
DOCUMENT RESUME

ED 127 189 *SE 021 226

AUTHOR Biersteker, Joseph; And Others
TITLE Angles and Space: MINNEMAST Coordinated Mathematics -

. Science Series, Unit 21.
INSTITUTION Minnesota Univ.,,Minneapolis. Minnesota School

Mathematics and Science Center.
5PONS AGENCY National Science Foundation, Washington, D.C.
PAB DATE 71
NOTE 169p..; For related doduments, see SE021201-234;

Photographs'may not reproduce well
AVAILABLE FROM MINNEMAST, Minnemath Center, 720 Washington Ave.,

S.E., Minneapolis, MN 55414

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

MF-$043 HC-$8.69 Plus Postage.
*Curriculum Guides; Elementary Education; *Elementary
School Mathematics; *Elementary School Science;
Experimental Curriculin *Geometric Concepts;
Geometry; *Interdisciplinary Approach; Learning
Activities; Mathematics Education; Primary Grades;
Process EduCation; ScienCe Edudation; Units of Study
(Subject Fields)
*MINNEMAST; *Minnesota Mathematics and Science
Teaching Project .

ABSTRACT : .

.

This voluMe is the twenty-first in a series of 29
coordinated MINNEMAST units in mathematics and.science for
kindergarten and the primary grades. Intehded for use by tecond-grade-
*teacherst thisakit guide .provides a summary and overview of the
unit, a ligt of0V4terials needed, and descriptions of three groups of
leSsons: The purposes and procedures for each activity are discussed.
-Examples-of questions and discussion topict are given, and in several
-cases.ditto masters, stories for reading aloud, and other
instructional materials are included in the book. The first section
of this unit is aoncerned.with angles and their measurement. -The unit
Of measurement used is Called a Mag and angles are measured with a
special circular protractor. Theother sections deal with polygons
and pblyhedia. (SD)

-......

. . . ..

*********************.**t***********************4***********************
* Dodurents acquired hy ERIC include many informal unpublished
* materials not available from other sources. ERIC makes.every effort *
* to obtain the best copy available. Neverthelesse items ofmarginal *
** reproducibility are often. encountered and this affects the quality *
* oT the microfiche and hardCopy reproductions ERIC makes available *
* via the ERIC Document Reproduction Service -(EDRS)-.. EDRS is not *
* responsible for the quality of the original document..Reproductions *,
* supplied by EDRS are the best that can be made-from the original. *
***********************************************************************

- .



I

/

0

.07

iv

v.

U S ISEPAIITMENT Of HEALTH,
EDUCATION IL WELFARE

NATIONAL INSTITUTE OF
__EDUCATION ___ _ _____

THIS DOCUMENT HAS SEEN REPRO.
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN.
ATING IT POINTS OF VIEW OR OPINIONS
STATED 00 NOT NECESSARILY REPRE.
-SENT DF F ICiAL NATIONAL iNSMT)TE OF
EDUCATION POSITION OR POLICY

D

',

ee



O

Oz

0

C OR D I NATEDitA THEMA Ti CS= IINC-E-S FRIES-

1. WATCHING AND WONDERING.

2. CURYILANSI SHAPES

3. DESCRIBING AND CLASSIFYING

4. USING OUR SENSES

5. INTRODUCING MEASUREMENT

. 6. NUMERATION

7. INTRODUCING SYMMETRY

8. OBSERVING PROPERTIES

9. NUMBERS AND COUNTING

10. DESCRIBING LOCATIONS

11. INTRODUCING ADDITION AND SUBTRACTION

12, MEASUREMENT WITH REFERENCE UNITS.

13. INTERPRETATIONS OF ADDITION AND SUBTRACTION

14. EXPLORING SYMMETRICAL PATTERNS

15. INVESTIGATING SYSTEMS

16. NUMBERS AND MEASURING

17. INTRODUCING MULTIPLICATION AND DIVISION

18. SCALING AND REPRESENTATION

19. COMPARING CHANGES

20. USING LARGER NUMBERS

2 i . ANGLES AND SPACE ,

22. PARTS AND PIECES

23. CONDITIONS AFFECTING LIFE

24. CHANGE AND CALCULATIONS

25. MULTIPLICATION AND MOTION

26, WHAT ARE THINGS MADE OF?

27. NUMBERS AND THEIR PROPERTIES

28. MAPPING THE GLOBE

29. NATURAL SYSTEM

OTHER MINNEMAST PUBLICATIONS

The 29 coordinated ,units and several other publications are available from MINNEMAST on oLder.,
Other .publications include:

STUDENT MAN,J,IALS for Grades I: 2 and 3,
and. printed TEACHING AIDS for Kindeigarten and Grade I.

LIVING THINGS 'IN FIELD AND CLASSROOM
(MINNEMAST Handbook for all grades)

ADVENTURE'S. IN SCIENCE AND MATH
(Historical stories for teacher or student)

QUESTIONS AND ANSWERS ABOUT MINNEMAST
Sent free with price list on request

OVERVIEW
, .

(Description of content of each publication)
. .

MINNEMAST RECOMMENDATIONS FOR.SGIF.NCE AND MATH IN THE INTERMEDIATE GRADES
(Suggestions for programs to succeed the MINNEMAST- Curriculum in Grades 4,. 5 and 6).
'. . ----,___ ' .

1 ' --
-e-)

i..)



MINNESOTA MATHEMATICS AND SCIENCE TEACHING PROJECT
. 720 Was hinOm Avenue 'S . E. , Minneapolis, Minnesota 854 55

4
et.



MINNEMAST

DIRECTOR JAMES H. WERNTZ, JR.
Professor of PhysiCs
University of Minnesota

ASSOCIATE DIRECTOR
FOR SCIENCE

ROGER S. JONES
Associate Profes'sor of Physics
University of Minnesota

ASSOCIATE DIRECTOR WELLS HIVELY II
FOR RESEARCH AND EVALUATION AssOciate Professor of Psychology

T University of Minnesota
7

...
EXcePt'for the rights'to materials reserved by others, the publisher
and copyright owriar hereby grants permission to domestic persons of
the United States and Canada-for use .of this work without charge in
English language publications in the United States and Canada after.
July 1, 1973, provided the publications incorporating materials Covered
by these copyrights contain acknowledgement of them and a statement
that the publication is endorsed neither by the copyright owner nor the
National Science Foundation. For conditions of use and permission to
use materials contained herein for foreign pUblications- or publications
in other than the English language, application must be made to: Office
of the University Attorney, University of Minnesota, Minneapolis,
Minnesota 55485,

The Minnesota Mathematics and Science Teaching Project
developed these materials under a grant from the
National Science Foundation.

0 1970, University of Minnesota. All rights reserved.
Second Printing, 1971

t11us.



SM

,

C

ano

ANGLES
AND
SPACE

lb!

This unit was developed by

JOSEPH BIERSTEKER

JEANNE BURSHEIM

JAMES KRABY,

ir

ELIZABETH A. IHRIG Editor

'SONIA ORF':ETH- Art Director

JUDITH L. NORMAN Illustrator



Fe
br

ua
ry

Ja
nu

ar
y

D
ec

.
N

ov
em

be
r

O
ct

ob
er

Se
pt

em
be

r

1

Fe
br

ua
ry

Ja
nu

ar
y

N
ov

em
be

r
O

ct
ob

er



CONTENTS

Materials List

IntrOduction

Section I. Angles Measurement

vi

1

'5
Lesson 1. Points, Lines and Line Segments 6
Lesson 2 Rays 21
Les son 3 IMiodu'cing Angles 26
Lesson 4 ..-Naming,Angles 34
Les son 5 Finding the Mag of an Angle 38
Lesson 6 Finding and Measuring Angles 51
-Lesson 7 Light Beams 61
Les'son 8 Light Reflection Activity Centex: .73

Section 2. Polygons 82

Lesson 9 Flower Polygons 83
Les son 10 Classifying Polygons 93
Lesson 11 Regular Polygons 103
Les son 12 Similar Triangles 112
Lesson 13 Congruent FigureS 123
Lesson 14 Patterns with Polygons; Tesselations 128

S,,ction 3. Polyhedra 140

Lessoril 5 From 2-Dimensional to 3-Dimensional-Shapes- 1-4-1
Lesson 16 Polyhedra I46

ApbendiX 153 .



total number
required to
teach unit

Complete List of Materials for Unit 21

(Numbei.s based :onclas size of 30.)

item
C21

30 **Student Manuals

30 I straight pins

30 *magnifying glasses

- 30 bokes of crayons

30 ,*rulers

9 or 1,0 blank transparencies
a

..s

lessons in
which item

is_used

1

1,14,16,

1,3,5,6,8,9,
11,12

1,5,10,12

overhead projector \ 1,3,5,10,11,
H 2,13, 14

box'of colored pencils 1,6,8

yarn and needles (optional)

1 plastic shoe .box (optional)

soil or sand (optional)

-package of white radish seeds (optional)

roll of plastic wrap (optional), .

I *bail of string or yarn s2,5,7,11,12.

100 '*pipe cleaners 3,5

I large pair of scissors , 1'0" to 12" long 3

1 small pair of scissors 3,8

-1 Elmer's glue (optional) r 3,14

I ream of 8-1/2" X )1" construction. paper 3,9,14

5 boxes of toothpicks (optional)

1 * *transparency of clock protractor, 5

I ray putout

30 **clear plastic clock protractors Al, 12

0

vi

G"



t
gyp.-

St .. r NAL ,-;
' .... 4 A

A . , 1

-#4 . . ,/ _Unit-2-1--(cont.)' -'''' .7,

..... 40.

I
l a. angle.-firders = 0-. .6,7,8

e4
A . t

I filmstrip projector or slide projeCtor e;,- '., ' .6
1' 7

90 7,14,
. ,

.., .8heetsof 151a.cconstructl.or) paper
. . , . .. - . ... ..

2 or 3 dusty chal.kboard-eiasers - 7 yr'

I roll. of Mt:taking tape '7,8 .,

30 *niirrors on blocks,; 7,8,1 I

5 .or .6 (1. flashlight:; 7,8

4 Or 5 rubber pla'yground balls 7
. ,

4 or 5 plastic bwling pins 7

2 *small mirrors (2" x 4-1/4") 8
. t

I.quart quart milk cartoii 8

30 sdfssors .9,12,13,14, 1i6
30 ea. *-colored pencils:. red, blue, green 9,12

1 box of paper Clips 10,, 12,16

1%* 10 , i 6*package of think sticks andtonnectors
1

.

..**TranSparency A 1 1 , 13

I sheet. of_tagbbard. I 2

70-75 -sheets of 12 x 18" constructionpaper 13,15

I paper cutter 14

alpbe

150 baggies (small plastic bags) 14

1,80 *squal'e counters 15

1.5% *rolls of 'transparent 'tape 5,.10,,13,15,16
I set *Flexagons 15,16t-

le kit items as well as

**printed materials 'available from
MinnematliCenter, 720 Washington Ave. S.E. , M 1 . ;Minn. 55455

***available from The Judy Company,
310 north Second Street, Mivrneapo ls, Ilinnesota 55401

vii



1.

. ,
. "

55...

V .

a ',
.t

eli l6ntagaltilM93±,10:a111111 .

., .

,

Csci4J 5kAil

e,

41.

"
,

tf

yr-

6

AC

. a

1'

Oa



47

I

INTRODUCTION

-;)Unit 21, Angles arieSpace, concentrates on geometry, cOncepts.
There are numerous reasons for' including the study of geometryin the'.elementary curriculum.

4.
I . Geometry is the study of spatial 1-elatiOns and concdpts.These a e iinportaqt in the application of science,, engi-

. neering nd technology, in art and-arcriitecture, in sewingand pictu ',hanging, in baseball and billiards.' Our sense.of spatial relations is exercised every. day in countless
. It is\therefore-obviously valuable to strengthen the 'thchildren's, grasp of these concepts.

2. Geometry is an important discipline for developing logicalthinking. -For example, th9.,_ohildren will work with similarand congruent triangles. This should help them begin torealiZe that if triangle ABC is similar to triangle DEF, andtriangle DEF is similar tb triangle GHI then logically,triangle ABC can be expected to be similar to triangle GHL
P11
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Another simple exercise in logic is that if two shapes have
the same number of. sides, and if those sides are the same
length, and.if all,the corresponding angles have the same
measurement, then the two shapes are congruent. This
kind of logical thinking carries over in countless situationb.

3. In most practical uses of Spat relations and concepts,
measurement is-an essential ele ent. Therefore the

- measurement aspect of geometry i extended in this unit.
When,measurement is applied'to spatial ideas, the chil-
drens-ase-af-numbers is reinfdrced. \Consider the study
of a line: when you measure .a segment of a line and apply
nuinbets to it, You are able to define it 1.1)t.\ only in terns
of its- location and-direction, but also intents of him fat
it teaches from here to there. You can look at an angle
in quantitative terms alto... When you apply measurement
to an angle, you find its "mag." ,,(This IS the word the

:authors' have cOined to mean "the measure of.ar angle"
uVass "length" means "the measure of a line segment. ")

4. The understanding of dimension is basic to an appreciatidn
of the structure of our three-dimensional universe. Dimen-
sion underlies our concepts of maps, surface, structure,
itolume, design and architecture,. In the development of
these _ideas , the children will work in one dimension (.with
lines), in two dimensions (with-plane figures) and in three
dimension (with solid,figures).

As. you 'read through the unit before teaching it; youwill"no
doubt think of games and eqUipment you can use that are al-
ready in your classroom. You may want to inteate some of
them into the lessons, or have them available_for ti during
free time. Mosaic tile sets, parquetry blocks and building
blacks are the most obvious examples of materials that could
be used. You will surely find -many ways in which the sub-
stance of this unit can be extended into othersclaSsroom,ac-
tivities since the concepts are'so clearly reflectd"iii every-
day life.

,
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SECTION I

ei

--ANG-LS-AND-14EASTIREME NT'

r.

Section I bedins with an,extended review of the concepts of .

pOint, line and line segment,, and intrOduce's the concept .of
ray.. jhen'intuitive notions ofangle:bretexplored and dei'tel-''-
opeth,- The children are- eXPected to be, able to discover a
simple definition of angle (two rays' with a common origin)
and to.lekrn how to name angles.

In this section, fhb children.add the measurement of angles
to the other Measurement skills they have already- developed-.
First, they compare angles indirectly-by using various sim-
ple devices and then, directly, by superposition. This ,leads
them to see that a more practical and precise method of mea.;-
surernent woUld'be_useful. For this,-they are introduCed to

cn the clock face, protractor. It should be easier for_the chil-
-dren to read the clock face, rather' than the traditional 180°
protractor markings. (Degree measure will be introduced in
Unit 26..) Thp children are alio.introduced to.a new word,
"mag."- This, word -means "-the measurement of the; angle.:
Wp coined this ward to helP:the children avoid the confusion
that often occurs. when discussing the concept of -angle and,
the measurem'ent of angle. You can talk 'about the mag of an
angle just aSlyou talk 'ahout the'length of a line seginent or
the weight of ;amass:

Having acquired these geometry concepts and the vOCabulary,
for- expressing them, and having acquired a tool and the 'skill
for measuring the mag of angles, the children are given a good

.deal of experie'nCe measuring angles they find in the .world
around them. tFor example, they find and measure angles ih
photographs and drawings_of trees, leaves and_ahimals. They
are given another tool, the angle finder. They can use this
tool, along with their clock face-VotractOrs, to discover and
measure angles they can forr,ri with parts of their own bodies.

7 . t
Iri the later lessons of this Section, light beams are used as
physical embodiments of geometric rays. This lead's to the
study of angle'th of incidence and reflection, as in optiOs , and
illustrates the application orangles and geometry to the phys-
icalsgiences. In Lesson 8, the last lesson in this section,
we describe a light refledtion activity center, where the chil-
dren can.experiment freely to diScover interesting facts about,
light and its reflection.

I
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Lesson POINTS, LINTS_AND LINE SEGMENTS
. .

The concepts of points, lines and line s-egments were 'intro7,
duced in Unit 10.. TTiis leskn is an extended- review. of -

those concepts:. The amount of time you spend on -the activ-
ities will depend on whether or not the children have studied-
Unit I'0 and how much they remember of it.

The children review the ideas that a Jine is made up ofpointS
and that the shortest distance between tw6points is 'measured
along a straight line. They also deyelop rh'ethods of-nam-
ing points, lines and lihe segments.

-MATERIALS

30" straight- pins

30 magnifying glasses

30 boxes Qf crayons

30 rulers

transparency of WorkSheet 4

colored pencils (optional)

yarn and needles (optional)
.3

transparency of "CUrye OfPursuit"" (optional)

Workstheets I - 5

. PREPARATION
6

Make. a trar4pa'rency of Woi-ktheet 4 and of the "Curve ofPUr-
suit." Use &copy of Worksheet 4 from the Student Manual;
theprinted original of the- curve of pursuit is. included in the
Appendix at the back of this manual.

PROCEP URE

Activity A

The purpose of this adtivity is for the-children to realize tlat
a geometric point is so stnall.that we can't' see it. They
should realize that io refer to a point, they need something to
represent thatrpoint e.-; a dot.

Have-the children make a dot with a crayon near-the center of

-:

ti
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Vbrksheet t
WI Xa me

,

the-circle on Worksheet. I: Ail<
them to usesa penCiltc make a
smaller dot in the center of the
crey0 -.Then ask the chil-
dren if they could make an even
smaller dot inside the pencil dot.
As k:

WHAT COULD WE USE TO
MAKE THIS SMALLER DOT?
(Let them speculate.)

Give eaci child a pin and a maT=.
nifyings gsW s They should then
make a pin' hole in the centersof
the pencil dot and look at -it with
their magnifying glasses.' Ask if
it would be possible to make an
even smaller dot in the pin hole.
They might sa that they haven't
got anything with which to make

smallerdot, but it appears that
it would be possible. SOmeone
may suggest that a microscope

.would have-to be used to see sucFra-fila11dot. Ask what
would happen to "the "smallest" dot if they kept making their

. dots t`maIler and smaller. (It would become invisible or it
would disappear.)

