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- in the ‘elementary curriculum. s >

" ) - . ! i
7 v H ' » . . * *
, . . - ‘ \. o » -§
' INTRODUCTION

..
.
x ) ® ) -
R .
. 'S .

. o . -
’ i S NE
Unit 21, Angles and Space, concentrates on geometry concepts.

There ‘are numerous reasons for in€luding the study of geomgtry” e

»
o ¢ - .

. Geometry is the study of spatial relaticns and co'gcépts.
'These are i‘mportar)t in the application of science, engi-
'neelring‘- nd technology, in art a'nd'arohitecturei, in sewing «

and picture hanging, in baseball and billiards.’ Our sense
- vof spatial relations is exercised every. day in countless

ways.’ It

children's grasp of these concepts. i ) -

2, - Geometry is -an important discipline for aeVelopin’g logical
thinking. -For'example, the children will work with similar
Qand congruent triangles. This should help the_m begin to
realize that if triangle ABC is similar to triangle DEF, and
tritangle DEF is similar to triangle GHIs then logically,
triangle ABC can be expected to be similar to triangle GHI,

. ".
-

23

o o
.

*h

- is hereforefobviously valuable to strengthen the -~ °.




Another slmple exercise ih log1c is that if two shapés 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 thmkmg carr}es over in countless situations.

-

3. In most practical uses of spatidl relations and concepts,

. measurement is"an essential element. Therefore the

* ° measurement aspect of geometry is extended in this unit.
When,measurement is applied‘to spatial idcas, the chil-

v — — dren*s—uge-of numbers i¥ reinforced. \Cons 1der the study

of a line: when you measure a segment of a'line and apply
numbers to it, you are able to define it nSt\only in terms
" of its. location and-direction, but also in‘terms of how far
it reaches from here to there. You can look at an angle
in quantitative terms also.’ ‘When you apply measurement
to an angle, you find its "mag." «(This is the word the
‘authors have comed to mean "the measure of an-angle"

) .mgust as "length'l means "the .measure of a 11ne segment. )}

. The understandmg of dimension is basic to an appremation
of the structure of our ‘three~dimensional universe. Dimen-
sion underlies our concepts of maps, surface, structure,

* _ volume, design and architecture. In the development of
these ideas, the children will work in one dimersion (with
hnes), in two dimensions (with-plane f1gures) and in three
dimensions (w1th solid - ﬁgures) e

ms_

A
N - 4 -

As you read through the umt before teachmg it, you w111 no '
- doubt think of games and equipment you can use that are al-
ready in your classroom. You may want to mteg?Ete some of

w5,

. them into the lessons, or have them available_for use dnrmn i

free time. Mosaic tile sets, parquetry Blocks and-Building
blocks are the most obvious examples of materials’ that could
be used. You will surely find.many ways in which thé sub- ,
stance of this unit can be extended into other.classroom ac-
tivities, sinece the concepts are ‘'so’'clearly reflectéd in every-
day hfe, -

~
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- SECTION | ‘ANGI?ES“AND’MEAS'UR"ET/TENT —

&7

Hav1ng acqumed these geometry concepts and the vocabulary

g- * <. H - - . - o e
=

T

e Lt

.

3

i

+

- i
!

- -

.-l

Sectlon - beglns w1th an, extended rev1ew of the concepts of
point, line and line segment and introduces the concept of
ray.. ’Ihen intuitive notions of angle -are-=explored and devel-"
-oped ¢ The ch11dren are-éxpected to be able to discover a- '
simple definition of angle (two rays with a comimon ofigin)
and to. learn how to name angles, - s )

~

-

In thls sectlon, the ch11dren add the measurement of angles
to the other measurement skills they have already developed.
First, they compare angles 1nd1rectly by using various sim-
ple devices dnd then, directly, by superposition. This Jleads
them to see that a more practical and precise method of mea =
surement would ‘be useful, For this, ‘they are introduced to
the clock ‘face protractor. It should be ea51er for.the Chll-
“dren to read the clock face, rather than the tradltlonal 180
protractor markings. (Degree measure will bé introduced in
Unit 26.‘) The children are also.introduced to-a fiew word,’
"mag . This' word means "the measurement of the: angle.

We colned tms word to help-the childreén avoid the confusion
" .that often occurs. when discussing the concept of angle and,
the measurement of angle. You can talk about the mag of an
"angle just as ,you talk about the length of a line seginent or
the we1ght of a mass:

f " . <

for. expressmg them, and having acquired a tool and the skill
for measuring the mag of angles the cmldren are given a good
_deal of experience measurmg angles they find in the world
around them. .For example, they find and measure angles in
photographs and drawings of trees, leaves and. arumals They
- are given another tool, the angle finder. They can use this

-tool, along with their clock face protractors, to discover and

measure angles they can form with parts of their own bodies.

- Lo I R —"
Ifi the later lessons of this Section, light beams are used as
physical embodiments of geometric rays. This leads to the
study of angles of incidence and reflection, as in optics, and
illustrates the application of’angles and gedmetry to the phys™
ical sciences. ;In Lesson 8, the last lesson in this section,
we describe a hght reflection activity center, where the chil-
dren can experlment freely to discover 1nterest1ng facts about -
light and its reflection.

LI
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S . Lesson I; POINTS, LINES. AND LINE SEGM}:.NTS

. The concepts of pomts, hnes and llne segments were ‘intro— ', -
. duced 1n Unit 10 This lesSon is an exténded review.of -

# . those concepts. The amount of time you spend onthe activ-

. ~ ites will depend on whether or not the chlldren have stud1ed

Unit 10 and how much they remember of it. : -

-

"The chlldren rev1ew the ideas ‘that a line is made up of‘pomts s
e e and that the shortest distance between. two points is ‘measured
along a straight line. They also develop rethods of nam—
ing points, lines and line segments. .,

- e -
- .

w : . L s B - - - -

MATERIALS o

.— 30 straight pins
- 30 magmf?mg glasses
. . o - 30 boxes of crayons .
2 ‘ - .30 rulers o TR e e \._'?:'
B L - transparency of Worksheet 4 -
T co'lored penclls (optlonal) L - ’ ‘ ce ) N
- - . - yam;and needles (optlonal) - . o “ ‘ ' ’ 7
. : . transparency of ';_Curyé of Pursuit" (optional) = _
B ~ Worksheets | - 5 | r
PREPARATION | -~ + R
' - Make. a transpéfre’r{'c’fof'\/vorksheet 4 and of the "Curve of-Pur- ‘
..suit." Use a.copy of Worksheet 4 from the Student Manual; -3

. R ’ the _printed original of the curve of pursult 1s mcluded in the . v
' Appendlx at the back of this manual — — T

"

.. .- PROCEDURE L ' | |

< - Activity A - ' M

The purpose of this,activity\is for the children to realize that
. . a geometric point is, so small that we can't see it. They
. . ,‘ should realjze that to refer to a point, they need somethlng to
SN . represent thatrpomt,?pl e,y a dot.

L . ) : .

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

Q . ' . ‘ ,.,' ' : _ : .
ERIC . - -« ‘1.' . | | o 3




Yorksheet
Unit 2t |

the circle on Worksheet. 1.
them to use a pencn to make a

» crayon dot,
dren if they could make an even
. ”smaller dot inside the pencil dot
. Ask:
' WHAT COULD WE USE TO

MAKE THIS SMALLER DOT?
(Let them speculate )

‘lee eac ch1ld a pin-and a mag=.
nifying glass, They should then -
. make a pin'hole in the center of

the pencil dot and look at it with

_it would be possible to: make an
even smaller dot in the pin hole.
They might sa(:>\

got anythmg with Whlch to make

a smaller dot, but it appears that

¢
-

Tell tlie children:

3

—— e ——CAN'T-SEE

" Let the children discuss dlfferent p0551b111t1es. Lead them

it would be pos s:.ble. .Someone

. may suggest that a microscope
.would have to be used 1o see such” a small ¢ dot. Ask what

would happen to the "smallest" dot if they kept making their ,

.dots smaller and smaller. (It would become invisible or it
would disappear.,) L.

o T

WE HAVE A NAME FOR THIS " SMALLEST" DOT THAT WE
IT IS CALLED A POINT -

IF WE WANT TO TALK ABOUT A?OINT LIKE A POINT NEAR
THE CENTER OF THE CHALKBOARD HOW COULD I SHOW
: YOU WHERE IT IS LOCATED’

- oA ’

veoo. e

to the idea that we need somenthing 11ke a dot tc represerit a
point. .

Ask s

smaller dot m the center of the
"Then ask the chil- -~

their magnifying glasses . Ask- i

that they haven't -

LI




1]
3

E Have someone draw two dots anywhere on th'e‘_c'h:”alkboarzd.
Tell the class that these two dots represent two different
T points. S‘ay that you want to talk algoﬁtjust-on'e\of these _
: points. "How will they know which point you are talking.
.. .° about? Have someone describe_ its- locatlon. ‘Then ask if
« -there is an easier way to show which point you want to talk -
. about:- -Lead the children to name the point-in some way, -
fw . e.g. pomt "Harry." Tell them that mathematic1ans use an -
' even shorter method ¢ of-naming a point, They use a capital
: letter, which.ig like a person’§initials. Have.d child label
e . . the two points on the qhalkbgard Yvi_th eny~ca1)\i\'c\el letters,

- N ~— -

——

. \\>~
CA L. B T

O, e e e LT

Draw several more dots on the chalkboard and have other chil-

dren label them, using different letters. Then ask someone ' _

to locate _s_pecific points by naming them, . . ] R4
!

R : ActIVlty B vt . . . , ! i - ’i

. .. ‘
Put two dots on the chalkboard, about six feet apart. Name
. - them D and E+ Tell the class that D ahd E are names for»the '
. o e upomts repres ented by the two dots.
o ' . Ask the class how many dots they thmk could be pla\,eo be- .
. " tween pomts D and-E. Write a few of their guesses on the =~ ’ -
. . «chalkboard. Ihen ask two children to put as many dots as . e
. . . - possible ‘between points D and E.. Remind the class that ° )
' . these dots represent pomts SO small that we cdn't'see them

.
- .o
- N -
” N .

O : — - - . . >

—

When the two children are satisfied that they have made as
many dofs as p0551b1e between points D and B, ask if some -
N othér children.think-they.could place more dots between D and
E. Let them try. Keep insisting that they ¢an placé more
dots between points. D and E. ‘Sorieone wiil Jprebably start
‘ erasing larger dots and replacing them w;th many smaller dots;
~ - . encorage this. The children should‘ eventually realize that
) . if they continued this process of makmg .smaller and smaller o
N "dots, they could place "billions and’ billions" of dots between '
’ * these.two points..  ° L S




Then ask them to 1mag1ne how many points there ‘could-be- be---
tween these two points. However large a number the chlldren
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 chlldren to comprehend the

the concept of 1nf1n,1ty. We only expect them to cons ider the )
concept of 1nf1n1ty as being “fantastically large " "going )
on and on forever" or “larger than anythmg we can 1maglne'*““"-*--~‘--
Now ask a group’ of chlldren to place as many .dots as possi-

ble on the straight line extensions past D and past E to the

ends of the chalkboard : -

[ oA~

T When the serles of dots resembles a lme ask’the children to -
return to their desks. Ask them how f‘a\r\theybould riake dots
it they didn't have to stop at-the edges ofthe chalkboard-but
could go on through thesschool wall; the city, country, sky,
outer space, etc. The children should reply somethmg like ;.

"on.and on forever." Then' 3sk the chlldren .what the1r series
of dots looks like. : (A line.) . N

K

Ask the children how they could show that the line 'doesn 't
have to end at the chalkboard edges but could goemnand on. - -
Lead them to place arrowhead on the ends of this represen-

-tation. : . . .t
. ;‘% *

S
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.

.o » . - "

e e e . "dots on the chalkboard.)' T,hen ask: - . : Lo

e b, i e e TEM L e
|

o e T WHAT DO. THE DOTS REPRESENT OR STAND FOR?, (Pomts ) e o™

-~ e Lo . e e
M“‘"W

" The ch11dren should realize that since their chalkbc;ard lineT - :
is-made of a set of dots, and that smoe the -dots represent '
points, the line can be thought of as a set of points that go

|

|

|

|

|

|

! ' o

B . : on and on forever. - -

. Use colored chalk to outhne the section of the lme between .

" points D and E. = . -

Ask the class . if they can remember the special name for part .

i of a line, such as the colored part between points D and E. T

Y R . 'Remlnd them of the name "line segment." You may. want to '

' > tell the class whatthe word "segment” means by g1v1ng .
examples of how 1t .can be used m varlous contexts. Then ask

L
\

‘c\“ ' - T Lt e - ——— ”;*-
. . 'WHA‘I‘ ARE THE POINTS AT THE ENDS QF’ THIS LINE SEG- . .
Yo ' AMENT'7 (Points D and E y ) _
. ‘2 " e e
e DOES A LINE HAVE END POINTS‘? (No, because a line goes

on and" on. A line segment haj two end points.)

LY

Review the following ideas-with. the' class, SRR o

¢ . : R . ¢

a e Draw a -f'igu‘re like the one below on the chalkboard:

- Ask the ¢ldss what this figure represénts, (A line segment,) _
- Then ask how-they know that it is a line segment instead of . ook
a line,” (It-has two end points,) Ask them what they would- )
have to do to show that the figure represents a line, (Put
arrowheads at the ends:to show that it extends endlessly in

directions.). .

s

Lal
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Activity'C . 7~ E ST e C T

e e e e s i e oo

- - Rev1ew with the class the procedure used to name po1nt§
* ” Then ask them ff they can think of a ‘way to name a line.
(Someone may remember from the work 1n Unit 10 that two
points are-needed to name a line. If so, ask hiri whyv we
can't always name a line by usmg just one of its points. ).

“\\Som@g&f{_may suggest naming it usmg one of the pomts on
the line, eTg;—kne.D. - S .
~ , \*-?\*\«»\__; ) -
¢ . D - \.._,._\\ ,
. . . . s ® ° \ \\_%
) \ - "7~ “\-—.\‘\'\

e —— _,_'_,_WD:) -..(No )h — e

"' WHICH LINE IS LINE D? . (The children will probably see
that both lines could be called line D )

L - Q\,' N . - - o

Then ask: B .

Ed )

S

) HOW MANY STRAIGHT LINES CAN WE DRAW THROUGH
- :"t . POINT D?
Let various chxldren draw lines sthrough pomt D uSmg a
stra1ghtedge.

- ) e

o
<o

-
i
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a . A
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The chlldren should rea hze that it is possible to draw many .

stra 1ght lines through point D. Then ask: . -
HOW DO WE KNOW WHICH LINE IS LINE D? THEY COULD ' .

~ALL BE CALLED 'LINE D. THIS DOESN 'T.SEEM TO BEA L0

VERY ACCURATE WAY TO NAME JUST- ONE LINE. CAN ANY-- =
ONE THINK OF SOME OTHER WAY TO NAM“ ONE LINE? . S
(Name two points on that line,) _— « -

Draw another hne on the chalkboard and label two of its ) ) : \ |

points, : - |

- .

¥

. < A ‘ - B N
< g 7~

i~

by

2 ~ .
\Thls is called "hne AB" or 1n mathematical notation "EB" .
erte “line-AB and AB on the chalkboard and explain the no-
. tation-to the children, Also explain that if we areqtalking -
o about line segment AB, we would write either line segment
AB or AB. Draw several lines and line segments on-the chalk-
" board, label two points on each, aad have the chlldren write
the correct notation on the chalkboard, - u

-
-~

Erase all lines and line segments except, hne AB, and ask the
class 'if naming two points on the line is enough to détermine
one stra ight line, Let several chlldren try to draw another
straight line through points A and"B using a straightedge. If

the do};g. are drawn togq large, they will be able to draw more . =
than one line through the two dots. Remihd the children that -
dots A and B represent, points A"and B which are so small

(they have nodlmen.,lon) that only one line can extend. through
them.

i

@

P=—"= — = dot

e

4
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- °§ ‘ ’
. Have the c,hlldren complete Worksheets 2 and 3. : -
. > o Cewe o . N
. ) < .
- } . N
Worksheet 2 . . " b Kshet 5 N
N A . rksh
v . unit Fl . .. N - <) tnic 21 Nare
Color Jlne an red. Color AB greem. . - B . i . ) . . . s
.Colar. (,l) biue. *  tolor Mue segment €D yellow. Label these l.‘"f_";' Qnswers will V4,r/
Cotor 1ine ST yellw.  Color ST réd. e tine ) o
Bcc .
. . or ;'p'é/ éL*Aa’" / < PO * > tine __-___ ™
_.\,‘ meﬁz"b ’:)C Sej - < e * . ~ line ! )
. « eac 4_ 4 o % )
co/ - . .
onr L R - N . N
. > ;__\\.V Py ) * - Usinz points 3, B and €, join cach point with «
. & %o - ; . mwother polnt,  How many s traleht line segments did :
. . . \-w\"-: e ) i . yl:ll: ‘“_::“,‘;0 n () _mﬁll\ strajah ne secments did
. . req — , .
3 Use yout ruler to B?n/w line AB. Y . . - . AR
) v h ‘ O N Kl
o, s\, Ny - ) s
_ N 7 \ :
N R k  blue Vo~ ) ’ -V T R
Color Jine segment AB blue. * ) N . .
. — - -
. Color BE yollow. Color BE blue. . kN e n . .
* é/Uf’ * ) - < N What are the names.of the 1ine pesments that you drew? | 2
. ) . : lide Segment ” AB -or 84 .
I - - , : t . . * .
NS ?\‘________\/____,\__J /lhé 5€4m£m‘ BE r CB . B
- Y o ‘ \ ine wjmem— (ﬂﬂ: ar AL
s =/ “ p . ' . 1 . -
- _— - x - R ' Y.
i . ‘ ' \\//
oy . Activity D R .
p . - . Each child will need a pencil and a ruler to do-Worksheets 4 )
. ’ "and 5. "These worksheets show the difference between lihes -
. » and line segments., They also give the children experience
.~ 1in recognizing patterns showing rotational symmetry. (repeated )
s . . patterns)., The children could-start working on them during
. math class and complete themx as an art activity. R
B @t On Worksbeet 4, the chlldren are to draw straight lines usmg
T a ruler and a pencil., Copy the worksheet on the chalkboard " \ .
T or project a transparency of it and, demonstrate how to_jein - o
' . the points. First draw line AB to the edges of the worksheét. o
Then draw line CD all the way to the edges of the worksheet. 't
- \
" 2 . . . * i
: ] - : 13"
S : R ¢ . \ . . o - . < TN
X . R 2 . ‘ '

. .o o : -
. .
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’ ~ by - -

. . v . -
orksheet 4 ) . Worksheet 5 ~
it 2 Name : Unit 21 Name

Y ™ o . )
. \,
Rl
. . -
o “
~
‘a “\
. .
.
;
? - )
= - ;
@
T — ]
/ * . ~ N
N - * * \.-‘

Point out that after you drew lir;e AB, you'moved over one

" space from points A and B to draw line CD.

