LNMK) < 5 units.
To the nearest whole unit,
m( L NMK) = 4 units.

Suppose a new unit of measure (L b) is selected which

is & the size of L a.

Would the following statements be true fors NMK?
Why or why not?

8 units <m(4L NMK) < 10 units.
To the nearest whole unit,
m(L NMK) = 8 units.

USING OTHER METHODS . . .

This booklet describes the most common method of mea-
suring angles, using a unit angle as the unit of measure.

Another possibility for measuring angle size is dis-
cussed in the section entitled CAN A RULER BE USED TO MEASURE
ANGLES? in APPENDIX C at the back of this booklet.

o8




ANSWERS
EXERCISES
unit a
DISCUSSION QUESTION
The use of this question is optional. I used, 1oowh ves

it is preferable to explore and discuss it with Lhe enulioe
class. The first statement (8 units <¢ m(4 WMK) < 106 undio:

is true. The second statement is not necessarily truc.

The two statements concerning m(L FMK) when £ a s s
as the unit of measure imply that 4 units < m(L NMK) < ‘)
The following possibilities exist concerning md{ Lo HAED)
nearest whole unit with £ b as the unit cf measurc.

UNIT OF MEASURE
L a L.

Pl —————

If U4 units < m(4L NMK) < 44 units, then & units <m(& HEK)

To the nearest it

m(d-HMK) = o unito,

If 4% < m(L NMK)< U} units, then 8% unite < w(4 QK) <ol

To the nearest whol:

m( L MAK) = ¢ ounit. .

THINGS TO DISCUSS

The section USING OTHER METHODS refers to APPENDIX C.
The activity in the Appendix is an enrichment activity leniy
to challenge some of your better students.

e -




ANGLES FORMED BY ROTATIONS

in Lessons 1 and 2, angles were thought of as the union -
of two rays having a common endpoint. Another way to think
of angles is to consider the amount of rotation that is made

yhen an ohjiect turns.




P et
E oo

ANGLES FORRMED BY ROTATIONS

OBJECTIVES

1, To introduee the student to the ccnoent of an angle

femre by o rotatliorn,

o

z - v - - S T P S I . .
The student shall demoncitrate hin undershtanding of the

measure of an angle swept out by a rotation.” A turn is

-~

defined s1cte robabion. The atwdent will bve

0
3
]
3

atle to wmeasure an angle svent oul in an amcunt less

fIl

tnan, oaual te or sreabter bhan cne turn., The unit of

ey

measnye is oa fractional zmwownt of tuen.,  Uongruent arcs

arc laid off «n the clrcle as an aid in determining the
fracticnal amcunt oi turn. The directicn of rotation

is indicated.

EQUIPMENT AND TEACHING AIDS

A drawing compase 1is recommended for each student to aid

in visualizing an zngle formed by an smount of turn.

TRANSPARENCY

3-1, £n acetate cirele fastened to & base so iv can pivot

at

at its center. Two dark radius lines determine an

S R O )

angle of rotation.

(V)
[
N
I

Six-inch circleieight congruent arcs.

w
i
o

fix-inch circle jtwenty-four congruent arcs.
3-4, Six-inch circle;thirty-six congruent arcs.

3-5. Six-inch circlej;three nhundred and sixty congruert arcs.,

Furpose:

To illustrate the measure of an angle formed by
a rotation.

PAFulToxt Provided by ERIC




24 LESSON 3

Lay a pencil down on your desk. Hold the eraser end
firm and rotate the free end. Notice the amount of turn.

e e o - o ——————— — —— — o = a2t
‘~~
=

Figure 2

The diagram in Figure 2 indicates that the pencil has
made about one-eighth of a turn.

A turn is one complete revolution.




COMTENT AND APPROACH

The notion o on oancle Torned by twoe rays with a common

nig dezson nresents an alternate
veuiont o Lo e lon o F on prult in tnie plazne. 'Ihe measure of

vt enn e 2T el e P T R TN S PR S N
GV e T e vn U REIR A SRV T WY (R Cneoaumsunte Ciovurm.

rtassen il by discussing angles determined

by a rotabtion.,  larwy cach 2ngles can be seen in everyday
Pifee,  Refar to the deawinegs in Figure 1. The drawings are:
(LY a radio station selection dial; () a refriserator control
dial: (%) & steering wheel: (1) 2 wrench turning a holt: and

(%) a clozk far-,
gl

The o in des Lo tnie dizewssion 1s to make the notion

of an amount o ovening determined by e rotation more mean-

ingTul.

Demonstrata the roftation of a pencil on the stage cof

thie overhewd ved ooy

cv, Euphasize the definition: A turn

L
is one cownlets ~ovnlotion, Demonstrate such angles as those

Al ]
3 s S See. JR L dery aaym 2 1s R . ;
formed vy 5=, -, and — of a turn. Make 2 wmark to record the

starting nesition, The students will find it difficult to
estimate oho srount of tarn, Thls 1s good szince it will
or

malie the age of segled cireles {Ces page 27

.

m

e measningful.

Liee Appenrdlx A, Humber 1

PAFulToxt Provided by ERIC




LESSON 3

The second hand on a clock makes one turn avery 60
seconds. What bvart of a turn does it make in 1% seconds?

In 30 seconds?
The measure of an angle swept out by a rotation is the amount of turn.

Thus the measure of the angle swept out by the second
‘hand of a clock in 20 seconds is % of a turn.

THE SECOND

/;AND WAS HERE

\20 SECONDS
LATER

Figure 3

To determine the amount of turn you must keep track of
the starting position.

What is the measure of the angle swept out by the minute

hand in 45 minutes?




LESSON 3 T .

The clock face provides a Tamiliar object to discuss the

measure of an angle swept out by a rotation. The second hand

sweeps out + of a turn in 15 seconds and % of a turn in 30

seconds.

The measure of an.angle swept out by a rotation is the
amount of turn. The question in the student's mind is how
one determines the amount of turn. The clock face is divi-
ded into 12 congruent arcs. In 20 seconds the second hand
sweeps by U4 of these 12 arcs. Hence, 4 out of 12 is L of’ a

turn.

It is hoped that this type of thinking will lead to
more understanding, in later lessons, of the protractor as
a means of measuring angles.

NOTE: Iessons 1-5 are written so that it is unimportant
whether or not the student knows what a degree, .
in angle measure, is.




26 LESSON 3

The circle provides a useful way of studying the angle
swent outt by an amount of turn.

A scale is provided in cas2s where the amount of turn

aust he r.easured carefully.

Figure 4
& 5

What part of a turn is necessary to change the T.V. from
channel 2 to 7? Use both directions. What do you notice about
the sum of the two fractions?




PAFulToxt Provided by ERIC

Thne Dl Tustrabions Do iivue e it m T T 1

an ~lectric frying pan: a T.V. channeld oclcotor: a Dueld cawgre

and an altimeter. The students snculd be encourage:d Lo gwogant

other objects from everyday life tnat wtilize an amount oo

-

turn on sure sovt of eclircular atalie.

l.
It takes fbof a turn to go from channel 2 to channel 7,
turning the vlector dial to the right. It La}esj— or a turn
\

to go from 2 to 7 when turning the dial to the lelt.

o -
[ oy

The students should notice thav: fi#-f;== 1.
10 )

They should be able to generalize, althcugh 1t is nct nece-

ssary to do so at this time, that the twoc Tractions in this
type of a situation add up to cne. The beoklet deals with
the question of indicated directicn of rotaticn in Lesson 4

Here are some comnputation problems that you may use at

~

this point: (See alsc pags T 31)

Solve for N.

1.7y 1 - 1E
1) =+ =-=0MN, N=1 Wy =+ K =1, H= =%
( ) 8 3 > ( ) 1o ? 1o

g o] p)
—
o
h— .
—t
!

il

2 few
-4
ti

% !;-J

C: 1
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LESSON 3

The circle in Figure 5 has been separated into 8 con-

gruent arcs.

STARTING
«~ POSITION

FINAL POSITION
Figure 5

Each arc is what part of the circle?
The measure of the angle swept out is % of a turn. Why?'
The circle in FPigure A has been separated into 12 con-

gruent arcs.

STARTING
POSITION

FINAL

POSITION
Figure 6

Tne measure of the angle swept out is %g turns.
Why? ‘
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TLEOSON

PAFulToxt Provided by ERIC

b

txplain congruenss A Pepeenoo T s UL A
Point out that i tuwe cirvceles, havivg (iliorent fad
both divided into conaruent arcs, the ares i
will not be congrucrt o G oyen ol e obhvoye e

In Figure %, eanh #1rc 10 = D the cilrele. ine
of the indicated ansle is = of a turn boecwuso Lhieow

swept through 3 of the

Use Transparencies 3-1 througn 2oh Lo present

of angles to the class. Check to see if they have
The measure cof an angle is the ratio of the number
swept through to tne total number of arces

I

them situations where the angle swenpt out igs

THINGS TO DISCUSS

1.

in the c¢ircle.

larger

{ STaDG,
N ALt

i e

Lo,

mensnle

a variety
the idea:
of arcs

Give

than one tuarn,

iveryday situations where angles are formed by a

rotation. (e.g. wheel, door, fan, ete.)-

Give
and the other is found by subtrazcting from 1.

situations where the measure of one sngle is given

Discuss

of turn
L, Give an

and ask

helps determine the amount of turn.

22 turns indicates

how the circle, divided into congruent arcs,
Compare amount
with amount of opening.

angle whose measure is an impreper fractlior

now many complete roilations were made. le.z.

2]

(5

complete rotations plus i%-of a

o

turn more.)
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v POINT
1. What is a turn?

2. What is the measure of an angle swept out by a
rotation?

3. What was the measure of an angle as described in
Lessons 1 and 2°?

4. Each arc of the circle in Figure G, page 27, is what
part of the circle?

EXERCISES

l. The hours marked on a circular clock face divide the
circle into 12 congruent arcs. FEach arc is what
part of the circle?

2. What is the measure of the angle you turn your T.V,
channel selector to go from channel 2 to channel 4°?
Use the shorter direction. (See Figure 4, page 26.)

3. What is the measure of the angle swept out by the
hour hand in 7 hours?

4, Suppose an automobile has a speedometer with a
circular dial.

The dial 1s scaled
from O mph to 120.
Fach mark represents
5 mph.

Each small arc is what
part of the circle?

What is the measure of
the angle swept out when
accelerating from O to
40 mph?
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ANSWERS TO ~ POINT

NS

L)

ll‘l

A turn is one complete revolution.

The measure of an angle swept out by a rotation is the
amount of turn.

The angle to be measured was compared to a unit angle.
The measure was the number of unit angles necessary to
£i11 up the opening of the angle to be measured.

1

12

ANSWERS TO EXERCISES

1.
2.

3.
i,

of a turm.

of a tumm.

+ I
I AR LV

.~\1
&) 5y
8

b.) = of a turn or &g-of a turn. (Note: Equivalent
2L 120

fractions will be discussed in Lesson 4, Do not demand
reduced fractions.)

1
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5. Through approximately what size angle do you turn
your phone dial when dialing the number 27 The
number 57

6. Through what size angle does the minute hand of a
clock turn in:

a) 1 hour b) 30 min. ¢) 20 min.
d) 3 hours e) 15 min. f) 30 seconds

7. One complete turn of the pedals (with no coasting)
makes John's bike travel nearly 14 feet. What angle
do the pedals turn through if the bike travels:

a) U2 feet  b) 10 feet ¢) 21 feet




ANSWERS CONT'D

( The centers of the holes in the dial telephone are

. ~nC : . . ey P
approximately 3C7 apart. There is rcom for 12 evenly
spaced circles.)

a.) Hotice that when you dial the number 2, each circle
is displaced 3 numbers, e.g., 9 moves to 6. Thus

the answer 1is 1—3% of a turn.
[

b.) 1%of a turn.

- D
a.) 1l turn. b.) %8— of a turn. C.) % cf a turn.

15 . 1 .
=2 of a turn. f.) = of a turn.

d.) 3 turns. e.
) ) 60 120

7. a.) 3 turns. b.) ;%of a turn. c.) 13 turns.

The student may solve these Exercises by setting up a pro-

portion. Example: 7. a.) == = X, , _ 3,

14 o




LESSON 4

CENTRAL ANGLES

An angle determined by two radii (pronounced ray-dee-i)
of a circle is called a central angle.

Radii OA and OB of
circle O form central
angle AOB.

Figure 1

The measure of the angle determined by the two radii is
the amount of turn necessary to make the two radii coincide.

What is the measure of L AOB? This question caanot be
answered until there is an indication of the direction and
amount of rotation that is intended.
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CENTRAL ANGLES

OBJECTIVES

.o e il o will o bwe oable to decoribo, Dy odvieaing the
e reneiaie ey, Looouand nLoerslockwioe
- B
PRI, te L& .
v [T TN Ay e a et sy e P PR PN 3 P B - P R .
2. The student wlll bo oavle to deilne o ocentral angle as

.

wined by twoe roani of ouw ooircdo

K Gilven o ocespiral ancloe wibhs the diveciion of rotation

indicated, the sbident will be at

asuve tne angle,
The unit of measure is a fracticnal amount cf turmn.
The civcle i divided into congruent arcs as an aid in

determrining Lhe measure.

as a [ractional amcunt oi turn,

an indicated dirvection of rotation, and a circle divided
inta conmruent ares (2 maltiple of the dencwinater of
the given measurve) the student will be able to draw a

certral

naving the gliven weasure,

EQUIPMENT AND TEACHING AIDS

A drowing compzas, straightedge and Trensvarencies

3=-1 through 3-%4.

CONTENT AND APPROACH

This lesson gives additional work on the ability to
measure an angle using the arount of turn as the mea-
sure. The concent of a central angle helps relate the
measure of the angle to the number ol congruent arcs

swept cub in a rotation.

PAFulToxt Provided by ERIC




LESSON 4

Casell.

Case 2.

Case 3.

Case 4.

For Example:

(See Figure 1, page 30,)

Hold OB fixed and turn OA in a

direction to meet OB. Then

m(L AOB) = 3 of a turn.

1

Hold OB fixed and turn OA in
to meet OB. Then

m(L AOB) = %% of a turn

Hold OA fixed and turn OB in
to meet OB. Then

m(L AOB) = f% of a turn.

Hold OA fixed and turn OB in
direction to meet OA. Then

m(L AOB) = j% of a turn.

Case 1 and Case 27

What do you notice about the sum of the fractions in QQQ\K;\\

counterclockwise

clockwise direction

clockwise direction

counterclockwise
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i

In Lesson &, the use of a clreular yrotvactor will be

related Lo the central angle.

The measure of an angle Tormed by a2 rotation is re-

lated tc the direction of the rctution,

The student should notice that the sum of the twoe

fractions ir cases 1 and 2 and cases > and hois L.

There .s a small technical problem with the use of cen-
tral ar.zles since the sides of these angles are radii and
not rays.

Notice that we say that the angle is determined by tne

radii. 1In Lesson %, the students will see that these seg-

ments can be extended and not change the measure of the angle.