Tell the children:

WE HAVE A NAME FOR_ THIS "SMALLEST DOT THAT WE
6-.A-111SEET-17/8 CALLED A POINT.,-.

IF WE WANT TO TALK ABOUT PCPOINT, LIKE A POINT NEAR
THE GENTElt OF THE CHALKBOARD, HOW COULD I SHOW
YOU WHERE IT IS LOCATED?

Let the children discuss different possibilities. Lead them
to the idea that we need somthing like a dot tc represerit a
point.

'0

7
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Have someone draw two dots anywhere on the chalkboard.
Tell the class that these two dots represent two different
points. Say that you want to talk about just-one of these
points. How will they know which point You are talking,
about? Have someone describe its.location.-.Theri ask if

. there is an easier way to show which point you want to talk
abatit.- -.Lead the children-to name the point-in some way,
e.g.' point ''H-arry.." Tell theiri that mathematicians use an
even shorter method'of-naming a paint. They use a capital
letter. whichi.s like, a person's Initials. Have .0 child label
the two points on the chalkboard with any-capital letters.

A

Draw several more dots On the chalkboard and have other chid
dren label them, using different letters. Then ask someone
to locate .specific points by naming them.

Abtivity B

Put two dots on the chalkboard, abciut six feet apart. Name
- them D and Tell the clas.s that D and E are names for-the
points represe'nted by the two dots../"
Ask the class how many dots they think could' be placed be7
tween points D and E.. Write a few of their guesses on the
.chalkboard. Then ask two children to put as many dots as
possible betiween pOints D ,and E. Remind the class that
these dots represent point§ so 'small that We can't see them'.

. .

D E

When the two children are satisfied that they have Made as
many dots as possible between points D and E, ask if some
other childrenthinkthey..could place more dots between D and
E. Let them try. Keep insisting that theyoan place more
dots between. points. D and E. 'SoMeone williprobably start
erasing larger dots and replacing them with many smaller dots;
encourage this. The children should eventually realize that
if they continued this process of making smaller and smaller

"dots, they could place "billions andbillions" of dots between
these.tWo points.

ti
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Then ask thern,to imagine how many. Points there-could-bebe
tween these two points. However large a number the children
come up with there is always a larger one. _There. is actually
an- infinite number of points betWeen any two points; however,
at this level we do not expect the children to cOmprehend the
the concept of infinity. We only expect them to consider the
concept of infinity_as being "fantastically large," or. "going
on and on forever" or '"larger than anything we can image "K`

Now ask a group of children to place as many.dots as possi-
ble on the straight line extensions past ID and past E to the
ends of the chalkboard.

DY E

.When the .series of dots, res-embles ask.-the dhildren to
return to their desks. Ask them howia-f-they-could Make dots
if they didn't have to stop at-the edges of the chalkbeard-but
could .go on through theJschool wall; the city, country, sky,
outer space, etc. The children should reply something like
"on.and on forever." TheneSk the' Children,what their series
of dote looks like. (A line.)

Ask the children haw they could show that the line doesn't
have to end at the chalkboard edges but could. go on and On.
head them to place arrowheads on-the ends of this represen-
tation. -.

. E

-

Ask the, class how they made this line. (By placing a set of

9
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-dots on the chalkboard.) Then ask:

10

NVIIAT DO-THE DOTS- REPRESENT OR STAND FOR?_. (Points.)

The Children-should realize that since their chalkboarsliff-fe
is-made of a set of dots ,. and that since the-dots represent
points, the line can be thought of as a set of points that go
on and on forever;

Use colored chalk to outline the section of the line between
points D and E.

Ask the class .if they can remember the special name for part
of a line, such as the colored part between points D and E.
Remind .them of the name "line segment." You maliwant to

.tell the class what-the, word "segment" Means by giving
examples of how it. can be used in various contexts. Then ask:

-WHAT ARE THE POINTS AT THE ENDS OF-THIS LINE SEG-
MENT? (Points D and EJ

DOES A LINE HAVE END POINTS? (No, beCause a line goes
on and-On. line 'segment ha f; to end points.)

.

Review the following ideas, with the class.

Draw a figure like the one.below on the chalkboard:

Ask the -Class What this figUre represents,, (A line segment.)
Then ask how-they know that.it is a line segment instead of
a lirie. (It'has two end points.) Ask themNyhatthey would
have to do to show that the figure repreSents a line, (Put
.rrowheads at the ends.,to show that it extends endlessly in
bo directions.), .

A

:1



Activity `C

Review with the .class the procedure used to name points .

Then ask them if they can think of a way to name a line.
(SOmeape may remeniber.from the work in Unit I 0 that two
points are-needed to name aline. If S.0, 'ask hitii why we
can't. always name a line by using just one of its points.).
Someone may suggest naming it Using one of the points on
the line, e g lmc D, -

<

ir

IS THIS THE ONLY,LINE THAT AN PASS THROUGH POINT

Draw another line inrough point D.

WHICH' LINE IS LINE
that both lines coUld.

g
Then ask:

D? . (The children will probably see'
be 'Called line D.)

HOW MANY STRAIGHT- LINES CAN WE DRAW THROUGH
POINT D?

Let various children draw lines,through point ID,' using a
straightedge.

2 Z3

a



I 2

a

The children should realize that it is possible to draw Many
straight lines through point b. Thqn ask:

HOW DO WE KNOW WHICH LINE IS LINE D? THEY COULD
ALL BE CALLED 'LINE D. THIS DOESN'T_SEEM TO BE A
VERY. ACCURATE WAY TO NAME JUST-ONE LINE. CAN ANY-
ONE THINK OF SOME OTHER WAY TO NAME ONE LINE?
(Name two points on that line. -)

Draw another line on the chalkboard .and label two of its
points.

B

.....*, . ."'" 4,....2..... f---4This,,Is called "line AB" or in mathematical notation "AB".
Write-line-AB and AB on the chalkboard' and explain the no-
tatiOn:to.the Children. Also explain that if we are talking

0 about line segment A:B, we would write either line segment
AB or AB. Draw several lines and line segments on -the chalk-
board, label two points on each, awl have the children write
the correct notation on the 'chalkboard.' a

Erase all lines and line segments except, line AB, and ask the
class if naming two points on the line is enough to determine
one straight line. Let several children try to draw another
straight line through points A aneB, using a straightedge. If
the dots are drawn to large, they will be able to draw more
than one line through the two dots. Remind the children that
dots A and B represent. points "A and B which are so small

.(they'have no'.dimension)that only one line can extend.through
them.

A B

dot

A

23

point
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Have the children-complele Worksheets 2 and 3.

Worksheet 2
Unit pi

Color line AB red. Color AB green.
Co lor CD blue. a

Color I ine segment CD yellow.
Color l'ine ST yellm. Color ST red.

accept gz.:7,-Aa,:

kvie.74,-- /4
e)

'e22C. 4_

Q,

reel green
Use yotir ruler to ntw line AB.

Jo ue.
Color line seiiment AB blue.'
Color B E yellow. Color BE blue.

6/Ve

ye- I l,ow

Activity D

Worksheet 3
Unit 21'

I Abt. l these lines.

Same

514MrS 'WO Vv./
line

1lnc .
4

I line

UsIntt point, A. B and C. ,h;in catch {xhltlt.wlth
onuther How many 4.traleht line seaments did
you ',Not?

What are the name% .of the Im a ~cements that you drew?

11 e 589ehent AB -or ,84 .

seg ern': 6 i^ C8 -
Ape Salt 4,7a .42 d r 74&.

Each child will need a pencil and a ruler to do-Worksheets 4
-and 5. These worksheets show the difference between lilies
and line segments. TheY also give the children experienCe

. in recognizing patterns showing rotational symmetry (repeated
patterns).. The children could -start working on them during
math classand complete themcas ari art activity.

On Worksheet 4, the children are to draw straight lines using.
a ruler and a pencil. Copy the worksheet on the chalkboard
or project a transparency of it and, demonstrate how to join
the points. First draw line, AB to the edges of the worksheet.
Then draw line CD all the way to the edges of the worksheet.

13
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t 14 2

A

Worksheet
Molt 21 Name

1. 1 ne 'Segments

Point out that after you drew line AB, you .moved over one
space from points Aand B to draw line CD.

d9
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To :draw the next line, move over one space from points C
anp to the next pair',,of points.

1. . ..
Ask someone to draw the line thiough the, next pair of points,
etc. 'When you feql the.c.4ildreii understand'' the procedure..
have tharn do Worksheet 4. As the 6hildren complete it,-
quickly check their work and then instruct them to go on to

' Worksheet

Worksheet 5 is the same as Worksheet 4, except that the
children draw line' t egments (between- the points instead of
lines through the pdints

1

*0

1 gAttill.C.1: A-1111!).40.i
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Activity E (Optiona At ActiVities)

Coloring .Patterns

Have the children use colored pencils to color the repeated
patterns. on Worksheets 4 and S. They could then carefully
outline the lines and line segments with a black crayon.
These worksheets ,would make a very attractive bulletin board
display. . .
Curie Stitching

If the children are interested, yOu may want to do Some curve:
stitching, using yarn and needles to-stitch patterns ,drawn on
tagboard.

4

.
I. 'Mark a piece of 101:,-x 10." tagboard into quirters,.

2. Mark points along the _segments at 1-inch intervals.
Label .the points on line segment XY with letters and the
points on line segment AB with numbers. _

X

3. Before starting the stitching., the children should poke a
Hole through ;the tagboard with the yarn needle at each
Marked point.

...

0
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1.11111

21. .Begin stitching from the back
Of the tagboard. Knot yarn, .
then pull needle and yarn through

I . Insert in E and come up
through F. Demonstrate the
stitching to- the'children and
have them follow you step by
it pp.

5. Continue .sewing curve by
stitching from F, over to 2,
up through 3, and over to .

G, up through H, and over
too.

F

6. Those children who did not
have trouble with this .may
want to do another section.
Number along the, lines, as
shown: Then stitch next
curve as follows: H to 5,.
6 to G, F t6.7, 8 to E.

7. Sew each quarter until
pattern is made.

2

ti
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Activity F: Curve. of Pursuit (Optional)

Project the.transparency of the mg-ye of pursuit. Tell the
folloWing story while completing the curve.

Abbreviated version of story

The rabbit comes in through the hole in the fence and goes to
the upper left hand corner of the yard where the carrot garden
is located... He starts eating the carrots. Suddenly the.sleep-
ing dog wakes up end sees the rabbit.

(On the transparency, this is shown by the line from the dog's
eye to the first fence post Where the rabbit is located.)

The rabbit sees the dog and hops one space (one fence *post)
toward the opening in the fence. The dog moves one space
up the line toward the rabbit.

(To mark the dog's new location, measure up inch from the
dog's eye on thegiven line and makea dot.)

The dog sees the rabbit at the second fence post.

(Draw a line from the dog's location the dot you just fin-
ished marking -- to the second fence post.)

Each time the rabbit moves one fence post to the right,),the
dog moves one space closer.

(To mark the next loC(ation in the dog's path,' measure up
inch.on the line you just drew and make another dot. Draw
a line from thisidot to the third fence pOst, etc.)

Ask:

WILL THE DOG GET TO THE RABBIT BEFORE THE RABBIT
CAN GET TO SAFETY?

(Complete the curve of pursuit by marking dots and dr,awing
lines -from the dots to the fence posts, as you did earlier.
See diagram of completed curve on the next page.)

z

A



19

3 CI



OPTIONAL PREPARATION

In Lesson 6, "Finding and Measuring Angles, " an optional.
activity is suggested that requires radish seedlings. If you
plan to do this activity, the radish seeds should be planted
now: this will allow approximately one weelc for them to grow.

MATERIALS

i plastic shoe box

soil or sand

white radish seeds

plastic wrap or baggies

water

PROCEDURE

I., Fill the shoebox approximately half full of 'soil or sand.
2. Level the surface.

'3. Plant the seeds in rows, about -.I- inch below the surface.
4. Water the seeds. Sprinkle so as not to wash theseeds

away.
box or a stack

seeds sprout.
higher area

5. Prop up the shoebox at an angle, using a
df boOks.

6. Cover the box with plastic wrap-untirthi
7. Sprinkle with water daily, especially the

3
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Le-sson 2: RAYS

The children are .introduded to the concept of a ray and learnwhat properties rays have in common with lines and line seg-,ments.

MATERIALS

- ball Of 'string or yarn

Worksheets 7 and 8

PROCEDURE

Activity A

-Select one student (Tom) to represent a ,point. Have him standat the front of the room. Draw a dot on the chalkboard to rep-resent Tom and label it "T. " Give Tom the end of a ball ofstring and select- dnothei child (Mary) to walk away from Tom,unwinding the, ball of string, as she walks. The string shouldbe kept as taut as possible. Have Mary walk away from Tomas far as she can go in a straight path you may want her towalk down the hall and out the door.

Tell the claSs:.

IMAGINE THAT MARY NEVER RAN OUT OF STRING AND SHECOULD -CONTINUE GOING AWAY FROM TOM FOREVER IN ASTRAIGHT PATH. HOW COULD WE SHOW THIS ON THECHALKBOARD USING POINT TA"TO REPRESENT TOM?

Use T as the starting point and draw a "line" in one directionaway from it. Place-an arrowhead at the end of the "line" toShow that it could go on and on forever.

T

Ask the class if this representation reminds them of somethingthey've seen before. The class should see that it resemblesboth a line and a line segment-in"certain ways. Tell the class-.that there, is a name for this new representation. It is balled

3 2
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'A

a "ray.'i We call its starting point the "origin ". -of the ray.

Draw a representation of a line and a lint segment on the

chalkboard, above the. ray.

A

A

A
i3

> .(line)

( line segment)

> (ray).

Discuss the following possible comparisons with your class.

All three representatiAs may be named by and are

determined by two points.

a-. Each one may be thought of as a set of points.

3. The .line extends endlessly in both directions; and the

new representation (ray) extends endlessly-in one di-

rection-.

4. The line segment has two endpoints and the new rep're-

Sentation has only one endpoint.

5. The line segment can beineasured (it has.a certain

length) ; the otherlwo representations cannot be Mea-

sured.

Discuss the fact that a ray can be named, just as the line

. and line segment are, but there is<.4' one important difference.

Remind the children that line AB (AB) can also be called line BA

(BA).

A 1

It doesn't make any difference in what order we say the letters.

The same is true for line segment AB. This is not true for a ray.

A
B
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When we say ray AB (AB), the A comes first and the B second.
This shows that A is the origin of the ray. Reading from left
to right, the4irst letter is always the origin of the ray. If we
say ray BA (BA)-, we are, referring to rays similar to the follow-
ing.

B

-- or
x'. t

A : B.

.

Lead the class to realize that it is less corsing to name a
ray by saying the origin first, and then another point on the
ray. You may want to draw several rays on the board and have
various children label and name them, making sure they
always name the origin first. Use the notation AB, etc.

Activity B

This activity may be done in the classroom or outdoors -a.Choose
a child (Oliver) to be the origin of a ray. Choose another child
(David) to be the direction marker.' David may stand anywhere.
Ask the other children to imagine the ray which originates,
starts, or has its origin at Oliver's feet and extends in the di-
rection from Oliver to David and beyond. They should stand on
this ray. Most children will probably stand in a roughly straight
line between Oliver and David. Suggest that they are rather
crowded. Where else could some of them stand, and still be on
the imaginary ray which starts at Oliver's feet arid goes throughDavid's? (Beyond David.) You may decide-to have someone
sketch -the on the floor with chalk, with an arrowhead to
indicate the direction in which it continues.

Oliver David
1 . 4 .>

Ask children to suggest possible names for the ray (ray OD or4-4
OD). Make sure Ilia first letter is the origin.

Have the children stand around in a haphazard arrangement.
Call out the names of two children for origin and direction

4

3 ,A
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imarker of an imagined ray-- these two are not to move. The
other children should. hurry to stand somewhere on the imag-
inat..y ray. Be sure you alWays say which child is the origin and
and which the direction marker, i.e. "This ray has Opal as
origin and it goes toward Dianne and beyond her. " Repeat
with other children who are standing in different
Be 'alert for children who stand on a line through Opal's and
Dianne'S feet, on the other, side of Opal and Dianne, but not
on the ray which starts at Opal and exte"nds.tnly in the.Flirec-
lion toward and beyond Dianne.

, g

1

Forvariation, you, could use oWects trees, bushes, play-,
ground equipment[or chairs, desks, books and erasers
placed on the classroom floor as origin arid direction
markers. Rays could be marked with string, chalk, or a
stick drawn through sand. You could al,So- make this a timed
game, calling gut the `ray's origin and .direction marker, .and
counting' quickly to ten., All/who are not standing on the ray
when you reach "ten" are out. You 'could also call out lines,
and line segments.

-35



worksheet 7
Lai t 21 Name

Draw rays AC, AD, DD, DE, F.(.

Activity C

Have the children complete Work-
sheets 6, 7-and 8. These work -
sheets are printed on tracing paper
So that when they are laid on top
of each other the children can
make comparisons of an enclosed Yr
figure made by lines '(Worksheet
8), line segments, (Worksheet 6)
Or rays (Worksheet 7). This way,
the children should see that*4
ray and a line segment are always
part of some and that a line
segment may be extended into a
ray or a line.

Worksheet $
t 21 Name

Draw 1 Ines AC, AD LID, RE EC.

ti

3u
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Lesson 3; INTRODUCING ANGLES.

26
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A

In the next few lessons, the children will be stuClyin-g angles..,.
In,this_lesson they are introduced to the concept of an angle;
they learn that angles can'be different and that theength of
the sides Of an angle has nothing to-do with the measure _of
the angle. The children should get an intuitive feeling fonan
angle. They also develop the definition of angle and find ex-
amples of angles in the classroom. s

MATERIALS

100 pipe cleaners

I, large pair of spissors, JO" to 12" long
- I Small pair of scissors

- rulers
- Elmer's glue (optional)

- overhead projector (optional)

- construction paper
.