-




- -~ .

. .' ' i ‘\ R . T . \ " ) .
" / ) To draw the next 11ne, move over one space from points C
o . and D to the next pair-of points, . -

~

e

v

Ask someone to draw the line through the next pair of points, '
A etc. ‘When you fegl thechildred understand the procedure; . S
P L a . have ti.am do Worksheet 4. .As the &hildren complete it, .

- qulckly check their work and then instruct them to go on to -
; Worksheet 5 ,‘ " . : .

.
~.

. - I ’ . . LN
. ) 1. ¢ .

~

N .
Worksheet 5 is the same as Worksheet 4, except that the

children draw line’ segments lbetween the points mstead of
v lines through the pomts. \ ) "

B

s
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_ Activity E (Obtio_na't Art Activities) -

-
~ 2

Colormg Patterns .

-

el

Have the chlldren use colored pencils to color the repeated
patterna. on Workshee_ts 4 and 5. They could then carefully
outline the lines and line segments with a black crayon.
Thase worksheets would make a very attractive bulletin board
display. . .

LN Fua s N i

Curve Stitching '

A °:

- - .-

-If the children are 1nterested‘ you may want tovdo some curve- )

. stitching, us*ng yam and neédles to stltch patterns drawn on
- ) tagboard

s Lty

l. 'Mar-k‘ a piece of 10%% 10" tagboard into qugjrters,_-
’ 3
2. Mark points along the lI'rz segments at I-Jnch intervals.
‘Label the points on line segment XY with letters and the
SN pomts on line segment AB with numbers. ®

-
-

. H A 5 7 e . N .

3. Before starting the stitching, the children should poke a
hole through:the tagboard with the yarn needle at each
marked point.

>

v
.

&
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~

4, -Begin étitching from the back
of the tagboard. Knot yarn, .
then pull needle and yarn through
. Insert in E and come up

* through F. Demonstrate the
stitching to the children and %
have them follow you step by
step.

~

.9. Continue sewing curve by
stitching from F, over to 2,
up through 3, and overto . ‘s
" G, up through H, and over
to 4. . .

6. Those children who did not
" have trouble with this may _
want to do another secticn.
Number along the_lines, as _
» shown. Then stitch next
curve as follows: H to §,.
6toG, Ftdo.7, 8 toE.

.y

7. S'evs{ each quarter until
« pattern is made.

N

* .
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Activity F: Curve of Pursuit (Optional)

Project the. transparency of the curve of pursuit, " Tell the.
follow1ng 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 thé yard where the carrot garden
is located.. He starts eating the carrots, Suddenly the sleep-
ing dog wakes up and 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 se,es the dog and hops one spacae (one fé‘nce .post) ..

toward the opening in the fence. The dog moves ohe space
up the line toward the rabbit, o

('uI‘o"mark the dog's new location, measure up % inch from the
dog's eye on thergiven line and make-a dot.)

The dog sees the rabbit at the se,cond fence post.

(Draw a line from the dog's location -- the dot you just fin-
R 1shed 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 location in the dog's path,' measure up %
inch.on the line you just drew and make another dot. Draw
a liné from thig"dot to thé third fence post, etc.)

Ask:

-
&%

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

4

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

a

LA
<

5







OPTIONAL PREPARATION

t

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 weel; for them to grow.

2 e

MATERIALS ) .

~

-~

j

= plastic shoe box - ‘ ~ T .
- soil or sand

~ white radish seeds
= plastic wrap or baggies f _ ” - -
- water ° | , ' N . S o
o PRO&JEDURE: e

Fill the shoebox approx1mately half full of 5011 or sand

1.,
2, Level the surface.
. "3, Plant the seeds in rows, about % inch below the surface,
4, Water the seeds, Sprinkle so as not to wash the.ﬁeeds
away. .
£ s ' 5. Prop up the shoebox at an angle, usmg a box or a stack U,
&, ‘ of boekss - - i

6. Cover the box with plastlc w;:ap—untll’fﬂ" seeds sprout, . .
Sprinkle with water dally, especially the higher area.

s



LeSson 2:  RAYS

Thé children are introduced to the c'oncept of a ray and learn .

P2

what pfoperties rays have in common with lines and line seg-'

>

MATERIALS

~ ball of string or yarn
- Wor'ksh:eets 6, 7 and 8

~ PROCEDURE

Activity A )
-Select one student (Tom) to répresent a point, Have him stand
- atthe front of the room. Draw a dot on the chalkboard to rep- -
"T." Give Tom the end of a ball of
d (Mary) to walk away from Tom,
unwinding the ball of string. as she walks. The string should
be kept as taut as possible, Have Mary walk away from Tom
as far as she can go in a straight path — You may want her to
walk down the hall ang out the door. : ¢

"Tell the clagss ‘

Use T as the star:ting point and draw a "line" in one direction
away from it, Place an airowhead at the end of the "lipe" to
show that it-could go on and on forever. ’ :

*

~
7

Ask the class if this Tepresentation reminds them of something

they've seen before, The class should see that it resembles

both a line and a line segmentin‘certain ways, Tell the class
~sthat there is a name for this new representation. It is '&:alled\

33
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"

~ . i

a "ray." We call its starting point the "origin" of the ray.
Draw a representation of a line and a lime segment on the
chalkboard, above theé. ray. o

~

A : ~ B _—
é‘ . . R > .(line)
. A . ‘ l M !
-— . - j . (line .ségmer}t)'
A ) .. B o .

S

Discuss the following possible compérisons with your class.
1. All three representations may be named by and are
determined by two points.
2 Eacﬁ one may be thought of as a set of points.

3. The .line extends endlessly in both directions; and the
A new representation (ray) extends*englessly’in one di-
rection.

4’ “rle line segment has two endpoints and the new repre-
sentation has only one endpoint. "

5. The line segment can bé'm'easured (it has.a certain
length); the other’two 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, one important difference.’

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

(BA).
A . . B

é,’ . 1 . o }

. o )
It doesn't make any difference in what order we say the letters.
The same i3 true for line segment AB. This is not true for a ray.

A B

o o i

n




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, the {irst letter is always the origin of the ray. If we
say ray BA (BA), we are referring to rays similar to the follow-

ing. o ’
Cos-
~or — )
) < /1 . ;— A . - v -

B-

Lead the class to realize that it is less corhﬁ,sihg té name a
ray by saying the origin first, and then another point on the
) ray. You may want to araw‘several rays .on the board and have
3 various children label and name them, making sure they
h always name the origin fir§t. Use the. notation AB, etc.

Activity B . :

. This dctivity may be done in the classroom or outdoors ... 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 fe‘et and extends in thHe di-
. rection from Oliver to David and beyond.‘\ They should stand on
. this ray. Most chitdren will probably stand in a f'oughly_\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 and goes through
. - David's? (Beyond David.) You may decide:to have someone
sketch -the ray on the floor with chalk, with an arrowhead to
indicate the direction in which it continues.

Oliver ( }  David

Ask children to suggést possible names for the ray (ray OD or +
OD). Make sure ‘the first letter is the origin,

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

~

.
@ . 4

. | \ ' 23
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/Imarkér of an imagined ray”— these two are not to move. The
- other chlldren should hurry to stand somewh‘ere on the imag-_
inaty ray. Be sure you always say which child is the origin and
and which the direction marker, i.e. "This ray has Qpal as
) ) ~ origin and it goes'toward Dianne and beyond her." Repeat
wo e ~ with other children who are standing in different Jocations.
- . Be-alert for children .who stand on a line through Opal's and
.. Dianne's feet, on the other side of Opal and D1anne but not
on the ray which starts at Opal and extendss only in the ;:hrec-
- 4 - t10n toward- and beyond Dianne.
A For® var1at10n, yOou could use objects — trees, bushes play-
R o ground equipment, -or chairs, desks, books and erasérs
- ) h placed on the classroom floor — as origin and direction
C o - , . markers. Rays could be marked with string, chalk, or a
. ' . stick drawn through sand. You could also make this a timed
’ game, calling put the ray’, § origin and d1rect10n marker, and
countmg quickly to ten., Al who aré not standmg on the ray
‘ when you reach "ten" are out. You ‘could also call out lmes
o ~and line segments.

.

ERIC - g 85 * | y ~
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Worksheet 6 ) . : ™
Gt 21 - Nijme -

Dr:nw line sepments  AC, AD, BD, DE,

‘ the segments  AC,  AD, ., EC chtlvxtyC

Have the children complete Work-
, S . , sheets 6, 7-and 8, These work-’
: o sheets are printed on tracing paper
I so that when they are laid or top
‘ of each other the childrén can o
. make comparisons of an enclosed: .
" figure made by lines (Worksheet IR
8), line segments (Worksheet 6)
or rays (Worksheet 7). This way, - !
the children should see that'
ray and a line segment are always i ?
part of some line, and that a line
segment may be éxtended intoa . .-
ray or a line,

<

Wworksheet 7 Worksheet 8
tnit 24 Name Unit 21

Deaw ravs  AC,  AD, BD, BE, EC. Draw lines AC,

LA
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Lesson 3; INTRODUCING ANGLES

£ =

' L . ; In the next few lessons the children will be studymg angles. .
In this_lesson they are introduced to the_concept of an angle,
they learn that angles can“be different and that the- length of

. the sides of an angle has nothmg to-do with the measure of

the angle. The children should get an intuitive feeling for-an

angle. They also develop the definition of angle and fmd ex-

g

. ¢ amples of angles in the’ classroom. . - .
MATERD}‘LS . - _
; : .— 100 pipe cleaners ! . R
., " — 1 large pair of sgissors, 10" to 12" long'

— | small pair of scissors

7 = rulers " .
. _ . , ~ Elmer's glue (optional) ) o f
) ' N . — overhead projector (optional) .
o ‘ — construction paper . ’

= 5 boxes of toothpicks (optional)
. PROCEDURE e

Activity A . .

scissors. Trace the angle
formed by the cutting edges-
of the scissors.with your
finger and ask thée children .
if they know what we call
this figure. Make angles
< of various magnitudes, i. €.,
acute angle, right angle, °
obtuse angle, by moving
the blades.

Lo ' Hold up a large pair of open . . : \ \




4

. If no one thinks of the word angle, say it.- Then have the ™

children point out examples of angles, such as those formed
by the corner of a desk., fook, property block etc, They
can also trace with thelﬁmger ‘the angles generated ~when
they movie different part of their bod1es .

»

Ask the class':

. B Q. " . _ . ) - }
WHAT WOULD A PICTURE QF AN ANGLE LQOK LIKE-?
‘(Discnss.various' answers for a few minutes.)

-Then ask:

WOULD SOMEONE LIKE TO TRY TO DRAW A PICTURE OF .‘Q
‘AN ANGLE" o
Let-different chﬂdren come to the chalkboard and try to.
draw an angle, Have chalk and sfralghtedge on the chalk *
tray for the ohlldren to use, After they have experlmented
for a while, help them draw &n angle.
Your chalkboard diagram mdy .look ‘like this. - -

I

.
RS > -~
.
A 4' . - . * -~
.
‘ .

Place the scissorg alongsxde the chalkboard “diagram so
. that the angle formed by the blades of the Scissors will ~
coincide-with the diagram, ’

3

4
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&

. . DOES THE CHALKBOARD DIAGRAM REPRESENT THE ANGLE

B [ T HAVE FORMED WITH THIS SCISSORS?  (Yes.) .

; ’ ) i * Place a much smaller scissors alongside the d1agram and

! W i _ . ask the same question, (The chalkboard diagram represents
5., ’the angle formed with the smaller sc1ssors too. ) Point out

‘ . the dlfferent blade lengths of the twoscissors 2 Ment1on
[ that the same chalkboard diagram represents the angles -

. formed by the different scissors, evén though the lengths
- of the sides of the 501ssors were not the same.

. ! s -

)
Y

2.,
’

Using a straightedge, extend the sldes of the chalkboard S
: angle. “« . )

A

"
———
e

‘ . , b IS THIS THE SAME ANGLE I HAD BEFORE” (Let the
Cot children speculate.) ¢ ~
. WHAT HAS CHANGED IN THIS DIAGRAM? " (The length of >
. the sides.) . . ¢
‘, g' . o | Extend the sides of the diagram even more and ask the same
: ' . Cquestions, . r

—— — — ——
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Tell the class that they-are gbmg to make representations of
¥
angles from -pipe cleaners Give each child three pipe cleaners,

* Demonstraté how to make the représentation._ Thgfcorrect way |

is to put your fingers close to the sppt where you want to bend
the* ‘pipe cleaner. The wrong techmque 1s to hold the pipe .

cleaner at each end. Demonstrate both the rig ht and wrong !
. techniques. . j**‘*’

Corréct. ¢+ ™7 Incorrect- L

-

-

1

Encouratje them to bend the pipe oleaner in different‘places,

not-just in'the middle. A "

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 edéh group to'try: to arrange its . .

.angles in order from the largest to the smallest. Each group-
:should be encouragedOto work together to try to figur;e out a

method of deciding which anglgs are larger or smaller, ‘Some
children may focus their attention on the length of the sides.

l When tth happens, remind them of the scissors activity.

.. D N {
This activrty should glve the children an opportunity to inves-
tigate and: experiment with angles before .they develop a
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definition of what an angle is and how it 1s measured
* /Accept and encourage any reasonable arrangement so long
C (as the ch11dren have devised:a definite scheme for ordermg

) and can explam it to you, - . P, .
. L ' LT After 5 or lO mmutes check each group's arrangement If
: " - their angles are not in correct order, place one angle on top

N . * of another and ask the group which angle is larger.- Lead
LT the group. to superposé.one angle on another with one side

L ‘and the vertex superposed -

. . Cautlon the ‘children to'hold just one side of-.each angle
o7 . together' some may want to hold both sides together,
L e ; bending a pipe: cleaner i the process . I.ead the children

® . to the conclusion that the ‘angle whose s1de extends. far-
. ther to the left, when the second sides are superposed, is.
the’ larger angle. . (This will be explamed in more detall
: in Lesson 5.) ¢ & .

p S - L L . ' *
. . For added motivation, you may want to make this activity *
. a contest; the group that correctly arranges its angles
AT Lt first is the winner. When one group has-gompleted the T

. . . . activity, ~and the other groups ha\7 nearly finished it, ask -’

‘l

- the ckildren in the winning group Yo demonstrate to the c1ass
the method they used to order thear angles., - | .

]

Have the children look back at your chalkboard diagram 'o,f'
an angle with extended sides .l/ '
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Show the children two pipe cleaners that will both fit exactly ' .

Ve - on the chalkboard angle but are bent in d1£ferent places
. <

’

Superoose each of them over thé chalLboard dlagra;n and
ask - . sy,
DO THE TWO PIPE CLBANER ANGLES REPRESENT THE ’
: SAME ANGLE \AS THE CHALKBOARD DIAGRAM OR DIFFER-
: ENT ANGLES? (The same.) WEY? (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 nothmg to do with the size of the angle. Discus’s
the chalkboard dlagram in more detail. Ask: ’
. HOW CAN WE SHOW ON THE CHALKBOARD THAT,THE
- LENGTH OF THE SIDES DOES NOT MAKE ANY DIFFERENCE
. ) WHEN WE MEASHRB THE SIZE 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 . AN
what an angle is. (An angle is two rays with a\common
origin,) T -

Save the pipe cleaners for Lesson 5,

(22
<o
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. 7 Activity B ° : . i’&‘/

This activity has two versions, ~Version II is optional’

Versionl . . T

-

/o Show the children a diagram, similar to the one below, *made
up of’line segments. (Use the overhead projector if possible.)

