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+ ABSTRACT va
This volume is the twenty-sixth in a series of 29
coordinated MINNFMAST nnits in mathematics and science for )
kindergarten and the pfimary grades. Intended for use by third-grade
teachers, this unit -quide provides-a summary and overview of: the ~ _
unit, a list of materials needed, and descriptions of eight groups of
lessons. The purposes and procedures for each activity are discussed.
- Exanmples of gquestions and discussion topics are given, and in several
cases ditto masters, ‘stories for reading-alound, and other
instructional materials are included in the book. In-this unit,
" chemical and physical prorerties of materials are examined.
Properties studied are hardness, weight, volume, demnsity, color
separation, shape, solubility, and chemical reaction. (SD)
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- . INTRODUGTION -
e .

Children who have been in the MINNEMAST program since
kindergarten have had a great deal of experience in observing
Lo . . and descnbmg the properties of objects, They have given )
- verbal, qualitative desceruons of the-properties, and fre- 4
A : . quently they have quantified their observations by measure- -’
—~ . o ments of such properties as length, area, volume and weight,

' '\Th1§ unit brmgs in a new, consideration -~ the studentg will,
. ow focus on the propert1es of the material of which an obJect
- . ils composed rather than on the properties of the.object itself.

(o] mtroduce the 1dea the children will first take apart use-
a ok less objects brought from home, They will be able to identify
, : ' a number\of materials that are already familiar; such as cloth,
glass leather, rubber and wood. However, they will encoun-
“ter other myterials that they cannot.identify with any dedree”
of certainty .. These doubts show the need for setting up tests

that will help*to distinguish one material from another. -
. .

’ &)

The lessons are des1gned to teach SOme of the ways a mate--
.rial may be identified by its properties. The children will
rlearn to test metals and mineralsg fqr the property of hardness.
They will find out how to separate inks and food colorings
' into the compopent colors. The children will also learn to,
’ 1dent9£y gome minerals by the property of crystal shape and
by 'the property.of shape retention after cleavage. Finally,
. they willruse solubility and chem1ca1 reaction as propertles
T A " that a matenal may have. oo
S LA . @ e N .
. . - _~," ‘Science and mathematics are well ‘coordinated in this unit,
- “The mathematical concepts include intersection of sets,
o o~ measurement of angles .and measurement and graphing of
o, - . v’ weight and volume. The children will particularly enjoy
. using their new transparent protractors to méasure the angles
- . ‘on the models of crystal shapes they constructed.
ar . ) j i o
. L The concluding lesson of the unit gives the children oppor-
. : tumtxea to use their expcnmental skills in identifying a
. Cooe variety of unknown white Substances. They cqmpare their
. A v rew data from this’ activity with previous fmd gs. Thus,
N ' - the lesson also serves as a review and evaluation of what _
S the children have learned. . ’

- ¢ .
. ¢ . A !
~ ’ ~

ix
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As in the photograph above, children should always be
gathered closely around the teacher for demonstrations
ind discussions of experimental procedure.
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During the two years of work that preceded this report, six subcommittees of

the New Jersey Library Association Library Development Committee carried out a
series of investigations into the status of different aspects of New Jersey libraries
of all types, and a series of monthly Committee meetings were held during which
standards for library service to New Jersey readers were set and rinciples for an
over-all state plan were developed. Further studies of New Jersey library collections
and testing of the standards were carried out by a staff at the Graduate Schoo! of
Library Service, Rutgers University, with assistance from the State Library staff. Each
sub-committee was also requested to reconsider its report in the light of new data
and the developing plans for the state. In addition. a consultant spent WO months
visiting selected libraries. Based on the information from these activities, it is
concluded that three-fourths of New Jersey residents do not have access 10 printed
materials and library services to meet their full educational and informational needs.
The basic recommendations are that New Jersey must develop a coordinated network
of library service over the state, and adequate financial support must come from
both local sources of revenve and the state government. A specific program for

. library development is outlined in this report. (Aut or/JB)
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i _ 'W‘IN%RODUCIN'G SOME PROPERTIES OF MATERIALS