5 boxes of toothpicks (optioqa1)

. PROCEDURE

Activity A

Hold up a large pair of open
scissors. Trace the angle
formed by the butting edges-
of the scissdrs.with your
finger and ask the children
if they know what we call
this figure. Make angles
of various magnitudes, i.e.,
acute angle, right angle,
obtuse angle, by moving
the blades.



r

..
If no one thinks of the word angle, say it.- Then have the
children point out .examples of angles, such ag those formed
by the corner of a desk., oak, property block, etc. They
can also trace with their finger The angles *generatedvlien
they move different part of their bodies.

A,sk the Class:

WHAT WOULD A PICTURE. OF AN ANGLE LOOK LIKE-.?
,(Discuss various answers for a few Minutes.)

Then ask:

WOULD SOMEONE LIKE TO TRY TO DRAW A RICTUREOF
AN ANGLE?

1.

Let different children come'to the chalkboard and try to.
draw an angle. Have chalk and straightedge on the chalk

.

tray for the children. to 'use. After they have experimented'
for a while, help them dtaw an angle:.

Your chalkboard diagram may ,look 'like this.

Place the scissors alongside the chalkboard-diagram so
that the angle formed by the blades of the cissors will
coincide with the diagram.

27
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*

DOES THE ,CHALkBOARD.DIAGRAM REPRESENT THE ANGLE
1 HAVE FORMED WITH THIS SCISSORS? (Yes.)

Place a much smaller scissors alongside th diagrarn and
ask the same question. (The chalkboard diagram represents
the angle formed with'the smaller scissors-, too.) Point out
the different blade lengths of the two' scissorS Mention: -

that the same chalkboard diagram represents the angles
fori:ned by the different scissors., even though, the lengths
of the sides of the scissors were not the same.

Using a straightedge, extend the sides of the chalkboard.
angle. *

--"'
401

IS THIS THE SAME ANGLE I HAD BEFORE? -(Let- the
children speculate.) t

WHAT HAS CHANGED IN THIS DIAGRAM?" (The length of )-;

the sides.)

Extend the sides of the diagram even more and ask the same
questions.

. -----. .....--...---
., 1 ....-- EN...4

_.........---, .----- i.,/'
.I' '''

..... .......... 11.444 4144. ...44 .144.4

O '.
I.:

,

:--"
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,Tell the class that they-are gbi.ng to make representations, of
angleS from pipe cleaners. Give each child thnee,pipe cleaners.
Demonstrate how to make the representation., Tiwcorrect way
is to put your fingers. Close to the spilt where you want to bend
the4pipe cleaner: ThetwrOng 'technique is to 'hold the pipe
gleaner at each end. Demonstrate both the right and wrong
techniques.

Correct , Ipcorrec,*t

Encourage them to bend the pipe a leaner in\differen places,
not-just in-the middle.

1

After everyone has made his pipe cleaner .angles, divide the
class' into groups of four. Each group should put all its angles-

' into one collection. Ask each group to try to arrange its ,
.angles in order from the largest to the sthallest.. Each group,
should be encoUragbdto work together to try to figurp out a
methOd of deciding whidh qn6lp are larger or smaller. 'Some
children may focus their attention on the length of the sides:
When this happens, remind them of the scissors activity.

f

This activity should give the children an opportunity to inves-
tigate an experiment with angles before .they develop a
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definition of what ap.angfe is and how it is measured.
iACcept and encourage any reasonable arrangement so long
ka; the children have devised:a definite scheme for ordering
'and cari explain ittO you.

After 5 or 10 minutes, check each group's arrangement. If
their angles ace not in correct Order, place one angle on top
of another and ask-the group which angle is larger. Lead
the group.to superpOsone angle on another with one side
and the vertex superposed. ,

t
&Caution the 'Children to-hold just one side Ofeach angle

together; .some may .want to hold both sides ibgether,
bending a pipe.clearier in the prboess . Lead the children
to the conclusicrUthat the angle whose side extendsfar-
ther to the left, when the second sides are superposed, is,
the larger angle. (This will be explained in more detail,
in Lesson5.) c A- e
)''or added. motivation, you may want to make this activity
a contest; the group that correctly arranges its angles
first is the winner. When one group has, completed the
aJtivity,"and the other groups hay nearly fihished it .ask
-the children in the winning group o demonstrate to the clais
the method they used to order their angles.

/
Have the children look back at your chalkboard diagram of

. .
an angle with extended sides.

i

I
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Show the children two pipe cleaners that will both fit 'exactly
on the chalkboard angle but are bent in different places.

Superpose each of them over the chalkboard diagraln and
ask:" I

DO THE TWO PIPE CLEANER ANGLES REPRESENT THE
SAME ANGLE AS THE CHALKBOARD DIAGRAM OR DIFFER-
ENT ANGLES?. (The same.) WFIY? (If they were larger
or smaller; one of the .sides would ;protrude.)

ARE THE LENGTHS OF THE SIDES THE SAME? (No.)

Lead the children ..to the conclusion that the length Of the
sides has nothihg, to do the size Of the angle. Discus's
the chalkboard diagram in more detail. Ask:

HOW CAN WE SHOW ON THE CHALKBOARD THAT.THE
LENGTH OF THE SIDES DOES NOT MAKE ANY DIFFERENCE
WHEN WE MEASURE.THESIZE OF THE ANGLE?

'

Lead them to draw arrowheads on the endpoints of the line
segments to show that they could go on and on, without
changing the size of the angle.

The class should now be'able to tell you in their own words
what an angle 'is. (An angle is two rays with a common
Origin.)

Save the pipe cleaners for Lesson 5.

4 2,

Vt.
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Activity B ( r
This activity has two versions. Version II is optional'.

Version I

low the children a diagram, similar to the one below, °made
up of'line segments. (Use the overhead projector if possible.)

7

Ask: C

CAN ANYONE SEE ANY ANGLES REPRESENTED ON THIS
DIAGRAM? .

Let different children come to the projector and point out
different angles. Emphasize that the line segment\only
represent angles -- that angles are rays and that rays\go
on and on.

Let each child draw a picture of something using only
straight line segments. Time this activity for about 5 or
10 minutes. As soon as the time period is over, each child
trades his picture with a friend, who counts the number of
angles he can find in tvo minutes. He writes this number
in a corner of the picture and, then returns the picture to its
owner. Then time the children for two more minutes, while°
each child counts the number of angles in his own picture.
He should write in a corner of the picture the number of

I. 3



angles he found. The pair of children now compare their
findings. They can work together counting the angles and
resolving disagreements.

Some child may say this figure determines two different
angles, While his partner may see three different angles.
(The angles are indicatOd by the 'arrows.)

When using a diagram such as the one above, you may want
to explain'that even though angles are rays, we often leave
off the little arrows (shortcut notation).

Version II (Optional)

Have the children make two dimensional figures or three
dimensional sculptures with toothpicks and Elmer's glue. .
Then they should count the angle as they did in Version I.

44
33



Lesson 4: NAMING ANGLES
to,

In this lasson the children continue to work with angles and
develop a method for naming angles.

M?liTERIALS

Worksheets 9 and 10

PROCEDURE

Attivity A

Begin this activity with a discussion like the following.

HOW DID WE NAME A LINE? (We named -two points on
it. AB Line AB.)

HOW DID WE NAME A LINE SEGMENT? (We named its
end. points. AB Lihe segment AB.)

HOW DID WE NAME A RAY? (1,nie named its end point
first and then any other point. AB Ray AB.)

You may find it necessary to quickly review the procedure
used for naming line's, line segments and rays. Emphasize
that the origin of a ray is named first; the ordet is important..

COULD WE USE TWO POINTS TO NAME AN ANGLE? (Let
the children speculate, and then try if.)

Example I

In Example (,,,naming two points, or even one point, does
not present any problems; we can tell which angle is which.

4 0
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Example 2

WHICH ANGLE IS ANGLE AB?

Outline two of the three angles with colored chalk. Then
ask:

BOTkANGLES HAVE RAY-AB AS ONE OF THEIR SIDES.
HOW CAN WE SHOW WE ARE TALKING ONLY ABOUT
THIS ANGLE? (Point to the-smaller of the two angles
you outlined.)

Lead the children to the realization that they need to name-.
three points instead of two.

>
A B

NOW WE CAN CALL OUR ANGLE, "ANGLE CAB," OR
SHOULD IT BE ABC, OR BAC, OR BCA?

Tell the class that mathematicians had this same problem .at
one time; so, they agreed always to have as the middle letter
of the name of thp angle the letter at the vertex of the angle.
Thus, this angle can be called Angle CAB or Angle BAC; either
way is correct, just so the middle letter is always the letter.

4
S.
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at the vertex of the angle. Introduce the word "vertex" to the
children, at this point.

Ask the class how they can name the larger angle you out-
lined earlier. They will have to name another point on the
other ray; e.g. point D.

B

Now have someone name all three angles as you outline them
with chalk or your finger.

Angle-DAC eir CAD
Angle CAB or,BAC
Angle DAB or BAD

You may want to disCuss whether or not two points would be
adequate to name an angle if they were located as follows:

If another angle can be drawn through these two points, then
confusion would arise as to which one is angle EF. Have the
children try to draw another angle through points E and F.



Have the children complete Worksheets 9 and 10. Remindthem that -an angle is made up of the rays only.

Worksheet 9
Unit 21 Name

Color angle RAS red.
Color:angle PAT blue.
Color angle WAY .green.

oidy Lli6
slioc;(4 be _
to to

)
'' \\

f Y
10"& dit- easgioln ii, \\,,
64-ween 'tile rays.,;,

\II

Color the larger angle' red and
label It so its name Is angle ABC.

Color the smaller angle blue and
label It so ill name is angle RST.

11

rays
shoo ld toe colored, not the.
region be.tween +ke raw.

Worksheet 10
Unit 21'

Draw ray AB.

Draw AE.

Draw ray AD.

Name

Draw AR.

Draw AT.

E

Color angle DAT blue. Only 4. rays Shootd
Color angle EAR green. e, e nco to t- ob tfttColor, angle RAE yellow.

yeg on batiotery rays.
What Is the name of the ray that you colored,
that Is part or two angles? rah(

What Is the vertex ,
of all of these angles? fei 11) A

a

r
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Lesson 5: FINDING THE MAG OF AN ANGLE

The word "mag" is introduced for the measure of an angle.
We coined this word for the MINNEMAST Curriculum
because there is no single adequate term in mathematics to

.distinguis,h the concept of an. angle (a union of two rays having
a common endpoint) from the measure or size of an aridle.
This deficiency has caused endless confusion,, even in teach-,
ing high school geometry, and we hOpe that the introduction
of an explicit word will help cleat up the ambiguity. You
peed only recall that an angle (a special 'set of points) is
distinct from itsmeasure or "mpg" just as a lihe segment (a

different special set of points) is distinct from its measurel,
or length. The children come to see, the need for a way to
'compare angles other than by superposition and they are in-
troduced to the "clock" protractor as a device for finding the
mag of an angle.

s
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. MATERIALS

pipe cleane'rs

ruler or yardstick

overhead. projector

transparency of "clock" protractor (provided with printed
materials; printed original also included in Appendix)
6',' piece of yarn

transparent tape

ray cutout

-7 clear plastic "clock" prOtractOrs, I per child (prov,ided with
printed materials; printed original also included in Appendix)
I or 2 blank transparent sheets

Worksheets 11 and 12

PREPARATION
,.

Before teaching' Activity B, assertible the demonstration clock
transparency. Tape the 6:1 piece of yarn to the middle of the
clock protractor so that it can swing freely all the waf round
the -clock face.

To make a ray cutout, cuta ray shape from a sheet of paper.
Make it 8 to I 0" long and 1," to in wide, with an arrowhead
at one end.

r

,t-y.
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PROCEDURE

ACtivity A

Discuss the following questions with the childre'n:

WHEN YOU STUDIED MEASUREMENT BEFORE, WHAT DID
YOU MEASURE WHEN YOU MEASURED A LINE SEGMENT?
(Its length.)

WHEN Y.,gy STAND ON A SCALE, WHAT ARE-YOU MEASUR-
ING?- (YOur weight.)

WHEN YOU MEASURE THE SIZE OF A REGION,- YOU FIND
ITS AREA.

NOW , IF-WE WANT TO MEASURE AN ANGLE, WHAT
.WOULD WE MEASURE? ... LENGTH? .. WEIGHT?
... AREA? WE NEED A WORD FOR THE MEASURE OF
AN ANGLE. THIS NEW WORD IS "MAG."

WHEN WVTALK ABOUT LINE SEOMENi'S, WE SAY WE ARE
MEASURING THEIR LENGTH. NOW, WHEN WE TALK ABOUT
ANGLES,. WE'LLSAY WE ARE MEASURING.THEIR "MAG."'
WHEN WE WORKED WITH THE PIPE CLEANER ANGLES THE
ONE WHICH EXTENDED FARTHER TO THE LEFT HAD THE
GREATER MAG.

Draw two angles on the chalkboard that are nearly the same
i measure.

Then ask:

C

WHICH ONE `OF THESE ANGLES THE GREATER MASS?,



There will probably be disagreemeilt. Have the children vote
for the inglethey hink is'the larger. Write their choice on
the board.

Ask:

CAN ANYONE THINK OF A WAY HE CAN SHOW 'I'HE CLASS
WHICH-ANGLE HAS THE GREATER MAG?, (Let them specu-
late.)

If necessary, remind the children of the`method they used
when they put the pipe cleaner angles in order. (Super-
posing one angle on another.) Tell them we can't cut out
one chalkboard angle and'place it on top of the other. At
this pOint someone will probably suggest 'bending a pipe
cleaner to match one of the angles, and then placing the
pipe cleaner angle over the other angle. DO this. Tell the
class this is one method for Comparing the. mags of these
angles. But what would they do 'if they 'didn't have .any pipe
cleaner 4 Suggest that there.mustbe another method of
comparing the mags of these angles.

WE NEED SOMETHING TO MEASURE THE MAG.OF AN
ANGLE. 'WHAT DO WE USE TO MEASURE THE WEIGHT
OF' SOMETHING? (A scale.) WHAT DO WE-USZ TO
MEASURE TIME INTERVALS? (A pendulum, water clodk,
watch, clock.)

DO WE USE TO MEASURE THE LENGTH OF ALINE
'SEGMENT? (A yardstick,, ruler, eta.)

COULD WE USE A RULER TO MEASURE THE MAG OF AN
ANGLE? (Answer's will varp.)

Let someone come up and try to measure the mag of the angles
you haVe drawn on the chalkboard. The direCtion your class
takes at this point should be interesting. Let different chil-
dren try their ideas using a ruler. The following are some
possibilities you should watch for.

I . A child may try to measure the legth Of the sides.
Someone Will probably remind .him that the sides go

41 .
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on'and on, so the length Of the sides has nothing,
to dO' with the mag of the angle.

2.. He may try to place the ruleron one ray of,an angle
and move' it over to a corresponding ray on the other,
.angle.

>
If one ray of one angle is on the/Same line as a ray of the
other angle,. as in the diaOarn, and if' the child is able to
hold the ruler at a set angle while-mOving it over, he will
be able to find out which anglelsbigger, but he will still'
not be able to actually measure the angles.

3.. Some, very alert child may come up with the following
method, which does happiens-to be amethocl of measur-
'tntj the mag of an angle. !,Unfortunately, problems

'',soon develop. ,-But first;-Ithe method he may use.
1

He might measure off the same length on all the rays.
1.

fr"

12"

12"

,Then he Thi. draw straight line segments joining the
tcvo indiqted points on both angles.

r
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a If he easures these two line segments, hetangle
with th longer liTiesegment will have the greater tag.

The mai reason we don't use this method for measur-
ing angle is that it is ndt linear.' For example, if we
used this ethod.fora 30 degree angle, we would ex--/
pect the le gth of the line segment for a 6.6 degree
angle to do ble. It does not. The mlationship is
non-lthear. .

12"'

300
i"
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, 12"

12"
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After discussing the ruler as a device for measuring the mag.
. of an angle , tell the class you ha'v'e an idea you want to try..

Draw an:angle (ABC) on the chalkboard.

Is

A).-`

I

n

Pick up the ray, cutout and .say:/
IF If PLACED THIS RAY CUTOUT ON TOP OF RAY, BC (do. so) ,

S

AND ROTATED IT TO RAY BA (do so),

I .

r.
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I COULD TALK ABOUT IOW MUCH OR HOW FAR I ROTATED
(TURNED) IT.

Draw a larger angle (Dan bn the'board.

Using the ray cutout, rotate ray EF into ray ED.

F1`14*

ti

Then a

IN WHICH ANGLE DID I ROTATE MORE? ANGLE ABC
OR ANGLE DEF? (If necessary, rotate angle ABC again.)

WE CAN SAY THAT I ROTATED MORE IN ANGLE DEF THAN
IN ANGLE ABC. BUT CAN WE TELL HOW MUCH MORE?

DO YOU SEE ANYTHING IN THIS ROOMTHAT HAS SOME-
THING THAT ROTATES AND ALSO HAS NUMERALS? (The
children should readily notice the classroom cld,ck.)

Activity B

Show your class the demonstration clock you prepared
earlier., Ask thpm how it is different from the claskoom
clock. (Zero instead of 12, only one hand, rays drawn
out to all the numerals, it's transparent, etc.)

Draw a two hour angle (ABC) on a transparent sheet. Then
ask the children if anyone can think of a way to use the demon-
stration clock to measure the mag of this angle.. Let various

. .
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children try their ideas. One method is to put the demon-
stration clock transparency over the transparent sheet with-angle ABC s9Ahe zero ray is over one of the rays of the angle
(ray BA). -Put the "hour hand" (the yarn) at zero and rotate it
into the other ray (ray BC).

1

Ask!:

'HOW FAR DID I ROTATE?' (2 hours or 2 spaces.)

WHAT COULD WE SAY THE MAG OF THIS ANGLE IS?(2 hours or 2-spaces.)