S

Ask: o >

CAN ANYONE SEE ANY ANGLES REPRESENTED ON THIS
DIAGRAM? <

*

Let different childfen come to the projector and po’i\nt out
different anglés. Emphasize that the line segments\gnly

represent angles —- that angles are rays and that rays\go
. onand on. )

Let each child draw a pic’fuge 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 tyo minutes, He writes this number
in a corner of the picttfre 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 .

[EAS
Co




s

0 andgles he found, The pair of children now compare thexr
) findings. They can work together cou\ntmg the angles and .
resolvmg disagreements., . -

v,

Some child may say this fxgure determines two different
angles, wh11e his partner may see three different angles.
- (The angles are indicatéd by the arrows.)

(K2t

, Y
" ‘ : — 7 :

3

$ N

oy ‘ . 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 httle arrows (shortcut notatxon) -

- . Version II (Optional) .
Have the chxldren make two d1men51onal figures or three N

dimensional sculptures with toi hplcks and Elmer's glue, . -0
Then they should count the ang es\ as they did in Version I.

[ 4]
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In this lesson the children Continue to work w1th angles and el
develop a method for namlng angles.

N ’ Lesson 4: NAMING ANGLES

MATERIALS , : o
— Worksheets 9 and 10 -
PROCEDURE

Activity A

Begin this Aac,tivity with a discussion like the following’

LY

- 'How DID WE NAME A LINE? (We, named ‘two- pomts on
it. ‘AR " Line AB.) .

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

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

You may find it necgssary 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 order is important.

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

Example |

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

45
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A

WHICH ANGLE IS ANGLE AB?
Oftline two of the three angles w1th colored chalk. Then
ask

-
“

BOTf—f.‘ANGLES HAVE RAY-AB AS ONE OF THEIR SIDES.
HOW CAN WE SHOW WE ARE TALKING ONLY ABOUT .
THIS A‘NGLE" (Point to the-smaller of the two a.ngles
you outlmed ) ' ‘-
\
Lead the chlldren to the realization that they need to rume
three points mstead of two, :

NOW WE CAN CALL OUR ANGLE, "ANGLE CAB." OR
SHOULD IT BE ABC, ORBAC, ORBCA? '
¢ ¢ . .

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 the dngle the letter at the vertex of the angle.
Thus, this angle can be called Angle CAB or Angle BAC; either
way is correct, just sothe middle letter is always the letter

. \
43 .
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at the vertex of thée angle. Introduce the word "vertex" to the
ciiildren at this point.

Ask the class how they can name the larger angle you out-
lined earlier. They will have to name anothér point on the
other ray, e.dg., point D. : ‘ >

o

cAD

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

Angle.DAC or CAD
Angle CAB orBAC
¢ <7 . Angle DAB or BAD

»

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

7 - .

> F - . "

K 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.
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Have the children complete Worksheets 9 and 10.

Remind

them that an angle is made up of the rays only.

Worksheet 9

Unit 21 Name

-

,Cofor angle RAS red.
Cofor:angle PAT blue.

Color angle WAY .creen. R
oM the Fays X

Shoou be . VW
!
eoloved, <~ RN )
not ﬂu/ region i‘r \:
between +the rays. ‘

Wworksheet 10
Unit 21

~

Draw ray AB,
Draw AE,
Draw ray AD.

i

Cotor the larger nnglc red and
label 1t so {ts name ls angle ABC.

:\nglc blue and
1t so Itd name is angle RST.

Color the smlles

e

,\Q\

b / P
Only the rays s 'T
shovld be Colored, not the
region between +kerqy;.

-

e/'l

Color angle DAT bluc
Color angle EAR green,
Color, angle BAE yellow,

.
What is the name of the
that 1s part of two ang

what §s the verfex °
of all of these angles?

Name,

Draw AR, ~
Draw .ﬁ'..

.Only He V‘;J.YS' shoold
“be colo red, not the
Yegion ba'hueeh the rays.

ray that you colored~
les?

?nil@ﬁ A

ERIC

Aruitoxt provided by Eic:
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Lesson 5: FINDING THE MAG OF AN ANGLE ‘ -

- The word "mag" is in’trc;duc'ed for the measure of an angle.
We coined this word for the MINNEMAST ¢urriculum OO .
S ~ because there is no single adequate ternt in mathematics to. ' ~
:dlstlngu1sh the concept of an angle (a umon of two rays havmg
a common endpomt) from the measure or size of an andle.
This deficiéncy has caused endless confusion, éveh in teach-
ing high school geometry, and we hope that the mtroductmn
of an explicit word will help clear up the ambiguity. You . .
need only recall that an angle (a special ‘set of points) is
distinct from its-measure or "mag" just as a line segment (a
different special set of points) is distinct from its measure,
or length. The childreh come to sée the need for a way to
compare angles other than by superposition and they are in-
troduced to the "clock" protractor as a dev1ce for finding the
. . _ mag of an angle. Lo ] )

)

-

S St gy

Aruitoxt provided by Eic: .
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MATERIALS . . . ' . T N
— pipe cleaners .
— ruler or yardstick - ) T 'Q-.:z,.,
— ovérhead projectér . TR e,
— transparency of "clock" protractor (prov1ded with prmted T

materlals, printed original also 1nc1uded in Appendix)
) .

-6" plece of yarn - o . .
. — transparent tape

- ray cutéut . ' -

3

— clear plastic “clock™ protractors, | per child (prov1ded with
" printed materials; printed original also included in’ Appendix) '

1 -

T or 2 blank transparent sheets .
~ Worksheets |1 and 12

PREPARATION - ' - -
. N ‘ \
-Before téaching' Activity B, assemble the demcnstration clock
transparency. Tape the 6" piece of yarn tc the middle of the
clock protractor so that it can swing freely all the wa'around
the -clock face.

A ) . -~ - ’ l -

¢ . * : B

To make a ray cutout, cut a ray shape from a sheet of paper.
Make it 8" to 10" long and :" to " wide, with an arrowhead
at one end.




_ PROCEDURE . e s
" Activity A

Discuss the following questions with the children:

ING?- (X’our weight'.)

-

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

WHEN YQU STAND ON A SCALE, WHAT ARE YOU MEASUR-

<

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

NOW , IF-WE WANT TO MEASURE AN ANGLE, WHAT

_ ~NOULD WE MEASURE? ... LENGTH? ... WEIGHT?

. AREA? WE NEED A WORD FOR THE MEASURE OF .
AN ANGLE. THIS NEW WORD IS "MAG." . . S

WHEN WE-TALK ABOUT LINE SEGMEN (S, WE SAY WE ARE

- MEASURING THEIR LENGTH. NOW, WHEN WE TALK ABOUT

ANGLES,. WE'LL SAY 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 chalLboard that are nearly the same ~:

measure '

Then ask:

‘WHICH ONE\SF THESE ANGLVS THE GREATER MAGR

X,

o4
Qi
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There will probably be disagreeme&t Have' the children vote
for the angle ‘they-think is the larger. W_;;te tHeir choice on

the board. ~

=

f

Ask: o -
CAN ANYONE THINK OF A WAY HE CAN SHOW I"I;IE CLASS
WHICH-ANGLE HAS THE GREATER MAG"\ (Let them specu—
late )

v s ) PRy

If necéssary, 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 suiggest 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 compparing the mags of these
angles. But what would thiey do if they didn't have .any pipe
cleaners?* Suggest that there. must be 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'USETO °
, MEASURE TIME INTERVALS? (A pendulum, water cloék,
. 7
_ watch, clock.) : P

mpna. -

-+ __.._WHAT DO WE USE TO MEASURE THE LENQTH OF A‘ LINE'

"SEGMENT? (A yardstlck ruler, etc.)

COULD WE USE A RULER TO MEASURE THE’ MAG OF AN
ANGLE? (Answerfs will vary )
/ . .
. Let someone come up and try to measure the mag of the angles
you have drawn on the chalkboard. The diredtion 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 watéh for. I

'3

. |
I'. A child may try to measure the leigth of the sides.
Someone will probably remind him that the‘sides go

i

oy
O




' . on'and on, so the Iength of the sides has nothing - a
‘ to do with the mag of the angle. ) s

2. He may try to place the ruler_on Qne ray of an angle

' and move it over to a correspondmg ‘ray on the other .

—

K - > -angle. - . RN =

A\

7.

. If one ray of one angle is on thzjsame line as a ray of the
- other angle,. as in the diagfarm, and if the child is able to
hold the ruler at a set angle while~moving it over, he will

bé able to find out which angleis-bigger, but he will still®

s, not be able to actually measure the angles.
- . . \ » -
: 0 \ »
P 3. Some, very alert child may come up with the following

= ., . ‘ method, which does happen‘to be a-method of measur-

inYy the mag of an angle. !} Unfortunately, proBlems .
soon develop. «But flrst\;ithe method e may use. ' Lo
§ -

o Ty " He might measure off the same length on all the rays.

» - R : w. M

"3

»

1 . P * . .
A T A ‘ 12"
‘

« Y \‘\' . » - h A
. IR g .Then he\kraht draw straight line segments joining the-
T tWwo 1nd1c§ited pomts on both angles.
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o If he measures these two line segments thenangle
- with the longer lifie segment will have the greater mag. y

.- The main reason we don't use this method for measur-
.ing angles is that it is not linear.’ For example, if we
used this method for'a 30 degree angle, we would ex-), '
- pect the leglgth of the line segment fof a 60 degree
angle to double. It does not. ‘The relationship is

- . non-lihear. \ o .
- ,

-

\

Y

K.._'v_.\._j’ ; - :
YR NPT . .

After d1scuss1ng the ruler as a devme for measuring the mag.
< . of an ahgle, tell the class you have an idea you want to try.
Draw an angle (ABC) on the chalkboard.

A

. 1 .

" Pick up the ray: cutouf:and‘say: -
S - - : -
IF I,i’I.ZACED THIS RAY CUTOUT ON TOP OF RAY, BC (do” so) ,
A S - .




| | BT
, ,

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

Draw a larger a.ngle (D=F). é?n the board.

" Then ask:-';/_

IN WHICH ANGLE DID I RAOTATE'MORE? ANGLE;AABC
OR ANGLE DEF? (If necessary, rotate angle ABC again.)

-~ WE CAN SAY THAT I ROTATED MdRE IN ANGLE DEF IHAN'
IN ANGLE ABC. BUT CAN WE TELL HOW MUCH MORE?

DO YOU SEE ANYTHING IN THIS ROOM THAT HAS SOME-
THING THAT ROTATES AND ALSO HAS NUMERALS? (The
children should readily notice the classroom clqck )

Activity B

Show your class the demonstration clock you prepared
earlier,® Ask them how it is different from the classroom
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




(V4 _ . -
. children try their ideas. One method is to put the demon—
‘stration clock transparency over the transparent sheet with

. angle ABC syfhe 2ero ray is over one of the rays of the angle
(ray BA). Put the "hour hand" (the yarn) at zero and rotate it

‘\ vinto the other ray (ray BC). v oo

! ) “ ‘
Ask/: t
'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.)

Draw other angles on the transparent sheet and have different,
3 children use this procedure to measure them. If the measure-\
\ ment comes between two of the hour marks + You could call the
angle a 23 hour angle, a 2:30 angle, or say the' mag of the
angle is between 2 and 3,

\

9

AN " .
\ fIf no one asks, raise the following questions:

DGES IT MAKE ANY DIFFERENCE ON WHICH RAWQOF THE

ANGLE WE START? DOES IT" MAKE ANY DIFFEREN IN

CH DIRECTION WE ROTATE? (Let the children spec-
late,) ™= . AN
|

| er a3 ov'clock angle on a transparent gheetr Place the \\
;z "’ro on either ray, and rotate in different directions .

-

¥
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. Exa_r_nphl.es

—~——
s

e

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:
\ i

DID WE CHANGE ;I'HE ANGLE ITSELF IN ANY WAY? (No.)

1

You may want to change the position of the transparency and
a . measure the same angle again. '

\ Ask the class if they always have to start at~zero to measure
\ this angle, Have someone measure the angle with the clock
starting at 2 or 4 onone ray. ‘They should count t e\"hours"
y they rotated to get to the other ray of the angle. Again, they
\ will get 3 hours or 9 hours as their measurement. “\

\\ | . . 5 ’_f' X




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 cenfusion 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 sizg 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.

h
-

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 childfen will believe they can., Let them
try, v-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,

]
o
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Summary
. 4 .
You may want to discuss and demonstrate this simplified
;o _ - method of measuring the mag of an angle with your class
‘ before they do Worksheets Il and 12, :

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

Step 2. Lme 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.
2 hours
NVZRE :

-

Show the children that the 2 hour mag measurement found in
this example could be counted in either direction, clockw1se
or counterclockwise,

\2 hours\ NZ hours

\

o

()
O
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Worksheet 11 - . %orksheet 12
Cnit 21 Name tnit 21 Name
‘ " Use your clock to heasure the mag of these angles. . Use your clock to measure the mag of these angles. \
. p
o ’\
R
A - N 0
T The maz off angle ABC The maw of :m:lf- CAR A The mag of angle SOP The mag of ancle IAD
appears to t‘qunl&hours. appears 1o t\nml_ﬂ‘_hours. ' appears to uqu:l_/_houre. appears to edu'xl[l‘hours
\,
AN N
\_/._9 ’
- ] ' . D
. .
The maz of angle PAD The mag of angle KID . The max '0,- angle (0D The mag of angle .Fll) / e
’ ] seears to wm:xlilmurs Ippears to oqu::lihours. ; appears o (‘lullih(’"r‘- appears o (-qunli‘_ht?rs. .
N N - B
L F ’ N, @ /
Activity C . . !
Give each child a clear plastic clock protractor. Worksheets
'l and 12 give the children practice in meas uring the mags of
angles with their clock protractors. We have given only the
i small measure of the angles on your copy of the worksheets;
however, if the children give the larger measure, it is also
correct. .
i e e e e ? .
- T T You will notice that on Worksheets Il and 12, the words ’\*
- "appears to equal ___ hours" are used. Remind the children
that this language is is used because méasurements cannot be
¥ w made with complete accuracy, even with equipment more
precise than.their clock protractors.
. e . . v s .
60 9
Q -
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. . ' i %
l , 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.

*y - 0 ] . 2 3 . 4 - '
L,
- . o 2 1 E - 2% L
\// . . - L
/ T D ‘ -
You could also discuss thérelation of 15 to 1:30 on a regular
oo /// » -« . clock. : , M\N"“‘*»—mmm%__m% .
v : , . s, T
- \/ - Have the children save their clock protractors. They will be |
¥ ' ) used in the following lessons. . kP b

i

[ «
.
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. Lesson.6: FINDING AND MEASURING ANGLES

4

In this lesson the children use thé]& clock protractors to meas-
ure angles that they find in nature, XSets‘ of worksheets show-
ing different natural objects are provided for Activity A, The
first set, Work:sheets 13 and 14, shows the angles formed by
trees and buildings and the slope of hills. The second set,
Worksheets 15, 16 and 17, focuses o{l the.angles formed by
the joining of the branches of trees to, the trunks of the irees.
The children should also notice the angles formed by the vein

etructures of the leaves The third se}t Worksheets "I 8 through. -.——

, shows the angles formed by the skeletal structures of ani-
“nals. The children will be asked to draw line segments on
“ pictures of a dinosaur, a frog, and a grasshopper to show the
angles that are formed by the joints, This set shows animals
in'a static position, but since angles formed by joints change
as the animal moves, Worksheet 21 is aisequence of pictures
" showing a dog rinning. ‘The children should notice how the
. , angles formed by the dog's legs change. |

In Activities B ‘and C, the chlldren are given an opportunity
-to visualize the changing angles formed by parts of their own
bodies. An ' angle -finder" is used to find langles almost any-.
wheré~—= on the playground, in the classroom on a field trip,

' at home, etow ! \
< - . “ y

Y]

'MATERIALS

— |5 angle~finders

— "clock protractors, | per child_
— rulers., ! per child

— 1 set of colored pencils ©

~ radish seedling set-up (optional; see page 20)
g — Worksheets 13- 22 / ‘\

PROCED URE J

Activity A

Discuss with the children the idea of being able to see aﬁg les
in the classroom. Have the children trace angles

. -

they can

Sl




find-_—- desk corner, chalkboard comer, etc. Ask the class .
- if they think they could fthd angles anywhere else, such as
on the playground or on, the way home from school.

Tell the children that today th'ey are going to practice finding
angles by looking at some pictures in their workbooks.” If 4
. they want to compare the-mag of two angles they find, how
will they-do it? (They should remember their "¢locks" from
the last lesson.)
Have the children turn to Worksheet 13, Tell them that some
— ’ of the angles in this picture have\alr,eady 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.") -

" worksheet 13 . ,
Unit 21 ° Name - : .

", R o Have them write the mea-

: ' | surement by each angle on
the overlay. All the angles
should measure approximate=-
1 ly the same mag.

Challenge the children to
find angles in the picture
other than those already
marked, Have them use a
ruler and colored pencils

to draw.in the angles, either
on the overlay or directly on
.the picture. This activity
continues on Worksheet 14,

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




- . -

worksheet (4 . ; may want to discuss with
Unit 21t . tame <

them questlons like those
4 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 CALL.A
3 HOUR ANGIE A RIGHT
ANGLE. -

ON WORKSHEET 14,

DID THE HOUSE AND

W ~—THE TREE FORM THE ~
P SAME ANGLE WITH THE .

HILL, OR DIFFERENT

ANGLES? . ’ =

~ DID THE HOUSE AND THE HILL FORM A RIGHT (OR 3 HOUR)
" ANGLE?