' PURPOSE . -

.
¢ 4. - v % ~

-

~ To lead the ch1ldren toward the idea that although the ~
properties of some materials are easily observed and

- To 1ntrodu\.e a number of materials the chlldren will mves-

<, identified, others may require special tests or techniques.

tigate in other sections of the unit. ’
_— " COMMENTARY 8
'_ - "In Lesson | the children take apart a number. of"ai“scarded'

e y . useless objects in order to sort the various parts accordmg
“» to the materials of which théy are made. Eventually the chil-

) ' dren discover that some materials are not easily differentiated
R by observation, but may requ1re special tests for correct-).den-
) N “tification. . - \ i .- ¢

In Lesson 2 the chlldren are presented with a varlety of mate-
- rials that they will use later inthe unit. Some'of these
. ‘ . matertals cannot be identified easily or distinguished from
T, ‘ > one another, This motivates the children to learn some of
. ' ' . the tests that scientists use to identify materials. :

IR o Tea\.hmg t1me for this sectlon should be about two class-.
o perlods ,

o

.
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' Lesson |: WHAT KIND OF MATERIAL? . . )
. . ‘ 3 Near the end" of Unit 25, letters were sent home to the parents

asking the children to bring discarded. broken toys and other
useless articles to school. The letters also requested the
- children to bring tools. such as files, pliers, screwdrivers. and
= hammers.f0r use in this lesson, If the children have not brought
thesé things, ask them to do so now. When you‘have collect-
ed one ‘or two worthless objects per child, "'you are ready for-
the lesson, If the children have not brought.enough tools, [P

you may wish to borrow some from the school -custodian.

™ In Activity A the children examine the~materials in the .collec-
tion of discarded articles and rname as many materigts—asthey— - -
recognize. Then two children are asked to make _subse't}s__f;‘gfn'
the set of all objects. One child makes a subset with objects
- . contatning woéod.. The other child makes a subset with objects:
] containing.metal. The clas s_soon discovers that some of the
, " objects -belong in the intersection ‘of the twb subséts because ~'
. . ) these objects contain both metal and wood.; The question - - =
- g . “then arises,”"What can we do to the objects so that we will: . o
- . _ have only wooden material in one subset and only metal mate- -
‘ rial in the other?” The answer, of ¢ourse, is to break the . .
objects_apart. . : " ‘

»

-

- e e Ing@activity B the children use the tools to separate tie mate- : .

o - 1 ri¥sin the objects into subsets such as wood, metal,- o

. . . -plastic/ cloth, leather, glass, etc.. Theh, in show-and-tell B
‘ fashion, they discuss the properties of each subset of.mate- ,

- o ..rials. During these discussions you yvill have oppd(tunitieé,_ :_l )

' o to ask the key questiéns, "How can.we be sure this material

T really belongs in this subset? Doesn't it have the same - ‘ L

' apparent propértiers as this other matetial?" Fof example, S

-when a child is describing the properties of a rigid, traps- ‘
parent, thin piece of plastic, you might ask him how he can - N
‘be sure the material is plastic and not glass, sinee both =, .

seem to have the same properties: Such questions lead the “ -

. L, children to realize that they need some scientific tests to-. - e

o distover differences in the pggpertinegf‘gfm;he"mater\ials,ﬂ,-i.n R
' . order to classify them correctly. o, _ %

s

“
ot

: ' . This lesson sheuld be taught in a very informal manner so S

_that the children enjoy the activities while at the same time - -

e -

.],
-

ot
R
13

3.
4
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. ) ' they become; interested in the properties, of the materjalsy "~
It is necessary to establish some ground rules for using the
_ tools, Let the children help form these rules and discuss

) the necessity for them. TR .
N MATERIALS
P broken discarded toys and other useless articles (brought
by the -children) _ .
T . ‘_ -~ tools such as files, pliers screwdrivers and hammers
’ (brought by the children or borrowed from the school
custodian)” e T " \ S

\

. ~ —— pointed metalscissors

‘ — old magazines or thick newspapers L protect the floor -
' g &« from hammers . T

~ - -

" - 2 pieces of yarn or xstring, each about 10 feet long

) R . (optional) . . : )
i *. PREPARATION * - S
’ ¥ " Label todls, brought by the children so that they can be |
— ’ o, returned to the Fightful owners ar the end “of th& lessons

T e P_ROCEDURB . .