I

Draw other angles on the transparent sheet and have different\children use thisprocedure to measure them. If the measure-ment comes between two of the hour marks, you could call the6ngle a 2i hour angle, a 2:30 angle, or say the' mag of the6ngle is between 2 and 3.

no one asks\ , raise the following questions:

DOES IT MAKE ANY DIFFERENCE ON WHICRRM\OF THE
ANGLE WE START? DOES IT' MAKE ANY DIFFERENE IN

CH DIRECTION WE ROTATE? (Let the children spec-Mate.)- -i"=
\\,

r/aw a 3 o'clock angle on a transparent sheet. Place the \
1z Iro on either ray, and rotate in different direCtions. \} \1 ,

1 ,I

I/
!
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OUR ANGLE MEASURED AS A 3 HOUR ANGLE OR 9 HOUR

ANGLE. WHICH MEASUREMENT IS CORRECT OR ARE THEY

BOTH CORRECT? (Let the children speculate.)

Then ask:

DID WE CHANGE THE ANGLE ITSELF IN ANY WAY? (No.)

You may want to change the position, of the transparency and

measure the same angle gain.

Ask the class if they always have to start at ero to measure

this angle. Have someone measure the angle *th the clock
starting at 2 or 4 on one ray. They should count t "hours"
they rotated to get to the other ray of the angle. Again,, they
will get 3 hours or 9 hours as their measurement.

J.
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NOTE: At this point you can see the advantage of separating
the measure (mag) of an. angle from the concept of an
angle (union of two rays). The old confusion about
which is the angle, or whether we use "interior" or
"exterior" angles, now disappears.' An angle is
unique and is simply the set of all points on two rays
from a common origin. Confusion arises only when
we attempt to assign a size of measure to the'set of
points we call an angle. So there is no confusion
about the definition of an angle, but there is some
choice in how we measure it. We simply choose the
most convenient method to suit our purposes.

Discuss with the class that there are many measures- of an
angle's mag, and that these are two of them (3 hour and 9
hour). Tell them that in order to avoid confusion;- we must
decide which measure to use. Tell the children that an angle
can be measured either way, but unless there is a special
reason to do otherwise, we usually use the smaller reading.

IF WE ALWAYS USE THE SMALLER MEASUREMENT OF AN
ANGLE, WE WILL ONLY HAVE TO USE THE HALF OF THE
CLOCK LABELED 0 THROUGH 6.

CAN ANYONE MAKE AN ANGLE THAT WE COULD NOT
MEASURE WITH JUST HALF OUR CLOCK? THE ANGLE
WOULD HAVE TO BE GREATER THAN A 6 O'CLOCK ANGLE.

At this point many children will believe they can. Let them
try, ly..ing pipe cleaners, etc. Each time, measure their
angles with the demonstration clock. A 6 o'clock angle is the
largest angle they will be able to make. As soon as they
bend a pipe cleaner it becomes less than a 6 o'clock angle.
When you feel the class is convinced that they' can measure
any angle using only half of the clock, ask_ them if they
would like to have some small clocks of their own with which
to measure the mag of some angles.

J
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Summary

0

You may want to discuss and demonstrate this simplified
method of measuring the 'nag of an angle with your class
before they do Worksheets I I and 12.

Step 1.. Place the center of the clock on the vertex of
the angle .

Step 2. Line up one of the clock's rays with one of the rays
of the angle.

Step 3. Count the hours on the clock between the angle's
two rays.

Show the children that the 2 hour mag measurement found in
this example could be counted in either direction, clockwise
or counterclockwise.



'llorksheet 11

Colt 21 Name

Use your clock to measure the mac of these angles.

,

11

-----
The mac of angle ABC
appears to equalZhours .

R

A

..
The mac of angle CO
appears to equalhours .

.

D

The mac of angle KID
Appears to equalEhours.

....

The run: of :MC ie P ID
appears to equal hour,

Activity C

11orksheet 12
Cult 21 Name

Use your clock to measure the mac of these angles.S,
1.

The mag of angle SOP The mag of angle I,AD
appears to equalLhours. appears to enual&hours.

0

. ...

. .

The mag Of angle (DD The mac of angle F1D
appears to e to tahour,. appears to equal 4 hot rs .

Give each child a clear plastic clock protractor. Work-Skeets
I I and 12 give the children practice in measuring the mags of
angles, with their clock protractors. We have given only the
small measure of the angles on your copy of the worksheets;
however, if the children give the larger measure, it is also
correct.

You will notice that on Worksheets 11 and 12, the words
"appears to equal hours" are used. Remind the:children-
that this language is used because measurements cannot be
made with complete accuracy, even with equipment more_
precise than. their clock protractors.
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After the children have completed the two worksheets, dis-
cuss their answers. Angle LAD on Worksheet 12 should be
of particular interest. Let the children figure out this mea-
surement on_the-chalkbeard and then discuss the names of
the points halfway between one and two, two and three, etc.

0 I 3 4.

2 I: Sr

You could also discuss the -relatibn of E to 1:30 on a regular
clock.

/7 Have the children save 'their clock protractors. They will be
used in the folloWing lesSons.



fesson.6: FINDING AND MEASURING ANGLES

In this lesson the children use theft' clock protractors to meas7
show-

ing different natural objects are pro ided for Activity A. The
ure angles that !they find in nature. Sets- of worksheets show-

first set, WorkOmets 13 and 14, shows the angles formed by
trees and buildings and the slope of iills. The second set,
Worksheets 15, 16 and 17, focuses orritheangles formed by
the joining of the branches of trees to the trunks of the trees,
The children should also notice the angles fcirmed by the vein
structuresof the leavet. The third se, Worksheets '18 through
21, Shows the angles formed by the skeletal structures of ani7
mals. The children will be asked to drAr line segments on
pictures of a dinosaur, a frog, and a glaszl-opper to show the
angles that are formed by the joints. T is set shows animals1.
ina static position, but,since angles fo med by joints change
as the animal moves, Worksheet 21 is a \sequence of pictures
showing a dog running. The children shOuld notice how the
angles formed by the dog's legs change.

In Activities 13-and C, the children are given an opportunity
to visualize the changing angles formed by parts of their own
bodies. An "angle-finder" is used to find angles almost any-.,
wher-,,on the playground, in tile classroOm, on a field trip,
at home, etc-....._ -

k

MATERIALS

IS angle-finders

- -clocl:protractors, I per child

- rulers.; I per child

- I set of colored pencils "

- radish seedling set-up (optional; see page 20)

Worksheets 13-22
C.

PROCEDURE

Activity A

'to

Discuss with the children the idea of being able o see ang les
in the classroom. Hav,=. the children trace angles, they can

6 2
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n.

find -- desk corner, chalkboard corner, etc. Ask the class .

if they think they could fihd angles anywhere else, such as
on the playground or on, the way home from school.

Tell the children that today they are going to practice- finding
angles by looking at some pictureS in their workbooks.' If
they want to compare the -mag of two angles they find, how
will,they-do it? (They should remember their, "clocks" from
the last lesson.)

Have the children turn to Worksheet 13. Tell them that some
of the angles in this picture have already been found for them
and have been marked on the overlay. Have them look only
at the trees that have their angles drawn on the overlay and
ask:

DO ALL THESE TREES FORM THE SAME-ANGLE-WITH-THE
HILL, OR DIFFERENT ANGLES? HOW CAN WE FIND ,OUT? .
(Measure the angles with our "clocks.")

63

Have them write the mea-
surement by each angle on
the overlay. All the angles
should Measure approximate=
ly the same mag.

Challenge the children to
find angles in the picture
other than those already
marked. Have then: use a
ruler and colored pencils
to draw,,in the angles, either

oon the overlay or directly on
the picture. This activity
continues on Worksheet 14.

After the children have had
a chance to find angles, you



-t
1401.1(61lee t 14
Up 1 t 21 may want to discuss with

them questions like those.
below.

'WHAT WAS THE MAG OF
THE SMALLEST ANGLE
YOU FOUND ON WORK-
SHEET 13? ON WORK-
SHEET 14?

DID YOU FIND ANY 3
HOUR ANGLES ON WORK-
SHEET 13? ON WORK-
SHEET 14? WE CALLA
3 HOUR ANGLE A RIGHT
ANGLE.

ON WORKSHEET 14,
DID THE HOUSE AND
THE TREE FORM THE
SAME ANGLE WITH THE
HILL, OR DIFFERENT
ANGLES?

DID 'I'HE HOUSE AND THE HILL FORM A RIGHT (OR 3 HOUR)
ANGLE?

Draw on the chalkboard a skeloh of a building that is at a
right angle to the hill on which it is built.

Ask the children if they can think of any problems they might
have if they lived in a-building that looked like this; (Furni-
ture would slide downhill, dishes wouldn't stay on the table,
etc.)

6I 53
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The class shotild notice that on Worksheets 13 and 14, both
the trees and the building go straight up from\the hill.

At this time display and discuss the radish seepings that
have been grown in a tilted box. The children should-see
that they too have grown straight up. f-,\

When the children were finding angles onWorks,heets 13 and
14, many of them probably found angles formed by.thebrar,ic es
of the trees. Have the children turn to Worksheets 15, 16 a d
17, _which_showpicturest of six trees.. Discuss with them the
following questions:

ARE ALL TREES THE SAME? (No. Have them name a *few
common trees.)

HOW CAN WE TELL ONE KIND OF TREE.FROM ANOTHER
KIND OF TREE? (Look at its leaves, its bark, its size;
etc.),

Have the children tear out Worksheets 15 -17. Ask it they
can think of other ways to tell one tree from another. If no
orie suggests looking at the angles formed by the branches
and the trees, lead to this idea. Discuss how some of the
trees are alike and how they are different. However, do not
spend too much time on the discussion or on these worksheets.
Some children may want to measure the angles farmed by
the branches to the trunks of the trees, finding the trees that
have the greatest and smallest angles They might also no-
tice the angles formed by the vein structures of the leaves.

Worlsheet 18 shows a picture of a daddy longlegs and
Worksheet 19 shows a picture of a bat skeleton. The chil-
dren should notice the angles formed by the joints and, make
comparisons of the various, angles they find.

65
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Worksheet 15
Uni t 21 Mum

Worksheet 17
UnIt 21 Name

IN"

Norksheot 16
UnIt 21

Pi

,

5 5'



NorkAheet 19
Unit 21 .

.
Nnipc

Y

worksheet20
Unit 21 Name''

.0%

On Worksheet 20, which"shows drawings of a frog, a
dinosaur'and'a grasshopper., the angles forfned by the
icliript are not as evident as the anglesbn Worksheets
18 ashoi 1.9. Discuss with the children, how they could
better show the angles formed by'the joints.. One pos---
sible solution is to draw straight line se.ginenis on 'the
figures.to.represent the skeletal struchire. Have the
children do this with rulers and cblOred'oencils. (For
an example, see frog on reducealcopy of Worksheet 20..)

56
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After the children have completed Worksheet 20, ask them:

f):o THE FROG'S JOINTS ALWAYS FORM THE SAME ANGLES,
OR DO THE ANGLES CHANGE?

The .children should realize
that this drawing Was made
of the frog irracertain post-'
tion; if the frog moved, the ,

drawing would be different
and the angles would change:".

Tell the children that Ark-L
sheet 21 shows examples of
changing angles formed When
a dog runs. Discuss the se-

n--- quence of the drawings and
ask the children to point out
which drawings are alike. (I
,and 6) Ask them to predict
what drawing 7 would loOk
like and why, (Drawing 2.
The sequencrepeats

Activity B
7 .

Ask the children to comRare.,
the angles foined by the dog's
,b.gck' legs as he-runs, What
are the smallest and largest

-"angles the joints make?. They
could draw Fine segments to
show the bone'struCture, and
then measure the pities with
their "clocks,"

Ask the .children if they would like to find out what are the
smallestand largest angles that can be formed by their
bodies' loints. Discuss with the children how they,cd?uld.
do this since they don't have drawings of themselves running
or moving!' After the children have had a chance to.make sug-
gestions and have,tried out their Methods, shb0-them the

68
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"angle-finder." Demonstrate how the angle-finder works.
Unicrew the wing-bolt, change the angle, tighten the bolt,
and trace the angle formed on a Piece of paper or the chalk-,
board.

Ask the children if they. can think of a way this angle-finder
could help them find the smallest and largest angles formed
by their bodies' joints. Have various children demonstrate
their ideas to.the class, using the angle-finder.: One possi-
'We method is as _ollows:

A child holds his arm s,traight. Open the-angle-finder
wide enough so that itg'ang;fe matches the angle formed
by the child's elbow.

.t,
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Now havethe child
"close" his arm as
much as he can.
Again, place the
angle-finder over
the elbow, niatching
the angle formed by
the child's elbow.
Trace the angle and
measure it.

11eikshee

Unit 21 Name

-iris iv er,5 Will va ;,sy
Maga g of

Smallest Angle Lar est Angle

Wm%

Ankle

11rt t

I-I Ars. 5-1 firs

3 1-) rs h

Ask the children if they,,think
everyone/in the class will
form the 'same angle with
their elb ws. How could
they fin out? Measure
everyon 's elbow "angles"
and the compare the findings.

Divideithe class into pairs
and gikle each pair an angle-
finder/. Each child should
tear Out Worksheet 2? from
his Workbook. They are to
work/together, finding the
smallest and largest angles

m'fored by each child's elbow,
I

andirecord their findings on
the iworksheet. When they

of he angle formed by their
Iare through finding the mag

elbow joints , they can find
the smallest and largest an=:
gl ,s formed by their knees,
a

/
kles and wrists.



If a group of children finishes early, they may want to find
angles formed by other joints of their bodies not listed on the
worksheet.

After the children have finished finding the mag of their bodies'
angles, diScuss their findings. You could make a classroom
chart showing the range they found for each joint. Then they
could underline or circle with one color the most common mea-
sure found for each joint, and the least common measure with
another color.

The children should feel free to use the angle-finder to find
angles anywhere.-Some may want to take an angle-finder
home to find moreangles. If their interest is high, you may
want to take them On a nature hike to' find angles around the
school.

Activity Q

If the children are interested in abServing changing angles,
they could use their angle-finders and clock protractors to
measure the angles formed by parts of their bodies when they
are sitting down and when they are standing. Other simple
movements they could perform include hopping;walking up
or down some stairs, and bowing. They-could also play
"Statue" and measure the different angles that are formed.

1.



Lesson 7: LIGHT BEAMS
f

\ In this lesson, light beams are used as physical embodiments
of geometric rays. Beams of light are like geometric rays
in some ways they have their origin at the light source
and they extend away from- their origin in a certain direction.
(Even though light from stars travels trillions of miles through
space, light' beams do not extend endlessly in one direction,
as geometric. rays .do. Also, geometric rays are abstractions
that have -o "thickness." Light beams do have "thickness.")
Angles are generated using light\beams and the children dis-
cover interesting relations betw en geometry and light.

MATERIALS

- filmstrip projector or slide projector
- I sheet of black construction paper

I4 -foot piece of yarn

- dusty. .chalkboard erasers

- masking tape

30 ,mirrors on blocks

- 5 or 6 flashlights (bring these from home, or borrow from
other teachers or the custodian)

- I or 2 angle-finders (from Lesson 6)

-- for each group of 6 or 8 children.--

ri,tber playground ball

- plasticbowling
sheet of 6," x 9" paper

6I
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PREPARATION

For this lesson you will be using a slide projector or a filmstrip
projector as your main source of light. In order to have a con-
centrated beam of light, use one of the following_ devices in
your 'projector.

Slide projector:

2. i'ilmstr

PROCEDURE

This sKcle is made from a 2" x 2"piece
of black paper. Poke a- small- hole in
the middle of the paper with a pin. Put
this slide irt your projector. When the

. projector is turned on and pointed toward
the wall, only a small spot of light
should be seen; Begin Activity A.

projector:

This strip is made from al x 6"-
piece of black paper. Poke a small
hole in the center, about I" from the
bottom. Put this strip of paper into
the projector as if it were a filmstrip.
The small hole should be positioned
so that light will show through it onto
the wall. Begin Activity A.

,Activity A.

Tape one end of the I4-foot piece of yarn to the front lens
Of the projector.

fU
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Darken the room. Turn on the projector and point it toward
someone (Tom) in the room. Ask another child to describe
what he sees happening . (Light from the projector is shining
on Tom.) -Ask:

DOES THE LIGHT SHINE -JUST HERE (point to lens of pro-
jector) AND ON TOM?

Have someone hold his hand in,frout of the lens of the pro-
jector and then move slowly toward Tom, keeping his) arid
in the beam of light.. The class-should see that there is a
continuous bearrof light from the projector/to-Tom. -To il-
lustrate this jurther, 1-10--e a child clap two dusty erasers
together While foll wing the beam of.,114ht.

Hi,/ T6m take t e other end of--the yarn tharis-taped.to the
projector and h d it taut. .,-Tel-1 the class-that-the yarn reprez-y,
sents the bea /of light /You may want to point the projector
at a few.othe chil,dr, letting them hold the yarn, andhave
someone else51-ap dusty erasers to make the light beam
visible,

Turn on the classroom4ights and direct the children's atten-
tion to the chalkboard. Tell the class you are going to draw
a representation of the light beam on the chalkboard. Ask
them to raise their hands when they notice something familiar
about your drawing. Draw the following representation on
the chalkboard.

Tom Projector

Use chalk of a different color to represent the light "ray.

The class should be able to see the similarity between a-
geometric ray and the beam of light. Discuss with the class
how they are alike and hovAhey are different. (Both have
an origin and extend away from it in one direction in a
straight path; however, a beam of light has dimension and

ro 1
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a geometric ray does not. A beam of light does not extend
endlessly; a geometric ray does.) You should also discuss
the relationships among the drawing on the board, the piece,
of yarn, and the beam of light. (They are all representations
of,a ray.)

. Ask the class:

IS 'A "RAY" OF LIGHT ALWAYS STRAIGHT? (Let the children
speculate.)

Give each child a mirror. Turn off the classroom lights, cover-
the windows and turn on the projeCtor. It should be the only
source of light in the room. This should be a time for free ex-
perimentation by the children,. Have them hold their mirrors
so that the light from the projector will shine on the mirrors.
Keep changing the location of the projector. The children
should reflect the light beam throughout the room with their
mirrors. After a few minutes of experimentation, turn on the
classroom lights and collect the mirrors.