Draw on the chalkboard a sketch of a building that is at a |
right angle to the hill on Wthh it is built, -

' ' N ‘ \

Ask the children if they can think of any problems they might
have if they lived in a- building that looked like thls (Furni-
ture would slide downhill, dishes wouldn t stay on the table,
etc.)




a

" The cle_a‘ss should notice that on Works-heets'IS‘ and 14, both
the trees and the building go straight up from\the hi'll. ) R
- At this time display and discuss the radish see%lmgs that
have been grown in a t11ted box, The chlldren should see o
that they too have grown stralght up.

\ . °

~ . 3 - \

‘When the ch1ldren-were finding angles on, Worksheets 13 and

14, many of them probably found angles formed by.theibranches -

. of the trees. Have the children turn to Worksheets 15, 16 aﬁ\

7, Wthl’LShO_W’plg_Elilf_{gﬁilx trees.. Discuss with them the\

followmg questlons . \\ .

. .. . \

ARE ALL TREES THE SAME‘> (No. Have them namé a few \
common trees.) S

AV \
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 if they A
can think of other ways to tell one tree from another. 1If no

one suggests looking at the angles formed by the branches

and the trees, lead to this idea. Discuss how scme 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.

Worksheet ]8 shows a picture of a daddy longlegs and \ .
Worksheet 19 shows a picture of a bat skeleton. The chil-

dreén should notice the angles formed by the joints and make

comparisons of the various angles they find. ‘
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Worksheet 17
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Worksheet 8
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Worksheet 19
Unlt 21 «
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: Unit 21
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* On Worksheet 20, which shows d"rawings of a frog, a

dinosaur and"a grasshopper, the angles forfmed by the
jQiny# are pot as evident as the .angles‘on Worksheets
18 and 19, Discuss with the children how they could
better show the angles formed by ‘the joirits, One pos-"
sible solution is to draw straight line segmenfs on the
figures.to represent the skeletal structure. Have the
children do this with rulers and colored ‘vencils., (For

an example, see frog on reduced}copy of Worksh‘eet 20.)

[}

“
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After t.he children have completed Worksheet 20, ask them'

-

|

e D@ THE FROG'S JOINTS ALWAYS FORM THE SAME ANGLES
L OR DO THE ANGLES CHANGE?

~

7
: . . .

) The children should realjze
) . . that this drawing was made

- ry

Lo of the frou in-a-certain posi-"

Worksheetc 21 thl‘l, “if the frog moved, the ..

“Untt 2t - Name e . o
. ’ drawing would be different

and the argles would chan'ge:_'- .

Tell the children that Work= .
"sheet 21 shows examples of .
changmg anglés formed When -
a dog runs. Discuss the se-
——quence of the drawings and
ask the childrén 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 sequence're‘peats itselfx\/

Ask the ch11dren to compare e -
\ the angles formed by the dog's
y back legs as he“runs. What" °
', are the smallest and largest
, “angles the Jomts make?, They
. : . . ) could draw line segments to
- : . : show the bone’structure, and
then measure the angles with
" . L their "clocks," . .
L - Adtvity B ” : , . '
Ask the children 1f they would 11ke to find out what are the =
R smallest and largest angles that can be formed by threir -
_ bodies* Joints. Discuss wrfh the children how they. ccbuld
. do this smce they don't have drawmgs of themselves runmng
or moving | V' After the children have had a chance to‘make sug-
gestlons and have.tried out their methods, show them’ the

~ s
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Unscrew the wirg-bolt, change the angle, tighten the bolt,
and trace the angle formed on a piece of paper or the chalk-.
board.

. . "angle-finder., " Demonstrate hox}v the angle-finder works,

) Ask the children if they can thipk 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-

‘ble method is as .ollows:

A child holds his arm s,traigh‘t. Open the™angle-finder
wide enough so that its'angle matches the angle formed

by the child's elbow. | foax e
58 :
Q ) .




- angle-finder over

Now have“the child
"close" his arm as
much as he can.
Again, place the

the elbow, matching
the angle formed by ’
the child's elbow. /
Trace the angle and
measure it.

worksheet 22

Unit 2t

Name /

/ s
Ask the c}ﬁildren if they think ..

everyonev/in the class will
form the same angle with
their elbows. How could

inswers will vary

-

Mag of

Smallest Angle

Yag of

Largest Angte
i

Elbow /iZ-. Lgrs_

.

24 hes

° Z"’Z [’\rsj/) ,5"
3 hrs . p /)ﬁs\ :

5"&‘ Ars.

b1

b hrs

i

\

\

\.

" they fingd out? Measure

everyong's elbow "angles"

and then compare the findings.
f

Divide[;the class into pairs

and give each pair an angle-

finder/. Each child should

tear‘jut Worksheet 22 from

his workbook. They are to

work/together, finding the

smalJlest and largest angles

. form/ed by each child's elbow,

andirecord their findings on
the worksheet. When they .
arc/throug'h finding the mag
of the angle formed by their
elk#ow joints, they can find
the smallest and largest an=
gles formed by their knees,

a Jkles and wrists.

|




If 2 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'
t 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 more.angles, If their interest is high, you may
want to take them on a nature hike to'find angles around the
school. -

Activity G ' -
If the children are interested in observing changing ar\lgles,
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.

-3




Lesson 7: LIGHT BEAMS

\ 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 .
; g that have -~o "thickness." Light beams do have "thickness.")
Angles are genérated using lightbeams ahd the children dis -~
cover interesting relations betw7en geometry and hght

-

\/[ATERIALS

— filmstrip projector or slide projector
— | sheet of black construction paper
— l4-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)

— 1 or?2 angie—finders (from Lesson 6).
-~ for each group of 6 or 8 children .-~ - . .
— rutber playground ball o SISy

— plastic bowling pin

— sheet of 6" x 9" paper

w




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 followmg aevices in
your ‘projector, ' 7

I.‘ Slide projector; o

This shde is made from a 2" x 2".piece
. < of black paper. Poke a small hole in
Q ) the middle of the paper with a pin. Put
: this slide in 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,

2. f‘ilmstr‘\t‘ggprojéctor:

This strip is made from a’l (" x 6""
piece of black paper. Poke a small
hole in the center, about 1" from the
bottom. Put this strip of paper into i
the projector as if it were a filmstrip.
The small hole should be positioned
so that light will show through it onto

hd the wall. Begin Activity A.
PROCEDURE
- Activity A
. ' Tape one end of the 14-foot piece of yarn to the front lens

of the projector.

: :
| 5
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. someone (Tom) in the room. Ask another child to describe

i Hav e TOm take the other end g,f*fhe yarn tha”f‘ is~taped.to_ the

- ?
L

Darken the room. Turn on the projector and point it toward .

what he sees happorung . (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.front of the lens of the g;V )

]ector and then move slowly toward Tom, keeping ‘his d

in the beam of light.. The class-should seé that there’is a

continuous beam bf’ ught fro'r’n/thé prolector,toﬁ”om ‘To il-

lustrate this/further, have a child clap two dusty erasers

together Whlle foll wmg the beam of light. g
e

e

LN

prOJector and hold it taut. .Pell the class-that the yarn repre=’
sents the bea /of llght ~You may want to point the projector
at a few. otheyychll . letting them hold the yarn, and have
someone else clwap dusty erasers to make the light beam
visible. - -

y .

Turn on the classroomollghts and direct the children's atten-
tion to the chalkboard. Tell the class you are going to draw
a representatlon 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

a

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 ahke and how' rthey are different, (Bqth have
an otigin and extend away from it in one direction in a
straight path; however, a beam of light has dimension and

R TIRY
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" tions on a lake, windows or glass surfaces, etc.)

a geometric ray does not. A beam of light does not extend
endlqes'sly; d 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.) A E a

Ask the class:

IS & "RAY" OF LIGHT ALWAYS STRATGHT? (Let the children
speculate,)
Give each child a mirror. Turn off the classroom hghts 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

. s0 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 ever seen other
things that reflected rays of light. (Bodies of water, reflec-

Bring out five or six flashligixts, (The c¢hildren could briﬁg

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 irito groups, so that each group has a light

source. ."One 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 whatevér interesting
discoveries they make about reflected rays. Have each group
turn on its flashlight, and then turn off the classroom lights.

7
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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 demonstration set of equipment available for them to use.

Activity B
Set up a mirror and the projector in the following manner

\»\

0 Mirrdr taped to wall or
f‘ 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 focuc the spot of light on the
mirror. Then turn off the ¢lassroom.lights, 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 piecé of yarn from
Activity A. Tape the yarn to the projector again, extending
it to the mirror. Holding the yarn taut, tape 1t to the mirror
with transparent tape.

. ' N
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Aruitoxt provided by Eic:

Turn the projector off 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 hght ray should hold the other end
of the yarn, keeping it taut

o

ot ey
v
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Move *the brojector around the semicircle of children so the

reflected light ray hits another person. That person shouid

hold the yarn, The children should see that when the projec-

tor is moved, the reflected light ray also moves and hits-sone-

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 "H1t Me, " using the
i light ray and m1rror Tell them only three people can play the
~ game at one tifse, but the rest of the class should pay close
- " attention and try to’ figure out what the trick is. The first o
" person to figure out the trick will be the winner. o

GAME: HIT ME h 3
Use the same set-up that you used in Activity ‘B. Be sure
that the light spot is focused on the mirror. The objec't 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 - Personto be hit |, - - -
Player 3 stands anywhere within the sem101rcle in front of .
the mirror, four to five feet away from the mirror.

Player | moves the projector to a p051t10n 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. a

~

The class should be able to see if Player 3 was hit~by thé
light beam o¢, if he was missed, by how much. '

D
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- Let three ot\h\er children play.the game. Continue until some-

one in the room is able to figure out the strategy for hitting

Player 3 every time. Have him démonstrate his strategy to

the class. The strategy is as follows:

| -

A persoanh‘o holds the yarn and stands to the right of the A

mirror forms an angle. The chalkboard or wall and the yarn '

are the si\des of the-angle. The mirror is. the vertex,
J
|

nSn‘rorL_l

> chalkboard or wall

v

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

Angles A and B have
the same measure.

. o - )
To test thls, turn off the projector and use an angle-finder
to determine the projector-chalkhoard angle.

- ]
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Thep move the e_m,gle‘-ﬁnd..er to\the; other side of the mirror,
"~ Have Player 3 stand so ‘the varn and the chalkboaid form an
--ahn'gle equal to'the projéctof-’éhallgboard'angle.-

~Turn on the projector. The ray of light should hit Player 3.

Test the procedure again with different angles’, . You may

\ "want to draw a diagram, on the chalkboard showing.the reia- ~
tionship of the two angles. | s

./‘

f \ Q B .

. \ Activity C - : ‘ ]

’ ‘\_ This activity is best done in the gymnasium. The children

. apply the knowledge of angles¥hey 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. . STy
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 so‘ne object that is easily knocked
over) and a sheet of 6" x 9" paper. Tape edch group's sheét
of paper to the wall in thé‘gym, at floor level. Each group "

- should be allowed qpproximateiy ten feet of wall space.

L] A
- ~

Explain the following prol:edi.lre to the class and have one
. group demonstrate it, o ’

tva
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e T Vegsion T - R
. N t. * //
, Place a bowling pin.on the floop w1th1n a three to four foot,
rachus of the paper. ...* A \
\ » t“ “.' ‘ : ¢ - ’
| . a4 :i“ \ . N 7 P
o A / ’
\ T A RN /
| ‘ ’\_’ . 3 T\ / .
- R i ¢ . -
| . BN A 4
Gt . - N .- ~
P ~ -~

. .

* The children are to take turns rolling the ball so that it hitg :

the paper, bounces off,and h1t's the bowling pin. They get . e

ten pomts each time they knock over the bowhng pin,

.ot ‘ ’The ¢h11dren may stand wherever they wish to roll the ball.

) If a ch1Ld misses the paper, he gets amother chance. If he

‘ knocks over the pm without hitting the paper, he doe n't

) « recewe any tpomts Cautidn'the children against spmnmg

e — Mﬂ«thembal],-as they roll it. '(The angle of reflection will hot -be
’ regular if they do so.) . v I

S ! -

*?
¥

i . + Pach team repeats "this procedure three times, changing-the .
o . position of the bowling pin each time. They should.Keep e

' "track of their total _points. The team with the greateqt num <
ber of points wms.. . :
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{

‘e

%

" Tell the teams to try the game again, buit to try to tHink of
a strategy that will help them knock over the pin more often.

' W,‘/hen the teams have complfefed 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 ‘over
" the pin more times. .
You méy want to use nia'sking tape tfo Show the.class the path
of theball. This will help them visualize the ai“}mgles formed
* by the ball's paths and the wall. ’ .

-
-) . * , 2 LIRS
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«——Bowling Pin

¢ -

Set tfme bowling pin on one of the tapes. and have 4 few chil-
dy roll the ball along the other tape, ° fost of them should
be”able to, hit the'béw"l'ingvb'il}.‘f Charnge'the position of the
tapes, forming‘two nearly equal angles with the wall. Again,
‘place the pin on one of the tapes and have sonfe children roll
the ball along the other tape. )

i L4 - .

Emphasize the similarity between -the reflected ball and re-
flected light beams. (T ey both formed equal angles with
‘the wall.) . o ' o

Vers‘ion II ' - . °

- ’

Instead of usiﬁng a b‘owiing pin, h‘ave.a child stand still or -
a given spot.” Thé wther clifidren should try to make the ball
hit the paper on the wall and- then the child.

AN Version ILI\ - .

Challenge a,student to put the bowling pin (or another'child)
in a position where the rest of his team will not be able to

4
B
.

¢
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S : hit it by reflection from the wall. Remind them that ‘the point X

- . they select must remain on the three-four foot radius'line,
(The closer to the wall the pin is, the harder it should be to
hit. Alson, ﬁf it is-set on a line almost perpendicular{to the .
paper, it will be more difficult to hit.) f
‘_.Listed below are some books the children might énjo{/ reading
s . - atthis time. 5, ’ - )
. ) \ ’ ’
Farquhar, Margare* C. Book to Begin on Lights. New York:
Holt,-*Rinehart and Winston, 1960,

>

‘Kohn, Bernice. Light You Cannot See. Englewood Cliffs,
- N.j.: Prentice-Hall Inc., 1965.

AN . Pine, Tillie S. and Josevh Levine. ’gght Ail Around. New
York: Whittlesey House, a division of McGraw-Hill
Book Co. Inc., 196:,

’
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,*Lesson 8:‘\ LIGHT REFLECTION ACTIVI !
' \ i
If the children are interested in
you will find it well worth your time t set up an activity cen-
ter wpere they can explore many interesting combinations of
, the materlals that are avallablet After §'few days you could

j have the children report and deTonstrdt their discoveries to

the class,
\

Al

]

Preparé each display as shown {in the phot graphs. We have
given a detailed description of]one possible use of each display.
This should help you give suggestlons to th¢ children. However,
the materlals are not méanu to be used -in only these ways; there
is an unhm;ted number of combinations that tan be discovered.

. }‘ 1
MATERIALS o : A \

)
/
— 2-smadl mirrors (2" x 43") '

— 12 - 15 mirrors on blocks | {

\
~. — | set of colored pencils \

- penﬁils . ‘ ‘

14
— blank sheets of paper

— 2 rulers : ' i \\‘
|

— 1 qus : milk carton ‘ \

\

- strlped transparency (prmted original in AppendY

- masking tape . -

— 5 angle-finders (from Lesbon 6)

. — 5 clock protractors (from Lesson 5) ‘ \
- 2 flashligh\ts : .l
-1 scissorS'1 |

- ng}g_sjg_e,t_ L23

RREPARATION . - / : \

For Display S make the striped transparency, using|the printed
original in the Appendix. For this display, ycu canl also use
comblnatlons of colored paper or paper with designs on it.

Ba




“Worksheet 23
tnit 21

Display | : L .

i v

- Look along ray 5 toward the miadle of the mirror. Looking
into the mirror, you can see that the miiror image of ray |
is the mirror extension of ray 5. Colorray 5 and ray ! the

. same color. Measure the angles formed by these rays and
the mirror's edge. They are equal in mag. Do the same
- thing with other rays and the-ahgles they form.

- -




Draw a straight line segment on a brank sheet of paper.
Place a mirror $o that the edge of the mirror and the line
segment form an angle., Place one edge of a ruler-so that
its mirror image is the mirror oxtension of the line segment.
Draw a line along the edgé 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.




"

Write the letter R on a blank sheet of paper in front of the g
mirror. Try to copy its mirror image next to the origi’nal
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 letterI. x

@ ]
o
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Display 4: APeriscope E . )

Straighten the top of a quart mllk 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,

4

7

P gl 2" x 2" opening

2" x 2" opening

[_\J/]

Make a 21" slit on each side as shown if the diagram below,
The slits should be approximately 21" from the ¢orners on the
long sides and 3" from the corners on the short sides.

: 23" from corner

& |

Y
o
\ »»

§ £" from corner

3" from corner \{§ L__ |

5_\r_-—4
2" from corner




ERIC

Aruitoxt provided by Eic:

Mmirror

Sme il mirrors can be.placed in the corners opposite each open-
ing by fitting them into the slits, ° ’

N

= mirror .
7] :
u Y - ” ) \\ N . ¢

- a \

Prep'qre 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 trﬂ}"
to construct one themselves. C

- Y

. ~
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ERIC

Aruitoxt provided by Eic:

<y

Display 5: A Kaleidoscope

\

Assemble three mirrors as shown so that the shiny surfaces

are facing., Wrap ‘masking tape around them to secure them, ’
Hold combinations of striped transparencies over one end.
Move the transparencies while looking through the other end.