N o > . L ’ = '
4 ActivityA o v . . C

e %ﬂ«" R R . - F ' 7

Clear a large area of the classroom floor, Bring out the col-
S lection of worth less objects and put them in a big pile at the -
L ’ center Of the cleared area. Have the children’ gather around
o . o - the pile. Explain that they aré going to concentrate on the
B ’ materials of which things are'madeé, rather than on the objects
themselves. . Give the children a few minutes to examine and
‘ discuss.the:. object§. Ask them to name some of the materials
. . they recognize, such as cloth, .plastic, glass, rubber, wolod.
TR X , - and metal, List +hese materials on the chalkboard
> Now ask the children ‘to think of ways to sort the large pile
: of objects into subsets, The children may suggest .such ideas
as sorting by color or former use-of the objeéts, etc, Let them
discus’s these possibilities without doing the sortings:., If no
child suggests sorting the ob]ects by the kind of. materiafluin




them, remind the class that'the purpose of this unit is to
° investigate ma‘i:erials , not objects.

Wher a Chlj.d does suggest sortmg by material, assign one

child to make a subset of objects containing wood. Ask.

another child to make a subset of objects contamlng metal.

Have the rest of the class obserue the sorting closely. The

chlldren should raise their hands if they disagree with the °
plocement\of any object. ‘Sooner or later the problem of .
placing an ob)ect\Ihat contains both wood and metal should
arise. When it does a‘sk.\

»
"~

T
————WH ggg—crn(}mfn—wx*e% THIS O BIE@LEELAQ:—_G@NFA INS

)

BOTH WOOD AND METAL? SHOULD WE PLAC‘E\IT\IN THE

wOoQD SUBSET OR IN THE METAL SUBSET? T

Let the children speculate and‘ make suggestlons “Eventually-
they should see that the-object belongs in both subsets. One

~

way “of showing thlS is touse two piéces of yarn'to form Venn .

diagrams like thé. follow ing; onthe floor-' T e

G

w Explam to fhe chlldren that objects contamlng mare. than one
material would always ‘have to-beplaced-in-the intérsection
of subsets. Ask them to lock at the pile of objects and notice

- that many of-the objects would belong ih mtersections of

~
-

WHAT COULD WE DO TO THESE OBIECTS SO THAT WE
COULD HAVE ALL W.OOD IN ONE SUBSET. AND ALL METAL

. a IN ANOTHER? . .

19 .. -
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' - . The children will see that to eliminate the mtersectlon of °
: subsets they will have to take the objects apart, which is
what they will do in the next activity.

DU, S

Activity'B . T -
Remove the yarn from the floor and push the metal and wood '
objects back into the-original pile. Bring out the tools and .
ask the children to help you make up some rules for their use. .
They should help you establ1sh a few 51mple safety precautlons,
' such as these: T

i
L

..

. The-files are pointed and should be handled carefully to
-avold mjurmg a Chlld the furmture or the floor.

<

2 A buffer, such as magazines or thick newspaper, is nec--

- o essary. under objects bemg pounded with a hammer so that
: the floor will not be damaged. - ‘ ..

L ' . :
‘ e 3. Gla“ss should not be broKen, w1th hammers or with any other

T~ tools. It should be separated from the other materials in
) N ~ &n. ob;ecl; only if this-can be done easily with the hands .

\
) ) . : . superv1sed .
: :‘ Y’ \ «

AN - @ — \.‘A

C T T s “When the children understarmhe#ules, divide the ¢lass into.
S groups of four or five and.assign one mat'\e?’i‘al\to\ea“qll group.
t L : < You may w1sh to use the materials previously listed on7th
chalkboard Instruct the children to take one object at a time: : .
from the p11e, remove the material they are looking-for, and
then return the remainder to the plle so_the others can take
materials from it. . £

Let the chlldren work w1th the tools untllnmost of the objects
in the pilég have been separated and the materials classmed
_into subsets. Collect the tools, ™
Ask each group td select a spokesman to descrlbe the proper-
‘ties of the group's material. During'these descriptions '
challenge the sortings with questions that will cause the .
e o - children fo realize that sometimes observation alone does not
) ) , reveal encugh’ properties for correct classification. Lead the
v chlldren to see the need for tests to discover hldden proper- b

. e
& . .