Then ask:

IS A "RAY" OF LIGHT ALWAYS STRAIGHT? (No. It can be
"bounced off" or reflected off mirrors.)

\\ Discuss with the children whether they have eve; seen other
things that reflected rays of light. (Bodies of water, reflec-
tions on a lake, Windows or glass surfaces, etc.)

Bring out five or six flashlights. (The Children could bring
these from home or you could borrow some from the custodian,
or from other teachers.) Ask the class if they would like to
experiment some more with their mirrors and rays of light.
Divide the class into groups, so that each group has a light
source. tOne group could use the projector.

Seat each group on the floor somewhere in,the room. Tell
them to work as a team, using their mirrors. Each group will
have a chance to report back to the class whatever interesting
discoveries they make about reflected rays. Have each group
turn on its flashlight, and then turn off the classroom lights.

a



The amount of time spent on this activity will depend on your
class. When you feel they, are ready, collect the mirrors and
flashlights. Let each group come up to the front of the room . °

and demonstrate something they discovered to the class. Have
a demon'stration set of equipment available for them to use.

Activity B

Set up a mirror and the projector in the following manner:

Mirrcir taped to wall or
chalkboard at same
distance from.the floor
as the projector lens.

Projector on desk or, if
possible, on moveable table,
6 or 7 feet away from mirror.

Before you begin, be sure to focus the spot of light on the
mirror. Then turn off the Classroomlights. Ask someone,
to descrioe the set-up to the class. (Projector on table,
mirror taped to wall or chalkboard, spot of light on mirror.)
Ask someone to clap dusty erasers-to make the light ray
visible. Ask the class what they could use to represent
the light ray. They should remember the piede of yarn from
Activity A. Tape the yarn to the projector again, extending
it toThe mirror. Holding the yarn taut, tape it to the mirror
with transparent tape.

t
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Turn the projector of and have five children come up and
stand in a semicircle in front of the mirror. Make sure
no one stands between the projector and the mirror.

Have the class predict who they think will get "hit" by the
reflected beam of light. Then turn,on the projector. The
one who is "hit" by the Alight ray should hold the other end
of the yarn, keeping it taut.

e."
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Move the projector around the semicircle of children so the
reflected light ray hits another person. That person should
hold the yarn. The children should see that when the projec-
tor is moved, the reflected light ray also moves and hits-some-
one else. Turn off the Projector and move it to a different
location. Ask, the class who they think will be hit by the light
now. Let them vote for their choice. Then turn on the.projec-
tor, revealing the "victim." Do this a few more.times.

Have the five children return to their desks. Ask the class if-
they would like to play a game called "Hit Me," using the
light ray and mirror. Tell them only three people can play the
game at one tthe, but the rest of the class should play clbse
attention and try to' figure out what the trick .is. The first
person to figure out the trick will be the winner.

GAME: HIT ME

Use the same set-up that you used in Activity B. Be sure
that the light spot is focused on the mirror. The object of
the game is to "hit" someone in the stomach with a reflected
light ray. The three players are:

#1 Projector mover
#2 Light ray duster
3 - Person to be hit

Player 3 stands anywhere Within. the semicircle in front of
the mirror, four to five feet away from the mirror.

Player I moves the projector to a position within 5 or 6 feet
of the mirror where he thinks- he will be able to reflect the
light ray off the mirror and hit Player 3. Then he turns on the
projector, making sure the light ray strikes the mirror.

Player 2 hands the other end of the yarn'to Player 3. Then
he claps the dusty erasers to make the beam of light visible.

The class should be able to see if Player 3 was hit by the
light beam or, if he was missed, by how much.

f3
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Let three other children playthe game. Continue until some-
one in the room is able to figure out the strategy for hitting
Player 3 every time. Have him demonstrate his strategy to
the class., The strategy is as follows:

A person,kvhb holds the yarn and stands to the right of the
mirror for\ms an angle. The chalkboard or wall and the yarn
are the sides of the-angle. The mirror is the vertex.

Mirror
chalkboard or wall

2yarn

The projector must be placed so that the angle formed by the
chalkboard and the light beam equals the angle formed by the
chalkboard and the-yarn.

1-1

Angles A and B have
the same measure.

6

Tb test this, turn off the projector and use an angle-finder
to determine the projector-chalkboard angle.

t.D
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Then move the angle-finder to,the other side of the mirror..
Player 3 stand so 'the yarn and the chalkboard form an

-angle equal tothe prorectot-bhelkboard.angle.._

1.. O

--Turn on the projector. The ray of tight should hit Player 3.
Test the procedure again with different angles'. YoU may

"want to draw a diagram. on the cfialkboard showing.the rela-
tions hip of the two angles.

-

Activity C

This activity is best done in the gymnasium. The of;t1d'ren
apply the knowledge of anglesihey gained in the-light-
reflection activities to a new situation. Instead.of a light
beam being reflected off a mirror, a rolling ball will be re-
flected off a wall.

.

Divide the class into groups of six to eight children. Each
group will need a rubber playground ball or volleyball, a
plastic bowling pin (or some object that is easily knocked
over) and a sheet of 6" x i9" paper. Tape each group's sheet
of paper to the wall in the-gym, at floor level'. Each group
shotild be allowed approximately ten feet of wall space.

Explain the following pro edUre to the class and have one
group demonstrate it.

r is

4

69

1



1

-Veoion I

Place a bowling pin .6n the floon.fithin a three to four foot 4.

radius of the paper.
.

-.
I

I

The children are to take turns rolling. the ball so that it hits
the paper, bounces off,and hits the bowling pin. They get
ten points each tilne they kriock over the boWling

.

The children niayttand 'wherever they wish to roil the ball.
If a cfikd'misseS he paper, he gets anothet chance. If he.

, knocks fiver the pin witholit hitting ,the paper, he doeSn't
receive any - points: Cautibruthe children against sisinning

_---theLball.zas- they roll it. '(the angle of reflection, will hotbe
regular if they do so.)

..: tah team 'repeats this procedure three times, changing-the
position of the powtingPin each time. They should.lieep

'track of their total points. The team with the greatest num2:
bet' of points wins...

II

4. 1

O
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Tell the teams to try the game again, bIlt to try to think of
a strategy that will help them knock over the pin More often.When the teams- have completed this ;game, call them togeth-er in front' of one of the team areas . Ask the winning team
if they figured out a strategy Which helped them knock overthe pin more times.

.

You may want to use masking tape to Show the\class the pathof the ball. This will help them visualize -the angles formed
by the ball's paths and the wall.

Tape

Bowling 'Pin

Set the howling pin on one of the tapes, nd ha /eve A few chil-drin roll the ba'll along the other tape. lost of them should
be7able to hit the bOwling-IiirA..: Change the position of the

.tapes, forming'twonearlY 'equal angles with the wall. Again,place the pin on one of the tapes and have sortie children rollthe ball along the other tape.
. -

Emphasize the similariti between the reflected ball and re7flected light beams. (They both forrned equal angles with.the wall.) .
s

.
.

Version II

Instead of using a bowling pin, havea child stand still or.
a given spot.... The Nther otgldren should try to make the ballhit the paper on the wall and-then the child.

Version Ili

Challenge a.stUdent to put the bowling pin (or another'child)
in a potition where the rest of his team will not be able to

b ti
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hit it by refl ction from-the wall. Remind them that .the point
they select ust remain on the three-four foot radiusiline.
(The closer o the wall the pin is, the harder it should be to
hit. Also, If it is-set on a line almost perpendicularto the
paper, it will be more difficult to hit.)

Listed beloiv are some _books the children might enjoy reading
at this timq.

Farquhar, Margaret C. Book to Begin on Lights. New York:.
HoltRinehart and WinSton, 1960.

`Kohn, Bernice. Light You Cannot See. Englewood Cliffs,
Prentice -Mall Inc., 1965.

Pine, Tillie S. and Joseph Levine. Light All Around. New
York:, Whittlesey House, a division of.McGraw-.Hill
Book Co. Inc. , 196; .

'8
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.Lesson 8.'
1

ILIGHT REFLECTION ACTIVITY C NTER

If thP children are interested in) light .nd hOw it is reflected,
1

iyou will find it well worth your time to set up an activity cen-
ter where they can explore many intere ting combinations of
the Materials that are availabler After 'few days you could
have the children report and demonstrat their discoveries to
the class.

Prepare each. display as shown !in the photographs., We have
given a 'detailed description of lone possibl use of each display.
This should help you give suggestions to th children. However,
the materials are not meant to 1) e used-in on y these ways; there
is an unlimited number of combinations that an be discovered./

MATERIALS

11/ 2 sma,l1 mirrors (2" x 4e)

12 15 mirrors on blocks

1 set of colored pencils

perTils

2 ruers
blank sheets of paper

1 milk carton

masking tape

striped transparency (printed original in Append

5 angle-finders (from Lesson 6)

5 clock protractors (from Lesson 5)
2 flashlights

1 scissors
Worksheet ;23

PRETARATION /-
For Display 5 make the striped transparency, using the printed
original in the Appendix. For this display, you can also use
combinations of colored paper or paper with designs\ on it.

0 4-.1
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Display I
Siorkstiet,t 23
Lilt 21

Look along ray 5 toward the miadle of the mirror. Looking
into the mirror, you can see that the mirror image of ray I
is the mirror excensipn of ray 5. Color ray 5 and ray I the
same color. Measure the angles formed by these rays and
the m,irror's edge. They are equal in mag. Do the same
thing with other rays and the,ahgles they form.



Display 2.

Draw a straight line segment on a btank sheet of paper.

Place a mirror so that the edge of the mirror and the line

segment font an angle. Place one edge of a rulet.so that

its mirror image is the mirror extension of the line segment.

DraW a .line along the edge of the ruler up to the mirror.

Alsc, draw a line along the edge of the mirror. Use a clock

protractor to measure the mag of the two angles you drew.



Display 3

o

*rite the letter R on a blank sheet of paper in front of the
mirror. Try to copy its mirror image next to the original
letter. Now look at the mirror image of the second letter.
Try to think of a figure whose mirror image is the same as
the actual figure, e.g. , the letter I.

76
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Display,4: A Periscope
.:

Straighten the top of a quart milk carton by opening it. Cover
the open end with a piece of cardboard and masking tape.
Then cut along one long edge of the carton and at both ends.
This forms a "lid."

Cut 2" x 2" openings at opposite ends of the two long sides.

2" x 2" opening
2" x 2" opening

Make a 24" slit on each side as shown in the diagram below.
_ The slits should be approximately 2-14--" from the Corners on the

long sides and i" from the corners on the short sides.

*" from corner

" from corner

2 r from corner

0

44
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Smell mirrors can be .placed '1).n the corners opposite each open-
ing by fitting them into the slits.

mirror

Prepare the milk carton with the openings and the slits, \but
do not insert the mirrors. Tell the children that these materi-
als can be put together.to make a periscope and let them try
to construct one themselves,

O
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Display 5: A Kaleidoscope 4

Assemble three .rnirrors as shown so that the shiny surfaces
are facing. Wrap .masking tape around them to secure them.
Hold combinations of striped transparencies over on'e end. -

Move the transparencies while looking through the other end.

7

IN MI I I MM..-
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In Section 2, the children study polygons.- They also re-
view many of the set and classifidation concepts that were
introduced in'earlier MINNEMAST units. First the chil-
dren classify a set of flower cards. The organizing prin-
ciple is to look at the polygon shapes formed when the tips
of the petals are connected with line segments. Then they
classify sets of cards with drawings of different polygons
on them. In classifying these cards, the children consider
such properties as ?limber of sides and whether the polygon
is concave or convex, regular or non-regular. Working
with think sticks, to make different polygons, the children
also consider the property of rigrclity_of shape. (A rigid'
polygon is one whose angles-cannot be changed by pi.Aing
on the sides.) They are led to see that the triangle is the
only rigid polygon.

There are several interesting activities in which mirrors
are used to reflect lines, forming polygons with infinity
numbers of sides.

The children'also study similar triangles and congruent
figures. Verbalization of these concepts is not expected
at this time. Tht notion of scaling as it was introduced in
Unit 18 is incorporated into the discussion of similar tri-

..angles.

Finally, the children play with paper polygons to see what
relationships they can discover among shapes and what re- .

peating patterns they can find in designs consisting of poly-
gons. These investigations should be left open-ended.-

,

Throughout this section, there is continued empWasis on
the concept of angle and the measurement of mag as devel-
oped in Section I.

. 9ti
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Lesson 9: FLOWER POLYGONES,.

The children are introduced*to)the concept o, polygons., They
clasdify flowers according to the polygons fortned when line
segments are drawn to connect the tips of the petals.

Flowering plants diffein the numbers and arrangement of the
parts 'of the flowers. These differences are useful in plant
classification. The childrencan use the arrangements of -some
flowers parts -to derive polygons. At the same time, they can
classify the specimens by the geometric'figures derived from
the flowers and incidentally discoVer that there are many kinds
of flowers.

Works heets 24,' 32, 36 and 38 are pictures of flowers which
have .)ur parts. .Line segments connecting the tips of the
petals of these flowers will yield four-sided polygons

All these worksheets show flowers belonging to the cabbage
or crucifer family, so named because the four petals form a
cross. The flowerd of many of our common _vegetables belong
to this group, including cabbage, radish, turnip, brussels
sprouts, broccoli and cauliflower.

Worksheets 25, 29,_ 30, 31,, 35 and 37 are picturesof.flowers
with five parts which yield pentagons with sides of equal or
unequal length.-

.

9 3

f

.
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These flowers all belong tb the rose family :The flowers oft.
many common fruits joelon9 to this family, including pears, .

plums, .peaches, apples, 'strawberries and raspbeilries.

- 1 -Worksheets 26, 27, 28, 33, 34, 39 and'40are pictures of
flowers which have three or six parts. rhe polYgons which
can be derived are either a single triangle, onetriainjle super-
imposed on another triangle, or a.\h'ex'agon.

ATI:the flowers shOwn are members of the lily family, except
fbi- the spiderwort, which is closely related to theii. Most
flowering bulbs belong to this family.%

.
Worksheet 41 shows a picture of 'the water lily, wihichrepre: , ,

f.,

sents a fairly common\flower type --.- that with Many parts. '.
The magnolias and buttercups have flowersilike-this. This '

worksheet also show..s picture of the sunflower, 'Which repre-`
sents the large-`%milY 04 sunflOwers' that includes a. sters,.,,,f

- . -

.

daisies, dah,lia6, chrysanthemums and dandelions. The single'
. head which appears to bea single flower is really.-an aggrega:- ) .,...tion of tiny floWers.. "\ - .N-. A / . ,

. . ,
. ,

It would be very interesting,f i-.:the dhildrer, to see and digsect 41.

real specimeng of 'each type' of flower. 'Almost any common
... spring flow%ring bulb will supply examples;of 'three and six

..
.

parted flowers .:. You' cAn'use the flowers of papet-white nar-..,4
cissus or hyacinth, crocus,4-scilla(Nriy lily or amaryllis, or
cglip. Many florists will dive over -age flowers' to'cla.--t
The easiest four-partedflowers to find are those on es stalk of
fresh broccoli.- Many buds 'will open.if the stalk is kept in

. .,water in a warm roam.: ,1

9
41,
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r
Specimens of five-parte flow'ers' ca,p be ,found on flowering.
crab,, bridal 'wreath., firethorn, hawthorn, juneberry, quince
peat, apple, mountain ash and wild,plum..

An optional activity,for interested children?..could be the collec-
tion and classification of flower pictures from catalogues, ad-

\vertisements or hou,sehdld magaziiieS. Naturally, this same
, \acttvity.can be continued outdoors when the weather permits. 4

\s /

A;word of caution should be added.. The correct classification

parted flowers are' in the cabbage family.: ,, Th re are some
of plants' depends on many `tinctures; not all plant's with four-

plantiviith five=petaled.flowers that do riot blong to the rose.
-family because of other structures In th6 flow4s. The work-
sheets are designed to liMit the examples tafa\nily. Wild
flower boOks will supply helpful information about other plant

__. . ,famillies. , . .

MATERIALS

for each child

sCissors
,

ruler ;\ . :.

.,- c1 olored pencils: I ted, I blue and I green 4.

--..4 sheets of 81" x 1 I'. bonstruction paper.

-- Worksheets 24 through 41

PROCED.0
0,

otivity A

E.

,

Whi e the; children are working" on theiflowr- worksheets, be
sure to intrOduce the pronunciation of the fc. 191wing words:
pgly on (polii-goni)1 quadrilteral (kwadirarlatier-al), Penta-
gon penita =gioni), -hexagon (hek/sa:-goni) and (triangle. Use
thep word.q.orrectly -but-do not insist that the children learn
them. You mey.wiShtt6 point but that a polygon is a closed0 .cuiw made uNofline segmerits. .. P

Hay the Illdren.tomplete Worksheets. 24 .through ,When
9Ver one,is finished, discuss. the differeNt tykes bf,polyg§ns
'they have constructed.

P
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Tell the children they are to complete Worksheets 28 through
41. They-can continue working on the wqrksheets whenever
they have tome extra time. These should be. cO'mpleted -by the
next MINNEMAST class period. Then the children sheuld re-
mc5ve their flower worksheets from their Student Manuals and
cut them on tha_denter lines making 19 flower cards.. Ask them
to think of a way they could organize or classify their sets of
flower cards -into subsets'.

Activity B
1

Direct the children to lassify their sets of flower cards. into
subsets, using whatever properties they wish as.a basis fox/
clasisification. When everyone has finished this work, have
various clii4dren report to the C-Iass the properties thei,used
to classify their cards. The children may use various.prop-
erties; whichever they choose is acceptable so long as theyix

wk can explain why they classified this way. Hopefully, some-
. one will classify his cards according to the polygon determined

by each flower's petals. In any case; borrow th five follow-
ing cards from a student arid display them, cies ified as
strovvri.' Label each. subset-. Discuss each flow is properties.; .