-

-
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In Section 2, the children study polygons.- They also re-
view many of the set and classification corlcepts that were
introduced inearlier 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 clas51fy1ng these cards, the children consider
such properties as number 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 rigidity of shape. (A rigid:
polygon is one whose angles"c'annot be changed by pushing

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 infinite. .
numbers of sides. .

The children’also study similar triangles and congruent

figures. Verbalization of these concepts is not expected

at this time. The notion of scaling as it was introduced in

Unit 18 is incorporated into the discussion of similar tri-
angles. 4 \ . .

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

h peating patterns they can find in de51gns cons1st1ng of poly-
gons. These investigatinns should be left open ended. 4

Throughout this section, there is continued emphasis on
the concept of angle and the measurement of mag as devel—
oped in Section 1.

o W .




v

-

Lesson 9:° FLOWER POLYGONS . w -

The children are introduced tolthe concept oé polygons, They
classify flowers according to the polygons formed when line
segments are drawn to connect the tips of the petals,

Flowering plants diffe~"in the numbers and arrangement of the
_parts of the flowers. These differgnces are useful in plant
classification, The children can 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
petuls 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 forma
cross. The flowers of many of our common vegetables belong
to this group, including cabBage, radish, turnip, brussels

¢ sprouts, broccoli and cauliflqwer.

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

<

2




. .// ,.,/ These flowers ail belong tb the rose famlly. ‘The flowers of . h
-t many ‘common fruits pelong to this family, 1nclud1hg pears, .
T / plums, ‘peaches, apples Fstrawberries ahd raspbeque/s
N | ’ | - 2
Ny : Worksheets 26, 27 28, 33, 34, 39 and'40fare plcturgs of . S
. . » flowers which have three or six pagts. - Thé polygons which s
> can be derived are either a smgle tr1angle one tr1angle super-

S . imposed on another tr1angle, or a ‘hexagon.

All the flowers shown are members of the lily &amlly, except J -
for the spiderwort, which is closely related 'to them. Most / -
S flower'ing bulbs belong to this famlly.z - N I 2R 1
/ N A
. Worksheet 41 shows a picture of the water lily, wh1ch&repre- L4 .
o " sents a fairly common\flower type ---that with many parts. ", -
The magnolias and buttercups have flowerslike this. This ’- .
: o worksheet also shows a picture of the sunflower, which repre-‘- “,'
sents the large’ family of sunflowers that includes asters, . N» . .
daisies, dah,pas, chrysanthemums and dandelions. The singlé ; ’
head which appears to be a smgle flower is really.an aggrega= ) -’

: tion of tiny flowers - ,\ . ' cL ‘
£

~ It would be very 1nterest1ng I the chlldren to see and d1ssect - T
- . real spe01mens ‘of /each type of flower. Almost any common —
.« spring flower1ng bulb w1ll supply examples of three and six

L

» . ’

, .« parted flowers.. You can use the flowers of papet-white nar- - A 41
R cissusg or hyacinth, crocus,- sc.tlla . ‘any lily or amaryllis, or . |

" qjlip. Many florists will give over-age flowérs to cl Ses .= o
. o The easiest four-parted-flowers to find are thosg on a Stalk of ¢
N fresh broccoli, \Aany buds will open 1f the stalk is kept in !
water in a warm roam, L . Al |
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' Specunens of five- parted flowers cap be, found on flowerlng

crab,, brldal‘wreath firethorn, hawthorn, Juneberry, quince,.
pear, apple mountam ash and wild plumi .
I3

4
-

An optlonal act1v1ty,for interested chlldren could be the collec-

tion and classlflcatron of flower pictures from catalogues, ad-
vertisements or hou‘sehold magjazines, Naturally, this same
act1v1ty can be continued outdoors when the weather permits. e

A “

A'word of caut,lon should be added. The correct class1f1cat10n
of plants depends on many St:uctures, not alllplants with four-

" parted flowers are in the cabbage family.: 4Th re are some
" plants™with fwe—petaled flowers that do riot bellong to the rose.

'PRochpunr . o C o . J

“Activity A ] . e : AN

-

family because of other structures in thé flowel's The worl'-
sheets are des1gned to limit the examples to fa ily. Wild
flower books w1ll supply helpful mformatron about other plant
fam1]?1es . \ o . /\

AL

l . N .
f | . ?
r

/

== for each child --

3 ¢ -
' v
v é scissors  ° - B :

=~ | ruler. : -

— ,dolored penc1ls‘ | fed,, | blue and | green L

— 4 sheets of 8‘" x tonstructron paper i
. |

— Workshests 24 through 4] ‘

' |
l%
While the:children are working on their. flows- worksheets be
sure|to intrgduce the pronunciation of the fc i ’wmg words:; '

ley gon (poli-gon’); quadrlldteral (kwad’ro f'lat’er-al\ penta~

gon pen’ta —gon’) -hexagon (hek/sa-gon’) and tnangle. Use
the,s 23 wordcncorrectly but do not insist that the children learn
them. You' iay. wish ¢ point but that a polygon is a closed
curve made up,lof line segrgenl:s‘ PR e (‘ /

-
b . ¢ t '

N - { N . \
! Havg/the ¢ 1ldren complete Work&;hee‘ts 24 j:hrough 27. .When
, . @Veéryoneis finished, d1scuss the drffereht ty'bes of polygons
‘they have constructeéi

!/

A




/ ) Tell the children they are to complete Worksheets 28 through
/ ) .41, They-can continue working on the wqrksheets whenever '
- they have some extra time. These should be.completed by the
» next MINNEMAST class period. Then the children sihfuld re-
move their flower worksheets from their Student Manuals and
- 'cut them on the_center lines making 19 flower cards. . Ask them \
. to think of a way they could organlze or classify their sets of \
flower cards :into subsets .

v

-~ .
e, i

>

i}

ActivityB co : T

! . \
Dlrect the children toiclassify their sets of flower cards. into ‘
subsets, using whatever propertles they wish as.a basis fon : ,
' ' classrflcatlon When everyone has finished this work,, have .
rvarious chikiren report to the class the properties theywused
. to classify their cards. The children may use various prop-
4 erties; whichever they choose is acceptable so long as they .
” can explain why they classified - hls way. Hopefully, some- ‘
. one will classify his cards accordlng to the polygon determined
by each flower's petals. Inany case, borrow t%e five foliow- -

ing cards from a student and display th¢m clasgified as

N sifown. Label each. subset, Discuss each flower's properties.. . , "
Sl o ‘ S .. Hexkagons / - : /
. . ‘ . - . :?;’ . , . '/:
: ' Quadrilaterals, Pentagons Triangles- Unknowns - '
. N . . ' . :’ ]
' o (4-sided (Sjsided ' (6 and 3= -
, L polygons) polygong) sided poly- -
. ' —_ ‘ gons)
] I’ : " b o
Wild Turnip Wild Rose  Narcissus Waterlily :
e o : . Daffodil -~ N

f

lee each child four sheets of 83" x | l" construction paper ' '

Each sheet should be folded in half and uspd as a folder to
hold eacn subset of flower cards; Have the children label
;each folder with thé name of the subsct* Quadrilateral (4-
isided polygon) Pentagon (S-sided polygon) Hexagon or
Triangle (6-sided or 3-sided polygon)s and Unknown. Each
/ child then completes the classification of hig flower cards,

¥ including thé student whose five cards you borrowed for dis- ' .

play. {(These cards should be left on display, however.)

- S




:1}). F - ‘ ) ‘ ) + ‘o -
-~ ¢ - h ‘/“"’ ‘/0 ‘.‘ :
j When all the' ch1ldren have fmIshed classﬁ}fmg their cards,. _ .-
. i call on one student to come up and tape all thé cards in his " .
- o quadrilateral folder on the Board under the proper label, Have
. three other students do the same WLth the cards: in theother U
, folders. .
A completed set would be classified like this:
- e Hexagonis: L
.- " I . -~ 9‘_I: . --:
2, Quadn_latera_ls Pentagons - -Triangles Unknowns i
: (4-sided) (5-sided) (6 and 3- - ST ~
- T ) Sldeg)
. . B . - ¢ . ) ' .:f -
! Wild Turnip Wild Rose Narcissus Waterlily *
Toothwort Strawberry  Daffodil . Sunflower ** -
Radish Blackberry 'Day Lily ]
. Rocket Apple Hyacinth T B
- African - Triilium - : ‘
) ' . Violet " Spiderwort N °
- R Raspberry  -Amaryllis .~
- ) Tel‘l the children to check their classification with that on thé .
board. _Discuss this classification system with them.. Then . :
return-all-the cards on the board to the proper owners. Have _ '
. ) . the children save their classification folders and gards for .. |
i _Lesson 11, - ) .,
E\‘ » Y : *, - LN .
'1“. Activity. C (Optional; * ST o
c 4 ) 't N : ‘A« ’ - . ¥
IR The children might enJoy' making up games to. play w1th the1r TR
N . flower cards. For example, they could combine sets of. dtards . .
" ; arrd“ptara—game—smnlm—toJ“Old~MaI<_i—"—-Errcourage them to .« o
el make.up their own games and rules, o e ;
3 vp ~ — . " . h . - .‘
s o .L - e ‘A i N “
- y ‘ o L el
T - ‘\“ t . ' " :' A‘A -
. - “ .e - * Y .\ :'
: * » - '.‘ .“u, - : * -A‘ i‘ -
h 9 ., - ~ " St * LI ten
v ’ . . . - . .. -2 3 '!‘ .. .. " ; - :
‘- . . e " i > ;8’7 ‘.‘y
. T SR ~ T.f_, 5 )
- N . o - :“‘ - « -
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LeSson lO CLASSIPYING POLYC*ONS . . '

In thlS lesson the chlldren classify a set of'cards showxng ) ) .
. polygons and non-polygons‘ into varlous subsets, The f1rst .

Subsets they will use are polygons and non—polygons, the ;

polygons being closed curves made up of line segments, and . ° <

the non polygons belng open curves. . . -k T

rs

* - N . e . . o ~ -

Y -~ -
B - . X N .
. . . Polygon ° on_.Polycx on— """ .

e e

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) or "non-~
caved (convex) polygons :

. . . . . .
: ) H 3 N .
. - " . - . . o
Ve § = Loy . .
” H Lo . . .

©

Caved .Non—Gaved Lo s
As the-children do this class1fy1ng, they will dlscover that the ¥
triangles do not have a subset of “caved" figures; in other T
words, the set of "caved" trlangles is an empty set. They -
usé think sticks to show-thdt-the triangle is the only-rigid
polygor} (it is the only polygon whose™ angles: carinot.be p .
. changed by pushing on the sides) As they foim each subset, N
“the~children tape their cards-to a large chalkboard tree dia~ - .
gram. 'This tree diagram w1ll "bé completed.in. Lesson ] l. . =

B
.« - - CTow e .. ) - .
o 0)\ v R P . &.:\
" A . " . . .
. - !)‘, y .- N N .- - .2
LA X .
) . " . . -




L WHICH ONF OF THESE. GURVES IS'A POLYGON" THE : o
. CLOSED CURVE OR THE OPEN CURVE? . - " S B

- .

— ! i
h . \ , P

Lead the,chlldren tothe conclusiOn that a polygon 1s a closed

_~ curve made up of ‘line segmeﬁs. - oy :.
Have the chJ,ldren rempve the sheets of polygon and non-poly- _
gon. cards fram their workbopks. Youw should cut each sheet\ Py
into quar’t‘ers\on the paper cutter, Give each child a large»/
paper clip to @p -his set of cards together,.—ﬂTlren collect: th\
sets of qards fromEhEchl\lcg_en"‘Dlwde the class into groups
of three-eachy(Keep a lis® of the children in each group.
You will need\thls mformatlon {or Lesson . )

F3 -

their set of cards into two subsets, polygons and non-poly-

gons. While the children are doing this, tapé one set of cards

to the chalkboard wall or bulletif board and label'it "Total . \ N -

Set". (See diagram below,) When all the groups have finish- | )

ed thelr class:.flcatlon, have one group tell the ~lass why : \

[they placed certam cards in either subset, Tape their set of | . \
_cards.on the~chalkboard wall or bulletm board, labeling the A

two subsets polygons and non-polygons T . \

. Give each group of three a set of cards. Ask them to class1fy\

T, T ~' o N ' -Total Set‘ S i . .o
R 5 T
€ - . -“ T . . B . . . - T . . -

. .. Polygohs e Non-Polygons .
. ' : ’ DDD etc. ) . ) DDD etCe

- . " . - -

©

> : - "Give this group of children another set of cards to work with, *
Ask the children to put a‘si'de ‘their.sets of non-—polygons., (If._ .
- might be-convenient.to give ‘each group a _paper chp to keep’
) . its set of non-polygons together.) -Ask the chlldren to class1fy e
N ) theJ.r sets. of polygons into subgets, ,using whatever- propertles '
R . * " of the polygons they want as'a basis for class1f1canon. When
" the groups have finished classifying their polygon cards, dis-

cuss their methods of clasgification, - l\fo_st groups will -

.




et L, L. - ¥

Lo ‘.\ - . .A_‘;J“ ' ,{' C oL l ’ -i’d;:—:‘__,__...-c--\’

' ) 8 probably classify the1r polygons accordmg to the number-of

R B '.” , sid&s, Tape an extra set of polygon cards on the board using s
© e WY this method of classmcatlon. Label each 'strbs,et o a

"_ . « . - - ‘ > . = ‘ TOtal S_et N * r #

0 -
4

S L 3 DE]EJ@t,c. S
- Y . . . ) . . ; . o * = . .> o v

. . B . * x * - . . e .. . * ' “' ' hd .
. N - ' 'PC;YGOﬁS ! ) Non-Polygons - . N

-, ‘ ~‘ . .. ‘ .' b :.. ' : ® ) B‘DDQIC.' - .- ' - .'e - - .DDetc° \‘ '. - ‘ -‘-"\"

3'sides. 4 5idés ™ 5 s1des* -—6~s.1des~.,,..8‘sides . S

J

S ‘HCDete: O et L e Ot 0o o

. - ) e E 'ﬂ %\lee each group fJ.ve paperkchps to keep its subsets of poly— ":' v
oL C E::Qz\,'gons together.; Ask a child to.collect dll.the sets of 3-sided
polygons; ask anotner child to collect all the sets -of 4- -sided A
. . " polygons, etc.' When all the polygon’ sets have been collected, .
* divide the class into ‘six groups. Give one group two.setsiof - . "
& 3= 51ded polygons, give another ~grBup two sets of 4-sided poly- .
« gons another group two sets of 5= 51ded polygons etc. .

- ~ N\

V

Draw these two polygon's on the chalkboard Or the overhead o
- prQJeCtOI" ; * . i £

. B . . -
f P . . . . ~,_-—-“~.g,

Ask the chlldren to tell you how these two flgures are dlfferent. . e
Lead. them to the realization that one flgure has "caved-in" or* S
N "bent-in" sides, and the other figure does, not, Explain that .
the first polygon is called a "caved" poljgon and the second - . s
_ ; ’ond ig called a "non-—caved“ polygon,. Draw &ther examples : )
S “J . of polygons with " caved" s.1des and polygons w1th "non- s
- .o T caved" sides. . N - ~ '

* . N - Ll -
. .. - A

S T
*
s
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Whlle some of the chlldren are taping therr polygon cards to-
_the chalkboatd » the .other .childten in their group should clas-
.sify the other set of polygons mgo caved and non-caved poly-
gons. _ - \\\ . . &‘
Give the children pager clips to secure their subsets. Then

. -have them set aside their subsets. -The chalkboard tree»dia—
gram should now look like the diagram on the next page.

\ . . - S, . .t R o :
L -, PR , R —_ - N . - . 7 S ;
LI . _ ' ] - ' . /
[ s ! 4 o ' - ‘
’ . ‘.‘ - \ ., LI . . . v
; T i ."
LI > S - - re o, 2
” o f . N~
* - } . '
T j‘ - N
) < Ry i
“ . *
B v Ask each group to classify one of 1ts ets of polygons into’
"caved" and "hon-caved® ~polygons. When they are finished,
Ve ) . two children in each .group should tape their polygons on the
. . chalkboard in the correct place, hg_/\;ree diagram:for the
) - ‘ ‘group with 4-sided polygons would look like this: "
- . o ' 4-sided Polygons
v, R ' .
~ . . A . 00 ete. .
o ‘ . caved Tz ‘ non<caved o - '




. . / . '
-0 , * Total Set__

s - Q

Non —Pongons .

i 4 -sided”

gea © 6-si 8;sided
tj\ 1 O s [ e O o [ | o

. \ caved non- non— - fion-

‘caved Caved caved «-eaved *Caved caved caved ‘caved caved -;
(empty) EI[]EI DDD 000 000 000 D00 Ood. DDI E]E]D

X8 t

. e i —— +
~ s .

non-

non- :

Discuss the tree diagram with the class. Soméone should

notice that the group working with 3-sided polygons did not v
' clas51fy any of theirpolygons as caved. Have the £lass .

check the hon-caved 3—s1dedrpolygons to see if any of them

“are caved o N
- s Charleng‘e~the-e~lass~to try to construct a 3-51ded caved _ i
‘ ¢7 7" polygon. Remind them that they can only use three straight TR
' line segments. They $hould dis cover thdt they cannot

. construct. a caved 3-sided pclygon using three straight line v
e : segments. .. .. ‘

. -(\.