<&

St o
.- 3 . <y
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T ties of some materials. For exa‘mple if a child is describing ..
the propertles of his group’s material (e.g. plastlc) as "hard )
easy to see through and thm, "vask . $

o -

- . HOW CAN YOU BE SURE THAT THIS MATERIAL IS NOT
: GLASS'?
* If another piece of plastic looks like rubber, ask the children ’ -
in the group about that. Some plastics also look and feel very
. ~ much like wood or leather -- how can the children be sure
to which*material it really is?
.- -
' . NOTE: In discussing the subsets your questions should bring
“e . out the.need for better identification of some materjals. ILead
-« - the children to the-idea that they could discover more proper- N .
A _ ties of a material and learnto distinguish one kind of matérial =~ - .
from another if they knew more ways of testing materials. En-
courage them to think about.ways of testing for propertles in
these materrals. . coe "

y

When the dlscuss1ons are énded, d1spose of the materials in -
any way you wish. "The children may want to take many of ’
.o the battered objects home. if they do not, have the custodian
, R dispose of them. At'this t1me, send home, the borrowed tools.
" ' Tell the children that in the next lesson they will get a pre-
view of some of the materials they will use in this unit. -

- -

A,
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Lesson 2: PREVIEWING AND SORTING MATERIALS

This lesson introduces many of the materials that will be used
) .- in the unit, Each group of four or five children receives a
{ tray of materials to sort into subsets. The materials for the
different groups need not be identical,. but should include a
few each of the minerals, metals, liquids and white sub-
stances listed below, The groups should decide for them-
selves by which properties they will sort the sets of mate~
B - . * rials into subsets, 'The children in one group‘night decide, i
i : for example, to sort the materials into 11qu1d and fon-liquid
e - ’ -subsets —;Then they mlght wish to d1v1de the non-liquid sub-
o set into more subsets acc¢ording to the properties of color or
hardness., Encourage the children to use their senses of
sight and touch to identify each kind of material, Ask *hem
. B to be careful when smelling the various matenals, _bec.ause
. . a deep inhalation of some substances could be dangerous.
Do not permit the shildren to taste. any of thg materiais at
any time, - Let them refer to the minerals as "rocks" in this -
lesson -- they will learn the distinction in the next lesson.

. "After the chlldren Jhave separated thé materlals into subsets
such as. metals, rocks, .Golored liqu1ds white powders, ‘etc.,
they try to determine whether or not the materials in each sub-
set are all of exactly the same kind. Since they cannot be

. _sure, reemphasize thé pojnt made in Activity B of Lesson |
) , - by asking. "What could we do to find out more. about the prop-
o ) erties of these materials, so that we .could tell one kind from
. ) another?" The children should see that they need specific .
i . tests’ that:: will help them differentiate among the materials.

. b 3 MATERIALS S e ~ N
i ) ) --for each group of four or flve == . -
v Q . ., . . -~
( — -tray .
! J . . (
— a few pieces of metal - :

S ‘ - a few mineral samples

R ‘- several Hqu'ds such as the ink cartidges and foed color-
N . . "ings . . e . R
e = i N * |
- ’ y - H
- . . Y
) o S ”
- d I;J_:— ¥ -
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— several soufflé cups eac’h containing a substance such as
) sugar, Epsom salt, table salt, plaster of Paris, cornstarch,
v . baking soda, ba%eng powder, or any.white substance of
similar appearance~___

~

O magnifier o

t ’ ° s
- \ . PREPARATION ___
Place the materials for the groups on trays. All of the items
you will need for this lesson are provided in the third grade
kit.. To.these you may wish to add other easlly-obtamed ~
white substances such as flour, cream of tartar, scouring "
powder, etc. For the purposes of this lesson, ‘it is not nec-
essary to open the food colorings, nor the ink cartridges. -
Hide the tops of the boxes’ the minerals came in.