PuadrilateralS,

(4-sided
polygons)

Wild Turnip

Pentagons

Hecagons
Or

Triangles, Unknowns -

(5-sided (6 and
polygon'S) sided.poly-

gons-)

Wild Rose Narcissus aterlily
Daffodil

Give each dhild foUr sheets of 8k" x 11" construction paper.
aph sheet should be folded in half and used as a folder to
hold each subset of flower cards: Have the children` label
/each folder with the name of the subset: Quadrilateral (4-
!sided poly9On), Pentagon (5-sided polygon), ,Hexagon Or
Triangle (6-sided or 3-sided polygon)i and Unknown. Each
child then completes the classification of his flower cards, '
including the student whose five cards you borrowed for dis-
play. (These cards shOuld be left on display, however.)

r
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When. all the: children have finished classifying their cards,. .

,call on one student to come up and taPe all' the cards in his
civadrilateral folder on the board under the,proper label. Have
three other students do the same -with the cards-: in the...other,

. ---:',folders. _

A completed set would be classifie like this:
1 ,

Hexagons:
..i or

QuLrilaterals Pentagons -Triangles Unknowns
(4-sided) (5-sided) (6 and 3- --

.z. sided)

Wild Turnip Wild Rose NarcissuS Waterlily
Toothwort Strawberry Daffodil Sunflower,- "
Radish Blackberry Day Lily f

Rocket Apple Hyacinth
African Trillium

Violet SpiderWort
Raspberry Amaryllis

Tell the children to.check theif classification with that On the
board. _Discuss this classification system with"thern...Theh
return-all the cards on the board to the proper owners. 'Have
the children save their tlasdificatiori folders and cards for
Lesson 11.

Activity. C (Optional; ,
The children might enjoy making up games to play.
flower cards. For example, they could combine set's of. oaicis

arrd-P-lay-a-garne bin-racti 10 "Olds M-aid7"Errcourage them to
make.up their own games and ruled.

a
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Lesson' 10. CLASSIFYING POLYG6NS_.. ...

A

In this lesson the children classify aset of-Cardt showing
polygons and now-polygons-into various subsets,. Triefilst
subsets they will use are polygons and non-polygons, the
polygon's being closed curves' made up of line segments, and
the non-polygon' being open curves.

Then they classify the set of polygons into subsets' of poly-
gons with 3, 4; 5, 6, or .8 sides. Each one of, these subsets
can be-classified into subsets of "caved" (concaved) Dr "non-
caved" (convex) polygons.-

Ca ved Non -Caved

As the children do this classifying, they will discaver..that the
Wangles do not have a ,subset of "caved" figures; in other
words, the set of "caved" triangles is an. empty set. they
use think sticks to show-that-the triangle is the ,Only,rigid
polygon (it is the only polygon whose-angles. carinot.be
changed by pushing on the sides). As they forth each-subset,
th,e-children tape their,cards.to a large chalkboard tree dia;--,
gram. 'This tree diagrat ;completed-in, Lessqn I I
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.'1,1."'

WHICH ONE OF THES_ECURVES POLYGON? THE,
CLOSED CURVE OR'THE OPEN CURVE?' .

;c
7.. ; -

Lead the,.thilcfren to-the conclusion that a polygon is a clOSed
.

1.- , curve m ..made 1,1p of .line-segtherits .
.. .

... Iliasi, t4 chpren'rempve the sheets of polygon -nd non-poly=
. . . .. .

On-Cards froth their Workbooks. You, should cut each sheet\. , _:.------
into quarters on the paper cutter. Give each child a large---, '------- ,.paper clip to keep-his set of cards togetiiet.Then collect the

------, ksets of cards from the. chilciten-r-Divide the claSs into groups .

of_three-each::(Xeep a litS-5.,:f the children in each groeup.
--------iou will need this informationt or EesSon It.)

..,.. _ ,,

. \
. * _

.
..

GIVe each groupof three a sat of cards. .Ask them to classify ..
.their set of cards into two subsets., polyg.ons and non7poly-
gons. While the Children are doing this, tape one set of cards A

. to the chalkboard, wall or bulletin board and fabelit "Total ,..' Set". (See diSgrazil below.) When all the 4toups ha've finish'- \
ed their clasSification, have one group tell the :-...las why 1

.'they placed certain, cardgin either' subset. Tape thleir set of ..
_ . , .

.-._ cards.on the-chalkboard, wall of bulletin board,-.1ab.eling the
-'67jo subsets polygons and non-p.olygoris. ;.

. .

.^. .
... .

...

t &al Set4,

C3Elaetc,

Polygons
.

DOD etc.
Non-Polygons

,

1:100 etc..

Give this group of children another Set 6i-cards to work with.

Ask the children to Put aside their.sets of non-,polygons.., (It.
might be-convenient.to give 'each group a paper clip to keep*:
its set of non-polygons together;) Ask the children to classify
their'seti of polygons into.subsetsusinTwhateiter. properties
of the polygons they want as a basis for classifiCation. When
the groups have finished classifying their polygdn cards, dis-
Ouss their methods of clasqification. Most groups will

to 3 95
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. pi-obablyclaSsify their golygons according. to the humberOf
. sidds. Tap-e.an extra set of polygon card's on, he board using

-.1 ... 4. .
. .this method of classification. *Label each ii.rb§,et.I . I?

i 6: Total Set--::'!.%.

r

.41
t:

.

"

'a-
a

44''1' .r.4.
O

%.
3

.

!`

I

.13blygons

000 .

Non-PoLygons
MEJetc.

.3'. side's; -4 sides 5 sides- -76,sides_Er sideg
Elrileic: =etc .0111 etc Mato .0nEl

Gi"ve each group five paper clips to,keep its subSets of .poly-:
ons togethet.i Ask child tocollect S1.1.the sets of 3=-Sided

polygons; ask another child to c011ect-all,thesets of -:sided
polygons, etc.' When all the polygoh sets have been collected,
divide the claSs into six 'groups. Give one group two.sets; of
3-Sided polygons,' giv0 anotber,grup,twO setSof 4 -sided pOly-

,:goni,another group- two .sets of 5- sided' polygons, etc. ;

Draw these two pOlygone On the chalkboard or the overhead
.pmector:

.

.
Ask the children .to telk you hOW.tliese two figures are different.
Lead, them to the realization that one figure,haS "caVed-in" or
"bent:4n" sides, and the other figure doesnot. Explain that

I

the first polygon is called a "cav,ed" polygon and the second
pond is:called a "non - caved " polygon:. Dral; other examples

.. of polygons with "caved" sides and polygons with '',non-
caved" sides.

..,

a'

O

. z
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I

I

- .
caved non-caved

'
Ask each group to classify one of its ets of polygons .into
".caved'-' and "non-caved" iitolygoris: When they arefinished,
two children, in each group shoud tape .their pOlygOns 'on the
chalkboard in the correct place. hytree diagramifor the
.g r °up with 4-sided pOlygons, would look like this:

- . . ,

4- .sided Polygons

OM etc.

.

While. some of the children are taping their. polygon cards to
the chalkboafti,. ti-i!, other .child en in their group should clas-
sify the other set of polygons into caved and non-caved .poly:

s,gon5 . N . . .

It : .4
ii .' .

Give the children per clips to secure their subsets'. Then,
have then\ set aside theiesubtSets. The chalkboard tree-ilia,.*

. gram shduld'now look. like the diagram on the next page'
- -. ,,, .- r ,4 4

U
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Total Set

OOP

Polygons
ODD

Non-Polygons
, DOD

8-sided
DOD.

5-sided
DOC

,6 -sided
DOD:

\ i
\

caved 'non- non- non- non-
'caved caved caved -eamed caved caved caved

(empty) OCT) ODD ODD 1:100 DOD DOD DOD.

C.

98

8-sided
DOD..

caved'
ODD

Discuss the tree diagram with the class. SoriArie should
notice that the group working with 3-sided polygons did not
classify any of their liblygons as caved. Have the class
check the "non-caved 3-sided=polygons to see if any of them
.are caved.

Challeriye-the-G-las-s7to try to construct A 3 -sided -caved
polygon. Remind them that they can only use three straight
line segments. They Should discover that they cannot
construct, a caved3-sided polygon using three straight line
segments .

108
4o

fion-
caved
DOEI
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tak,

..
-You' need not try to hoW thiS to the children; instead; they

. will use think ,stick to construct 3 to 8 sided.poArgons. . ..,
.. They should disCOV:er that the triangle is, the only rigick;fig- -,''

ure'.4- its angles cannot be-changed; 'he Other Polygonsaree
'not rigid, that is ; angles, can be changed by pushing' the
Sides ,in different directiont..,''- .

,,

- ..

0

The sum b:f the mags ofIthe angles of a 'triangle is
always ;equal to 180° or hour angle.

e

In a 'pcilygon with caved. sides, he two sides that are caved' -

foul an angle whose interior mag s greater thrr180°. or 6 hourS.:
. "

v

.Sixice the -total mag_of all the intprior angles of 'a triangle*
equals 180° no one, of tfiethree arfgles.cOuld measure i806
or more.

4

'7

- .

They can_construct caved 4 to 8 sided polygons by pushing in
' two,sides-.

V -

a

, 99
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. . 0
Demonstrate tothe class' how to use the think Sticks.' Tell;
them the` sticks will break if used incorrectly;. demonstrate .

both the right and wrong wayS of:putting the sticks and, con-
vectors-together.---- *--- :

:.

Correct Incorrect

-;

*a

100

They should use this same- method when taking the sticks and
connectors- apart.

Separate the children into the original groups of, three and
divide the package of think sticks and'tonnectors among,the
groups, making surd eacffgroup gets a variety of lengths.
Distribute the extra connectors so thatbach group has a toter
of at least eight connectors.

Ask .each group to make two different 4- -sided polygonS with
its think sticks. When this has been completed, have each.
woup report to the' class some properties.oi its 4-sided think
stick polygons: List these properties ori'the ohalkboard.
On the next page_is an example of a. possible list.-1



C

'1

0

1)5

ided Pblygons\

I . Flexible, flop

0

r

Angles can be phanged, .
Sides can be coved in.

If-one side i.SAnger.thart
the-sum.bf-the-ther three
sides., you CantibtM4k6
Pblygon. a

1.

J./

Now ask each:group to. make a.triangle using their'think sticks.
Have the gfoiips.SpPtirt some properties _Of their think stick ";
triangles. List the properties on the chalkboard and-compare .

them to the properties of the 4-sided.'figare's..

3-sided, Polygons

I Rig Id

2., Angles cannot be changed.

3. 'Sides cannot be caved in.
4,. -If cine side is longer than

the gum of the other two
.sideg; you cannot make
a triangles.

-Challenge the class to make
triangle, that iS rigid. They
other polygons will have the
sided 'polygon The ,:triangle

\
'1.11

another polygon, other than the
should soon disCover that the
same basic.properties as the 4
is the only rigid figure..

"I
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6.

Collect the think sticks from each group. YQu 'may., want
leave the snicks out on an activity table. for the childrento
experiment with in- their spare- time the-groups to keep
their extra sets of caved add non -caved polygons for ihe net
lesson. You should also save the chalkboard tree diagram

;for teSSOn I !.

""

ML
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Lesson 1.i:: :REGULAR l',OLYGONS
. . . .. ..,, In this. lesSon the children continue to classify polygons; the

final subset -being.regrilar and -non-regular polYgons. A reg-.
. -ular-polygon is a polygon whose sides:are all equal in length

and whose angles are all equal in magi -, -,

Examples: *-

Regular

"f"""`"11

0,

a

3-sided

4-sided

5-sided

6 -sided

'8-Sided

4

w^

The children also claslify their-flower bard -palygOns as ireg*:.'
"1ular and norirregular.; _In the last 'activity they use mirrors -to

generate 'various polygons.

MATERIALS .44

.

Transparency A (included in printed'rnaterials; the Printed
original is also included in the Appendix)

TrnSparency B (4" grid; printed original in Appendix)
- two 17'1 pieces of yarn or string

overhead projector

polygon cards (ffom Lesson '10)

flower' cards (from Lesson 9)

mirrors on blocks , I per child

blantc.sheets,f paper P., .

pencils

1

a

1'03



S.

. .

,o

ruler's, I per child .
student clock protractors, I per child

Worksheets 42,-43 and .44.

'PREPARATION

Carefully out out the pplygons, and labels- from the top half of-
Transparency`A (colored red}. Save the. bottom half of Trans-
parency A for use in Lesson 13. .Make' Tran-sParencyB:`B lisi:rig
the printed original iti'the Appendix.

r,

PROCEDURE

Activity A
f#

. c .

Use the overhead projector.. Place ,t e red polygons on Trans-
parency B (ingrid). Ask:

WHAT' PROPERTY O ALL THESE POLYGONS HAVE. JN COM-
MON ? (They are all4.1Wded poiygone.) :**

Write this on- Transparency B.

Then ask:

4-Side& Polygon

.

WHAT TWO SUBSETS CAN WE MAKE FROM THIS,SET .OF
4-SIDED POLYGONS!? ,("Caved" and,"non-caved,. ")- ,

`OA



Divide the olygorisinto--theSetwo-subsetS and arrange them
on Transpatencr B. Be sure to write."non-caved" and '.',caved"
Over-the twc subSets:

Ask the class. to fOok- at figure.A.jthe square).

_Ask:

WHAT D-0-YOIJ NOTICE BOUT THE LENGTH OF FIGURE
A's SIDES? (They appear to be equal ih length.)

HOW-CAN WE.FIND:a0,11_ IF THE SEDES-ARE_EQUAL IN.
LENGTH? .(Measure them.) -

Have someone: line up the sides of the squareirnth:the_grid.
'They should see that eadliof the four sides is two units long..

CAN ANYONE FIND ANOTHER FIGURE THAT HAS SIDES-OF
EQUAL LENGTH'? '(Figure

. .

'Someone should'ineasure the length of Figure'C's sides by
lining up each" side with.-a 3=unit 'segment of,the" gad.

Tell the class that we can sepatate Figures A. and C from, thg.5., . , . .
other non-caved figui-ses Icy putting a closed curve around them.. -. .* '
Do this with one piece of yarn. Place the label "Sides- Equal
Length". inside the ',curve with Figures A and Ca

0

115
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9'.

Then ask:the ClasS:

'WHAT CAN YOU tELL ME ABOUT. THE MAGS .OF FIGURE s
ANGLES'? (The .mags are aifequall all the angles are right
angleS.) .

0,

Someone canshow this either .by measuring the anglesWith his
clock proY.ractOr hy superimposing each angle on a right
angle of the grid,.:

. .

CAN YOU FIND ANOTHER FIGURE WHOSE.AGLES ARE ALL
.EQUAL IN MAG? (F.igtire B.)

Make a closed cUrve around those figures that have angles-of
eqUal-mag..----Ptit a curve around Figure B and the label. "Angles
Equal Mag.' ,

r

t.

1'06

1

Ask the children:

IN WHICH CLOSED CURVE SHOULD FIGURE:A BElpubtb?
. . . - ,

Lead the children-to, the realization -that Figure A belOngs'in
both closed eu es: irav*e someone arrange the yarn ;ancl.Fig-=
ure A so that:it,istrisi-de,the intersection of the two closed
cUrves.

". .

Tell the class hafthere. is'aspecial name for-polygons that
have both the properties of the sides being equal in length
and the-angles being equal mag: they are called ''regular"
polygons. 'The square isareg`iilar 4-Sided Rolygon.

4 4 n
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_-_
Divide the clan Anti") the, same groups of three each as You-
did for Activity A,:Lesson- 1-0. Direci.the children's attention
to the chalkboard tree diagrath they made in Lesson 10. Ask.
-the groups- to.taKe out their extra set of-non-caved polygon
cards, Ask them to separate' their nondaved. potygonS .into.
two subsets' one subset .should contain the' regular polygons
and the other subset the "now-regulai"`pbl,ygons. (The corn-.
Mon name.. for "non-regular", polyrid' is "irregular. ":. You -may -r'Wdilt to use both Words interchangeably.) When they-have c6m-,pleted this task; two people should -tape-their group' s s ubS ets-
in the appropriate place on the chalkbOth-d tree diagram. The ,--
compIete,d tree diagram should look-like the diagram bslow.

-.---

Total Set

DOD

PolygonS .

E:100
Non-POlygons.

'ODD

4 -sided
.ODD

-caved non- i non-
, caved caved oavetl,- caved

(empty) uu0, ODD

-

5-sided
ODD

6-siCled
DOD

caved. caved.

18---sided
'DOD

non-_ non-;
caved caved caved.

-ODDDOD .006 pop -DOD.
. 1.

non- 'non- `non non -
regular regular -.regular regulat regularreg `ar regular regtilar regular regular

0 DM 00 0.00 MO 0 00 DM MCI 00
The class should examine and discuss each group's place-

ent of.the regular and non-regular polygons.

117
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Activity . .,
Have the children take out their newer card folders, from Les-

pSing what they'have learned about regular polygons,
havg the children _roughly classify (by eye) their sets o flOwer:
polygons as regular and non - regular (irregular).

. Some children may. want to make a tree diagram of theirclassi-
- fied'ilower polygo.ns They could list.the names of the ilOwers

, .undr each' category.

"Activity C
. .

For this, aptivP-y, have the children,'work in pairs. ,Each.**ria
will need two mirrors on blocks,- a blank. sheet of-paper,..41!.
pencil and a ruler. Askthe children tolAaw.a-siraighe-line,
segment across the.midde of their p4per.- Have them place.
one mirror upright at soth angle to. -the line segment,..

Ask thern to look,in the mirror
and .find out how many angles
they can see. (One.)

Say:

IF WE PVT ANOTHER
MIRROR SO THAT ._
OE®F ITS EDGES
TOUCHES THE. EDGE
OF THIS MIRROR,
(demonstrate by hold-
ing two mirrors to-
gether but off the paper)'

",. .

.*

top

1 ".

4 I 0

ti

s
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-AND THE.SECOND MIRROR ALSO FORMS 'AN, ANGLE WITH
THE LINE'SEGMENT, HOW MANY ANGLES DO YOU, THINK
YOU WILL; SEE? (Leethe children predict.)