Test analysis from the Tirst edition of this booklet
indicétes that students were weak in answering the
following type of question: "A circle used to measure
an angle is divided into 20 congruent arcs. What

unit is being used to measure the angle?" Answer:ﬁL

20
of a turn. Give special attention to the unit of

measure. i

4




LESSON 4

7

To avoid the confusion caused by”fhe various ways in
which a rotation can be made to make the radii coincide,
We use an arrow.

The arrow in Figure 2 indicates how the rotation is
made.

The arrow indicates how
OD is rotated to meet
OT. The direction is
counterclockwise and the
amount of turn is %%.

Figure 2

m( £ DOT) = é%-of a turn

v’ POINT
l. What are the sides of a central angle?
2. Where is the vertex of a central angle?

3. How is the measure of a central angle determined?

EXERCISES

1. Imagine that you are looking down at the Earth
from the North Pole. Is the Earth turning in a
clockwise or a counterclockwise direction?
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THINGS TO DISCUSS

[ T - R P O A P I BT
1. JUUT NN LDy an -ﬁ:'"&;'..‘_(_f i this desoorn Doellcows the

Loomminsgl gide.

A The o woegsure of the an

g the arvcount i

Teonake bhe bwve ead il coinc lde,
[P 1 P T N D S S,
Loae thee robabion of one vadlius

al dolermined by tho dirvectlion amd amount of turn.,

ANSWERS TO v POINT

1. Redii.

2. At the center of the circle.

3. The ancunt of turn necessary to make the two radii

2. o T .
cCOLNCLGE,.

ANSWERS TO EXERCISES

1. Counterclochrice direction.

{AFullToxt Provided by ERIC






THINGS TO DISCUSS CONT'D
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LESSON &

m( ¢CAD) =

Y

7. Which of the Exercises 2-6, show a central angle
formed by a clockwise rotation?

8-10. Draw a central angle having the given measure and
direction.

8. % of a turn. (clockwise direction)
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ANSWERS CONT'D-

1 .
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and LcR Mook the same’, ToA0n, wnen Vou
p i
o lovest terme Lt ls o
—
{ e

oy ev e e . 2 A N D S
Lnswers to mxercises S-10 will wory oo Lo wne

exact position of the angle as ‘here zre several

sositions in which to draw the firoi radlus.
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LESOON 4

9. 177 turns. (counterclockwise direction)

10. 132— of a turn. (counterclockwise direction)

11. Three concentric circles are shown below.

[y

How many congruent
arcs are marked off
on each circle?

How do the lengths of
the arcs on the three
circles compare?

c) Give the measure of each of the three central

angles.
‘ m( £AOB)

m( £COD)
m( £EOTF)




ANSWERS CONT'D

S, )tw-"'-

1. a. 16

b. The arcs

increase in length as

This
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et
they
and
Theors

to make 5 of a
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tne angle
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e
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[
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1
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Frxercise will be




36

12,

13.

LESSON

Three central angles are showh below. Give the mea-
sur2 of each angle. What do you conclude about the
measures of these three angles?

b.

A set of fractions is given in each exercise below.
In each set, circle the fractions which are equiva-
lent.

1 6 16 4o
2) % To® 3 20 .
2 2 U4 5
b) 75 5 130 5.
15 1 9 1
¢) 35 312> B
a) = 6 2 5
/22 §8° 3° 40 .
10 2 2 6
e) 15° 63 3 .




o e 0
- ta CR Y ~
i
3 - . RN
D — LIRS &
a 1

\
1) i i
C. —~ I g uwurn

The neasurcs are eaquivalent. Note, however, that the
e

robation is differ

. 1 16
13, a. = and =—
o) I 5
b, =, — nd —=
¢ iz " 15
10 e
C. == and 2
2 12

- and
L& Lo
10 2 S
e. —, = and =
) 3 9

Take this opportunity to work in equivalent fractions.
Take the circle in 12 ¢ and double the number of
congruent arcs. The students should see that when the

denoniinatcr for the measure of the angle is doubled
> 3

the numerator is also doubled. 15x2 = 30.
2hx o L&

See Appendix A for Worksheets Number z, Number 3, and

Number .

O

ERIC
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LESSCH

‘ Adding and Subtracting Angles

1. The measure of angle AOB is B/
]

— »f a turn.
/

Ty measure of anrle BOC is

g— -1 a2 turn.
U S~
'ne measure of angle AOC is \
ot a turn. A
z 3
w( L ROT) = £ of. a turn
T ( ) 8 )
m(L ROZ) = ]7) of a turn
- m(L Z0T) = of a turn
R o)

;. Ray MN is rotated % of a turn in a counterclockwise

- Jdirection. Then MN is rotated —g— of a turn in a clock-

wise direction. How much farther will MN have to be
rotated in a clockwise direction before it returns to
its original position?

Lh-10 Solve for N

L §+—§-=N 8. 1+N=1—93
5. 1%+%=N 9. 2+N=l6Z
6.%+%=N 10. 1%+1%=N
7.%-%=N




LESSON &

]}
1 "

Answers. Adding and Subtracting Angles

1. l§0 of a turn
2. % of a turn
3. .%of a turn
b, -ill;g—or lll—5
5. 1% or 1-%

6. % or l]-_g—5
3

8. 3

9. 2

10. 2%&




THE SIZE OF AN ANGLE

In Lesson 1 it was made clear that the size of an angle
does not depend on the length of its sides. The five angles
pictured in Figure 1 are all the same size.

—

\

é—/
Figure 1

Remember that the sides of an angle can be thought of
as rays. A ray can be extended indefinitely.

In Lessons 3 and 4 circles divided into congruent arcs
were used to help measure the size of angles. Does the mea-
sure of an angle depend on the size of the circle used to
measure it?

Each of the three circles in Figure 2 have been divided
into 36 congruent arcs. Notice that the larger the circle--
the longer the arc. '

90
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THE SIRE OF AN ANGLE

OBJECTIVES

LoAey ot Peosn o o devonstrate his understanding Lhat
e 3ine o0 mnosnoio aocs nod depend on the size of e

Ppole uroo Lo omelne toe reasurement, He will be able to

measure an anele ucing two or were different size circles.

Given an anosle wihwase verder 1z at the center of a circle

Gdivided intoe consruent arcs, where the sides of the angle
v 2 [

oY

de not lic on any ihe marks, the student will be able

1

to approximate tne measure of the given angle. The unit

rocticnal amcunt of turn.

}
mn
o
=4

n

The student iz abic te demonstrate hilis understanding cl
precisicn in angle measurerent by answering a guestion
like this:

In Figure 1 circle A 1is
divided into 12 congruent

1 arcs and in l'igure 2 circle
A is divided into 30 cong-
ruent arcs. Which circle
helps determine the more
precise measure of 4 RAT?

A Fig., 2




I

m( £ AOB) of a turn
Figure 2

m( £ COD) of a turn

I

Rl %’\I\:.

m( L EOI') > of a turn

[l
S

Notice that, in each circle, the angle cuts off the
same nunber of arcs.

THE SIZE OF AN ANGLE IS DETERMINED BY THE AMOUNT OF TURN

The size of an angle does not depend on the size of
the circle used to measure it.

7
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EQUIPMENT AND TEACHING AIDS

’

A
-
3
3

A drawing compass

Transparencies 3-1 through 3-5.

CONTENT AND APPROACH

This lesson zeroes in o two main ideas. The first is
that the size of an angle does not depend on the length of

its =sides nor the size of the circle used to mezsure it.

’-\J
o
Al
P

The =zecond relates to the i of approximatlion and

precii:ion.

Figure 2 on page 39 is useful for illusirating that the
size of an angle does not depend on the length of its sides
nor tne size of the circle. Emphasize that the measure of
an angle 1s a measure of the amount of opening. The nmeasure
of an angle will depend upon the number of congruent arcs
in the circle used to measure the angle. The size of the
angle, however, will stay constant regardless of the size

of the circle or the number of congruent arcs used.

Note that we are not using central angles in this lesson.
Wie have retained the circle with the vertex of the angle at
the center, but now the sides of the angle are rays.

Using the notion of a ray we can always extend the sides
of an angle so that they will cut the circle used to measure
the angle.




Lo LESSON 5

The circle in Figure 3 has been separated into 20 con-
gruent arcs. The sides of the angle, in the figure, do not
lie on any of the marks. To measure this angle we nust make

an approximation.

Example 1. Measure Z TOM to the nearest whole unit.

Since the circle is di-
vided into 20 congruent
arcs, the unit is é%-of
a turn.

L. TOM cuts off 8 units

plus a little more.
1

m(L. TOM) =8(55 of a turn)

~ 8

~ 55 of a turn.

M But to. the nearest unit
Figure 3 m(/_TOM) = 2—80- of a turn.

Example 2. Measure Z.RAT.

{.RAT cuts off less than
3 of the arcs. We write

m(LR.AT)<% of a turn.

Z_RAT cuts off more than
2 of the arcs. We write

m(LRAT)>% of a turn.

Figure M4




T L

ALl weanuremenes are arnrosinvgnd oy oo oo e oy
procision nlavs a cenbral role dn owonee i Do
Yeecorn atiemplts Lo owalede voerioboys o S Sl T
antt o oand the  sine of vhe Intervs : SO .

These two 1deas are emnzivglovts oiv sralicoe vhe anid
of measvre tue wore vrecise the measucocnenin: The omeller
the interval in whicen the messure Tles, e more pricizc e
MIASUre.,

Ve ZTaver the latter statewenti zo one o slavi with
beecause 1t seens to give Lthe shudent o clogovar wndorstandingg
of what is meant ny a hetter apnroximailion (1.o,, a more
precise meazurement).

The student should view the unit snown in Fioueas 523

if + ruler has been wrapped arcwrnd the ocivelio, % cioa furn

. . 1 | : .
i a unit just like = or & of an inch ave unit..

-

When we talk about the uneasure of o BAT, in Flgnee d,

we establish that it liez in an interval bhelweon = and = of

-
—
P

a turn.

PAFulToxt Provided by ERIC
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i . . I > s . B P S Gy penr s
e 11°¢ ! lics souewhore in an interval

bhatiean

"
' a turn<:ﬂ(L.RAT)<f$% of a turn.
Jde
ifotice that the lsrzthh of this interval is the unit
used to measurel-RAT.

It appears (looking at Migure u) that the measure of

e
)
L. RAT is nearer == of a turn. The measure of/Z RAT to the

nearest whole unit is of a turn.

2
T

All measurements are approximations. A more precise
measure of an angle is one in which a better approximation

is obtained.

To have a more precise measure of an angle means the
measure Jlies within a smaller interval.




The measure ofl; RAT i3z something that . we ohall never

know exactly. We can only hope to cbtain a betier approxi-
mation of this measure by making the intevval smaller. Ve

make the interval smaller by using a smaeller unit of weasure,

Make the analogy to linear measurement. If the length
of a steei rod is known to be in an interval between 5.0l
and 5.02 centimeters, we nave a better approximation than if
we have an interval of say, 5.1 to 5.2 centimeters.

The students should gradually see that the length of
the interval devends on the size of the unit used.

S?? 2;;




LESSON 5

In Figure 5a:

—l%- of a turn< m(LTOM)<iug of a turn.

. : 1 .
The interval is TS of circle A.

In Figure 5b:

-2% of a turng m(L‘I‘OM)<§6E of a turn.

The interval is ?llI of circle A.

The smaller the interval that the measure lies in, the
- better the approximation.

Thus, 555 of a turn is a better approximation of the
measure of £.TOM than l% of a turn.

The measure of an angle can always be placed in an inter-
val whose length is equal to the size of the unit of measure.

Dividing a circle into more and more congruent arcs
makes the size of the unit of measure smaller.

The smaller the unit , the more precise the measure.

What can be done to the circle in Figure 4, page 40, to get
a more precise measure of /_RAT?




O

ERIC
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The students should be able tc explain fthe stabtoment

in bold type on page %2. iHave thnem explain whati can be done 1o

the cirecle in Figure 3 tc obtain a more precise measure
of £— RAT.

THINGS TO DISCUSS

1. Discuss what an amount of ovpening means and how 1t
is related to: (a) the length ol the sides of an
angle; (b) the size of the circle used to measure
the angle; (c) the number of congruent arcs that
the circle is divided into; and (&) the directicn of
rotation.

2. Discuss what "to the nearest whole unit" means.
Emphasize that even after the measure of an angle
is "captured" in an interval, the student must make
the decision as to which end of the interval he
believes the measure to be nearest. That is, he must
round off to the nearest whole unit.

See Aprendix A, Number £ and Number 6

e
o




zample 3. zasure L RAT to
whols

5

the nearest

unit.
Solution:
m{/_ RAT) = == of a turn.
‘ 60
Figure 6

The unit used in Example 2, page 40, is %5 of circle A.
The unit used in Example 3 above is él?DOf circle A.

1 1 -
%) of circle A KL 5 of circle A.

1
thus,'g% of a turn is & better approximation of Z.RAT than %%

of a turn.

"Dividing the same circle into more congruent arcs
gives a more precise measure of the angle.

v POINT

What can be done to circle O in Figure 3, page 40, in
order to obtain a more precise measure of /[ TOM?

1.




Tty
IJ}.'J;‘J ol

THINGS TO DISCUSS CONT'D

3. Discuss what can be dcne tc a circle in order o

obtain a-more precise measure. Use twe circles on

the overhead to measure the same angle. Make cne

circle have more congruent ares than the other.

Try this with two circles having the same radus and
two circles having different radil. It is true
that the circle witn the most congruent arcs will
give the more precise measurement - even 1l the -
radii vary.

ANSWERS TO v/ POINT

1. Divide the circle into more than 20 congruent arcs.

LRIC T




LiZSSON 5

The "size" of an angle depends on vhich of the following?

a. The length of its sides.

b. The amount of opening between its sides.

c. The "size" of the circle used to measure it.

d. The "size" of the unit angle used to ‘

measure it.

3. A circle used to measure an angle is divided into Lo
congruent arcs. What is the unit being used to measure
the angle?

4. Explain how dividing a circle into more congruent arcs
gives a more precise measure of the angle.

EXERCISES

1. Circle R is divided into 18 congruent arcs. In using
Circle R to measure an angle to the nearest unit, what
is the unit? (Use amount of turn.) . '

o, (Circle O is divided into 300 congruent arcs.

a) In using circle O to measure an angle to the
nearest unit, what is the unit?

b) Besides a part of a turn, what other name is given
to this unit?

102
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ANSWERS TO v POINT CONT'D

2. b. The size of an angle is constant. The measure
of an angle varies with the size of the unit used.

- 1
3. EE‘Of a turn

L, It makes the unit of measure smaller and this causes
the measure to lie in a smaller known interwval.

ANSWERS TO EXERCISES

1
1. | 1—80f a turn

2, a. 1 of a tum
360

b. Some students may know this to be a degree. Do
not mark them incorrect if they do not knew. This

question opens up a discussion leading to the next
lesson.




LESSON 5

3, Which will give the more precise measure of an
angle:

a) A circle divided into 50 congruent arcs or

b) the same circle divided into 100 congruent arcs?

4h-.6. Measure each of the following angles to the nearest
whole unit. Use the indicated unit.