©
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v o Note: The sum of the mags of*the angles of a tr1angle is

. always equal to I80o ora’ 51x hour angle»

N 0, PR . 4
L3 . o =

, o &€
aSmce the total mag. of ali the interlor angles of‘a tnangle

o . S equals 1800, no one of the three angles could measure |80b
e Y or more,

. They should discover that the triangle is, the only rigid fig-

. - . They can construct caved 4 to 8 sided pongons by pushing in
) T L ,‘twosides.

. .. ¢ “noét r1gid that is; angles can be changed by pushing the -
e o - S . sides jin different d1rect10n§ - .
UL L a “:
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L . uré’ - its angles cannot be changed,’ 'the ‘otfier Polygons, are‘

. - - A N _,’ i e * 'X‘
T "‘ ) 'You need not try to how thlS to ‘the children; mstead they”
L ) _ will use think stick to construct 3 to 8 sided. polygons. e
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Demonstrate to the’ class how to use the think st1cks. Tell

) o ST them the sticks will break if used incorrectly, demonstrate .
) e . both the right and wrong ways of” _putting the st1cks and con- - . ’
B nectors»together*.“‘ e S
L . . ¢ R

- B - . . .. N p
“ . .

Correct . =~ = .

. They should use this samé€ method when taking the sticks and
L. connectors apart.

-

cz

Separate the ch11dren into the original groups of three and
. ) _‘ divide the package of think sticks and ‘connectors among .thé . .
’ gfoups, making sure eacK group gets a var1ety of lengths, s
Distribute the extra conhectors so that.@ach group has a total

. ¢ of at least eight. connectors. = .
. T o Ask .edch group to make tiwo different 4-sided polygons with
. ' its think sticks. When th1s has been completed, have each .

* group report to the class’ some propertles of its 4-sided think .
. e stick polygons; List these properties on-the ghalkboard o -
' ’ On the next page is an example of a possible list.n -

[T
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l, Flex1ble flop ye o= L O
2. Angles can be phanged - -
3. Sides can be chved in, )
4, If-one side is'l hgef thanr ~ ° » R )
- . the'sum-of th& Other three .. . |
B " sides,, you cannot make a, . V. Faw
/ . O]ygon . o ., . ) . ;o, ) »..
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Now ask each group to~ make a trlangle using their’ thmk stlcks.

e

Have the §roups report some properties’. of their think stick
triangles. List the propertles on the chalkboard andvcompare
them to the propertxes of the 4-sided. 1gures. -t . .

< -

" 3—sided.Polygons : S . o

l. R1g1d - .' T o -

2. . Angles cannot be changed ‘
3. "Si,des_cannot be caved in, s * . y
4

.. “If one side is longer than .
the sum o‘f the othertwe =~ - - . ~ - .
51des', ‘you cannot make -’ I .

-

‘a triangle. L

-Challenge the class to make another polygon, other than the
triangle, that is rigid. They should soon digcover that the
other polygons i/\vul have the same basic.properties as the 4--.
sided’ polygon o The trlangle is the only I‘lgld f1gure.

. . ‘i 14.- . .
- _'t~‘. - - -




TR Colléct the thmk sticks from each group. You may, want th -, e
N leave the sticks out on an activity tablé for the children-to . R
Lot e T o~ . - experiment with in their spare time. -Ask thé groups to keep < s ]
- o their extra sets of caved arid non-caved polygons for the next h
L .o lesson. You should also save the cha»lkboard tree d1agram U :

. . toruessonl,. . L ~. . L.
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Lessonli: 'REGULAR POLYGONS © ~ © = N L e

. Yo

« In th1s lesson the chlldren contmue to class1fy polygons the :
final subset -beiing regudar 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 mag,

.

. . N .
N B .

"‘Ex;amples:, ORI :
Regular ' ol . Non—Regular E

3—s1dedl: A\/
Az 7

A

@ O NG
D e &QAI
Kol

The children also cla ss1fy their-flower card polygons as reg-

"~ **.ular and nonrregular. . In the ldst ‘actrvrty they use mirrors ‘to
generate various polygons RN

Fa

+

T 1

i

MATERIALS - "7 o

- Transparency A (included in printed matérials; the printed
or1g1nal is also included in the Appendix)

L |
PO

- Transparency B (%" grid printed original in Appendix)

- two 17¢ pieces of yarn or string ) Lt

- overhead proJector A : . : .

- polygon cards (from Lesson 10) L

+. — flower cards (from Lesson 9)

— mirrors on blocks, | per child

~ blank. sheets~of paper *-

L

- pencils - L.




A ‘ "L ~ rulers, | per Chlld - "
e ' - -
° AT .~ — student clock protractors, I per child o
s . t—- Worksheets 42,.43 and 44. , h ) . T
. I . R A - A o
) o PREPARAT"IGN R o
Garefully cut out the polygons and: labels from the top halflof
Transparernicy A (colored red). Save the bottom half of Trans-
. parency A for use in Lesson 3. .Make Transparency B l using
- - S the printed or1ginal i the Appendix . 4
) b S ¢ .- .'.. ’( o e e o St
S * PROGEDURE . E
] Act1v1ty A v e o o ”
4 ) ) Use the overhead pro]ector . Place the red polyg'ons on Trans-
. parency B (%"grid). Ask S B T
: , e t s
~ ‘WHAT PROPERTY DO ALL THESE POLYG:ONq HAVE IN COM-
" MON" (They are all 4= 31ded polygons )y
o ’ Write’ thls on- Transparency B. Lo \ -
) - . ) ,'( ‘_ o .‘ . - i - - A ,‘." . ..Si‘dedv Polygond’ ' ' ._:-' '~ - . -

- P N N
. r " e = - b - = :
- . N -
L4 . « . . N N
N L,
“a s ° e A .- . q G 2 -

L
R > ' A, . \ " o .
. . N D : N
~ e . N , i s ~ \ . . r
i - i
. . J R -

&

- N -

SO Thena_lsl;.:"-u"

¥
-

-

( .  WHAT TWO SUBSETS CAN WE MAKE FROM THIS SET OF * . -
o _ 4-SIDED POLYGONS? (“Caved" and "non-caved,"] |




D1v1de the olygons—anto‘these two subsets and arrahge them -
on Transpafency B. Be sure to write "nor\ -caved" and "\caved"

over-the two subsets . . c .-

t - w__,_..,.—- ——
-~ ,,’.,-.»
i 2

s .

LENGTH'P (Measure them ) . . 'j\

3
a3

Have someone 11ne up the szdes of the square Wlth, the grid..

"They should see that each of the fou" sldes is two ynits long. ~ 0

CAN ANYONE FIND ANOTHER FIGURE THAT HAS SIDES OF -
EQUAL LENGTH" (Plgure c.) ’

‘Soimeone should measure the length of Flgure‘C‘s 51des by o
11n1ng up each side withi-a 3=unit segment of the grid.

.
- e
.Q - - A .

Tell the class that we can separate Flgures A and C from the

-

. other non-caved figures by pufting a closed curve arqund them,

<

Do this with one piece of yarn. Place'the label 'rSIduS Equal
Length“ inside the curve w1th Figures A and C.

AT

Sldes\ Equal Le ngth

EY &

le

48

'Ask' the class. to_look-at figure__Ak(the square). c‘ ‘
T ~_2\.sk: ‘ - -ur."-‘w*;'::'“:"'““““" TR T TN .
— . I - \ T ™ . )
WHAT DO\YOU NOTICE BOUT THE LENGI‘H OF PIGURE o \ -
A's SIDES'? (The)?appear to be equal ih 1ength ) Tl < A
g " e \w -x: “a
'HOW CAN WE FI’ND OUT. IF THE SIDES‘AR EQUAL IN.




- ‘ANGLES The
-~ angles, - . e . . . l
\- o . & R e
v Someone can. show this either .by measuring the anglés with hls o
St clock protractor ‘or by superimposmg each angle on a right . -

angle of the grid. .. : .

n - - h.'...

. CAN YOU FIND ANGTHER FIGURE WHOSE ANGLES ARE ALL X
EQUAL IN MAG" (Figl.lre B.) o LR

e e s i+ e s ¥ ¥ . e x4

- »

.o Make a closed curve around those tigures that have angles of
eqhal - mag. Put @ curve around Figure B and the label. “Angles
-Equal Mag." - -+~ . :

»
£y «
»

e .Aslc the children; -

. . N . -
. - e . N
- ™ . N ~ -
\ - ? oo ~ .
. . - N - .
- ‘. . N

1IN WHI‘cH CLOSED CURVE SHOULD FIGURE'A BE‘ P‘LACE‘D? e

Irea the children. to the realization that Figure A belongs in 3t ey
‘both closed~cu es,’ Have someohe arrange the yarn and.Fig= - R
ure A so that it. is nSide-the 1ntersection of the two closed )

curves. :

) , P

‘

Tell the class ‘that there is'a spec1a1 name for polygons that ) .

* . have both the properties of the sides being equal in length - T
and the angles being equal in mag: they are called " regular" ‘
polygons The square is*a regular 4- sided polygon,

- ’ * " ‘ 11 e . - -~ . ~ * R




D1vide theclass .mto the same groups of three each as you )
did for Act1v1ty A, Lesson I0. ' Direct the childreti's attention -
T to the chalkboard tree diagram they made in Lesson 10, Ask- - -
’ Yot -the groups’ to.take out their exfra set of- non-caved polygon e “‘“*‘
cards, Ask them to separate the1r non=caved. polygons into. .
two subsets” -~ orie subset should contain the’ regular polygons . \
. and the other subset the "non-regular" polygons, (The com- SR ~e.
R mon name, for "non-regular" polyg'ions is "irregular. ™ You may - '
want to us‘e both ‘words 1nterchangeably ) When they have cc.‘)m- -
A pleted this task,” two people should tape-their group's subsets
‘ in the appropriate place on’the chalkboard tree diagram. The e
L. compléted tree d1agram should look like the diagram b,elow.

A . . v—"“.NA -
Lo~ 1 ’ . Y

Y Total Set

. .
¥ - -
. . .
g ’ DDD * ' v
.
N, -t : . . .

~ . Polygons. oL e \Ion Polygons e

OO0 <.

-

" 3-sided
a0
/\ o

. -caved nhon- o .
- caved caved ‘caved. caved - caved. caved caved caved caved

*\<empty s/wslnwaluznloas DDD 0o 000 goo .00

non— /norr—- non-. . /lon— ' /on—-

regular regular regular regular regular reguldr *regular regular regular

“6-sidéd

non-

non- . - © noh-. T

regiiar -

“The class should examine and discuss each group's place- " "
ent of the- regular and non-regular polygons,
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Have the children take out their flower r'ard fo. lders from Les-
som9, Usmg what they have leamed about regular polygons ‘
have the children roughly classify (by eye) their sets of flower -
polygons as regular and. non-regular (1rregular) E ) . :

.

»"a ~ ad N ~ .

‘

,Some children may wart to make a tree diagram of their classi-

™ fied flower polygons, - They could list the names of the’ floWers
. ~under each: category. ' .
. w99

Activity C LT L A i .
For this act1v1\y, haye the children work in pairs. \Each pa ra .;
will need two mirrors on blocks ,- a blank sheet of paper,. a’ - _“Q A
-- —pencil and a ruler, Ask’the children todraw.a- straight® line v
) segment across the. midd e of the1r paper Have them place : »
L one mirror upright at som= angle to. the line segment. Z T
: v , * '.::‘1 LN .-:., _. . . - N
Ask them to look in the mirror - .
- and -find out how many angles
-they can see. (One.) -
ST roe ‘
. ~vee T ' ~ge .g,.i .
Say: T » B
. * IF WE PUT ANOTHER .
MIRROR $O'T_HA’I’ .
- ONE OF ITS EDGES .
* TOUCHES THE EDGE
" OF THIS MIRROR, .
(demonstraté by hold- : - .
- ing two mirmrors to- )
gether but off the paper) .
. * ' N N v o ) « 4 ‘
: PERES B K T
¢ * L . .~




': LAND THE SECOND MIRROR ALSO FORMS AN ANG“LE WITH ‘
THE LI'NE ‘SEGMENT, HOW MANY ANGLES DO YOU THINK
YOU WILE SEE (Let the chlldren predict,) .. _ .o

~

. _Thenmave,the.chudren-put*hemsec ondmm:or.on.their; paper e
accofdmg ‘to" your instrwctrons. s

- .
-t e, *

HOwW MANY ANGLES DO YOU SEE. NQW WHEN YOU LOOK
’ IN'PO THB MIRRORS" -

-

-
R 3

Call on several children~ Thelr answers ‘will vary, dependlng

Iy

[ ——

on’t‘H' mag of the ahgle formed by the two, 1ntersect1ng mlrro:s 7

P
~ "

Ask ‘the cruldren to change ‘the angle T)etWeen the two mirrors’ .
uritil they are able to see a triangle. When they have done

‘this, "ask them.to look into a nelghbor's mlrrors .and see 1f his’
_.triangle i§ just like their own. - Let them experfment with their -
r‘mrrozs, makmg tr1angles that, have sides of diffefent 1engths..

. . \ .
Askathé chi‘ldren to move both m1rrors tog ether slowly, maklng

the angle formed by the two intersectmg mirrors smaller and
smaller. L

[
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WHAT HAPPENS TO THE NU MBER OP SIDES AND ANGLES
. AS YOU MOVE THE MIRRORS GLOSER-TOGETHER?- (The
number of engles and-the number-cf s1des increase.) - -

’

.

[N
-

wMHave the children turn'to Wc orksheets 42 and 43.. Thev w111
) need ‘their two- mn'rors and their clock protractors. Wherk they . _
T ‘have: completed Workspeet 43, discuss their ahswers With T e

Y

oY fhem. ) ) o . ‘ - - - T
- ‘ : N L s . . -
- - (\ e » . - W e
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. Worksheet 42 “a , ‘:f‘;‘:‘g:e‘ K v . A KN
. tnit.2t “Name = . n s Nnm?ﬂ_' - o, ~ | .
. . " . - Use?Worksheet 42 to help you-vanswcr' Ehc". questions.
. ., ’ : * Put'2 miirors on the dotied Aines tike this: .
- P - . - . . N .
. <, \‘\ . - y ) g
. // N A .
: ... L0
Y N N . . .
b . 7/ 2 AN * . o . » , .
. Crw o - N, *
* I's 2 ’ 1 Ay . * >
. Z A - AN Use your clock protractor. 1 . - R . R
7 £ + . -, AT . L oo . e
. o< v bk AN 1, - If the mag of angle ABC is VoL 1 - .
set 4 ) 7 SN ~ ; what do you guess the 'mag s - N . -
* * ) * . + “~ -
‘ . - & of angle COC? lmrﬁ ‘A N
. . . . = * Je
no . 2. .1f the dag of apgle HED 13 _LLL].Q, .
1ot > N . R
Use your clock. protructor. .o S . what d6.you R""BJM mag 12 .
- h of angle. DER ne T, R .
2.4e Wnat 4a the mag of mmle Ank? .1_1-_9_‘4“'5 . .- \.
Ll ] 3. Carefully draw the'®hape you'see With the-sirrors. .o
2. 'Wnat 18 the mag of angleitm [ 3 re L . < \ )
- - . N . . ‘l‘ Y
* Al L3 ] 6“ é ‘\'
- : - « N - . -
. ¢ . <
. b N N b - . « . ? -
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v ’ . LT . - T ) .‘. b y . S - T y
T Worksheet 44 e R . Lo .
= Uunit 2t , Nawo __- . . . ¢ T
) S Folyaon Puizles = . Worksheet 44, "Polygon Puzzles, Tl
. Put your nlrrors on ‘the dotted 1ines. v . 5 ShOl.lld be done now by the chil-

\Vrne ‘the nnne of the polygon you nec for each
mirror eset- up.

“dren.’ When they: are finished I
. ask thém if they noticed any re-
lationship between the size. of\
the angles and the pumber-of
. ] ' sides when they looked inetheir

_ mirrors.
2 “‘“\ -
- 8- B e "
© w et
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- . 4
X | R
. - ) e A N .
R " Greater mag of angles vields polygons with greater )
.y number of sides.
2 o :
. . . ‘
’ ° }‘

. . Smaller mag of angles yields polygons with lesser’
. - number of sides. .
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" Lesgon 12: ‘SI_M‘ILAR TRIANGLES ' T .

i .

The purpose of this;lesson is te introduce the conéépt of slm-
ilar triangles and. to tie together similarity and scaling, The
children compare correspondmg sides and angles of similar’
trlangles. . T ) '

X

&

* Two triangles are similar when the.rr sides are proportional

and the mag of their angles is equal; thatis, if'two triangles -~

are similar we can always find a proportional relationship.
betw the sides of one triangle and the sides of the other
triangle, arranged in someé arbitrary order. .

- q N ./ . ) . .