-
-

.-Then_ha.v.e_the_childr'en_put_their_r second..rnirroLOn_their...:paper
a cab-fdirigto-your

.

t
4

..
, -

HOW MANY ANGLES DO YOU SEE,,N,OW: WHEN YOU LOOK
INTO TITE MIRRORS.? , - .

.

: . .. . , . ..
.

Call on several children-. Th4ir anSViers.'wilI vary, depending _

on-l.h-6-meg of the angle forrhed iiy othe-tw intersectingAnirror,s.. f n 1--. : .
..4 ,

.

Askthe children to 'change the angleletWeen the two Mirrors', .
-,..-until theY are able to see a triangle. When they have done

.this, ask them,to look into a neighbor' vnirrOis and, see ifhis
,triangle 4 just like their own. Let them experTment.with-their ,.
thirros, making triangles that have sides of different lengths.-

, .
-, , >

...

46:

., , , \
,Ask thy, to move both mirrors together sloWly, making
the angle formed by the two intersecting mirrors smaller and

. xsmaller. , ,

4 A
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WHAT HAPPENS TO THE NUMBER OF SIDES AND ANGLES.
AS YOttiVIOVE THE MIRRORS GLOSER-TObETHER?- (The,
number of angles and-the nuritherof sides increase.)

Have
.

the Children-turnto..Worksheets 42 and 43.: They will
P

need'iheir wogiirrors and their clock "protraotors Wheri:titey
'have Completed Worksheet 43e discuss their. answers

- %ein.

.

Worksheet 42
Unit .21 htrnme

\
U C/.

E

\

Use your clck,protractor.

That -1n the max of ensie hotirs
2. what Is :the max of anslellED?

p

r

I I 0

4'N1 u

3

worksheet, 43
Unit 21

4

ifseWorksheet 42 to hel p you answer these questions.
mirrors on the dotted l Ines Itke this:

,

Nado

Use your clock protractor.

I. If the mag of angle ADC Is
j2-.1q1

that do ypu. !wits, the"mag Is
of ant/le CDC? 3 basun

2. .1f the Maw of angle ItED le
t

wohfnatndmilleY.1°X.ulDgliallaggfeln"

is

.1

3. (?refully draw theithape yosee *Ith the-rairiors.

ar

4. 'Did you guess correctly the msg of
angles CBC and DO? yg

r

.1.
w
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Worksheet 44
thile.21 Name

Polygon Puzzles

Put your mf rrors onthcdotted !foes.
Write 14 name of the polystoh you see for eachmirror set =up.

.

Ct.-477n

0

7 \

;
Worksheet-44-/ "Polygon' Puzzles, "
:should be done now by 'the chil
dren.' When they. are fitished,
ask them if they noticed any-re,
lationship. between the size. of
the angles 'arid the iiumberof
sides when They 'looked iri their
mirrors.
,

-' _1, sided polywhn

I.

S

Greater mag Of angles,yields polygon's with greater
number of sideS.

Smaller mag of angles yields polygons with lessen
number of sides.

121
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Ies§on,I2: SIMILAR TRIANGLES

The purpoSe of thisalesson is to introduce the concept of sim-
ilar triangles and. to tie together similarity and scaling. The .
children compare corresponding sides and angles of similar
triangle's .

Two triangles are similar when their sides are proportional
and the Mag of their'angles is equal; that is, if'two triangles
are similar we can always find a proportional relationship.
betw the sides of one triangle and the. s,ides of the other
triangle, arranged in some arbitrary order.

MATERIALS

4

several, paper sOips
.1

.overhead projector
.,.4_

--. yarn (optional) ,

- tatard, I sheet

- blan,k transparency

--lor each child --

4 4 paper clips
cldck protractor (from Lesson 5).
scissors
pencil

Z

colored pencils: I red, I blue and I green .

Workgheets 45 48 (sets of similar triangles) ,

-1 Worksheet 45

ruler

1
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o

.

PROCEDURE

Activity A

The purpOse of this activity is' for the Children to .discover the
relationships in a set of similar ;triangles. They Should' see
that the corresponding angles Of similar triangles are equal in-
mag, and that the corresponding sideS-of.similar triangles are

0 13in propqrtion. The, concept of :proportion preSented it this
lesson is related to the concept of scaling- presented in Unit
18,, Scaling and ReprebentatiOn.

4,,

Each child will need a pair of 'scissors, a pencil, a red
colored Pencil, ablue colored pencil, a green,Colored pen-
cil and his Student Manual. Have.the children tear out,
Worksheets 45 - 48...

.1%

0 *

4

123..
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Worksheet 47
Unit 21

0

I14

Worksheet 48 :
Wit 21

Ask someone to describe the set of triangles on Worksheet 45
to the class. he should n )te the different sizes of the triangles
and the "hash" .marks .on the sides of the triangles; some sides
have one ."hash" mark; some have two "hash" marks, and others
have three "hash" markg. On the chalkboard draw a large,tei-
angle with ,1 , 2, and 3 "hash"' mark's on the respective sides.

With red chalk, outline the Side with one "hash" mark. Tell
the class. to outline with their red.colored pepcil the sides of
all the triangles on Worksheets 45 - 48 that have one "hash"
mark. When everyone has completed this, color the side
with,two "hash" marks blue and the side with three "hash"

12
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marks green. Teliathe children to do the same with the tri-
angles on Worksheets 45 48.

Green

. Blue

Now tell the children-to cut out the set of triangles onl/V:ork=
sheet 45 very carefully. When they are finished, each child
should stack his triangles in order, with the largest on the
bottom of the stack.. Ask them to place their triangles such
a way that the blue sides are on. top of each iother, and the
red_-_blue..angles- are also on tbiti of each

They should cut out the sets of triangles on Worksheets 46,,
47 and 48 and stack them the same way.

4.1

Ask them what they notice about the mag of the red-blue
angles. (They appear to be equal iainag they all fit on
top of each other evenly.) Tell the:olass that their sets of
triangles have certain relationships that. are very interesting.
Say_ that if they compare the other angles and the lengths of
the sides they should be able to discover what these interest-
ing relatiodships are. Ask them to raise ,their-hands-when
they think they have discovered something. AllowtiMe for
free experimenting and discussion.

You may want to walk among the children drawing attention to
certain methods of comparison being used. Some chilchlen
may waft to use their clock protractors for comparing -the ma/
of the angles, others may use the superposition method.

125
115
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There are various methods that the children can use to corn-
pare correspOnding 'sides: They could use the smallest tri-
angles as their standard unit of measure, marking off how
many small blue ,sides there are on the blue sides of each of
the Other 'triangles: This method can also be used to compare
the red ana green sides.

%.

< .

. v,

Some children miM!. Warit to use a- idler to compare the lengths
of corresponding sidesp.however, many of the measurements
will not come out to an even number of centimeters or inches.

After you feel the children have had enough time for experi-
mentation, have different.children show and discuss there-
lationships they discovered. The following is a list of a few
concepts that could be discussed:

1. The corresponding angles (the angles with the same colors,)
are equal in mag. You may want 10 introduce the word
"corresponding" at this time, giving examples of things
that can go together , left and right hands have corres-
ponding.points, etc. In this case, the red sides precor-
responding sides, as are the green sides and the blue

2. The corresponding sides are in proportion. You May. not
want to use theword "proportion," but discuss the rela-
tionships of the length of the sides, the red sides
of the smallest triangle and the largest triabngle, have a

4 relation, etc. iz:"

3. Some children may notice that if the-y stack 'he triangles
in order from largest to smallest and line 'up one corres-
ponding side and angle, the sides oppOsiteethe -angle form
parallel line segments.

1.0
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Tell the children we have a specia,kname for these triangles:
they are called "similar triangles

Giye each child a paper clip to keep'his- triangles together..
They will be used in Activity B.

PActi-vity-B-
z

Divide the class into groups of four and ask the children in
each gtoup to move their desks close together. They should
remove the paper clips from their sets of similar triangles. and
then each group should thoroughly mix its sets Of triangles,
turning some over in the procesS.

Using what they have learned about similar triangles, the
children should now be .able to sort their combined sets of
triangles into sets of similar triangles again.

a

On the overhead projector place a 'set of similar triangles
right side up. Flip over one of the triangleg". Ask the chil-
dren if this triangle is still similar to the other triangles.

The following definition of similar triangles is provided for
yotr information and the children should not be expected to
repeat it. "Two triangles are similar if their corresponding
angles have the same mag or their corresponding sides are
in the same ratio." Therefou, since flipping a figure over
does not change the figure, the two triangles are still similar.

12 t.,
I I Z.
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Discuss this idea with the .children,' in terms that they can
und'erstand. ,

You may want to make a bulletin board display using the chit=
dren's .sets of similar triangles., You could use yarn-to mike
a closed curve around each set of triangls, or arrange. each
see on`a. large sheet of different coloredbonstruction paper.

ActiVitY C
- I

In thiS activity the children use what they learned about
scaling in Unit 18, Scaling. and Representation, to generate

_,a_set..of_similar,-triangles. You-may finditnecessary to
quickly review the notation used in Unit 18, i.e.,
1-42; 1-.1, etc. and.the term "scale up:" Have the chit.-.
dren cOmplete Worksheet

Itorkshoot,49

Wit 21 Hale

Scale up tho smalltrtanols.

.4

1-x+4

2

Ari Nota trans es similar?'

--10 3.

6:5
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-Activity p
.

So far, the children have worked with similar triangles whose
sides are in integral proportions /i.e.,, 1 3, 1 -4'4,
etc. In this activity the'class 'orksstogether constructing a

get of similar triangles whose sides are not in integral pro-
portion., While these similar triangles are being constructed
the children should also notice thatronce two 'equal correspond:-

A

ing angles are constructed,
u.

the third corresponding angles will also be

Cut a triangle like the following out of a piece of tagboard.

Outline your triangle cutout on a blank transparency. Label
the three vertices. Project it on the overhead projeCtor.

12D 119
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Use a ruler to extend line segments "AC and AB for approxi7
matelY 3 or 4 inches.

.

Ask a child to Come up and mark any point on line segment
AC. Label that point D.

A
B

1Place point C of your cutout triangle on point D and line up
the sides of AC.

.

A
E

Outline side CB of the cutout triangle. With your ruler,
extend-this line segment until it intersects line segment AB.
Label this intersection E. .

J

r

"

0
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,A
B

Outline triangle ADE in red. Ask the,childreri if triangle ADE
is similar to triangle ACB. Have someone show the claSs that
they are similar by moving the cutout triangle ABC so that B.
Coincides with,E to show.that those two angleS are. equal.
Then, m0ve.the Cutout triangle so that C coincides with D to
show that those two angles are equal., Finally, move the cut-
out triangle so that A coincides with A to show- that those two
angles are elik.tal.

4

B E

Ask the children if they-notice any particular property of line
segments C-13 and DE. (They are parallel, but the children -
might not know or use this word.)-

131
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Using cutout.triangle ABC, Construct several other similat
triangles using. this 'same procedure. The finished transpar-
ency might look like this.

.4.

1
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Lesson 1`31t CONGRUENiFIGURES

In this lesson we intrdduce an intuitive approa'cli*tO con*tu-
ence. A congruent figure is a s.pecial,kind of similar figure.
Two geometric figures are congruent if they have.exctly 'the
same sige and shape --when superimposedon one another
they. will fit exactly. The children discover that the congru-
ency of two figtires does not change when one of the figures
'is, flipped\ over.

The concept of congruency can also be applied to symmetrical
patterns:

'MATERIALS

10-12 sheets of.)72" x 18" construction paper

scissors

Transparency B (from. Lesson 11)

bottom half of Transparency A (from Lesson 11)

overheacrprojector

- transparent tape
-7. Worksheet SO

PREPARATION

You will need cutout congruent polygons of three, four,. five
and six sides. You can prepare these cutouts easily and
quickly by putting two or three sheets of Construction paper
on top of each other and cutting out,the figures freehand.

Each polygon should be approximately 4 or 5. inches across.
You should be aWe to cutout 4 to 6 polygons from a large.
sheet of construction papet (12" x 18"). (See examples
the next page.)

'''

133
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3 -sided 'polyg2ns

5-sided Polygons

124

PROCEDURE

Activity A

Gather'the class into a-group and-put the set of cutbUts.ln the.
center of the grouP.. ChoOSe any one of the cutouts and hold
it up. Ask the class if 'anyone can find another polygon cut-
out just like the orie you're, holding. Let ,the chil&en suggest
some methods for finding the matching po ygon. 'Call on a
volunteer to firid a matchiril-PolYgon. -Hel will Probably.rum-
mage through the. Set of cutouts 'looking fill- one that matches.
'When a few figUtes have been tried; suggest that this method,
takestocomuch time. Ask:

4
N

-4-sided polygons

,sl6- sided lyg

4

V

IS THERE:SOMETHIkG.WE, COULD DO TO 'MAKE IT EASIER
T0- FIND .A PQLYGON THAI' GOES WITH,THIS ONE?

.%

Lead the childrekto, suggest that they should sort the poly-
gons into subsets of polygons that have the same number' of
sides. Call on fbui- children' to'sort, the set of cutouts into
subsets of three, four, five, and 'six-sided polygons.

,
,

When- the subsets are assembled, 'divide the class into four
groups and assign each group to a set of cutouts. Tell them
that each nolygon.in.ttie set has at least one other matching

a

4. '



<1^

, s,

4

16.

6

polygon, and that the-shettld sort their set into subsets pf
polygons that are alike. Let them devise their own method
of. sorting . ,

.

When the Children have 'finished sorting their cutouts ,4.5.'sk,a
child from each group to demonstrate the method his group
used tofind the matching cutouts. Smile children will report
that they found the matching' polygons when the sides were
the same, and shqwtwo supe'rposed figures. Elicit the
idea that all corresponding' sides have to bethe same length
-in Order fox' the c outs to be the Same. If no one has.menr
tioned it, direct he children's attention,to the angles.. They
should also se that the corresponding angles appear to be
equal in math. I

Tell the children we have a special name for figures that wilt
fit on top 'of each other or figures that "match" ; they are
called "congrttent:", Write the word "congruent" on the chalk,I

4 .

Adtivity

Cut out thetwo right tri-,
angles from the bottbm
half of -Transparency A
(red acetate). You will.,
also :need TrahsparenckE

4. (clearYgrid$ransparency)
. .

Place the red, cutout tri,7;
angles on the grid trans-
parency.

Flip over one of thestri-
ahgles. i.

., The sides of the right
ahgles should be 'ined
up with 'the grid li
You may warjo t
the two triangles to the
grid tranSparency.

I
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Ask the, class if they tAink these two triangles..are congruent.
Have. various children give reasons for their answers. The ".
-final verification should be to superimpose one triangle on the
other. Do this without flipping the one triangle back over.,,
Youwill.not be able to. place one` neatly on top of the Other.

C

i . .
. :.

. . . ... _
Superpose corresponding,angles on each other. The chil-
dren.s hould see That jall the corresponding angles.are.eq.ual:
`They shotild also see thQt, the corresponding. sides sere

pair(either by-measuring, With, the griii, or lining up each pair of
sides). Ask: :

ARE THESE TWO TRIANGLES CONGRUTNT? .1!

The'children will probably asagree the corresponding sides
and angles'are equal, but they an',t seem to be able to fit
one.on top of the other so they fit exactly.

Then a4k:

IStTHERE:ANYONE'WHO CAN DO SOMETHING SO THAT
THESE TW'O'TRIANGLES WILL FIT EXACTLY ON TOP. OF

.F,ACH ,OTHER?,

,

# >

. . . ,. .
From their experiences in Activity A, someone should be able
to suggest that one of the triangles be flipped over. When
this is done, the triangles will fit exactly On top of each

,other. The triangles are cOrigruent.
T.,,'

So far., we have limited ourselves to congrUent polygons; how-
ever, the concept of congruency can be applied to many geo
metric figures. Line segments are congruent if they have the
same length. Angles are congruent if they have the same n)ag.
Regions are congruent if they have the same area and shape.

13.0
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Work:lice t 50
Untt 21 Name

- ; 4,. r
Tee t each pa r.wethyour -ether,
le A' neirly congruent with at.

I

I.ye5

A.

rio

.

ss

ff.

Discuss these 'ideas with
the children and then Ave
them do Worksheet 50.

/

0

ActiVity C (Optional)

Units 7 and 14 are MINNEMASt sypimetry units.' Many-of
the aft activities in these' units could be used at this time
as exampleS of congruency'.

Example. "page 86, Unit 14, ElcPloring Syinmetrical Patterns',

a
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L4,s son 14: PATTERNS WITH POLYGONS; TESSELATIONS

0

Throughout this lesson, the children are given many different
problems to look at, think abotit and solve. You should in-
volve the children in discussion'of the questions andmanipu-
lation of:the materials, get them to think about the protlems
and try to solve them for themselves. In some cases you May_
,want to leave drawings and question's on the boOd to give the
children time to think about thetn and to arrive, at their own
conclusions., major, emptiatis in the problems is on find
ing patterns iRdeSigns and shapes. Doing this kind of Work
develoris locking for relationships among elements.
The'-ability to See.such relationships is fundamental_in under:
standing mathematics and 'science :
The word."tesselaiion" means any arrangement of polygons
that` fit together to cover a plane surface completely,;, with
none of the polygons bverlapr>ing. The' polygons can be reg-
ular or irregular, concave 'or convex and may forni a symmetri--
tal or an asymmetrical tesselation when they are fitted to-
gether. In this lesson, the work is liniited to those tessela-
tions which exhibit repeating symmetry. Although the chil-
dren will be working with and forming tesselatioris, you need
not teach the word "tesselation" to them.

scis.sors1 1 ,per child

paper cutter

9" x 12" black construction paper;,2 or 3 Sheets per child
overhead profectqr

globe
f

baggies (small plastit bags), 5 per child
crayons,

7 'construction taper pnd paste (optional)

Worksheets 51 -76 1

P
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PROCEDURE

Activity A

Have the thildren cut off
two strips of triangles from
Worksheet 51, Then they
should carefully cut out the
triangles in each' strip.
Discus's-with the class the,
properties of the equilateral
triangles. (All sides are
of equal length, all angles
are of equal.magr.I

After the triangles have
been cut out, give each
child a sheet of 9" 'x 12"
black construction paper.
The tridngles"will be easier
,to manipulate bn the coarse
construction paper than on
a smooth desk top.. Ask

the children to make different shapes by placing their trian-
gles together. Allow time for free eXperimenting. Some chil-

.

dren may want to show the class some of the 'shapes they,,'..
make. You could use the ,overhead projector for this.. The;
following are some shapes they might make;

I. Sides together, so that they coincide.

z

2. Sides together, but without coincidence. .

in=
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3. Vertices together.