=

m( £SAD) = of a turn

o




ANSWERS CONT'D

3. b.
n, 2orat or Lorat
. jpOf & turn 3 of a turn
]
5. 1§o°f a turn or ? of a turn
(W]
6. % or 1 % turns or 1 % turns

165

-3




16 | LESSON 5

7-9. Estimate the measure of each of the following angles
to the nearest whole unit. _

7. m( £SIT)= of a turn.

m( £TIL)=

9. m( £AID) =

106




ANSWERS CONT'D

Exercises 7-9 are more difficult than Exercises 4-6 in that
they show angles where neither side lies on a scale mark.

"
3 )

of a turn or of a turn
18

of a turn or = of a %urn

N\ Ol4=

\,

of a turn

wilk Floy
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! LESSON 6
,'
l

WHAT IS A DEGREE?

When an angle is formed by the rotation of a ray, the
measure of the angle is the amount of turn.

FINAL
POSITION

FIRST
)Y __ _____, POSITION

Figure 1

In Lessons 3, 4 and 5, the circle was an aid in deter-
mining the amount of turn.

A REVIEW (Complete the following statements.)

(1) The vertex of the angle was located at

(2) The circle was divided into

(3) An arrow indicated

(4) A ratio of the number of arcs "swept out" by one
side of the angle to

is a measure of the angle.




"
Lesson ¢

WHAT IS A DEGREE?

OBJECTIVES

1. To introduce the degree as a unit of meacsurc for angles.

1

R0

2, The student is able to define a degree as of a turn.

3. The student is able to convert an angle measure from a
fractional =amount of turn to degree measure and vice
versa.

4., The stuwient will be able tc determine the measure of an
angle in degrees when (1) the vertex ¢ the angle is

at the center of a circle, (2) an arrow indicates the

direction and amount of rotation, (2) the circle is

divided into congruent arcs, and (4) the sides of the
angle cut the circle.

£,, The student recognizes and can describe a right angle as

an angle swept out by a turn and a straight angle as

[VETI =

an angle swent cut by a turn.

[ox}

Given a measure in degrees and a circle divided into
congruent arcs, tie student will be able to draw an
angle having that measure.

EQUIPMENT AND TEACHING AIDS

A drawing compass, straightedge and Transparencies
3-1 through 3-5.

ANSWERS TO REVIEW QUESTIONS

the center of a circle.
a number of congruent arcs.
the direction of rotation.

the total number of arcs in the circle

=+

B 09




Figure 2

'Example 1. PFigure 2a shows an angle formed by a rotation
in a counterclockwise direction. The amount
of rotation is less than a turn. Since the
circle is divided into 16 congruent arcs, the
unit for measuring the amount of rotation is
f% of a turn. The measure of the angle is

16 of a turn.

Example 2. Figure 2b shows an angle formed by a rotation
in a c¢lockwise direction. The amount of
rotation is greater than a turn. The measure

. . 20 4
of the angle is g5 or 1 16 turns.

We call a quarter turn a right angle. How many right
angles are there in a complete turn?

The angle swept out in Figure 2a is a right angle.
How many right angles were swept out by the rotation shown
in figure 2b%

ERIC 110
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CONTENT AND APPROACH

It is assumed that most students know what a right
angle is (they can identif'y or draw one) and that they wilil
. . . o .
rermember that tihie measure ol a right angle is 907, Review

with them that tvc perpendicular lines form four right angles.

We now relate the degree to arcs of a circie. Lessons
3, 4 and 9 have given us sufficient backegrcund to allow the

4o

student to understand the degree as a unit of angle measure.

Transparency 3-5 is a circle divided into 260 congruent
arcs. Each arc determines an angle (whose vertex is at the
center of the circle) of one degree.

See Apvendix A, Number 7 and Number 8

i11
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The angle swopt out by a hall turn also has a sp

namne. It is called a stralsht angle, How man uarter
2

i
turns are there in a straight angle?

<« ~———de 1oy

Hy
(WV)

igure

From previous work in mathematics you may remember
that ths neasure of a right angle is 20 degrees.

cial

A degrea is the most commonly used unit for measuring

angles.

What is a degree and where did it come from?

The degree is related to arcs of a circle. We inherited

the degrece from the anciont Sumerians who lived near the

Tigris and Eupnrates Rivers several thousand years ago.

Sumerians used a ~—alendar of 12 months, each month having

30 days.
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length ol one unit 2t = distance of one tnou-
' zand units. In a comnlete revolution there

would be 7 + 1000 or 5752,18 <+« such units. For

convenience the mil ic defined as
Y

comulece

1 mil = 050257 = (000302 radlans
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LESSON 6

The Earth travels around the sun once each year. The

path of its travel is almost circular.

93,000,000
MILES . EARTH

This drawing
is not to
scale. Wny?

Figure 4

If the year were exactly 360 days (every so often the
Sumerians had to add extra days to their year ), the Earth
in its annual passage around the sun would pass through one
degree per day.




The degree ccmes from the sexagesimal wmeazure of an

2

angle. In this system, one cemplete revolution is divided
into 360 parts. Each vart is called a de . OCne degre~
is divided into 50 parts, witn each pari called 2z minute znd one
minute is divided into 90 parts, with e part czlled a second.

THINGS TO DISCUSS

)

T

[ o

h will

1. Discuss the review auestions on page 47 as ey
provide a basis for introducing the full circle pro-

(@]
=

tractor in Lesson &.

2. Relate right angles to perpendicular lines. A
straight angle is related tz =z line by pointing out
(See Figure 3) that wh.n a ray is rotated 4 of a

turn, its originral positicn and its final position

determine a line.

3. There are many common units of linecar measure, but
the typical student oniy hears cf one unit of angle
measure, i.e., the degree. Point out the arbitrar-
iness of this unit. Let them make up a special
unit, saygloof a turn, and give it a2 name.

Suggested Activity. Hzve Studernits Convert Their Locker

Combinetion to Degree Measure.

LRIC 115 -




LESSON 5%

N U 1°
N iy
N 2
N\ %
N %
S %

S 2
%\ *,
S 2
S Z
S Z
= / =
iy N\

“iy, A

’/////////////muuhm\\\\\\\\\\\\\\\\\
Figure 5

The cirecle in Figure 5 is divided into 360 congruent
Each arc determines a central angle of one degree.

arcs.

A ofatum=1 degree
360




THINGS TO DISCUSS CONT'D

They can use this specizl unit 1o measure angles. The
degre= has survived down through the ages beczuse it is a
29 g g
converniient unit. A small unit is necessary because one wants

to assign & different meazsure {when rourding i1o the nearest
whole unit) for azngles which very slightly in their amount

of opening. For example, if gﬁ of & turn were used as 2
standard unit, then two angles, say m{/_A) = 29 and m(/_B) =

2% , would both receive the same measure, namely 1 unit, when

rourded off 1o the nearest whole unit. For :ost cases, there

H

is too much of & diifference betweenZ_A andl_D 0 round of'i

b

the measure to one unit and thus it would be necessary to

give a fractional part to the measure of each of these angles.

Point out to the students that a smaller =zmounrt of turn
than 1 would cause the scale mzrxings to be nearly illegible
—
300
even on a circle as large as the one in Figure 5.

PAFulToxt Provided by ERIC
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Exa7nla 3. Give the measure of £LCAR as a part cf a

turn and in degrees.

~

b x
18 ~ 360
4.20 _ 80
18.20 ~ 300 Thus,
x = 80.
Tharefore, m( LCAR) = 8o of a turn and
360
80
360 of a turn = 80°.
mn._n
The symbol is read degrees.

Example U4. How many degrees 1is 1 of a turn?

3
There are 360° in one turn.
1 Oy _ o)
3 (360°) = 120

Example 5. Convert 135O to the corresponding
fractional amount of turn.

135°  3.45° 3
360° = 8+46° < 8

Answer: 135O = %-of a turn.

m( LCAR) = %% of a turn.

LESSON 6




THINGS TO DISCUSS CONT'D

4, Discuss the Examples on page 5¢. Some time should be
spent here in helping the students convert f{rcm amounts
f% of turn to degree measure and vice versa. Each example
shows a different approacn. In Example 3, a proportion
is set up. This provides a good time to work with pro-
portions.
In Example 4, one turn is 360° s0 % of a turn is % times
3600. Here the students can obtain some practice in
multiplying fractions by whole nwrnbers.

In Example 5, the student is reducing a fraction.

5. Discuss questions on page 57.

Test analysis from the first edition of this booklet in-
dicates that students were weak in converting degree
measure to an amount of turn and vice versa. 3pecial
emphasis should be put on Examples 3 - 5, page 32.

A FullToxt Provided by ERIC




v POINT

1. What special name is given to angles

2. Vhat makes a central angle different

half turn?

in general?

3. A degree is what part o

(a) one-quarter of a turn?
(b) one-

a turn?

4. Explain how a dngree is determined.

EXERCISES
1. How many

a) of

of

Wi =i

d)

2. How many

degrees in:

a turn b)

a turn e)

degrees 1in

a) a right angle?

b) a straight angle?

1

5 of a turn c)
2
1§ turns f)

formed by

from angles

1 turn

3% turns

3. Give the measure of each of the following angles in

degrees.

a)

b) m(/lMIT) =

120

m({L MAD) =




LESSON o

ANSWERS TO v POINT

1. (a) a right angle
{(b) a straight angle

~

/] 3, A central angle is determined by two radii of a circle.

Thus, its vertex is at the center of a circle and its
sides are segments. It is an angle in the sense that
the segments can be extended to form rays.

.1 -
5. cf a turn.
7 380

4, Vhen a circle is divided into 360 congruent arcs, cach
. . o)
arc determines a central zngle whose measure is 17,

ANSWERS TO EXERCISES

1. a.) 20° b.) 180° c.) 360°
d.) 120° e.) kg=® £.) 1170°

2. a.) 20° b.) 180°

3. a.) 120° b.) 50°
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LESSON 6

(€2

8.

A circle is divided into 8 congruent arcs.

a) How many degrees will be measured by each arc?

b) A central angle of this circle cuts off three of
the eight arcs. What is the measure of this angle
in degrees?

A circle is divided into 24 congruent arcs.

a) How many degrees will be measured by each arc?

b) A central angle of this circle cuts off 18 of the
24 arcs. What is the measure of this angle in
degrees?

A circle is divided into 36 congruent arcs.

a) How many degrees will be measured by each arc?

b) Central angle STU of this circle has a measure

cf 2 é%-turns in a counterclockwise direction.
Draw £ STU.

c) What is the measure of £ STU in degrees?

124




LESSON 6

ANSWERS CONT'D

6. a) Uu4s° b) 135°
7. a) 15° b) 270°
8. a) 10°

c) 750°
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LESSON 6

G-12. Estimate the measure of each of the following angles
in degrees by:

(1) Use a draving compass to draw a circle using
the vertex of the angle as the center. You
decide what radius to use.

(2) Divide the circle into a number of congruent
arcs. Use your judgment as to how many arcs

to use. Mark off the arcs by estimating their
positions.

9. m( L COP) = ©

10. m( L FAR)s=

11. m( L MOT) &

12. m(L RIP)e=




IESSGH 6

SUGGESTION: This pvage is too crowded to draw circles for
each angle. Have the students trace each angle
onto separate pieces of paper. One way to obtain
convenient arc marks is to fold the paper, through
the center of the circle, into fourths, eighths,
etc., and then estimate the position of any
needed intermediate marks.

ANSWERS CONT'D

50°
120°

25

(Answers will vary by about 50 either way.)

o)




LESSON 6

DISCUSSION QUESTIONS

1. What is a degree?
2. How are a degree and an inch alike?

3. Discuss applications where an angle whose measure
is greater than 360° might be Tound.

The circle in Figure 5, page 51, is Clvided into 360
congruent arcs.

The circle drawn below is also divided
into 360 congruent arcs. Discuss the tollowing state-
ment: Each arc determines a central angle of one
degree regardless of the size of the circle.
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ANSWERS TO DISCUSSION QUESTIONS .

1. A unit of angle measure- 5%@ of a turn. Ask what makes
the degree special. Does anyone know of any other

standard units for angle measure? See pages T 49-T 50.

2. They are both units of measure. The inch measures an
amount of opening between two points on a line. The
degree measures an amount of opening between two rays
having a common endpoint.

3. In situations wherc an angle has been swept out and the
total number of complete rotations is important. Some
Exercises in Lesson 3 presented situations where the mea-

s O
sure of the angle was greater than 360",

Iy

. Although the arcs on the circle on page 57 are much smaller
than the arcs on page 51, one degree is still determined
by one arc. Refer back to Exercise 11, page =“». The
students should see that for different size circles the
arcs change size, but the size of one degree is constant.

129




58 LESSON 7 (optional

DIALS AND GAUGES

Many dials and gauges are either (1) circular or (2) have
% *cale which is based on a circular design. Some examples
are included in the following exercises. '

1. An electronic timer such as the
one pictured to the left will
turn appliances and lights on
(and off) automatically.

Using the settings shown in the
picture, the lights will go
"on" at 9 p.m. and "off" at

1l a.m.

When the markings are extended, the smaller angle formed
by each numbered marking with the numbered markings on either
side has a measure of 15°. (The 15° angle formed by the
3 p.m. and 4 p.m. markings is indicated by dotted rays.)

On the setting shown above, the smaller angle formed by
the 9 p.m. and 1 a.m. markings has a measure of 60° (U4 x 15°).

(a) What will be the angle formed by the markings for
i the following settings? (Move from the 1lst to the
2nd setting in a counter-clockwise direction.)

/ First Setting Second Setting Angle Measure
( 9 p.m. 5 a.m. 120° (8 x 159)
[ 7 p.m. 12 midnight
6 p.m. 2 a.m.
k 8 p.m. 6 a.m.
\
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LESo0n 7 {optional)

DIALS AND GAUGES

OBJECTIVES

Al Given a circilar dial cor gauge, the student will be

able to deternine the weasures of angles deterrined by

given markings con the a2cale ¢ the circular dial or

gauge.

CONTENT AND APPROACH

Ae indicated, the use of this lesson is optional.
The examples in the EXERCISES illustrate dials and gauges
whose scales are based on a circular design (in some cases,
only part of a circle is utilized). It 1Is not necessary
that the student understand angle measure prior to being
able to read the gauges shown. However, it would be im-

possible to calibrate or design these gauges without an

understanding of angle measure.

ANSWERS

First Setting Second Setting Angle Measure

1. (2) 9 p.m. 5 a.m. 120°
7 p.m. 12 midnight 75°
6 p.m, 2 a.m. 120°
3 p.m. 6 a.m. 150°




LESSON 7 .

(1) For each angle measure, give a pair of settings

whose markings, when extended, will form an angle
of that size. (There are several fcr each part.)
Angle [leasure Settings
135° onat ., off at
90° onat  , off at
' 210° onat ____, off at
e © on at , off at

'. B0 2 90000 K | _ |
' ‘\\\\\\\\Hh/y%//// the left, part of the

necdle which indicates
speed is hidden from
view (indicated by
dotted 1line).

; 2. On the speedometer to
mﬂ\

The entire needle pivots on a point and the end of the needle
follows a circular path as it moves. 1In thé above speed-
ometer as the needle moves from O to 20 m.p.ﬁ., the degree
measure of the angle formed is approximately 20°,

(a) As the car accelerates or decelerates from the first
speed to the second épeed, give the measure of the angle

formed by the needle as it moves from the first speed to
the second speed.