-

s : PROCEDURE Lo T S

3

e tivity A ‘

. ~_ . D1v1de the class into groups of four or five children and pro- R
, " #ide each group with a tray of materials, Tell the children = . . .
- . you want thém to spénd some time.examining the materials =, ‘
' with their eyes and with their hands. Encourage them to use.. oo e
Lo the magnifiers. Explain the ddnger of sniffing thlggs too :
closely, and emphasize especially that they must not taste
* ahy of the matenals - .

-
- &

Ask each group to d1v1de its set of materials into subsets by
any properties they choose, If the children seem to have »
. ' f‘?ouble getting started, remind them of some of the properties
- - with whlch they are already acquainted, sugh as colgr, wet-
ness,. hafdness, wexght, size, etc. Go about the room as the
. children work., In cases where groups have made very simple .
* - . subsets such as liquid and non-liquid, suggest that the chil-
‘ ’ dren try to sort each. subset dgain by another property. When
— . all groups have completed this work, call én the children of )
' ° - eachgroup to explaain what they have done. e

WHICH PROPERTY DID YOU"USB TO SORT YOUR SET OF
. MATERIALS INTO YOUR FIRS’IQJBSETS"

.~ -
~

. o N

N T > - d’!)
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WHICH PROPF‘R‘J‘Y DID YOU USE TO SORT YOUR FIRST SUB-
SETS INTO STILL MORE SUBSETS? -

Let the class examine and q;iestion the subsets of gach group, .

Encourage such questions as, "Why is this material in this
subset?" and "Which of your senses did you use to observe

" this property?"

Select one subset of white powders and ask the children in
the group whether they think all the powders are'of the same
material. They may answer that some powders seem to have
finer particles or feel softer than others, but they can't be
sure about identifying the powder. Ask whether they can
notice any dlfferences in propemes.

Next ask one group if the obJects in their metal subset are
all made of the same material.

- Go through ihis- procedure with a subset of 1nks and of food

—~co lor=

Aetivity B - - . . ' :

.

If children try to 1dent1fy the -
metals, focus the1r attent1on on-the properties.

Ask the chi¥dren in each gmup to examiné their set of rocks.

ARE ALL THESE ROCKS MADE QF THE SAME MATERIAL?

HOW COULD WE FIND OUT?-
Have the children discuss with you ways they might identify
the rocks, They may suggest, that this could be done by
studying the.colors and shapes of the rocks. Theén-ask
whether they think two rotks could be of the same color qr
shape, but not of the same matenal The children may’ then
suggest comparing such properties as weight or texture.
These are good suggestions, .Usé them to lead the children
to 'sse that perhaps, if they had hew ways of testing the

) > materials, they could find out more about the properties of

each, and that this would help 1dentification
fell them that in the next few weeks the'y will leam about
severgl tests they can use to tell more about the propert1es

v .

* S
p . - d;_‘. . . .,
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of.these materials, Théy will be learning some of the tests
use to distinguish between ope material and
another. Say that even:;ally they will be able, by testing,
to distinguish between pach of the metals, thepowders . the
inks, and the rocks. In{the next lesson they will be con- «

that scientists

centrating cn the "rocks!" »

*

P

Collect the materials.

liquids and metals., Keep the minerals on hand for use in the

next lesson.

\
.

'S \
N -

.
“~

Discard the powders and store the

.
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& mﬂﬁ E}ROPERTY OF ‘HARDNESS .

PURPOSE » , v

“ a~ .. >

& o

- To present a method for testing the hardness of matenals.

. ~ -+~ * Toacguaint the ch1ldren “with a Standard scale of hardness
G e used in mmeral identification. . : ‘. ,
’ : ¢

. COMMENTARY ‘ N .