. Triangles on top of other triangles.

Tell the children that they should use a rule thatthey can
only make shapes that have the sides of the triangles to---
gether with the endpoints of the triarigles matching (see #1
on page 129). After the children have had time to experiment,
discuss' several basic shapes they can make thiS way.

trapezoid parallelogram hexagon

Suggest to the children that the try to discover more shapes -
by combining other shapes. Some may make a star.

Show them how a larger'hexagon is formed if more triangles
are added to.the star. .

MAW 'A
YAW
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Activity t
.

4.1

Let the children investigate-the following problems. Putitie
diawings on the board. You may also want to write the ques-,
tiorib on the board and leave thein up for 'several days. Go on
to other activities in this lesson and then come back to this
One later and discuss the children's observations with them.

. ,

2..

MAYA
AILVAVAYA
VAVA 7 AV
WAY

HOW MANY SMALLER HEXAGONS CAN YOU FIND WITHIN
THIS LARGER HEXAGON? THTRIANGI:ES OF THE SMALL-
ER HEXAGONS CAN OyERLAP. (7 smaller, overlapping
hexagOns.)

WHAT HAPPENS IF WE BUILD ONTO THIS FIGURE WITH
TRIANGLES? (We ,Can get bigger' and bigger hexagons with
other shapes inside of them.)

TAV

WHAT DIFFERENT SHAPES CAN YOU FIND WITHIN THIS
HEXAGON,? THEY CAN OVERLAPOR NOT OVERLAP, (There
are six rhombuses that overlap. There are three rhombuses
that do not Qverlap. If someone notices this, ask him how
many different ways this hexagon can be separated into
three rhombuses . There are also six trapezoids that over-.
lap.)

141
131
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HOW MANY SMALLER RHOMBUSES ARE-THERE WITHIN THIS
LARGER RHOMBUS? WHAT HAPPENS IF WE BUILD. ONTO
IT WITH TRIANGLES?

Follow the same procedure with the 'trapezoid and the parallel.-
ggram as the starting shapes.

Eventually-the children should see that at they continue to
build on with triangles, they will form larger and larger ver---
sions of'the etarting shapes. "

Activity C

Have thechildren work in pairs. They should use their sup,
ply of equilateral triangles to try to tile a piece of black con-
struction paper. -Ilave them cut extra'strips of triangles from
Worksheet 51 as they need them. Ask, them if they can cover
the paper completely without leaving any spaces and without
over-lapping. This Is possible only if they cut the triangles
when they get to the edges ofthe paper .\ Ask.them to try
covering one of the comers of the paper with triangles. They
should see that they would have to cut some triangles to cover
the corner neatly, too. Then ask:

COULD WE COVER WHOLE 'CLASSROOM FLOOR WITH-
OUT LEAVING ANY SPACES?

Let the children speculate, Some children may want to try
to cover part of the floor with their triangles. Eventually
someone May-suggest that he would have trouble with the
corners and edges, Ask:

COULD WE COVER THE WHOLE PLAYGROUND? (Yes, 'but
we might have difficulty at the corners and edges.)

1, 2
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WHAT SHAPE WOULD THE PLAYGROUND HAVE TO BESO
. THAT THERE WOULD BE NO PROBLEM AT. THE EDGES?

(Triange, rhombus, trapezoid, parallelogram, hexagon,
etc.)

COULD WE GO ON COVERING THE GROUND WITH TRI-
ANGLES AND LEAVE NO OPEN ,SPACES?

Some may say yes, if the ground was flat. Someone .else
may say you would have trouble eventually, because the
earth-is not flat, it is round. Have a child try.to 'cover a
section of the globe with his triangles. The children should
see that they have to. bend or disfigure the triangles in order
to cover an area of the globe.

Give each child a baggie in which to keep his. cut out tri-
angles. They will be used again in Lesson' 15

J,'
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Activity D

Have the children Nook '
Worksheet 52. Disduss
the repeating symmetry of
the equilateral triangles.
Then ask the children if
they can see any shapes .

other than triangles on the
page,., This should get
them to look-for combina-
tions of triangles that make
other polygons, as they
did in Activity A when they,
fit cutout triangles,together
in different combinations.
When &child finds a shape,
ask him to outline it. Then
ask if he fan find another
shape like the first one.
They should go on outlining`
the same shape 'wherever
they find it on the pap.
Some children may pick out
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a shape and repeat it in such a way that the page is tesse-
late& Others may make a design, that is not a tesselation.
Shown below are two' examples of a design in which the
hexagon is tie single element. The first example is- a tesse-
lation; the second is not, because the surface is not coin"-
pletely covered. (If, however, we think of the second design
as being made up to two elements -- the hexagon and the
diamond shape -- it.is a tesselation.)

t

I

VA k Miff

WV
Some children- may pick out an initial shape, of which they
cannot find another example.

144: t
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Don'tt emphasizeemphasize the idea of making a tesseiatioh,Thufrather,
have the children 'compare and contrast their designs with
each other. Hold a discussion-about the different kinds of
designs.%

This activity continues,on Worksheets 53-55. These Work-
= sheets are the same as Worksheet 52, except for the work-.

sheet number..

Activity E-

On Worksheets 56-59 are More complex patterns than that on .

Worksheet 52. The children s.hould do the same thing on these
worksheets that they did on Worksheets 52-55: outline a
shape or shapes, try to find that shape again (i.e. , repeat
the pattern), and then color the pattern. Suggest that they
try to maintain repeating symineiry in iheircoloring.

Encourage the children to design their own ;patterns and to
color them. DisCuss where the patterns_they have made might
be used, or found. (Bathroom floor tiles, kitchen floor patterns,
wallpaper designs, carpet designs, brick wall designS or gar-
den landscaping.).

_A ... ..,*....:A ..kik..
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Activity F (Optional)

The children might want to design .a pattern that can be used
for a tile floor or for landscaping. They could also design a
tesselated flower and vegetable garden and plant seeds in
large trays, following their pattern. Below is an example of
such a garden.

("D Marigolds

Ill'.

Radishes Grass



litirksficet 60 Unit 21

1

Activity G

Have 'the children remove Worksheets' 60 and 61 from their
Student Kanuals and cut them into strips along the dotted
lines. Then they should cut out the indWidual triangles and
pentagons.

Worksheet 61 UnIt.21

ele
1.11011

11
*WW1

Give them three haggles apiece in which to keep their cut-
,out polygons:

rking with their triangles and pentagons, the children .

sho ld experiment to, see what different shapes they can make
by fi ting their cutout polygons together. Then sugge6t that
they t to cover an area such as 1"piece of construction
paper th their cutout polygons, without leaving any e ty

'spaces a d without.overlapping. When they work with he
pentagons they should discover that they cannot cover a
surface co letely.

14 7
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The .children may want to take 'designs that show*tflateral,
repenting or rotational symmetry. SOme niay want to paste
their cutout polygons on a.sheet of construction paper; mak-
ing a permanent record Of what they have discovered. -You
could make a bulletin board display of these. Use a different
example from each child in the class.

You may want to allow time fol a show-and-tell situation dur1
ing which the children report to tlie.cla,s's some of the discov-
eries thelikhave made.

a
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SECTION 3

In Section 3, t ere are numerous open-erided investigatiOns
,

with plane and olid figures. There are two lessons in
this section. In the first one, the children 'Make a tran-
sition from two-d mensionAt to three-dimensional shapes.

ce They',work with fl t shapes for example, squares) and put
them tcoether with'tapeto rrrf a three ;dimensional shape
(for example,: the_o be). important part of this study
is free experirnentati n with Frexagons, both during class
time and during free t me,:if possible..

In the second leston,. he' children donstrillet additional dif-
ferent three,.-dimensional solids from tw' -dimensional pat-
tern8.

s',*

Ther6 are many big words 1.n these lessons, such as tetra-
hedron, icosahedron, dodecahedron, etc. It is not neces-
sary fot the children to:memorize or learn' hocy. to. spell
th6se words. However, they might enjoy hearing thetech-
.ni-cal names for the different shapes as they work with them.

. 3
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LeS6on FROM 2-DIME ^SIONAL SHAPES TO 3-DIMENSIONAL SHAPES

The children visualize congruent or similar shapes. that are
irr different Orientation They also make the transition from
tWo-dimensional shapers to three-dimensional. shapes.

MATERIALS

square_counters, 6 chil
12" x 18" construction paper, or 2 she.ets per child
transparent tape, i 5 rolls

equilateral triangles (from Lesso\n 14)'

Flexagons

PROCEDURE

Give each child six "square counters and! a piece of construc-
tion paper. Tell them that today they are going to solve a
prbblem. Ask: I

HOW MANN DIFFERENT PATTERNS CAN WE MAKE USING
FIVE SOARES? (Let the children make several guesses.).

Ask them to use the same rule they used in Lesson 14 the
edges `must fit together evenly...

The children can use the construction paper to keep a record
of"the different patterns they make. They can use their sixth
square as a guide for drawing the patterns: Demonstrate the
procedure by placingfive squares in the following pattern.

1.5/
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Then demonstrate hoW'to u.se the sixth square to draw the
pattern.

wilW en the children understand what to do,, have them proceed.
alk among them and give suggestions. Many children may

ave trouble deciding if two patterns are the same if one is
lipped or if one is at a different orientationthan-the other,

,1

flipped different orientation

There is a total of twelve different patterns:

N. b.
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'Pass out a ro,11 of transparent tape to every two children.
Ask the caldren to see what'shapes they can makelpy tap -
fi squares together. Tell them that the squares do not
have to lie flat on the desk. Some children should discover
a cube. If two children put their pieces together, they could
make a rectangular box. .2-

Have everyone make a cube without a top. Then ask them to
try to visualize what the box would look like if it were flat--
tened out and to draw a picture of what they think it would
look like. These pictures, should be quite interesting. If the
children count the faces (5 squares), their drawings re-
setnble some of the five-square patterns they made earlier,
for example:.

If someone notices this. have the child -n
which patterns their flattened-out boxes w
They should check their hypotheses by cuttin
ing their boxes together and trying to flatten thei
they look like whatever patterns they have chosen.

speculate
Id look like,

the tape hold-
oxes so

153
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The following eight patterns (out of the,twelve original pat-
terns shown on page 142) are the possible patterns that the
flattened-out boxes will look like .

11

I

. I'

Some children may want to tape their boxes together again
and try flattening, them to form another. pattern.

Have the children count the n mber of faces at a corner. (3.)

2

""

As-k what\ wo.ulo happen if 'there were four faces meeting at a
0

corner. 'they should try this. Someone should see. that there
will be a flat surface when there ate four faces at a corner.

1

3 4

Havethe children take out the equilateral triangles they used
in Lesson 14. Ask them to see what shapes they can make by
taping their triangles together.' Again, the triangles do not
have to lie flat. Someone should discover the tetrahedron.

154



Ask:

HOW MANY TRIANGLES DO WE HAVE AT EACH CORNER?
(3.)

Bring out the Flexagons and show the children how to put
them together with rubber bands. They can use these during.
their free time to make solid figures like the cube and tetra.
hedron. A'sk them to 'find out if -they can have more thani
three triangles meeting at a corner and still make a solici.
They might also try to find out. if they can make solids using
pentagons, hexagons and squares.

If there are other- second grade classes in yoursschool, y u
may want to borrow their sets of Flexagons for your class to
use for a few days.

155
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Lesson POLYHEDRA

V

In this lesson, the children learn how to construct three -.
dimensional solids from two-dimensional patterns, how to
construct rigid and non-rigid' solidss and hOw to construct
congruent irregular tetrahedrons.

A polyhedron (pol-ee-HE-drun) is solid figure in,three
dimensions*, all of whose surfaces or faces are flat or plane
polygons. Cubes, boxes, pyramids,. tents, and buildings
are all exampleS of polyhedra. Polyhedra are-more difficult
to describe than polygons, because. each face may be a
different kind of polygon. For example, in Figure 1, we see*
a 7-sided polYhedrOn whose end faces are pentagons and
whose other five faces are rectangles' .

Figure I Figure 2

In Figure 2, we see a I4-sided drum-shaped polyhedron
constructed from triangles and hexagons.

A regular solid Or'polyhedron is one in which all of the faces
are regular polygons, the edges are all alike, and the yer-
tices are all alike. (We mean that there is a symmetry opera-
tion that will transprm any face, edge, or vertex into any
other face, edge or vertex.) As 'amazing as it may seem,
there are only five'regular polyhedra, a fact discovered over
2,600 years ago by/frie Greeks. The fiA`le'regular' polyhedra
are:

I. The four-sided pyramid
or tetrahedron.' (4 fades,
all equilateral triangles.)

15
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2. The cube or hexahedron.
(6 faces, all squares.)

3. The octahedron. (8
faces, all dquilateral
triangles.)

4. The dodecahedrOn.
(12 faces, regu-
lar pentagChs.)

5: The icosahedton. (20
faces, all equilateral.
triangles.) .

MATERIALS

transparent tape, 15 rolls (from Lesson 1)
Flexagons (from Lesson 15)

think sticks and connectors (from Lesson 10)

scissors

- paper clips, -6 per child
- crayons

Worksheets 62-6'6 (regular polyhedra construction sheets)

Worksheet 67 (irregular tetrahedron puzzle construction
sheet)

PROCEDURE
to

Activity A

'Review the procedure used in the previous lesson to make
the cube and tetrahedron. If the children have had time, to
'experiment with the Flexagons, some may want to report
their findings to the class. Ask them if anyone 'was able to
construct A figure using more than three triangles at a

O
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The figures will be easier to' fold if the edges are scored.
With some yractice th\children should have little diffiCulty
with scoring. .The procedure for scoring is the same as
for drawing a straight line segment using a ruler, except
that the open pointed end Of a scissors is used instead of a
pencil.

All the dotted\lines should be scored.,

Divide the class-into groups of five. One child should put '
together the cube, one.child the tetrahedron, one the octa-7
hedron, one the dodecahedron and one the icosahedron.,
(They should construct their extra solids when they have free
time, or they could take them home.)

Within each group, the children should examine each ottiers'
solids. When all the groups have finished making' a solid
of each type, discuss their properties; number of faces,
number of corners,.polygons used to make the solids, etc.
Discuss why these are called regular solids.

150

Activity ,B

Pass out think sticks and connectors to each group of
five- children. Give each group at least six sticks the same
length, twelve more sticks of anothei length and twelve
connectors. Ask the children in each group to make a tetra-
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hedron (4-sided polyhedron) using, th it think sticks.. Ask
them how many edges; and how many c rners their tetrahe-
dron has. (It has the same number of e ges as the number of
sticks used .and the same number of corn rs as the number
of connectors used.) Now ask each grow to make acube..
They should notice the number of sticks. ne ded and the num-
ber of c nnectors needed -- twice as many s for the tetra-
hedron. (The tetrahedron ha's six edges and four corners;
the cube has twelve -edges and eight oorners.)\ Ask them if
they can notice another difference between the\ ube and the
tetrahedron. eompone,should mention that the c be is "flop-
py" and the tetrahedron is "rigid. " Some childre may remem
ber when they used the think sticks to m4ke.polyg ns in,
Lesson .10. At that time they found the triangle to e the
only rigid .figure.

1,

Some children may want to experiment with the think s icks
and try making mixed "floppy- rigid" figures.

Have the class compare a. think stick cube to a tagboard
cube.

WHYsISN'T TH,E TAGBOARD CUBE FLOPPY? (The faces
act as'bracing for the sides.)

Some children may want to try cross- bracing their cubes to.
make them rigid.

For further investigatiOn, the following question could be .

raised:.
. 1

If the triangle is the only rigid polygon and the tetrahed-
ron is made of triangles and is also rigid, does that mean
that all solids that are made up of triangles will be rigid?

As a special project, some children may want to try con-
structing the octahedron and icosahedron using.think sticks.

Activity C

Have the children remove Worksheet 67 (irregular tetrahedron
puzzle sheet) from their Student Manuals. Give each child
six small paper clip's. The children should color one side

'of their worksheets. Ask them to cut out carefullythe four

161
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puzzle pieces. '411 the chil-
dren that4he tabs can be'fold-

1

ed- in either direCtion and that
these. Pie'oes caii be fitted to- `
gether to make aletrahedron.
Ask if it will be -a regular tetra-
hedron. They should be able
to conclude that since the tri-
angles are not regular t4,1tet-
rahedron will...not be regular.
Atk half the class do nake'a
tetrahedron so that the white .. \
side is on the outside and the
other hall of the class to make.
&tetrahedron to that the coloied
side is on the, outside.

D
" 41

Show the hildren how to use
two flapd.1

c

When the 6hildreri have
completed their tetra-
hedrons, ye them com-
pare the whiteite and colOteld
tetrahedrons . Ask them if
their tetrahedrons are the
'Same. (They are the
mirror images of each
other -- like your left and
right hands; )

1

Some children may want
to investigate the possi-
bility of making a tetra-

the paper clips to secure

t.

hedron with bcith.colored and white faces. How many ways
of arranging' the two colors are there? How are the cqlors

sik arranged on the inside of these tetrahedrons? These ques-
tions can beleft open-ended.

I
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Units 2I'and 22

Demonstration Clock Protractor

10

11
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Unit 2
Lesson 1 1

Transparency A

Angles Equal Mag

Sides Equal Length



Unit 2-1 Lesson I I Transparency B
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