First Speed Second Speed Angle Measure
0 m.p.h. 40 m.p.h. 40°

20 m.p.h. 80 m.p.h.

30 m.p.h. 50 m.p.h.

(b) Using the speedometer needle, describe three different
ways for determining an angle of 40°,

First Speed

Second Speed




T S
LESSON 7

ANSWERS

1{b) There are several possible answers for cach papt.

!
Conditions for correct answers are given below.

!
i!

Angle Measure settings
;
-y —O v » ’I"'\
13 9 heour diffference
o 7 140
90 O hour difference
L) O . 1.0 bl
210 14 hour diflference
o] . BN
15 1 hour difference
2(a First Speed Second Speed AngLe Measure
— &
o
0 m.p.h. 40 m.p.h. %o
-~ 2l . -0
20 m.p.h. 20 m.p.h. 60
'Z’O o - R O
30 m.p.h. 50 m.p.h. 20

(b) There are several possibilities. To determine an angle
|

of MOO, the difference between the first speed and

second speed should be Lo w.p.h.

PAFulToxt Provided by ERIC




LESSON 7

The ¢zs50line gauge on a car looked like this

(W8]

whern there were 2 gallons of gasoline in the
tenk. Estimate the number of gallons of gas-
oline in the tank for each gauge-rezding be-

low. (i;:#‘\\\
4\\\/>

(a] [B]@[c] (o]
(&) () — () (d)

4, The timer pictured at the right will
time intervals up to 60 minutes long.

The timer shown is set for an inter-
val of 40 minutes. (Assume the

vertical pointer is on "O".)

(2) The circular dial on the timer has been divided into
how many congruent arcs?

(b) Each arc is what fraction of the circle?

What is the degree measure of each arc?




LE3SON 7 T =0
ANSWERS
3. (a) 16 gal. (v) 2 gal, (c) 10 gal. (d) 5 gal.
b,

(c) &2

NOTE: The answers for exercise 4 are based on counting all
markings on the dial. If only the numbered markings
were counted, the answers would be 12, 1 , and 300.
12




LESSOW 7

(d4) Give the dJdegree measure of each angle indicated.

pictured?
m(L 1) =
3 -i" 'ﬁ'r.n‘.- ¥ ‘
(b) Using the settings pictured above, . . .
m £2) = m (L3) =

136

m (L3) =
m (Lb4) =
5. The outer dial of

the barometer pic-
tured to the left
is divided into L0
congruent arcs.
(Using numbered
markings only.)

What is the degree
measure of the
smaller angle (£ 1)




TESSON 7

ANSWERS
h(d) m(L1) = _ 60° m(£ 3) = _ 150°
m(l2) = _ 300° m(L L) = 210°
5. (a) m(L 1) = _ 4s°
(b) m(L2) = _135° m(L3) = 180°

NOTE: The answers above assume the following:

4(d): The vertical pointer is set on "O"

5(a-b): The pointers are set on the nearest numbered
marking.

e 137




The outer dial (0 to 500g.)
of the spring scale pictured
to the right is divided into
100 congruent arcs.

"As the pointer moves from

O to 500g., it moves through
an angle of 330°, Therefore,
the small angle indicated by
the dotted rays has a
measure of 3.3°.

(a) What is the measure
of the angle formed
as the pointer moves
from Og. to each of
the following
settings?

Setting Degree Mezasure

155 g. 102.3° (31 x 3.3°)
100 g. ’
250 g.

Loo g.

The pointer above indicates
a weight of 15H g.

Using the dials of the scale, give the approximate

weight in grams equivalent to each of the following
weights in ounces. (The ounce scale is on the inner
part of the circle.)

188
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LESSON 7

Setting

Degree Measure

102.3°

66°
165°
264°

3




LESSCH 7

Ch
L

Weight in ounces Weight in grams
6 cz. 170 g.
9 oz.
16 oz.
4 oz,

(c) * A pound is equivalent to approximately how many
grams?

FOLLOW-UP . , .,

The dials and gauges are only a sample of the dials and
gauges that could have been shown. Bring in dials and gauges
(or pictures of them) whose scales are based on a circular
design. Describe the angles formed as the indicator or

needle moves from one marking to another.




LESSH 7

ANSWERS

6. (b) Weight in ounces Weight in grams
& oz. 170 g.
9 oz. 2h5 g.
16 oz. b5 g, {(or Wh4
4 oz. 115 g.
9% oz. 270 g.

(¢) 455 g. (or 454 g.)
Answer depends on the preciseness of the approximation.

CONTENT AND APPROACH

The section entitled FOLLOW-UP indicates a class or
individual project that could be used in conjunction with
this lesson. Pictures of gauges could be used to make over-
head transparencies to aid class Giscussion of the angle
measures involved with these other gauges.

Some of the pictures in this section were taken from
an angle and may cause some scale distortion. The answers
given assume that no scale distortion has occurred.
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LESSON 8

THE CIRCULAR PROTRACTOR

A circular protractor is an instrument for measuring
It is a copy of a circle that has been divided into

angles.
(Usually 360 arcs are used so that each arc

congruent arcs.
corresponds to one degree.)

A circular protractor measures an angle by treating the

angle as if it were a central angle.
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Figure 1

The center of the circular protractor is placed on the
vertex of the angle.

The sides of the angle are extended, if necessary, so
that they cut the circle.

What is the measure of L SAD to the nearest degree?

142 -




PAFulToxt Provided by ERIC

THE CIRCULAR PROTRACTOR

OBJECTIVES

The student is able to demonstrate nils wnderstanding ol

the statemert: A circular profracior meazsures an angle

Dy treating the angle as 1f 1t were a contral anglie.

e will be able to make a statement like: "The center
of the circular protractor is placed on the vertex of
the angle and the "sides" of the anpgle arce extended, LT

necessary, so that they cub the circle.”

The student i3 able to compare the "unit angle" concept

with the "unit arc" concept in using a circular protractor.
e will be able to make a statement iike: "The unit

angle, whose vertex is at the center of the protractor, will
determine a unit arc on the protractor.”

The studernit is able to state that oe degr=ze equals

4.

sixty minutes and one minute equals sixty seconds.

EQUIPMENT AND TEACHING AIDS

Plastic unit angle wedges to serve as unit angles. Mull

circle protractors (one for each student). Transparencies
3-2 through 3-5.

CONTENT AND APPROACH

The student should see how placing a circular protractor

over an angle, so that the vertex coincides with the center,
is related to his previous experience in Lessons 3,4,5 and 6.




LESSON ¢& 65

A COMPARISON

In Lessons 1 and 2 an angle was measured by first
selecting a unit angle, then determining how many copies of
this unit angle would "f£ill up" the opening of the other angle.

7
i
/’o .—-——’—"

Unit Angle The Angle to be Measured

Figure 2 m(LTOP) = 8 unit angles (To the nearest>
whole unit.

In Lessons 3-7 we have been looking at angles formed by
a rotation. The measure of such an angle is the amount of
turn. A circle divided into congruent arcs makes it easier '
to measure an amount of turn.

A

Figure 3

n
m({ TOP) = o5 of a turn.

To the nearesf>
whole unit.

The unit used in Figure 3 is Y of a circle. What is

ok

the unit used in Figure 1% Which unit is more precise? Why?

144




LESSON 8 T 65

Draw an angle like L POT, page £5, on the overnead pro-
jector. Use the smallest plastic angle wedge as a unit
angle and measure & POT. This will review the use of a
unit angle. Then place transparency 3-4 over £L- POT. Now
compare the use of the 36 congruent arcs in measuring L POT
to the use of the 10° angle wedge.

The students should come to the determination that these
two concepts are tightly related and that in both instances
it is the amount of opening that is being determined.

Thus when the student is using the protractor he should
see that he is using a unit angle (lo) in the form of

counting unit arcs.




0O LESSON 8

e T T T T T RS

DISCUSSION QUEST IONS
1. How does the circular protractor use both the "unit
angle" (Figure 2) and the "unit arc" (Figure 3) ideas
for measuring angles?

2. How is the unit angle of 1° related to the circle
divided into 21,600 congruent arcs?

3. In what way does the circular protractor treat every
angle like it was a central angle?

4. How can a circular protractor be used to measure an
angle whose measure is greater than 360°?

146
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ANSWERS TO DISCUSSION QUESTIONS

1. An angle is determined by an arc and an arc determines

an angle. When we use a protractor we count arcs, but we
can think we are counting unit angles and it amounts to
the same thing.

A central angle of 1° will subtend 60 of these congruent
arcs. The unit angle of lo, in this case, would not

. . ; . . 1
yield as precise a measure as the unit arc, 1'e°5T_66@
21,

of a turn.

The center of the protractor is placed on the vertex of
the angle and the two radii are determined by where the
sides of the angle meet the circle.

By counting 360° for each full rotation; measuring the
angle whose measure is less than 3607; and adding these

two measurements. ‘
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SSON 8 67

t—

td

2}

MINUTES AND SECONDS

Modern mass production methods require that parts be
machined to size limitations which allow parts to be easily
interchanged.

4

_1 765
!

Figure U

In many industrial applications angles must be measured
precisely and the degree is not a small enough unit. In
these cases the degree is divided up into smaller units.

One degree is divided into 60 parts.
Each part is called a minute.

1° = 60' (The symbol ' is read minutes.)

OCne minute is divided into 60 parts.
Each part is called a second.

1' = 60" (The symbol " is read seconds.)
1°= 2 "

A measurement of 38 degrees, 42 minutes, 16 seconds is
written as 38° U42' 16" and means: 38° + 42' + 16",

148
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The symbols for minutes arnd =econds ol angle pesoure

can be confused with the symbols Cor {eet and inches roasnpoet-
ively. In Figure , the angle measure shown s 4 degreen,

51 minutes. The lirear dimcusionsn are given in inches

The symbol for degrees can z2lco be confused with the

synbol for & zero exponclt,

Remind

4.°

atudents

R that of the threo units: winnie,
sccond and degree, the second is the smallest and there-

fore the more nrecise,
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68 LESSON 8

Degree measures are often written in decimal form. Thus,
it is sometimes necessary to convert these measures to the
correct number of degrees, minutes and seconds.

Example 1. Convert 62.82° to the correct number of degrees,
minutes and seconds.

Solution: 62.82° = 62° + .82°. We must
convert .82% to minutes and seconds.

Since 1° = 3,600" we can set up a proportion:

3600" N . N = .82°9 % 3600"

1° .82° 1°

Thus N = 2,952". Now 1' = 69". Think: What

number times 60" equals 2,952".

60 |2952. By division we see that

hg x 60" + 12".
bg x 1' + 12"

2,952"

Thus, .82° = 2,952" = 4g' + 12",

So 62.82° = 62° 4L4gr' 12",

ERIC 190




LESSON 8

Discuss fxamples 1 and 2 with the cless, outlining the
reasons for each step. Do not require that the students

master this computation.

Example 1. It is the .82° that must be converted. A
proportion cen be set up or the students can
be led to see that if 1° = 3,600" than
82 x 1° = .82 x 3,600". Dividing 2,952"
by 60" gives the number of minutes in 2,952
seconds.

In expanded form: 62° 4t 12" = 62° + 45! 4 12"

(62 + 49 +._l§_f’.
60 3600

Example 2. 14' 24" means 14' + 24". Converting 14" to
seconds allows us to find the total number
of seconds. Than we must find what part
this is of a degree.

An alternate way (rather than use a proportion)
would be to see 18° 1l' 24" as

! )
(16 + & 4 230,

60 3600

14 X 60 + 24
3600

864
3600
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LEZSON ©

Fxemple 2, Convert 18°% 14 24" to degrees in decimel form.

Yolution: We must convert 14' 24" to degrees.
1' = 60" so 14' = 14 x 60" = 8hO".
Thus 14' 24" = 840" + 24" = 864",

1° = 3600", 1° N oo 12 x seut
3600"  &64" 3600"

Thus N = .24° and 18° 14' 24" = 18,24°

v POINT

1, How many minutes are there in one degree?

2. Is an angle measure of 2,785" greater than or
o
less than 177

EXERCISES
1. How many seconds are there in one degree?

2. A circle would have to be divided into how many

congruent arcs if each arc is to measure 1 second
of angle?

Complete the following conversions:

(a) 180' = ©

(b) 900' = © (d) 18,000" = o

Convert the following degree measures to the correct
amount of degrees, minutes and seconds.

(a) 5.5° (b) 47.25°

o]

(¢) 13.19° (Hint: Multiply .19 times 3600".)

Convert the féllowing angle measures to degrees
in decimal form.
o]

(a) 5° 15! (b) 137° Lo (c) 58° 28' 12"




LESSOH &

ANSWERS TO \/pom'r

'
1° = 60

.t

N

inswers to Exercises

"
1. 3,600 = 1°

"
Tess than 1° since 1° = 3,600 .

2. 1,206,000 congruent arcs

5. a) 3° ¢) 20
b) 15° a) 5°

L. a) 5° 30 b) 47015
¢) 13° 11" 24"

5, a) 5.25° b) 137.7°

58,U7°
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f LESSON 9

HOW MANY DEGREESY

A VARIETY OF SHAPES AND SIZES

Protractors come in a variety of shapes and sizes.
Some of these are pictured in the back of this booklet in

APPENDIX D .

regurdless of shape or size, all protractors are read
in a similar manner. If the protractor you are using is not
1ike the ones pictur=d in this lesson and you can not deter-
mine -ow it is read, consult  APPENDIXD or your teacher for

':‘3'.:'31"0.

THE SHAPE OF A PROTRACTOR IS.. . .

The vnrotractors you will use in this booklet are for

the most part either (1) circular or (2) semi-circular in

oL
shape. o \\\\\(\\\\‘“‘\ i /m//,,,, i,
7/
N 3\03“ ° o ,/’///,
N w '/,
@\ /’/
N %
2
o 3
&S > %
8 ——1
? ~ o }‘
=g 2 —2
g ° £
=5 e —£
“vs"' = :;.— 3 S é
s 1 X 2 ==1 s <
lUIIIIIlIlIIIIIlIIlJII|IIII[II|HIIIII| =37, S ~F
2 % S
Yy N
4 &
7 N
////// 0/? QQ\ \\\\\\\

09, \
TO BE EXPLORED . . . M, /7 o B AN

My / \ A
. iy, | W
Is it necessary for a protractor l o i

to be circular or semi-circular?

To explore the question above, refer to APPENDIXE at
the back of this booklet.
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LES5CH 9

HOW MANY DEGREES?
OBJECTIVES

. . . o)

1. @iven a drawing of an angle whose measurc is between O
o) ‘ .

and 360", the student will be able tc measure the angle

to the nearest degree under the following conditions:
a. When the angle is determined by...

(1) two intersecting lines, or
(2

} two rays having a commcn endpoint.
b. Using either a...

(1) circular protractor, or...

(2) a semi-circular protractor.

c. With the protractor in standard position
(one ray through the zero point).

d. When the "sides" of the angle must be extended
to get a reading on the protractor scale.

Tt is assumed that the protractor used is of sufficient
quality to enable an accurate reading to the nearest
degree.

o

. . o}
Given an angle whose measure is between 0° and 360 )
the student will be able to give a reasonable

. 0 .
estimate (a 10~ tolerance) of the measurc in degrees.