MATERINS e
"\ . ¢ A . N K .
. .= several "*aper"hps - .ot g
) . = overhead projector . e
T A * O
., + == yarn (optional) .o . 21 N :
. oo * 3 d v . Q
.. — tadjdard, | sheet © | ' ! X
» . ] . .
— blank transparency - » . N~ N
--*for each child -- o ' .
' ”~ LN . t‘ ) . B :\ . ‘ . . .
| — 4 paper clips . L L ’ '
™ . ' N 4 N Qa [Y . - .
. - clock protractor (from Lesson §) - - _ o
. A 9 .
— scissors - )
= pencil oo ' : _ i .
e colored pencils: " | red, | blue and I green . . ' .
' = Worksheets 45 - 48 (sei:s of similar triangles) . .
. = Worksheet 49 - ; ' . ‘ S . v
. ' . Y .
.- ruler : ) . .

¢
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Activity A .- \ o : o )
4 * i

_ The purpose of this activity is for the children to discover the
i relationships in a set of similar triangles, They Should see

- ) that the c orrespondmg angles of similar trlangles are equal in’

- . mé.ig, and that thé corresponding sides of .similar triangles are

® in proportion. The concept of proportion presented it. this
’ lesson is related to the concept of scaling presented in Unit
18, Sr*almg and Representatlon. RS *
| . ST

Each child will nieed a pair of 'scissérs, a pencil, a red A
- colored penCJ.l a blue colored pencil, a green. colored pen- N

cil and his Student Manual Have the children tear out. .- . |
. Worksheets 45 - 48. ' SN : ‘
; ) . L34 a ‘ . \t

Worksheet 45 - e . * Morksheot 46
Unit 21 < Unit 2t

L .. 128, ' SR -
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Worksheet 47
Unit 21

Worksheet 48
Unit21

“Ask someone to, describe the set of triangles on Worksheet 45
to the class. He should nste the different sizes of the triangles

and the "hash".marks on the sices of the triangles; some sides

Have one "hash" mark, some have two "hash" marks, and others

have three "hash" mark§. On the chalkboard draw a large tii-
angle with 1, 2, and 3 "hash" marks on the respective sides.

. . b wls

With red chalk, lbutline the side with one "hash" mark. Tell
the class to outline with their red.colored penc11 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"

194 -




-
~

marks green, Tell:the chil dren to do the same with the tri-
angles on Worksheets 45 - 48,

4

=
.

Red, .

‘ -4\ . - . Blue .

>

' 'fft'},"};
L‘

Now tell the chlldren to cut out the set of tr1angles on Work=
sheet 45 very carefully. W.hen they are finisheéd, each .child
should stack his triangles .in order, with the largest.on the .
" bottom of the stack. Ask them to place their triangles ifi such
a way that the blue sides are on.top of each wother, and the -
_ red-blue. angles are-also-ori- top of each-other,
They should cut But the sets of trlangles on Worksheets 46,
47 and 48 and stack them the same way. .

"

I

)_‘\

..

- o 'Blge i ' -

- Ask them what they notice about the mag of the red-blue

angles. (They appear to be equal m mag - they all fit on

. top of each other evenly.) Tell the- class that their sets of P

) ‘ triangles have certain relatlonships that are very interesting.

‘ Say that if they compdre the other angles and the lengths of -
the sides they should be ablé to discover what these interest~-

. ing relationshigs are. Ask them to raise their-hands-when

they think théy have discoverad something. Allow tirme for
free experimenting and discussion. '

»
®

You may want to walk among the children drawing attention to .
certain methods of comparison being used. Some children v
may walrit to use their clock protractors for comparing 'the mag

of the angles, others may use the superposition method.,
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There are various methods that the ‘children can use to'com:
pare correspOnding sides: They could use the smallest tri-
angles as their standard unit of measure, marking off how " - T~

. many small blue .sides thére are on the blue sides of each of
. the other triangles’. This method can'also be used to compare

the red and green sides. ) -

[

/

Some chlldren ma¥y wafif to use a ruler to compare ‘the lengths
of corresponding sides;:however, many of the measurements

will not come out to an even number of centimeters or inclles. RS
After you feel thé children have had enough tifée for experi~ o
mentation, have different children show and discuss the re- -
lationships they discovered. The following is a list of a few
eoncepts that could be discussed: :

14y

: ., v

" 1, The corresponding angles (the angles with the same colors)

are equal in-mag. You may want to 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 are -cor-
respondmg sides, as are the green sides and the blue
sides, . e ’

2. The corresponding sides are in proportion. You may. not.
want to use the word "proportlon, " but discuss the rela~ - X
tionships of the length of the sides, i.é.,.the red sides )
of the smallest tr1angle and the largest tr1a,ngle have a
l——> 4 relation, etc. ™ - X ) . .

3., Some children may hotice that if they stack Zhe triangles B
in order from largest to smallest and line up one corres-
ponding side and angle, the sides OppOSlte the angle form
parallel line segments, ©

N




. v . .
Tell the children we have a spe_ciaﬁname for these triangles:
they are called "similar triangles :

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

L3

- DN een
~ P L el

LY °Act1v1ty~B T - ‘ T

Divide the class into groups of four and ask theé childrenin -
each group to move their desks close together. They should

remove the paper clips from their sets of similar-trianglés and

then each group should thoroughly mix its Sets of triangles ,

turning some over in the process.

. *  Using what they have learned &bout similar triangles the
- children should now bé “able to sort their combiried sets of

triangles into sets of similar triangles again.

On the overhead projector place a‘set of similar triangles

right side up. Flip over one of the triangles. Ask the chil- -+

dren if this triangle is still similar to the other triangles.

. L3N

4

_The following definition of similar triangles is provided for'
your ihfprmation and the children should not be expected to
repeat if. "Two triangles are similar if their corresponding
angles have the same mag or their corresponding sides are :

in thé same ratio." Therefore since flipping a figure over
does not change the figure the two tfiangles are still similagr, - .-

o 18 | NETA
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PAruntext provided by enic [N

" Activity C

» ot

- ’ ’ o . I PR N
D1scuss th1s idea w1th the ch1ldren, in terms that they can . .
understand ) . . . 3 " ‘
You may want to make a bulletin board dls.play us1ng the chil= .

n

-

-

*

-

Lol L J

>

dren's sets of similar triangles. You could use yarn to.make .*
a closed curve around each set of tr1angles, or arrange. each . o
set on'a large sheet of dlfferent colored construction paper., . . €

-

In this act1v1ty the chlldren use what they learned about ‘ s

scaling in Unit'18, Scalmg and.Représentation, to generate .

_a set .of similar triangles,

| =25
dren complete Worksheet 49,~

-

Workeheet 49

. Untt 21 Naine

Scale up the emll trisngle. | ]

v:‘" : . g 12 T

¥ |

»

s
T

Are thee: tciaugles alunar?‘y&_

&

128 - -

You may find it fiecessary to .
quickly réview the notation used in Unit 18, i.e., | = 3, : e

| = 1, etc. and.the term scale up.'{ Have the ¢hil= o

~

9
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o " Activity D . - S . t |
A S A ' -
o So far, the chudren have worked w1th 51m1lar tnangles whose
. A . sides are in integral proportlons,/l €., b =2, 1= 3, 1 ~ 4, e
etc, In thlS act1v1ty the'class Works® together constructmg a
- . Set of similar triangles- whose sides are not in integral pro- »
® - e
. e - portion, . While these similar triangles are being constrm,t‘-\d §
' e the children should also notice thatonce two equal correspond~- Y
I ing angles are constfucted, .« :
y i ‘ : .
v 'y o ¥
“ R . ; e 3 aa s * ) /
o . the third corresponding ahgles will also be equal. ' . /
. b - / ¥
o w
o
- b - -~ ¢ -
" *‘- ‘\
‘+ - i
e N
Outline your triangle cutout on a blank transparency. Label -
the three vertices, Pro; ect 1t on the overhead proj ector, }
. .
. - 1 29 i19
o . ) . RN
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e e e =y

Use & ruler to exténd line segmentsAC and AB for appx‘oxr-
mately 3 or 4 mches. .o , -

-

-
ey ' ' ' P

N

\ )
Ask a child to come up and mark any pomt on lme segment
AC. Label that pomt D t -

k4

A L5 o :
. . B
" Place pomt C of your cutout trianglé on point D antl line up
-the sides of AC, P . '

A

B : " E . “ |
Qutline side CB of the cutout triangle, With your ruler, : i
extend“this line segment until it intersects line segment AB, |

Label this mtersectmn E. .- L. ‘ .
1 - . |




B

D Outlme tmangle ADE in red. Ask the chlldren 1f triangle ADE

: is similar to triangle ACB,  Have somedne show the class that
they are similar by moving the cutout triangle ABC so that B
comc1des with E to show that those two angles are equal,
Then meve the cutout triangle so that © coincides with D to
show that those two angles are equal. Fmally, move the cut-
out triangle so that A coincides with A to show that those two :
angles are equal, SN

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

131




‘[ A - .
Usmg cutout. frlangle ABC, construct several other similar g .
W -triangles using-this same procedure. The finished transpar— .
we ency might look like this. . Co s

Aruitoxt provided by Eic:
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- Lesson 13t ‘EJCONGRUEN\'.I-“-FIGURES v

~ )
In this lesson we 1ntroduce an 1ntuitive approach to con&u—‘

ence, A congruent figure is a special kind of similar figure,

- Two gedmetric figures are congruent if they have. exactly ‘the .

same size and shape — when superrmposed on one another
they will fit exactly, The children discover that the congru-
ency of two figures does not change when one of the figures

is fhpped over. ) :
. * n . « A Y

)

L " The concept of congruency can also be applied to symmetrlcal

. patterns. " . . < L.

CMATERIALS - N .

- 10-12 sheets of\Z" X 18" constructron paper T
— scissors :'_ R

- Transparency B (from Lesson i)

- bottom half of Transparency A (from Lesson 1 l)

C— overhead pro;uector : - - C .
- transparent tape |
- Worksheet 50

1Y . N ’\ .

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 cuttmg out. the flgures freehand,
Each polygon should be approximately 4 or 5 1nches across.
You should be abte to cut out 4 to 6 polygons from a large -
sheet of construction paper (12" x 18"), . (See examples on_
the next page ) -
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. ‘9

Acthty A

-

‘it up, Ask the class if anyone can find ancther polygon cut- N

-+ 5-sided 'polygo_rfs o

~

PROCEDURE ~ ~ ¥ . .- S

Gather the class mto a group and *put the set of cutouts in the\ “
center of the group. Choose any one of the cutouts and hold . "™ .

out just like the one you're, helding. Let the children suggest

some methods for fmdmg the matching po ygon, Call on a

volunteer to find a matching-polygon, He|will probablysrum- .
mage through the set of cutouts looking for one that matches. .

‘When a few figutes have been tried; suggest that this method N

takes. too: much time, Ask ' . _ - : ) \
IS THERE SOMETHING -WE. COULD DO TO MAKE IT EASIER *°
TO~ FIND A POLYGON THAT GOES WITH THIS ONE? ‘ DT

-

" Lead the children to suggest that they should sort the poly- .

‘gons into subsets of polygons that have the same number of - - " ‘

sides. Call on four children: to'sort the set of cutouts into i .
subsets of three, four, fwe, and six-slded polygons. . R 1
When: the sub_sets are assembled, 'divide the class mto ‘f‘ourv R .
groups and assign each group to a set of cutouts. Tell them .
that each polygon.in-the set has at least one other matching R

&

. h.»"
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L4

- polygon, and that th(-\y'should sort their set into subsets of
' polygons that are alike Let them devise their own method
of-sorting, . .
. */.
When the %hildren have finished sorting their cutouts, ask a
. e child from each group to demonstrate the method his group
) uséd to’ find the matching cutouts. Some children will report
that they found the matching polygons when the sides were
" the same, and shaw%wo superposed figures. Elicit the .
idea that all corresponding sides have to be.the same length
“in érder for the cutouts to be the same, If no one has men-
tioned it, direct/£he children's attention\to the angles, . They
-should also .seq¢ that the corresponding angles appear to be
equal in mag B
Tell the children we have a special name for figures that will‘
* fit on top of each other or Jigures that "match" ; they are "
- Ealled “congrient;"- Write the word "congruent" on the chalk-,
© e oard . > .

L * |s . ) - ¥

kY : - . g
ActiV1tyB L f_‘. NE -

+. 7 Cut out the two right tri-. ‘
+ .angles from the bottom STk

" half of ‘Transparency A
(red acetate), You wills -+ .
. &lso-need Trahsparendy.B . - T /

R (clear’grid. transparency) ' 4

Place the red cutout tri-
angles on the grid trans- ;
parency, . 1

frenee
]

¥

Fad
.

[T 11

L}
» . ~

Flip over one of“the‘trif . | . 1.
ahgles., " : o E ) ) R R

.
¢ . —t—1

., The sides of the right LN T
. angles should be }ined T s )
up with 'the grid lrﬁ N T T—1T—
You may want. to t

*.. the two triangles to the
grid transparency.

17 e,
.




L3 N

Ask the class if they think these two triangl‘es,.a're congruent. N
Have various children give reasons for their answers. The
final verification should be to superlmpose one triangle on the .
other.- Do this without flipping’ the one triangle back over. /7
You w1ll not be able to place one neatly on top of the other, -

. 3 .
, “
)
\ -

Supe )ose correspondmg angles on each other,  The chll—
dren-s hould see that Jall the corresponding angles are-equaI‘
They should also see that the correspondlng sides are equa.l
(either by measuring, Wlt\h\‘the gr1d or linlng up ‘each palr of

sides). Ask:. . ) ) S

: (ARjE: THESE TWO TRIANGLES CONGRUTNT? B -

The children will probaBly disagree — the corresponding sides
and angles’are equal, but they Ban't seem to be able to fit
one.on top of the other s0 they fit exactly. ol e

Then ack: _ - . b X .
IS "l‘HERE’ANYONE WHO CAN DO SOMETHING SO THAT
THESE TWO" TRIANGLES WILL FIT EXAOTLX ON TOP- OF e
N EACH OTHER?, A A !

»
¥

Prom thelr expenences in Actnuty A, someone should be able
to suggest that one of thie triang les be flipped over., When'
thlS is done, the triangles will fit exactly Pn top of each -
other The triangles are congruent ’
So far, we have limited' ourselves to congrient polygons; how- -
ever, the concept of congruéncy 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 mag.
Regions are congruent if they have the same area and shape, o

e =
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\ N R
o s e [
LY . .
, .
<

N . —n




! -
s . . N k] -
-~y . . - b . A
o - Lo o . . , \ . |
: 3 Y . /. -
. A ~4 o . i y (O’ - . o 3
> N . = . ; o R ’ ’
. g .. * ¢ . IR :
. . e v . . e
o . - . . 3 . N . . - .‘QJ
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- | IR LR o “"""/. : — . |7+ Discuss these-ideas with
w € “ - . ) . ¢, ! R " . _ '
. ! Tést each pair. with*your “ruler.. - : the children and th,en h‘ﬁve. I
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R ' . Activity C {Opticnal) - T / T ' .
. Units 7 and 14 are MINNEMAST' sy;ﬁ/metry units.” Many of
: . the art activities in thesé& units c;)’uld be used at this time -
v as examples of congruency : a .

. Example. ‘page 86, Unit 14, Exploring Symmetrical Patterns”
- v‘- Al -]
] hl ’
-
M 4
- ’ ,'-" *'
X ' . ’
i
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Lésson l4 PATTERNS WITH POLYGONS TESSEIATIONS
= :

Throughout this lesgon, the chlldren are given many d1fferent

probléems to look at, think about and solve, You should in-

volve the children in discussion of the questions and’ manipu-

latlon of‘the materlals get them to think about the pro‘blems
e and try to solve them for themselves In some cases you may
want to leave drawings and questions on the bodrd to give the
children time to think about them and to arrive, at their own -
conclusions. ‘rthe major emphasis in the problems is on find=
ing pattefns in designs and shapes Domg th1s kind of work
develop‘s sRill’in locklng for rela,tlonshlps among elements,
The ability to sée such reLatlonshlps is fundamental in under=
standmg mathematlcs and ‘science,

The word "tesselatlon" means any arrangement of polygons \
that fit together to cover a plane surface completely,. with
none of the polygons overlapplng. The polygons can be reg-
ular or 1rregular, concave or convex and may form a symmetri- |
val or an asymmetrical tes Selation when they are fitted to-
gether, In this lesson, the work is limifed to those tessela-
tions which exhibit repeatiny symmetry. Although the ch11-
dren will be worklng with and forming tesselations, you need
not teach the word "tesselation" to them,

MATERIALS

0w

- — scissorsy | per child . -
«— paper cutter

\

- 9" x 12" black constructlon paper, 2 or 3 sheets per child

- overhead projectqr . )
— globe | - °
— baggies (small plastic bags), 5 per child -

' - crayons . - o . S

Al

*constructmn paper and paste (optlonal)

— Worksheetd 51-81 ~ - .
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r o. Vv
Worksheet 851 Unit 21

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.”
Discuss-with the class the -

. properties of the equilateral
triangles, (All sides are

A of equal length, all angles

are of equal mad.)

Nffer the tfiangles have
been cut out, giveieach
- child a sheet of 9" 'x | 2"
black construction paper.
The tridngles will be éasier
to manipulate on the coarse.
construction paper than on
: : a smooth desk top., Ask
‘ the chlldren to make different shapes by placing their trlan-'
gles together, Allow time for free experimenting. Some ch11-
dren may want to show the class some of the ‘shapes they«
make. You could use the gverhead projector for this. The:
following are some shapes they might make;

>
\

|, Sides together, so that they coincide. '\;\
‘. \ ™\ 3
. \

2.