EQUIPMENT AND TEACHINGAIDS

A.STUDENT
1. Semi-circular protractor (1 per student)
2, Circular protractor ( 1 per student)

B. TEACHER
1. Overhead projector

2. Projection screen

%3, Acetate protractors (circular and semi-circular)

150
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LESSCN 9

USING A CIRCULAR PROTRACTOR . . .
In some situations, a circular protractor may be more

suitable for measuring angles.
o

\mvmmmmw
@NNN\ ! ﬂm%mh
Y
"m,
Es‘f\
S
&S
g\e - —Z

0t 0 08 o
MMmAMmMMAN*

260 270 280 2

\\‘\“‘\\\\“llrllllmylllyl
on 0

R “\\w

h

e
o
ha

Using the circular pro-

Y, 3N
W/ N
% tractor to the left,...

m(L AOB) = 50° ,

(

m( L A0C) = 120°
m( L AOD) = 150°
m(L AOE) = 240°

When reading the angle measures listed above,..
(1) the center point of the protractor is on the vertex

of the angle.

one side (ray) of the angle passes through the zero

point on the protractor scale.

the number on the protractor scale corresponding to

the other ray gives the measure of the angle.
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CONTENT AND APPROACH  (for nage [0)

Protractors differ in their markings, especially in the
manner the center point of the circular scale is indicated.
The protractors pictured in the booklet reuresent what seem
to be more commonly available in department shtores, drug stores,
etc.

APPENDIX D is to be used as a reference for the student
and illustrates the use of several common vrotracters in mea-
suring angle size. This section may be of fizlp to the student
who has a protractor unlike the one pictured in the booklet
and exposes the student to the variety of protractors available
on the commercial market.

APPENDIX E is designed as an enrichment lesson and project
for those students who are not sufficiently challenged by the
text material.

CONTENT AND APPROACH  (for page 71)

The use of a circular protractor is demonstrated when it .
is placed in standard position (one ray through the zero point
on the protractor scale). Use the acetate protractor and the
overhead projector to further illustrate the three points

listed at the bottom of the page. The student was initially

exposed to a circular protractor in Lesson 8.

conditions under which a circular protractor is more
convenient to use than a semi-circular protractor is a topic
for discussion at a later date after the student has had
experience in using both. When demonstrating both the cir-
cular protractor and the semi-circular protracﬁor (p. Zg),
include situations where the sides must be extended to get
a reading on the protractor scale (see ».8),
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USING A SEMI-CIRCULAR PROTRACTOR . . .

'\-,“"

s

vartaent stores, drug stores, ete...

LESSON 9

st of the protractors which you see for sale in de-

. are semi-circular.

Both the circular and semi-circular protractors have advan-

tages in different situations.

- ( 2
!_!nnulmnnll|11¥ﬁ|1|||||||||1||n||l

0.5 A

SEMI-CIRCURAR PROTRACTOR

AT

L) ! U} 5

7
b ' % T,
a/' %/%'////

/ R

a( L PXR)
n( L PXS)
m( L PXT)

P

protractor

Using the semi- circular

at the left,...

30
120
150°

(o)
(o)

Notice that the semi-circular protractor is used in

the same manner as the circular protractor.
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CONTENT AND APPROACH

The use of a semi-circular protractor is demonstrated
when it is placed in standard position. The sentence at the
bottom of the page refers to the three points listed at the
bottom of page 71. Use the acetate protractor and overhead
projector to further illustrate the use of a semi-circular

protractor.




LESSON 9

SOME SIMILARITIES . . .

The point of a semi-~
circular protractor which
is placed on the vertex

of the angle being mea-

sured is also the center
of a circle. (See
picture to the right.)

Thus, any semi- cir-
cular protractor could
be considered as one-
half of a circular
protractor,

EXERCISES |

1. Estimate in degrees the measure of each angle. Record

your estimates in TABLE9-l.. (The arrows indicate the

angles to be estimated.)




LESSON 9

CONTENT AND APPROACH

The section at the top of the page indicates similarities
between the circular and semi-circular protractor. By placing
two acetate semi-circular protractors together alongside an
acetate circular protractor on the stage of an overhead

projector, similarities mentioned in the text can be vividly
demonstrated.

Estimating angle size is not a skill which is developed
in one set of exercises. (See KEEPINPRACTICE , p.79.) Do
not treat any estimates as incorrect. (Some may be close,)
Encourage the students to guess. The second portion of LESSON
9 (pp. 76 - 79) gives some tips on refining estimates of angle
size. You may wish to use EXERCISES| as a contest to deter-
mine the best estimator in your class.




LESSON 9

~

( i :_”””””““Hm...
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LESSON 9

TABLE 9-I

ANGLE ESTIMATE IN MEASURE TO
DEGREES.. . NEAREST DEGREE. ..

For each angle in exercise 1, measure to the nearest
degree using either

a. a circular protractor, or
b. a semi-circular protractor.

Record your results in TABLE 9-1 .,

If necessary, extend the sides of the angles so the
measure can be read.

How close were your estimates? If your estimates were

within 10° of the measured size, your estimates were very
good.




ANSWERS

TABLE 9-I

FSTIMATE 1IN MERSURE TO .

ANGLE DEGREES. .. NEAREST DEGREE. . .
a 103°
b 352
c 119°
d 450
e 1655°
f 14°
g ’ 2550
h 3350
i ’ u,°

* Estimates will vary.
# ¥ See page T79 for comments concerning the accuracy of
these measurements.

CONTENT AND APPROACH
In exercise 2, provide each student with experience

using both protractors. As an aid in discussing the guestions
at the top of pageT76, it would be helpful to have each

angle measured by both protractors. For example, if the class
were divided into 2 groups, each student in one group could

use a semi-circular protractor for angles a-d and a circular
protractor, for angles e-i, with the students in the other group
following the reverse of these directions.

Notice the comment about "extending" the sides of an angle.
As indicated in LESSON | (p.8), the student should be aware that
the length of the side represented does not affect the size of
the angle.

Tt is not expected that the student's estimates will come
within 10° of the measured size at this stage. This is, how-

ever, a goal for the student to work toward with continued
practice.

'l : !
H A : R .
i ¥ i "




76 LESSON 9

DISCUSSION QUESTIONS

1, In Exercise 2, would you get the same measure regard-
less of which protractor was used? Why or why not?

[ab)

Explain how to use a semi-circular protractor to
measure an angle whose measure is greater than 180°
and less than 360°.

3. When measuring angles, would the ability to make a
reasonable estimate for the measure of an angle help
you to check your work? Why or why not?

REFINING YOUR ESTIMATES. ..

To estimate accurately, it is necessary to develop a |
"feeling" or mental picture of the units of measure involved.
For example, to estimate the length of a room in feet, it is
helpful to be able to visualize the length of one foot or one
yard (3 feet).

As a guide, an angle of 1° is probably too small to
be of use when estimating angle size. (See Figure 1.)

| DEGREE Y .

— ———————————— ———— p

Figure 1
SOME USEFUL GUIDES . . .

Some useful estimation guides are those angles whose
measures are multiples of 30° (300, 60°, 90°, 1200.,...) and

45° (45°, 90°, 135°.,...).

ERIC | =
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DISCUSSION QUESTIONS

1. Yes. Refer to the similaricices beitweaorn

they use the same zcale,

There arc some altorna Cives., Rerer beo thie Jdiasran bolow,

Suppose you were to e oure bt

(1) Extend one ray in =he coponits
divection. Measurelc, Add
-~y o O . .
n(l ) to 1OV o pet m(lowl,

(ii) Measure & b, To urt ALY

subtract m(L ) fron s,
Yes. It will not check the correctness of the measure-
ment but will enable you 1o determine wnether cr not
your answer 15 reasonable, thus eliminating rany errors

duc to extreme carelessness or reading of the wrong scale.
CONTENT AND APPROACH

Use the examples in thiz section {pp.76-79)as one
sugges bed method only. Individuals vary in the angles which
are easy for them to visualize. One quality of a good csti-
mation guide is the ability of the person to visualiuze it.
This is one reason an angle of 1° is useless as a gulde.
Capitalize on the student's previous experience in estimating
length to indicate the need for a good estimation gulde.
This_ section is important for work in tuturc sections of the
booklet (see NOTE, v. T 80).

PAFulToxt Provided by ERIC




LESSON 9 | 77

m(L1l) = 60°. Using this angle as a
guide, determine an angle of 300.

»
m(L 2) = 180°. Using this angle as
a guide, determine an angle of 90°;
of 45°,
<€ - ' g

m(L 3) = 30°. Using this angle as
a guide, determine an angle of 120°.
(120° = 4 x 30° = 90° + 30°) 3

iy

Several angle measures can be interpreted as combinations
of these angles. For example, 150° = 90° + 60° or 5 x 30°. j
Complete the following.

135° = 90° + ~ = 3%

225° = 180° + :

270° = 180° + = 3% .
315° = 270° + .

The examples on the next page will illustrate how these
angles may be used as guides in estimating.

riC 1677
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CONTENTAND APPROACH

Use the three cxamples at the top of the nage as
rodels of one way to determine cther angie sincs using

the angles whese measures are multinlesn of 0% anii 45Y,

-

The dotted lines indicate the Intent o each oxample.

Y

b,
7

The intent of the completion blanks is to illustrate
that several angles are either multiples and/or combinations
of a very few common angles such as 309, 429, 60°, 90°, and
180°. The examples on page 78 illustrate hcw these angles
can be used to estimate angle size if a "feeling" for the

sizes of these basic angles 1s developed.

ANSWERS

135° = 90° + 45° = 3 x 45°

225° = 180° + 45°

270° = 180° + 90° = 3 x 90°
315° = 270° + 45°

ERIC p _—
WJSMM ,Jfﬁs 1.




LESSON 9

EXAMPLES :

1. Estimate the measure of 4 1.

>

SOLUTION: m(Z 1) is less than 90° and more than 45°,
m(£ 1) is a little more than half-way
between 45° and 90°.
67%° is half-way between 45° and 90°.
m(Z4-1) . 70°.

(~is read "approximately the same as ".)

2, Estimate the measure of L 2,

/
/
7/
7/

SOLUTION : m(Z 2) is more than 180° and less than 225°,
m(4 2) is closer to 225° and more than half-
way between 180° and 225°.
m(L 2) ~215°,

Measure £ 1 and £ 2 with a protractor.
To the nearest degree,...

m(L1: =76°

m(L 2) =210°

The above angles could have been estimated

in a variety of ways. The solutions are meant
only as an example of one way these angle sizes
could be estimated.
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CONTENT AND APPROACH

As indicated at the bottom of the page, these examples
show only one way these angle sizes could be estimated.
For example, £& 1 could have been estimated using angles of

90° and 60° as estimation guides.




LESSON 9

EXERCISES Il

1. For each angle pictured,...
(1) estimate the measure,
(2) measure to the nearest degree using a protractor.
(3) check the closeness of each estimate by computing

the difference between your estimate and your
measurement.

(4) record your results in TABLE 9-2 .

o
£

—p

TABLE 9-2
ANGLE ESTIMATE MEASUREMENT DIFFERENCE
L 7YX
L ABC
L_XOB
L MAE

KEEP IN PRACTICE . . .

The ability to make reasonable estimates is not a skill
which can be developed in one lesson. Keep in practice by
estimating whenever possible. If you can make reasonable
estimates, you will be able to check the reasonableness of

any measuring you do.
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CONTENT AND APPROACH

The choice of protractors is optional. Use whatever
you feel is most appropriate or allow the students te choose
which one they prefer to use. As in EXERCISES | | no estimate

is incorrect. Have the student evaluate his own progress by

comparing the closeness of his estimates in this set of
exercises with the closeness of his estimates in EXERCISES 1,
The measurements that the students chtain for TABLE 9-2
may vary slightly (1 or 2 degrees) from the results riven
due to the thickness of the rays represented, an inahility
to determine the exact location of the vertex, and the fact
that the protractors are not precision instrwments. The
measurements given were obtained by lining up the protractor
scale markings with the center of the rays pictured. uce

these answers given as guides. Discuss with your students

reasons for small variations in measurements and how these

variations could be corrected if variations occur.

The above comments also apply to the results of TABLE9-1
(page T75) and any other measurements in this booklet which are |
made to the nearest degree.

ANSWERS TABLE 9-2
ANGLE ESTIMATE MEASUREMENT DIFFERENCE
L 7YX * 129°
L ABC 70°
/- XOB 251°
/. VAR 140°

¥ Estimates will vary,
*¥ ¥ The difference is a function of the estimate and

measurement.

CONTENT AND APPROACH

The statements under KEEP IN PRACTICE are very important.
Ask your students to estimate whenever appropriate. The
ability to estimate well can only accomplished through con-
o tinued practice.
ERIC




LESSON 10

BROKEN PROTRACTORS

ANY WAY YOU WANT TO. ..

A/ :
T = o

Q P

L PQR pictured above has a measure of 600. Suppose a
protractor was placed on L PQR in a different manner. (See

picture below.)

The measure of L PQR as measured above is still 60°
(90° - 30° = 60°). 1In both cases the center point of the
protractor is placed on the vertex of the angle (Q)-
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BROKEN PROTRACTORS

OBJECTIVES

O
1. Given a drawing of an angle whosce measure is bhebween O
o) . . :
and 360~ , the student will be able to meassure the angle
to the nearest degree with the vrotractor iy non-standard

position.

2.  The student shall demenstrate his knowledge of the
additive property oi’ measurement and the Lact that there
are 3600 in one complete revoelution by answering auestions

_ such as the following without using a nrotractor

If m(& 1) = 40%, and
m(L 2) = 60°, then
m(L BOA) = :

v

0 m(L 1) = 50°, then
m(lL 2) = .
If (L 1) = 330°, then
i > m(L 2) = .

O

ERIC
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PRo20 10

EQUIPMENTAND TEACHING AIDS

A. STUDENT

1. Circular protractor

2. Semi-circular protractor

#3,  "Broken" protractor (1 per student)
B. TEACHER

1. Overnead projector

2. Projectlion screen

3.  Acetate protractors (circular, sewi-circular, broken)

CONTENT AND APPROACH

One of the major purposes of Lesson 10 is to indicate

that any point of the protractor scale may be used as the

"zero point". The pictures on page 0 illustrate this point.
Other examples can be given using the acetate protractors and |
overhead projector. |

Discussion of the material on page H0and development ol
: OBJ ECTIVE #2 are incorporated in the DISCUSSION EXERCISES
(pp. 8l1- 82). Give the students an opportunity to work the
DISCUSSION EXERCISES  and discover the results on their own
prior to discussing the results with the entire class.
(See page T 32).

FRIC | | 175
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DISCUSSION EXERCISES

Hame some other ways to measuve L PQR.

When measuring an angle with e protractor, is it necessary

for one of the rays of the angle to pass through the zero
point on the protractor scale? Why or why not?

Are some points of the proiractor scale more convenilent
to use as the "zero point" than others?

ITL PQR was measured with a circular protractor grad-
uated in degrees, would m(L FaR) = 60°7

5. Use the following

6. If 'm(LBAC) = L4o°
D and m( ., CAD) = 55°,
c
m( LBAD) =
A .B >
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CONTENT AND APPROACH

Exercises 1-i d
o ovape G0, ( OBJECTIVE #1) Broreiscs = develop the tonies

incorporated i OBJECTIVE#1 . This sceont objective 1o deve-

tgcuss the irplications of the matevial

loped through cxamples. After discussing Exercises 1-4, have
the students attewmpt Exercises -7 on thelr own. Discuss the
resulta, providing additional examnles i{ necessary and ro-

lating it to previeus work in this booklet.
ANSWERS

1. Other "zero points" can be used.
5. No. - See illustration on page (0.

. . -0 Q O
2. Yes. - Using points such as 57, 107, 1b ... usually

fal

results in easier computation necessary t
the result.
W, Yes.
m(4L AOB)
‘ m(L AOC)
' m(L AOD) = 129
m(L COB) = 3

cr obtaining

W
(1]
t
(o

o

i

0

S)
(o]

i
2
o}

]
O
j8))

O

6. wm(LBAD)
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LESSON 10

Tf m(L YWZ) = 120°
and m{ £ YWX) = 230°,

m( L ZWX) =

START WHERE YOUWANT TO . ..

The previous section illustrates one similarity between
protractor and ruler measurement.

(1) When using & ruler, any point of the ruler scale
can be used as the "zero point".

Al 7 - B
TTT |[| alu'||| Ill lll'l[l III |Il
I I l | I | | | l IrlTlTI | | | ’TT}\ m(AB) = 213[ in.
o I 2 3 4

A e '
F Ty reery |

m(AB) = 23 in.
0 |

(2) When using a protractor, any point of the protractor
scale can be used as the "zero point".




ANSWERS
7. om(LZuK) = 11a°

CONTENT AND APPROACH

START WHERE YOU WANT TO sunmarizes the development of

OBJECTIVE #1 , indicating the similarities between the ar-

bitrary selection of a

sure.

"zero point" in linear and angle mea-




(09]
(U9]

LESSOH 1%

EXERCISES

1. Complete the following:

(a) m(LPXR) =
(b)) m(LPXS) =
(¢) m(LPXT) =
(d) m(L PXV) = .
(e) m(L RXT) =

@\\ oy WW%/

R MMm ~_@&m :— P

i

Ill\\

W\ Wi ““l“" "h [/]
\\\\\\\\\\\ \ \ , l "/I////I// y

9 0
§ WO % 0 2 2. Complete the following:

%, (a) m(LQOL) = .
' f% (b) m(<£ILON) = .
CH (¢) m(LQOR) = .
L (d) m(L NOM) =
s 3

N

N

¥

002 vgy o ot O

iy AW
iy /”’lllll/llll,llllllI||\||\\\\\\\\“\\\\\




ANSWERS

o

b.

d.

(L PXR)
m(L PXS)
wm( L PXT)
m (L PXV)
(L RXT)

d.

mi £ 201

m( L LOM)
m( L QOR)
m( L NOM)

CONTENT AND APPROACH (Exercises 3-4, pp. &4-85)

Three possible strategies for using Exercises 3-4,
pp. 84-85, are outlined below and on pages T84 and T85.

STRATEGY |

To
cut out
so that
missing

dicated.

follow the format on pages 84-85, have each student

a protractor from the insert between pages 84 and 85

a portion (no more than one-half) of the scale is

and the center point of the protractor is still in-
To gain maximum benefit from discussingkthe results

have students cut out different portions of the scale on

each protractor (see examples below).

questions for exercises 3-4 are given on page T85 under the

heading THINGS TO DISCUSS .,
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LESSON 1C

[

For this exercise, you will use a "broken" protrac-
tor. Use this "broken" protractor to measure each of
the angles below. Record your results in TABLE 10-1
{in column labeled BROKEN PROTRACTOR).

0

R 6 >
TABLE 10-1
ANGEE" " MEASURE TO NEAREST DEGREE USING...
BROKEN PROTRACTOR UNBROKEN PROTRACTOR
L TOP
L SON
L. RPX

L GRD
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wonges Caoon the

arotractor. Preject the four anglas
screen.  As eacn broken pretracior Lo niaced on an angla,
have cach student record his reosults 1le like the one

“belou,

MEASURING 10 UEAREST DEGREL USIKG ...

ANGLE B.P.1. B.P.2 B.P.3

L TOP

L SON

L RPX

L. GRD

Continue this vrocess wuntil all angles have been

measured with each of the protractors (12 measurements in all). |
the students then measure each of the zan

using the same angles pictured in the

Have gle with an un-

broken protractor,
booklet. The results can then be compared and discussed,

using the sample discussion questions as a guide (p. TE5).

ANSWERS

3-4.

TABLE 10-1

ANGIE MEASURE TO NEAREST DEGRBE USING...
BROKEN PROTRACTOR UNBROKEN PROTRACTOR

L TOP L7© L7 ©
/- SON 6° 6°

L RPX

L GRD




L assre

unbroron protractor.

10-1.

Tomplote tho following:

Nil

189

-

m( £ RXS)
m(L SXT)
m( L RXT)

m(L 1)
m(L 2)

m( L YTZ)
m(£ XTY)

L HKL is

m( £ MKL)
m( L HKM)

m( £ DOE)
m( £ DOF)
m( £ FOE)
m(Ll) =

nach of the angl=ss in exercise 5 using an
Record your results in TABLE
(colunr labeled UNBROKEN PROTRACTOR).

right angle.




ANSWERS

‘be Heo TABLE10-1 oy vimees v -0

STRATEGY 3
Use the plactic circular protracters and a format like
that outlincd in cither Strategy I or Strategy . To con-
struct a "broken protractor’, place nasking tape over a
scal

portion of the outer e,

THINGS TODISCUSS

Questions similar to those beleow could be uscd to

discuss the results of Excrcises X and i { TABLE 10-1. ).

1. Were the measures in exercises 2 and 4 using either the

broken protractor or the unbroken vrotractor the same?

Wny or why not?

2. Did every one in the class use the same point on the
protractor as their "zero point"?

3, Could you use any point on the protractor scale as the
"sero point"? Would some peints be mere convenient to

use than others?

LRI

PAFulToxt Provided by ERIC

Ic 186 | .




ON

Each part has three angles pictursd. In each vart, cir-

cle the angle which you believe to be closest to the
measure given.

a. 25° _{_’

A, >

Check the accuracy of your guesses in exercise #6 by
measuring each angle.

(a) For each triangle pictured on page 87, measure.
(1) each side to the nearest %Binch, and

(1i) each angle to the nearest degree.

Record your results in the blanks provided.

187
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ANSWERS

. a. Third angle

b Second angloe Theoo snglos snoula be
) circeled,

¢.  First angle

G. This exercise is optional. The cxercise allows the
student to practice skills in both linear and angle
measurement, and in mating conjectures concerning
these measurements.

NOTE: [I'ield-testing indicates that students experience some

difficulty with problems like those in exercise é.

Pages T6-70 discuss the use of commonly used angles

(30°, h50, 60°, 90°,...) as guides in cstimating
angle measures. This section should be discussed
thoroughly. Having students practice ¢ri éxercises
like exercise 2 on page 91 using measures of 300,

450, 600,.., would probably be of help in developing
the ability to work problems like those in exercise 6.

O

ERIC

= PArulToxt Provided by ERIC




A

P

C A (EE)
. B v
S\
R h ——T___.
Z
m(XZ) = m(ZY) =
m(LY) = m(LX) =
m(YX) =
X Y m(LZ) =

(b} Write a conjecture about the relationship between the

size of cach angle and the length of the sides opposite
the angles.

(c) Write any cther conjectures which seem to be true on
the basis of your measurements.

189




LESSON 10 .

ANSWERS
o e 1l . Py 11
. m(AB) = 2 3 in. m(BC) = 1 == in
m( £ C) = 106° m( L A) = 39°
m(CA) =1 %-1n
m( L B) = 35°
m(SR) = 2 3 in n(RP) = 2 L in
‘8" RS T
m( L P) = 90° m( L S) = 60°
m(PE) = 1 2 in.
(PS) %
m( L R) = 30°
= 13 . = 15 .
m(XZ) = 2 = in m(Z = 2 = in.
(%) - 2 13 (@) = 2 33
m(L Y) = 70° m( L X) = 70°
br=vd 15
m(¥YX) = 1 == in.
(¥YX) c
m(L 2) = 4o°

The conjecture intended (your students may find others)
is that the angle opposite the longest side of a triangle
has a greater measure than either of the other two angles.

Accept any valid conjecture. One purpose of the exercise
is to give the student practice <in making conjectures
based on measurements obtained in an experimental situa-
tion,

190
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DRAWING ANGLES

] ]

Fiven an 2nxgle, yoa tsi2 used protraciors (lLoth eircular
and sami-cirzular) to {°nd its measure to .the nenrast degree.

Jonsider the opnniit> ~f this situatica., Suvnoss yon

7 -0
Wy riwon an :e.na'lm TORSTVT eoeny "T

, atnd we o Lo o draw an

ang. that sine,

On2 suzh exavple is worke?! out below.

PROBLEM: 1ising a protr-c~tor, draw an angl: whos2 wmiasure

2 =0

is O7 .

SOLUTION:
1. Draw a ray. (X¥)

Xt
<

2. Place the center point of the protractor on
the endpoint (X) of the ray and "line up" the
er

ray with the zero point of the protractor scule.
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IRZSOW 11 T
OBJECTIVES
- . - N I e}
1. Given any moasurs in Jdegrees batween oY and 300
the student will be able to use a protractor
(either coircular cr semi-cireular) to draw an angle
having the given neasure.
EQUIPMENT AND TEACHING AIDS
A. STUDENT
1. Circular proiracior
2.  Seml-clircular vrotractor
3. Straightedge
B. TEACHER
1. Acctate vrotractors (circular and semi-circular)
2. Overhead projector
: 3. Projection screen
5 L., Acetate overla) for checking exercise # 1 .
7 L] 2
CONTENT AND APPROACH
The diagrams on pages 88 and g illustrate how a semi-
circular protractor way be used tc draw an angle whose mea-
. -0 3 A0 -
sure is between 07 and 180°. Tn Lesson 1 (pp. 12-13), the
students drew angles having a given measure using the unit
angle wedges. The acetate semi-circular protractor can be
‘used with an overhead projecter to give further illustra-
tions of the procedure outlined on pages 88 and 89 .
;
Q A O
ERIC 192




NOTE :

0

Jdenate 277 on the protractor scal2 and make 2 dot

(call 1t Z) at that point.

\\\\&\“\llll

\
w

2

W

[ )
AN

| W
\\\\\\\\\\

o

Remove the protractor and draw XZ. m(LXY%) = 67°.

Nl
ey

Bl

There arc other methods of drawing an angle of a given

size. The method illustrated above is one of those

more commonly used.

193



LESSON 11

DISCUSSION QUESTIONS

1. After step 1, Stu "lined up" the ray with the 30° mark
on the protractor scals and drew an angle as shown below.

5 S,

ﬁ-.«)

Stu claimed that m(Z YXZ) = 67°.

or why not?

Was he correct? Why




TES

Aruitoxt provided by Eic:

SOT8

[

11 . T

CONTENT AND APPROACH

The example on pages 88 and 89 illustrates cnly the
dravwing of an angle between 0° and 180° with a semi-circular
nrotracter. After this procedure is discussed the DISCUSUICK
QUESTIONS are to be used with the entire class o illustrate

the use of a circular vrotracter in drawing angles, using

1 PR

an arbitrary "zero point", ‘and the drawing of angles between

10
1O

~O Y e ‘ : : 3 oo .
o0 and 2¢07 using elther a cilrcular or semi-circular
vrotractor.

DISCUSSION QUESTIONS

1. Yes. Other roints on the protractor scale can be used

"zero point". The only condition that must be

satisfied 1s that the aponropriate number of units exists be-

as the

tween the two points where the sides of the angle intersect
the protractor scale.

In this booklet (Lesson 10) and the booklet EXPLORING

'LINEARMEASURE  (Lesson §) students used arbitrary "zero

points" in measuring angle size and linear distances.




LESSTOH 11

I,

EXERCISES

1.

jav}

Ar=2 there other ways of drawing an angle of 67% 1f SO,

descrive them.

Explain how a semi-circular protractor may be used to

. )
draw an angle whose measure is 240",

Explain how a circular protractor may be used to draw

an angle whose measure is (a) 121° (b) 220°.

Using a protractor, draw angles whose measure is:

(a) 78° (¢) 127°

(b) 323° (d) 2540

Using only a straightedge, draw an angle which you

believe to have a measure of:

o ’ e

(a) 49° (¢) 153
(b) 300°

Check the closeness of ycur guesses in #2 by measuring
each angle drawn and computing the difference Letween

the measured size and the size you attempted to draw.

(If you came within 10°, you did a very good job.)

Using a ruler and protractor, make a drawing which is ’
the same size and shape as the one below.




LE3SOH

DISCUSSION QUESTIONS

S

L)

11

H PRI

Yes. Other "zero points" can be used,

The first step would he oo draw = line znd indicate a

point on that line tc be ugsd as the vertex (v) of the
angle, '
< Y —~

Place the center point of the nrotrzector on the vertex (v)

and line up the line with the O and 1207 noints of the

protracior scale. \!
= [HIIIITlHIIHI{]H IHPHITH]IITHWI
= ez l | -5
=-_ 131 s

Wy o) T
/// o | U8
D %M/Ml//m:

Since 240 = 180 + 60 = 360 - 120, locate either 60° ar
120° on the protractor scale and meke a dot (c¢all it D)

at that point (there are two possibilities).

Remove the protractor and draw VP. (m( 4 1) = m(L 2)= 240°)

T




~—

. Procedure is like bthose whoen uoing a sond

- PP e -y §yn - B T RIS -
nrotractor. Any velint oI ithe protractor cocals may be

ueed as the "oeve point

EXERCISES

1. Students may usze cither a cirveular or somi-circular pro-
tractor for this exercice., I you wiosn, veouire the use
of either one or both yrotracters for the parts of this
cxercise. The accuracy of the drawings mway be checked

by using the acetate cverlay provided.

2-3, Remember that no estimate chould be zonsidered as
incorrect. Students at tihis stage wiil probably not
come within 10° but this is a goal toward which they
can work. Measurement skills are reviewed when they

check the closeness cof their estimates.

. The student could be asked how to test whether or not
their drawing 1is the same¢ size and shape as the

original (tracing and/cr surerposition ).

ERIC 198
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Aruitoxt provided by Eic:

The cartoon on page &2 shows the uce . .of compass vbearings

"o establish or trace & route.

S
study of compass bearings as an app

i

4

)
e

on 12 takee up the
i

cation of angle measure.
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TZres an

COMPASS BEARINGS

r |

nositions of ships, pnlanes, forest
ten given in terms of their distance

he

<

(9]
nadoes, are of
knotn point, and their direction.

™

]
3 Z
¥ K
-~ K
i H
g—é-w E—i-2
H ES
3 H
i .
2 &
1 &
£
-~

Figure 1 .
The magnetic compass is used to establish the north
The direction of an object is then obtained by mea-

suring the angle betwez2n the north line and the line joining

line.
the fixed point to the object.