~
At

- ' A - . 3. Vertices together. ° ' e Vo
S ,41. Tr’iangleﬁs on_ top of other triangles.
LT ~/$ ) N
. . Tell the children that they should use a rule that ‘they can -

only make shapes that have the sides of the triangles to-= .
gether with thé endpoints of the triarigles matching (see #1 ..
o on page 129). After the children have had time to experiment,
discuss several basic shapes they can make this way.

, rho?bus\ trapezoid parall‘e logram ' hexécron

Suggest to the children that they\try to discoyer more shapes &
by combining other shapes. Some\may make a star. '

‘. ) .
-
N AN
‘0‘ .
.

i . ]

. Show them how a larger hexagon is formed 1f more trlangles
- : are added to the star, . . - ‘5

/VV\




Activity B l . -
L. - ¥ a4

Let the:children investigate-the following problems. Putttife . .
drawings on the board. You may alsé want to write the ques-
tion% on the board and leave them up for several days. Go on
to other activities in this lesson and then come back to this '
one later and dlscuss the chlldren s observatlons with them.

-3
3
-

HOW MANY SMALLER HEXAGONS CAN ¥OU PIND WITHIN
THIS LARGER HEXAGON? THE TRIANGLES QF THE SMALL-
ER HEXAGONS CAN OVERLAP (7 smaller, overlapping

hexagons ) N

WHAT HAPPENS IF WE BUILD ONTO THIS FIGURE WITH
TRIANGLES? (We can get biggef and blgger hexagons with
other shapes 1n51de of them.)

WHAT DIFFERENT SHAPES CAN YOU FIND WITHIN THIS
HEXAGON-? THEY CAN OVERIAP -OR N'OT OVERIAP. (There N\
are six rhombuses that overlap. There are threé rhombuses
that do not Qverlap If someone notices this, ask him how
many differént ways this hexagon can be separated into

three rhombuses, There are also six trapezoids that over-
lap.) ' '

141




HOW MANY SMALLER RHOMBUSES ARE THERE WITHIN ‘THIS -
LARGER RHOMBUS? ‘WHAT HAPPENS IP WE BUILD ONTO
IT WITH TRIANGLES?
Follow the same procedure with the- trapezoid and the parallel- .
Qgram as the startmg shapes

B ey

Eventually ‘the children should see that as they continue to -
. build on with triangles, they will form larger and larger ver= :
. " sions of-the - starting shapes. * - | v .
' : , e o
Activity C . Thay ‘
Have the children work in pairs. They should use their sup=
. : ply of equilateral triangles to try to tile a piece of black con-
struction paper, ““Have them cut extra‘ strips of triangles from
Worksheet 51 as théy need them. Ask them if they can cover
the paper. completelg without leaving any spaces and without
overlapping. This 1% possible only if they cut the triangles
when they get to the edges of.the paper.\ Ask-.them to try
covering one of the comers-of the papet with triangles. They
should see that they would have to cut some triangles to cover
the corner neatly, too. Then ask: : \\ ’,
COULD WE COVER 1.,IE WHOLE' CLASSROOM FLOOR WITH -
OUT LEAVING ANY SPACES?

-

Let the children speculate". Some children may want to try l
to cover part of the floor with their triangles. Eventually - |
someone .may-suggest that he would have trouble with the i

corners -and edges Ask:

COILLD WE COVER THE WHOLE PLAYGROUND” (Yes, 'but
we might have difflculty at the corners.and edges,)




- WHAT SHAPE WOULD THE PLAYGROUND HAVE TO BE. SO
THAT THERE WOULD BE NO PROBLEM AT THE EDGES"
(Triangle, rhombus, trapezoid, parallelogram, hexagon, =
etc.) " ‘ . .

< . iy COULD WE GO ON COVERI’NG 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 \rouble 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 wrll be used again in Lésson |5,

ActivltyD Coet

Worksheet 52 UnH, ] Iy

Have the children ook at ’
Worksheet 52, Discuss )
the répeating symmetry of
the equilateral triangles.-
Then ask the children if
they can see any shapes .
other than triangles on the
page,. This should get o,

. 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 a'child finds a shape, -
ask him to outline it, Then
ask if he ¢an find another
shape like the first one, _
They should go on%utlining'

- the same shape wherever °
they £ind it on the page.
Some children may pick out

9,

, .
.
:

. :
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a shape and repeat it in such a way that the page is tesse-
lated. Others may make a design-that is not a tesselation,
Shown below are two'examples of a design in which the .

: hexagon is the single element, The first ex_ample is a tesse-
- ' lation; the second is not, because the surface is not com-

) 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 ) .

.
@

J /X/\J \/ \A

Some ch1ldrc=n may pick out aninitial shape of which they
= cannot find another example

N VAVAVAVAVAVARR
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Activity E- K

den landscaping,) -

ot

Don't em'phasi'ze the idea of making a tesselafioh,’ but rather, o

have the children ~E:ompére~and contrast their designs with

" each other, Hold a discussion abgut the different kinds' of

de;igns. T N o

This activity continues.on Worksheets 53-55," These work-
shéets are the same as Worksheet 52, except for the work=, -
_sheet number, . '

. M

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

' Worksheet 52. The children should 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 Jbattern., Suggest that they
try to maintain repeating symmetry in fheir-coloring.

.o . . ‘i‘ ‘.

Encourage the children to desigh their own jpatterns and to
color them, Discuss where the patterns they have made might
be used or found., (Bathroom floor tiles, kitchen floor pattems,

wallpaper designs, carpet designs, brick wall desighs or gar-

>

- v ’ : L4
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Workeheet 36  Unit 2t
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;  Worksheet 57  Unit 21 .
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Worksheet 59  Unit 21
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Activity F (Optiohal)

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 vegétable garden and plant seeds in )
~ large trays, following their pattern, , Below is an example of
such a garden, ‘ ' ) ‘
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Activity G PR .
I Have ‘the children remove Worksheets 60 and 61 from their
Student Manuals and cut them into strips along the dotted

lines. Then they should cut out the individual triangles and
bentagons. . Y .

Give them three baggie_s apiece in which to‘fcegep their cut-
out polygons. . ) )

rking with their triangles e;nd pentagons, the children
should expeériment to see what different shapes they can make
> by fitting their cutout polygons together.. Then suggest .that
. theyi\x to cover an area such as .piece of construction
paper with their cutout polygons, without leaving any empty
“sbaces and without. overlapping. When they work with ?l'li

pentagons) they should discover that they cannot cover'a - )
surface comnpletely, "

DU 14
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The .children may want to |{ake ‘designs that show*klateral _
repedting or rotational symmetry, Some niay want To paste s
their cutout polygons on a sheet of construction paper, mak- v

ing a permanent record of what théy have discovered, - You <o
could make a bulletin board “display of these. Use a different . »
example from each child in the class, . R P
" You may want to allow time fog a show-and-tell situation dur-f .
ing which the children report to the. class some of the discov- R
eries they have made, ‘ ) e ¢ \

»
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In Section 3, there are numerous open-ended 1nvestigations
with plane and solid figures. There are two lessons in

sition from two-d mensiona1 to three-diménsional shapes .
They work with. il\t shapes for example, squares) and put
them tqgether w1th‘tape to form'a three'-dimensional shape
(for example,i the c\be) “ah important part of this study
is free experimentatipn with Flexagons, both during Glass
time and during free t me, if possible.. =~ ' Lo

.In the second 1esSon, .the: éhildren é‘enS}Fruct additional dif-

-
1]

ferent three-chmensional solids from tw -dimensional pat- -

terns ; o]

.

.d ‘:’

Theré are many big words ~1n these lessjms, such as tetra-
hedron, icosahedron, dodecahedron, etc. It is not neces-
sary for the children to. memorize or learn* how to. spell .

thdse words. However, they might enjoy hear1ng the "tech- .

.njcal names for the different shapes as they work with *hem.‘z

¢
.
I
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Lesson 15 FROM 2-DIMEI\\SIONAL SHAPES TO 3-DIMENSIONAL SHAPES

The chlldren v1sual1zelcongruent or similar shapés that are
ir different orientation They also makKe the transition from
two- d1mens1onal shapes to\three- dimensional shapes

MATERIALS .

- square counters 6 -per chil

; 14

‘*";*-":*" - I2" X 18" constructhn paper, I or 2 sheet.s -per child S ‘
! transparent tape, 15 rolls \ a A ‘
- equllateral triangles (from Lesso\n l4) . \
- Flexagons ‘ \\ ) =~ . ?
. . . | . ,
PROCEDURE . ’ \ /

Give each chiid six 'square counters and a piece of construc-

tion paper, Tell thém that today they are go1ng to solve a

problem Ask: | .
HOW MANY DIFFERENT PATTERNS CAN WE MAKE USING
FIVE SQUARES? (Let the childrén make several guesses.)

. {

" Ask them to use the same’ ru‘e they used in Lesson 14 -~ the

edges ‘nwust 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 pattems Demonstrate the

procedure by piacingfive squares in the following pattemn,

<, . R

A
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)

Then demonstrate how'to use the six,fh\squa}re to draw the ¢

pattern, . 4

>
»oe

i
. S

I

’:}Mf:en the children understand what to do, have them pfoceed.

lalk among thém and give suggestions. Many children may )
ave trouble deciding if two patterns are the same if one is J
lipped or if ohe is at & different orientation than-the other,

edert .
N / \\
/ v ,"\ ‘\‘
N ~ )
7 N -

j ) : '

" - ¥

/ . _ . ¢
‘ | flipped . d?fferent orientation wﬁ—-—
A ’/ There is a total of twelve different pat‘terr;s': s

I \ : | \ ~ M <
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‘Pass out a rall of transparen+ tape to every two chilaren.
Ask the children to see whatshapes they can make‘by tap-
iy the squares together Tell them that. the 'squares do not-

have to lie flat on the desk. Some children should discover

a cube, If two childrén put their p1eces together they could

make a réctangular box. .o

-

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 mig... re-

semble -some of the five-square patterns they made earlier,
for example:

If someone notices this, have the children speculate
which patterns their flattened-out boxeés w

ing their boxes together and trying to fiéttert thei
they look like whatever patterns they have chosen.

143
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The following eight patterns (out of the twelvé original pat-
terns shown on page 142) are the possible patterns that the
flattened-out boxes will look like,

—

11 [IT ~ .

|| ] || N
- OoIm rC C o
| L o A [ ] .
| 1 ]
Some children may want to taﬁe their boxes togéther again -

and try flattening them to form another-pattern,

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

) 2 ( ' ’ ‘.' .

i

:
i
\"” !

Ask wha{\ would happen if ‘there were four faces meetina at a
comer, They should try this, Someone should see.that there

will be a flat surface when there are four faces at a corner,

.
3 .3
1
t

Tora

Have-“the 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,

.
~




Ask: o

HOW MANY TRIANGLES DO WE HAVE AT EACH CORNER‘?
(3.)
; N
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, Ask them to ¥ind out if they can have more than;
three triangles meeting at a corner and still make a soli
- They might also try to find out, if they can make solids using
pentagons hexagons and squares,

el
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Lesson I'6:‘ POL_YHEDI.QA-._

»

In this lesson, the children learn how to construct three=-. ‘
dimensional solids from two-dimensional patterns, how to \ -
construct rigid and non-rigid solids, and how to construct - |-
- - - congruent irregular tetrahedrons,
|
\

A polyhedron (pol-ee-HE- drun) is a selid 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

i 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 rectangleg
AN
N L

Figure | . Figure 2 - “

>

In Figure 2, ‘we see a l4-sided drum-shaped polyhedron
constructéd frem triangles and hexagons

!
~

A reg{llar solid 6r'polyhedron is one in which all of the faces
[ are regular polygons, the edges are all alike, and the ver-
' tices are all alike. (We mean that there is a symmetry opera-
tion that will transform any face, edge, or vertex into any
other face, edge or vertex.) Asamazing as it may seem,
there are only five regular polyhedra, a fact dlscovered over

2,000 years ago by/fhe Greeks The five regular polyhedra o
are;

l.. The four-sided pyramid "
or tetrahedron.” (4 faces,
all equilateral triangles,)

156
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3. The octahiedron. (8

. faces, all equilateral

triangles.,)

by

The dodecahedron.
(12 faces, all regu-
lar pentagons.)

* 5. The icosahedron, (20
faces, all equilateral

triangles,)

" MATERIALS

~

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

2
S

~ -transparent tape, 15 rolls (from Lesson I'5)

- Fl'exagorgskfrém Lesson 15) . " ’ '

— think sticks ahd connéctors (from Lesson 10)°

= Sscissors

— paper clips,<6 per child

— crdyons

sheet)

[y

PROCEDURE

Act1v1ty A

-

~

Worksheets 62-6% (regular polyhedra constructmn sheets)

Worksheét 67 (1rregular tetrahedron puzzle constructmn "

- 3
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,

~
*2
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Ask them if anyone’ was able to

_construct a figure using more than three triangles ata -

¢

L4




corner, Someone may have.been able to make the .octahed-

ron. - .
- Have thé childreh remove Woiksheets 62-66 (regulér poly- .
-t hedra construction sheets) from their Student Manuals,
Pass out the rolls of transparent tape, |Ask the children to @ .
look at their polyhedra construction sheets, Tel’ them that . .
o after these figures have been cut out, they can be folded to,
o T make solid Shapes.’ 1\~
. - " ' M\o.rksheet 62' C : ) \ ’ .
- . . Unit 2t ' ’ \ .
. | : y
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. The figures will be easier to fold if the edges are .scored.
With some practice the children should have little difficulty --
with scoring. .The procedure for scering is the same as
for drawing-a straight line segment using a ruler, except - -
. ‘that the open pointed- end of a scissors 1s used instead of a
pen01l

'

- ‘ "~ Al the dotted lines. should be scored., - R

e
N

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

. W1th1n each group, the ch11dren should examine each others® S
sohds. When all the groups have finished making a solid

of each type, discuss their properties; number of faces, . ‘
i number of corners,. polygons used to make the sohds, etc, S |
o T Discuss why these are called regular SOlldS. |

Act1v1ty B e , V |

Pass out think stlcks and connectors to each group of
five-children, Give each group at least six sticks the same
'lengthl twelve more sticks of another length and twelve
connectors, Ask the children in each group to make a tetra-

S 160
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" dron has. (It has the samé number of edges as the number of
. sticks used and the same. number of corners as the number
of connectors used.) -Now ask each group to make a cube,
They should notice the number of sticks. needed and the num-
” ber of c%nnectors needed -- twice as many as for the tétra-
hedron. %(The tetrahedron has six edges and four corners;
the cube has twelve edges and eight ¢orners, )\Ask them if
they can not1ce another difference between the'cube and the
tetrahedron. Someone .Should mention that the cube is "flop-
py" and the tetrahedron is "rigid." Some childrenh may remem-
ber when they used the think sticks to mgke polygons'in,
Lesson.l0. At that time they found the triangle to ke the
only rigid f1gure. - : \\
-Q' i
Some chlldren may want to experlment with the think sticks
and try making mlxed "floppy- r1gld" f1gures.

Have the class compare a. think st1ck cube to a tagboard
cube,

WHY ISN'T THE TAGBDARD CUBE FLOPPY'? (The faces
act as Bracing for the S1des )

!

. Some chlldren may want to try cros s-bracing the1r cubes to. "‘.’\\

- make them rigid,

o, >

For further investigation, the following question could be :
1%

ra1s ed:.
"~ - H

If the triangle is the only rigid polygon and the tetrahed-
ron is made of triangles and is also rigid, Hoes 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 (irreqular tetrahedron
" puzzle sheet) from their Student Manuals. Give each child
six small paper clips. The children should color one side
’of their works heets. Ask them to cut out carefully the four




Worksheet 67 ’
Untt 21°

puzzle pieces. Tell the Chll"
dren that'the tabs can be ‘fold-
ed in either dlrectlon and that
thése. piéces CQn be fitted to-
gether to make a tetfahedron. ‘
" Ask if it will be-a regular tetra-
hedran., They should be able
to conclude that since the i-,
angles are not regular the tet-
rahedron will_not be regular
- Ask half the class to make'a
<l tetrahedron so that the white .
side is on the outside and the
other half of the class to make.
a’tetrahedron so that the colored
/;1de is on the. outside,

ws
.
¥ T ' "
4 . N

. - [ 2 . " ! N . .. .
- . —_ . . . -, C epe X
_— ) ~ s > e , ‘ . |
When the children have

o Show the Thlldren how to use the paper clips to secure
& : e
completed their tetra-

two flaps
hedrons, have them com-
pare the white and colored™
tetrahedrons. Ask them if
their tetrahedrons are the -
same, (They are the -~ T
mirror 1mages of each
_ '. other -- llke your left and »
N right hands; )

l

Some children may want
to investigate the possi- ‘ : L
' bility of making a tetra- - ' PR
hedron with both* colored and whlte faces. How many ways
of arrangmg ‘the two colors are there? How are the co}ors \
. arranged on the inside of these tetrahedrons'P These ques-
' : tions can be' left open-ended. |

-
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Units 21 and 22
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Demonstration Clock Protractor
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Unit 21 - ‘
Lesson 1. .

Transparency A ’
v R
‘\ ) o Angles Equal Mag
R ‘ . . ’ T, o .
Sides'| Equal Length . - e

N .

Lesson |3

188




Transparency B

Lesson 11|

Unit 21
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