O°N

4

"TORNADO

90°

Figure 2
W

270°

S 180°
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enseon 1.

COMPASE BEARINGS

OBJECTIVES

. To Introduce the stwient to zome anulicao

.

tione of angle

} .
2. Given a north line and a ztarting voint, 5Hhe student will
be ab.e to plet & ray corresnonding Lo a given bearing.
) 3. Given a diagram with ncrth and cast indicated the student
will be able to determine the bearing of a given noint.

EQUIPMENT AND TEACHING AIDS .

Full circle protractors (one for each student). Rulers

for drawing lines and measuring lengths to the nearest % inch.
Transparency 3-5 can be labeled with a marking pen to repre-
sent a compass. If possible, draw several concentric circles
on transparency 3-5 to represent range marks on a radar screen.

CONTENT AND APPROACH

The purpose of this lesson iz to give several interesting

apnlications of angle measure. Relate this lesson to Lessons
3,4,5,6 and 8 where an angle is swept out by a rotation.

ERIC | 202

Aruitoxt provided by Eic:
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—
[x3]
[#7]
[¢7]
2
-
n)

The direction angle is measured in degr.<s {rom north
in a clockirise direction. This angle is callcd the bhearing
»f the object from that particular point. Thus a bearing of

90O wculd be due East.

Estimate, in degrees, the bearing of the tornado in

Figure 2.

A large forest has several lookout stations to help
guard against forest fires. When a lookout spots a firc he
immediately takes its bearing from his station.
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Aruitoxt provided by Eic:

LESSCi 17 TGl

The direction angle, measured {rom tne north-iince in a
clockwise direction,is called the bearing of the object from
the rixed point.

The first application involves fire -~rotting. The
hearing of a fire is the clockwise angle from nerth to the
line-of-zight of the fire. Tne fixed voint is the rangers'
locokout tower.

QD
™
o




LESSON 12

\O
\n

He then calls a second station. The second station

takes the fire's bearing from his position. These two read-
ings are plotted on a map and the fire is pinpointed.

N
S

STATION NO.|

STATION NO.2
Figure 4

A radar set is used to obtain distance and direction
of objects like ships, planes or tornadoes. The radar set

sends out radio waves which bounce off objects they meet and
return to the set.

REFLECTED WAVE SENDING WAVE

Figure 5 k/////

RADAR /
TRANSMITTER {
\

The bearing is found from the direction of ‘the radar
antenna when the waves are returned. The distance is




Aruitoxt provided by Eic:

LESSCN 12

The second application involves the radar scveen.  An

(VPN

"arm" rotates on the radar screen and any ncarby object

(which reflects the radic waves) appears ac a "biip" in a
\ / LS £y

relative position on the screen as this "arm" rotates.

(&9

The distsnce of the object from the radar antenna is
deternminaed by the time that it takes for a radic wave to be
reflected back {rom the objeoct.

Radar was first used extenszively during

W.W.IX. Radar

is short for radio detecting and ranging.

%See Appendix A, Number 9. Lesson 12 has little to do
|

"with adding fractions but mezintenance of this skill is
|

|necessary.




LESSOHN 12

computed from the time taken by the wave to reach the object
and return to the set. (Radio waves travel 1%¢,272 miles
per second.)

An object picked up by radar will appear as a bright

spot on the radar screen in a position corresponding to its
actual position.




T3S0 1

v POINT

Lo Wrnatl i3 a bearingy

2. UWnat 15 the caeacurs of the angle corrosp.a i

te th south-ecast Alrection?

EXERCISES

1. Draw two narpendicular lines to renresent the
Airections N., S., E., and W. as in Figuare 2, vage 93,

¢nothiis diagram draw srrows to indicate tre following

hearings

O

(o)

(a) 13 (b) 68° (¢) 317° (ay o7e®

90°

ERIC 28

Aruitoxt provided by Eic:
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1z

ANSWERS TO Vv POINT

1. The directicn angle, measured in degre

a clockwise direction.

[
L
\Ji

ANSWERS TO EXERCISES

(c)

(d)

e

99

s frem north in

20°

(a)




98 LESSON 12

2. What is the final bearing after:

(a) a clockwise turn of 100° from the
direction S.;

(o) a clockwise turn of 300° fram the direction E;

(¢) a counterclockwise turn of 43° from the
direction S.W.;

(d) a counterclockwise turn of 80° from the
direction N.E.?

3. Use your protractor to obtain the bearings of points
A, B, C and D on the diagram below.

N
A

‘>




ANSWERS CONT'D

2. a) 280°
b) 30°
e) 182°
1) 325°
2. A, 32892 330° 5. 160°
c. 6= T1° D. 234°

. o . .
A tolerance interval of 27 is given
. ~0
ments since the black dots are about 2

- 162°

- 236°

for these measure-
wide.
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On 12

k. A tornado has bean picked up on the radar screen

shown below. What is its bearing?

0°

180°

5. The radar set has picked up a ship.

The ship's dis-
tance is 50 miles, bearing 2300.

Draw a dot on the
radar screen below to show the ship's position.

(Use a protractor.) 0°

270 - — 10 20 30 40 50 60 - 90°

180°
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ANSWERS CONT'D

L, 120°

OO

270° @ 20 30 40 50 60 - 90°

180°




7. O0ld Miner Tom buried his gold and drew a map of its

LESSON 12

Two lookout towers have ptoned in information on a
forest fire. Station No. 1 reports the fire's bearing
as 110°. Station No. 2 reports the fire's bearing as
2630. Use a protractor and straightedge to plot the
position of the fire on the diagram below,

N
A

N
A

STATION NO.2

STATION NO.I

location. He put the distances on the map, but left
off the bearings. Use your protractor to find the
bearing of each point along the path.

(a) From the Miner's cabin to the large Oak tree.
Bearing

(b) From the large Oak tree to the Boulder.
Bearing

(c) From the Boulder to the Creek.
Bearing

(d) From the Creek to the Gold.
Bearing




LESSON 12

ANSWERS CONT'D

(G

\uo*’ 'Y :

STATION NO.I

7. a) About 125°
b) About 200°
c) About 69°
d) About 196°

L.
L

263°

STATION NO.2

1

ey
AW
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10z LESSON 12

8. ©Plot the following course starting with point A

below.

(1) From point A move 3" at a bearing of 45°,
Label this point B.

(2) From point B move 13" at a bearing of 350 °.
Label this point C.

(3) From point C move 2&" at a bearing of 130°.
Label this point D.

+

9. 1In Exercise 8, above, what is the bearing of point
D from point A?
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| ANSWERS CONT'D
i
|

8.

9. 58° (approximately)
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APPENDICES

A. SUPPLEMENTARY EXERCISES
B. NAMING ANGLES
C. CAN A RULER BE USED TO MEASURE ANGLES?
D. USING OTHER PROTRACTORS
E. DO éROTRACTORS HAVE TO BE CIRCULAR?

F. GLOSSARY
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SUFPPLEMENTARY EXERCISES

The Zupplementary &xercises enclosed in this appendix are
designed to help measure the student's strengths and weak-
nesses on some objectives relevant to work with fractionel
munbers,

The student i encouraged {o keep track of his own progress
on the enclosed chart. The teacher is encouraged to oversee
the individual progress of the students.

Suggestions for when to use the Supplementary Exercises
arc given in the Teacher's Guide Section of Lessons 3-6, 12.
Students should do these exercises on an individual basis.

These exercises are not meant for drill work. They will
serve the teacher and the student best by highlighting the

ideas, skills and concepts with which the student needs ad-
ditional help.




100 SUPPLEMENTARY WORKSHEETS

PERFORMANCE CHART

Worksheet Objective Rating: Achieved — Needs Work
Number

==ﬁd
1l The student will be able
to demonstraté his under-
standing of the following
meaning of fractions: %
means the unit interval is
divided into "b" congruent
parts and "a" tells the

number of parts taken.

2 The students use "other
names" for one to change
a fraction to higher terms.

3 The student can apply the
principle: multiplying or
dividing the terms of a |
fraction by the same number
leaves the value of the
fraction unchanged.

A

h The student can apply the
cross product rule to
determine whether two
fractions are equivalent
or not.

5 The student can-apply a
rule to change'a whole
number into a fraction
with a given denominator.

5
Py
—_




107

Worksheet

Obgjective Rating: Achieved — Needs Work
Number

6 The student is able to
apply a rule to determine
which of two fractions
has the larger value.

T The student is able to

apply a rule to change

an improper fraction to
a mixed number.

8 The student is able to
apply a rule to change
a mixed number to an
improper fraction.

9 The student is able to |
apply a rule to add or
subtract fractions.




1y re
i

‘ANCLEMEASURESUPPLEMENTARYEXERCBES

tinve you ever wondered what is meant by a Tractiont
2
iHow do you piciure the fraction fé G

Jie way to look et = is to take a unit lengih on a

s

‘number line ard subdivide it into & equal parts.

1

=
-to

[] [ —

T L | v -
iern off the first tnree parts from O.

L1 1 1 L 1 1 Iy

L4 L | IR 1 1§ L] Ul

NT

0 ]
E "

3 Numerator tells the number of equal narts from O.
& Denominator tells the number of equal parts in the
unit length.
EXERCISES

1-5. Hame the fraction indicated by the mark on each of the
given number lines.

% 1 I o
fe—— UNIT INTERVAL— 4 -
[] 1

1. } ——— }

2 —eo—t+—+— : >
3 ——+—————e } ] >
b +—— -+ —

T
SRR

ANSWERS

2.

Lo

ly,

(S}




NUMBER 2

ANGLE MEASURE SUPPLEMENTARY EXERCISES

1. <Suppose you have two fractions that have different
numerators and different denominators. Can these two
fractions have the same value?

ANSWERS
2. —%‘- is another name for one. What number does [] 1
represent?
3. A reoresents a "magic" number. If you take any number
and multiply it byAyou get the number you started 2.
with for your product. What number does A represent?
I, How many different names can you write for the number 3
one?
You can change the numerator and denominator of a frac-
tion and not change its value by multiplylng the fraction M
by another name for one.
Example: 2 .1 = 2 and 1 = 4
3 3 I >0 ___
2 4y 2.4 8
¢ 3T T3 1
o 8 6.
h —_— = —
Thus 3 15
EXERCISES 7
5-7. Fill in the blanks.
1 ? _ 3
5. ? 12
8.
6, 2.4 _6_28__1 _12
3 6 9 12 15 ?
2. 2.2 _9_18_2 Y
" 5 20 ¢ 30 10

8. What name for one can be used to change 3 to

8

B 0
RS Kk




ANCLE MEASURE SUPPLEMENTARY EXERCISES

1. Suppose that the circle shown below were divided into 24

congruent. sres.  What would then be the meaczure of LooAD

D

ANSWERS

Principle for changing fractions:

Multiplying or dividing the terms of a {raction by
the same nuwnber leaves the value of the fraction unchanged|.

Iixamples: 3-
(a) Change == to lower terms.

Ie (b) * Change - to 2hths. .

2 _2.8_ 16 .
3 3.8 2k

EXERCISES

2-10. Find the missing term so that the value of the
fraction is unchanged. (.

6 _ 16 _ h5 _
2 337w 3 m =3 b ToBT 12




ANGLE MEASURE SUPPLEMENTARY EXERCISES

1. John said that the measure ofZ_DUM was 20/30 of a turn.

NUMBER 4

Sally said that its measure was 6/9 of a turn. Who was right?

4

D

The cross product rule enables you to determine whether
two fractions are equivalent or not.
Examples:
(a) ]é—a equals—E— because 12 x4 = 8 x6
(b) % does not equal % because 3 X 12 is not equal
to 4 x 7.
EXERCISES
2-10. Determine which pairs of fractions are equivalent.
Answer with = or # .
4 6 8 4 2 5
2. 809 3- 120? 4. 306
. 4 ~32 7.\35 3 T
5. 507 ¢ 1308 7. 5013
2.3 10~6 LN
8. 8 Ou ) 9. 15 9 10. 100‘12
, 10.
G}
26

ANSWERS




NUMBER ©

ANGLE MEASURE SUPPLEMENTARY EXERCISES

Can you score 100% on this test? Try and see.

TeST. Write the following whole numbers as fractions
using the given denominator. '

If you didn't score 100%, you probably need some
practice.
Q
Try this: 6 = ? .  Ask what divided by 3 gives 6

and set up this proportion:

6 N

T = ? . Use the cross-product to
obtain the answer.
EXERCISES

6-10. Write the whole number as a fraction using the given

denominator.
6. 7T=—+¢ 7.1 = = - 8. 23= 43
9. 15 = e 10 13 = -5—

ANSWERS

10.
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ANGLE MEASURE SUPPLEMENTARY EXERCISES

Care o you clweys tell i

]
lareae valae?  tlow do you do its

ANSWERS

40
N

S %o | S

jemenber ot the larger number iz alweys to the

right of the smaller number on the number line? 2

EXERCISES

i 3.
1-7. Answver with <, -, or >,
2 ‘. o~ 7 . .
l. AO—— 2, .~_O_ 3. : O———
=0 o 2O 6. EO)2
R A TN
2 Q
7. +0Os3 1
.
0.
(&)

1. Suppose iwo fractions have the same denominator and
different numerators. Which fraction has thre larger
value?

Q. Suppese two fractions have the same numerator and
different denominators. Which fraction has the larger |[8.
value?

10. I a-b> ret, then which fraction is larger: a/r or t b“

10.

) o j a0
erSC - 228
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Number 7
ANGLE MEASURE SUPPLEMENTARY EXERCISES
l. What angle has been swept out by segment MN ?
N FINISH ANSWERS
// 1.
2.
N START
\,
Can you change % to a mixed number? 3.
(a) 28 means 28 = 12,
12 5 * L,
12|28 . Thus2—8- = Qi . OR ...
gﬂ 12 12
N 5.
- - T S S
12 12 12 12 12 6.
| l
= 2 15
EXERCISES 7.
2-10. Change each of the following improper fractions to
mixed numbers.
8
4 49 53 |
2, — . 2 y, 23
3 > 16 §




ANGLE MEASURE SUPPLEMENTARY EXERCISES

1. iHow many quarter inches is 2 r_t inches?
p—t—  ———

-
L"'F

“1 1
2 + 34

can you change 2 %% to an improper fraction?

Examples
| 3 . 3 _ 8. 3 _8+3 1
(8) 29 = 2+ 4 = 4 =73
Or.
(b) 23 - 2 L+3~ 8+3_11
it I L i
EXERCISES

2-10. Change each of the following mixed numbers to
improper fractions.

2. 6 =2 .5 3 " 2
3 . 3 54 + 135
5 5% 6 7% 7 21%
1 9 3
8. 45 9. 33% 10. 15 3

L,

6.

~i
.

9.

10.

Huwsber 8

ANSWERS




Number 9
ANGLE MEASURE SUPPLEMENTARY EXERCISES

Do you ever have trouble adding or subtracting fractions?

Fractions cannot be added or subtracted unless they

ANSWERS
have the same denominator.
. 5 2 1.
nxanple: + — = N
0 83 0 2/3 I
’ e 4 ; ¢ >
o 5 8 0 3 :
8 | 8 8 3 | 3
| v 3
15 24, Q 6. 2 '
%4 %a ““%a 74 ba 2%
n
0] | £
| s _,l 16
C 24 24 No3Lo1 .7 |5
24 el
' 31 N
' 24
6.
EXERCISES
1-10. Find the value of N. . 7
1 _ > _ 1 _ 3 .2 _
1. =t 3 N 2. 2 m N 3. Pt : N
: 8.
6 2 _ 1.2 .3
L, 8 3 = N | 5. 5 + 3 + Tl N
5 1 _ 2. 4.3 _ T .3 _
6. -2 =V TtV 8 g =V |,
i B L = & L -
0 15 - m N 10. 15 + 5 N
10.
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NAMING ANGLES

An angle may be named by...

l. ... a capital letter at the vertex, read "2 A".

A

.o, a small letter or number written inside the

angle, read "&b or 4 1".

3. ... three capital letters, read "ZRST or Z.TSR".
(Note that the letter at the vertex is always read
in the middle.)

)

S

The following picture shows why three letters are some-
times needed to name an angle. If you say "4.Q", it is not

clear which angle is meant. If you say "Z/.PQS" or "Z.RQS",
it is clear.

P
Q S




128 APPENDIX C

CAN A RULER BE USED TO MEASURE ANOLES?

A mathematics class was discussing the following
question.

Which angle in the pair below has the greater measure?

L Eorl F

E —  F

There was a disagreement when they compared LE and Z.F.
Al saig that m(L E) > m(L F) because it "opened up" more.
He drew the following picture to back up his argument.

Al's Argument

RS is longer than X¥.
Therefore, & E "opens
up" more than & F and
m(L E) > m(LF).




APPENDIX D

Dan disagreed with Al. Dan said that Al's drawing was
unfair because he did not measure the "opening" between the
sides at the "same pvlace" on the sides.

Dan changed Al's drawing by erasing RS and drawing MN
such that m(EN) = m(FY) and m(EM) = m(FX).

R
\ M \ . Dan's Argument
\\ X I measured the
E \ - F opening belween
N S Y the sides of the

angles at the "same place". WMN is. the same length as XY.

Therefore, L E "opens up" the same amount as &L F and m( L E) =
m( L T).

EXERCISES

1. Measure bothZ E and L T with a protractor.
Make the following statement true by inserting
either > , ¢ , or = .

mLE) _ m(L T)

Whose argument do you think is correct - Al's, Dan's,
or neither ? Why?

2. (a2) Using the labeled points on the sides of the angles
as endpoints, measure the "opening" of each angle on
page 130 by measuring the linear distance between the

" sides to the nearest j]—'6in. Record your results in

TABLEC-l . (page 130).
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(The linear distance
to be measured for
/_RST is indicated

by the dotted seg-
ment RT.)

TABLE C-|
OPENING TO

ANGLE | NEAREST 11_6 in.

L.RST
{_ABC
/_DEF
/{_GHI
L_XZY

Arrange these five angles in order from smallest to
largest.

Use a protractor to measure each of the angles to the

nearest degree. Will these measurements give you the
same order as in 2 (b) ?

Is it possible to measure angle size with a ruler? If

your answer is yes, the measurements must be done under
what conditions?
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USING OTHER PROTRACTORS

Although the scales are usually marked the same way,
protractors often differ in the manner the center point of the
protractor (to be placed on the vertex of the angle) is in-
dicated.

The diagrams below and on page 132 illustrate the use of
some commonly used protractors whose center point is indicated
in a different manner than the ones pictured in Lessons 9-11 of

this booklet.

m( L BRT) = 78°

'“”/""//' ;

sijly

0 1 2 3 4
||I|I|||||I|I|I|||I|I|||!|I|||I1 T

\)RVE - TRIANGLES -
[

ST by
o a,’”’:'f{”

m( L CXT) =
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|
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360
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DO PROTRACTORS HAVE TO BE CIRCULAR?

The protractors you have used in this booklet have been
citter (1) circular or (2) semi-circular in shape.

70 BE EXPLORED ...

’ Ls it neccessary for a protractor to be circular or semi-
clirculary

INSTRUCTIONS

The protractors (A through G) which are to be cut out and
usced in rarts I and II of this activity are printed on the two
inserts following page 138,

Angles 1 through 4 and TABLED-l are on page 137. Angles
> through 7 and TABLE D-2 are on page 138.

PART |

1. Look at £i, 22, /3 and £%. Estimate the measure of
cach angle in degrae:, Record your estimates in
TABLED-l . (Und=r the heading ESTIMATED MEASURE .)

“. Cut out protractor A. Use this protractor to mzasure
Ly, L2, £5 and £, Rzcord your measurements in
TABLED-| .

Using protractor A
to measure ZABC,
C the result is;
[

m(ZABC) = 60°

.

L)

)
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3. Cut out protractor B. Use this protractor to measure
L1, L2, £3 and 44, Record your measurements in
TABLE D-I

Using protractor B to
measure 4ZDEF, give the

>—>y
Fr results:

m(£ZDEF) = 120°

I, Cut out protractor C. Use this protractor to measure
L1, £2, 43 and Z44, Record your measurements in TABLE D-l .

5. Cut out protractor D. Use this protractor to measure
L1, £2, £3 and 44, Record your measurements in
TABLE D-| ..
Was your estimate close to the measure of each angle?
Assuming your measurements were correctly done, your estimates
were close if you were within 10 degrees of the measured size.

POWER QUESTIONS |

1. Were your measurements for each angle the same, re-
gardless of the protractor used? Why or why not?

2. Explain how protractor E (with scale from 0° to 9C°)
could be used to measure 42 and <44,

239
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PART Il

1. Look at 45, 46 and 47. Estimate the mzuasure of each
angle in degrees. Record your estimates in TABLE D-2.
(Under the heading ESTIMATED MEASURE .)

™)

Cut out protractor F. Use this protractor to measure
£5, £6 and £7. Record your measurements in TABLE D-2

L K
Using protractor F to
measure £ KIM, the
result is:
M
*¥  m(ZKIM) = 235°
My

3. Cut out protractor G. Use this protractor to measure

45, £6 and 47. Record your measurements in TABLE D-2 .

Was your estimate close to the measure of each angle?
Assuming your measurement s were accurate, your estimates were
close if you were within 10 degrees of the measured size.

POWER QUESTIONS 1!

1. Were your measurements for each angle the same, re-
gardless of the protractor used? Why or why not?

N

Explain how protractors A-D could be used to measure
any angle from 0° to 360°.

240
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PART Il

ON YOUROWN. ...

Design a protractor of arbitrary shape which can be used
to measure an angle whose measure is from 0° to 360°,

BERIC
- 241
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>
2
— >
4 .
TABLE D-I
MEASURE USING PROTRACTOR < ESTIMATED
ANGLE A B C D MEASURE
i
2
3
242 _
_ e e
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'TABLE D-2

MEASURING USING
ESTIMATED PROTRACTOR
MEASURE F G
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GLOSSARY

| ACUTE ANGLE . Ar angle whose measure is greater than O
‘ but less than 900 is an acute angle.

ADJACENT ANGLE . 1In the diagram below, AR is a side of
both £ CAR and £ DAR, and A is the ver-

_—
tex of b(\)‘ch angles. Side AR is between
sides AD” and AC.

C

D

If two angles have the same vertex and a
common side which lies between the other

two sides, then the angles are adjacent
angles. Notice that 4L CAD is not
adjacent to L DAR or £ CAR.

ANGLE An angle is a plane figure that consists of two rays
having a common endpoint.

R

T

The rays are usually called the sides of the angle.
The common endpoint is called the vertex of the angle.

ERIC | 346
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ANGLE OF DEPRESSION - | The angle belween the horizontal and the
oblique line (neither parallel to nor
perpendicular to - sloping) joining the
observer's eye to some object lower
than (beneath) the line of his eye.

HORIZONTAL
ANGLE OF DEPRESSION

OBLIQUE

ANGLE OF ELEVATION- , The angle between the horizontal plane
and the oblique line from the observer's
eye to a given point above the line of
his eye.

ANGLE OF ELEVATION
HORIZONTAL

CENTRAL ANGLE | An angle determined by two radii of a circle.

!

CENTRAL ANGLE




AFPENDIX F

COMPLEMENTARY ANGLES, Tvwo angles whose measures sum up to 90°,

The two acute angles of a right triangle
arc complementary.

}' CONGRUENT ANGLES, Two angles are congruent if and only if

they have the same measure.

CONGRUENT ARCS ., Two arcs are congruent if and only if they
have the same sizc and shape.

Two congruent central angles of the same
circle determine two congruent arcs of that
circle.,

OBTUSE ANGLE, An angle whose measure is greater than 90° but
less than 180 is an obtuse angle.

RAY, A ray is a subset of a line, consisting of an endpoint
and all the points on the line that are on one side of
the endpoint. '

RIGHT ANGLE | - When two lines intersect so as to form four con-

gruent angles, then each angle is called a right
angle. The measure of a right angle is 90°.

STRAIGHT ANGLE . An angle whose sides lie on the same straight

line, but extend in opposite directions from

the vertex. The measure of a straight angle
is 180°.




SUPPLEMENTARY ANGLES . ;¢ anpics whese sum is 180, If two
lines intersect in a noint, the adja-

cent ancles Torred are sunplementary.

N

A
\

mi!
>.
-1

, m( L RAN) + m ( L TAN) = 180°

VERTICAL ANGLES . Nonadjacent angles formed by two inter-
secting lines are called vertical angles. |

Vertical angles are congruent.

vertical angles: 4L 1 and L3
L2 anal 4




APPENDIX A 4 TA 1
ANGLE MEASURE

- SUPPLEMENTARY EXERCISES

ANSWER KEY

NUMBER | NUMBER 2 NUMBER 3
e 273 1. yes 1. G/24 of a turn
2. 1/4 2. 9 2. 1
3. 5/6 3. 1 3. 2
I, 11/8 OR 1 3/8 I, many or infinite L. 5
5, b2 5. 3/3 5. 1h

6. 10, 18 6. 56

7. 3, 12, 15, 6 7. 27

3. 6/6 8. 38

Q. 1/2
10, 9l
NUMBER 4 NUMBER S . _ NUMBER 6
1. they were both right 1. 18 1. <
2. # 2. 35 2. z
3. = 3. 27 3.
h. £ §. 143 o>
5. = 5. 81 5. =
6, = 6. 42 6. <
7. A 7. 99 7. <
B, # 8. 276 8. the larger numerator
o, = G, 129 9. the smaller denom.
10, # 10. 65 10. a/r
NUMBER 7 NUMBER 8 NUMBER 9
. 2 4/12 OR 2 1/3 OR 1. 1) quarter inches 1. g;g
28/12 OR 2. 20/3- .
), 1 1/3/ /3 3. 23/L3|, 3. 23/20 OR 1 3/20
3. 3 1/16 L. 67/5 L, 2/24 OR 1/12
. 6 5/8 5. k41/8 5. 23/12 OR 1 11/12
5, 2 1/2 6. 15/2 6. 7/16
5 6 .2/3 7. 64/3 7. 13/8 OR 1 5/8
. 6 h/5 8. 55/12 8. 9/48
3. 11 374 9. 57/16 ¢, 12/12 OR 1
). 8 5/7 10. 78/5 10. 11/15

L0. 16 4/6 OR 16 2/3

ERIC 250




APPETNDIX C TC 1

CAN A RULER BE USED TO MEASURE ANGLES?

CONTENTANDAPPROACH (pp. 1:7-130)

The conclusion of thig enrichment activity is that a
ruler can be used to measure angles, providing it is done under
the appropriate conditions (see Dan's Argument, v. 110). The
validity of this method is based upon the Law of (osines.

, 2
CT = a 4+ b -2 ab Cos O

Soy
[

The following table shows what happens to the value of c2
when m(48) is 0°, 45", od', 135 , and 180°. The term 2ab
will always be positive and the distances a and b will remain
constant for all values of €.

2) Cos 6 c2
0° 1 2+ b° - 2ab
h5° 1772 |8 +v° -V Z ab
90° 0 a” 4 b°
135° -3V 2| a2 +b° +V 2 ab
180° | "1 a° +b° + 2 ab

Notice that m(/_8) increases from 0° to 1807, the value of
c” increases. Therefore, the opening of the angle as measured by
c will increase as the degree measure of the angle increases.

ERIC <01
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After the distances & and b are selected, ¢ becomes a
function of the cosine of €. Thus if the degree measure of the
one angle is twice the degree measure of another, the opening c
of the larger angle will not necessarily be twice the opening of
the smaller angle,

THINGS TO DISCUSS

(e} &
All angles shown have degree measures between 0 and 180 .
How could this method be extended to measure angles whose degree
measures are between 180° and 360”9

ANSWERS (pp. 129-130)

1. 'nKLE) = n(Lr),

Dan's argument is correct,

2. a b)) DF LX
(a) TABLE C-1 ( )LDEF, L/ZY, L GHI,
OFENING TO RST, & ABC

ANGLE | NEAREST 11"6 in.

L RST 3/) in. (¢) Yes

L_AEC 7/8 in.

/_DEF 1 in.

L_GHT 11/16 in.

[XZY 5/8 1in.

3. Yes - under the conditions specified by Dan's argument,
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DO PROTRACTORS HAVE TO BE CIRCULARY

ANSWERS

PARTI (pp. 133-27%4 )

TABLE D-|
MEASURR UsTHG PROTRACTON & | ESTIMATED
ANGLE A 1 c D MEASURE
1 307 307 20" o
2 120° 120° 10Y L sn®
3 .-(OO (OO ',}":,)() .»(,OO
L 140° 140" 1h0Y 1.1.0°

*Tstimates will vary.

POWER QUESTIONS | (p. )

3l

[

1. Yes. Although of different shapes, all the pro-

tractors have sczles tased on & circular design.

. - - - O
2. Consider m(4 ) as 2CG7 + w(l 2 - 907

PARTH (p.135 )

‘TABLE D-2
MEASURING USING
ESTIMATED PROTRACTOR
ANGLE MEASURE F G
5 ¥ 150° 150°
6 * 2l 210°
7 * 350° 330°

*Estimates will vary.
POWER QUESTIONS Il . (p. 135)

1. Yes. 8See answer for nurber 1 above.

2. Consider m(£8)as 180%+ m(L & - 180°)

203

-
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STRATEGIES FOR USING INSERTS A AND B

w

Inserts A and B are printed on 15 1b. bond vaner. A1 though
the instructions for APPEIDIX E stat the protractors

are to be cut out, there are at least two alternate

¢ tha

ct
m

strategies that could be used. These are cutlined below.

Strategy |: The paper on which the inserts are printed is
transparent enough for use as an overlay to

measure the angles on pages 1-7 and 135 accurately.

Pull out the inserts and superimpncse the protractors
on the angles to be measured.
Strategy 2: Use the inserts as masters for preparing scetate
overlays. Measure the angles by superimposing
the overlays on the angles to be measured.

PAFulToxt Provided by ERIC




GLOSSARY

The terminology included is associated with angle measure
but not necessarily with this booklet. This section is to be
used as a reference for students in instances where these terms
may arise as a part of class discussion.
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