Lok

>

, This section will focus attention on the property of hardness.
Although chlldren have an intuitive understanding of the prop-
Lo - erty of hardness, the idea of using different hardnes ses in a,
scale will be new to them. The activities include the/ develop-
ment of a technique for comparing the hardness of twao objects,
o, the ordering’ of minerals based on the property, of hardness,
.. ~ and the introduction of a standard scale of hardness 7(Mohs' .
- scale)., .The children will become aware that haitdness isa .
) valid test:in the identificati~n of minerals, fater in Section 6,
. ? s " The Property of Shape," they will become fam1ha17 with an-
. . other property used in mineral identification -~ that of crystal
:shape. “

. - e . . %

This section consists of two les sons. \ Tea"hmg t1me should
be from two to three class penods o

Y
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.. ‘Lesson 3: rms HARDNESS OF MINERALS;

- P

. In this lesson the children first learn the difference between
. _' minerals and most rocks, Then they investigate five mineral
samples and discover that some are harder thap others. By
scratching one mineral with another, they can determine
which of the two is the harder (The one that is. scratched
is always the softer,) The children are then given a -penny,
a soft iron nail and a clay tile to. arrange in order of hard- Lo~
N ~ ness with their mineral samples. They also determine the
relative hardness of the metal in the seissors.

When the groups have completed their orderings, the entire -
class partic.pates in ordering by hardnes's all nine of the

SR minerals provided in.one of the kit sets, They compare this.
e ordering with Mohs' scale (given below) and identify each
of the minerals. (The only mineral sample not provided in
the kits 1s #10, the diamond.)
An optional activity follows the identific ation of the minerals,
- . The children may, if they wish, ‘make a hardness scale of
their own at home, usmg vanous materials they find there..

IR e

W

©

. ' Another optional activity . .
‘ ' < shows a different property - ,
) Worksheet 1 Nave Qu,&é , . oi some minerals -- fluor- )
" Uit 26 escence. The beauty of :

\ ~ ve .
Mohs* Scale of the Hardness of Minegals

fluorescent minerals is .
very interesting and exciting.

1. Tale . tLeast hard .
2. Selenite . N to the children, but you -
© : NS ’ )
. 3. Calette would need to borrow or buy -
: 4. Fluorits - a Mineralite Ultra Viodlet .
5. apatite r . Lamp Set to give the demdn- ) -
6. Feldspar . stration, (Some schools ]
7. amr - have théese sets 'or some | - . . —
‘ - o TR . - . .| .-child.may have'one.)_..- 7" '~ '
- 9." Corundum o " e - . R
10. ﬁlahond {Hardest} . .. - - -
‘W Scale of Hardness N ) P

™
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‘" MATERIALS

~ 5T 4 <> for the class (Activity &) =-
. N "- : . o % liﬂd

— | or more coarse-grained.rocks.such as.granite, in which -
more than one mineral is visible. ’

&

.— f,or more magnifiers o . e -
-- for eabh' of éight'groups (Activity A) --
- magnifier y

— metal Séi“s‘s‘or‘s ‘of the type normally used in the third gracie
- 'minet:al :samples numbered' I, 4, 6, 8-and 9 (to bé removed
from the mineral set and jumbled togéther) ‘

~ | penny, | soft iron nail:and - 'unglazed clay tile

T . « -- for the c}ass (A(:ti_vity B) -~ _ .’ , . . )

5 . — | set of nine miferals (with numerals removed): - -

- ‘Mohs' :scale in Student Manuals . -

¢ = for 'C')ptional. Activity D -- . ) Coe - v .

©

— | Mineralite Ultraivi‘,dlet Lamp Set and fluorescent minerals ’
(Borrow from junior high, or from one of the children.) ) -

—~ fluorite samples from the mineral sets (These fluoresce.)
* — minerals that do-not fluoresce~(akso from the sets) < el

- fabriés-ifithe clothing the children are wedring

ey

e &

PREPARATION , . o . L
N R b ”» - -
. . . Most of the materials you will need for the required activities
y . . of this lesson are provided in the third grade” kit, There are
' enough materials so that you can divide the clasls’, into eight )
groups of children.‘ In addition, you will need eight pairs of . -
) _scissors, eight pennie’s and-one or two coars e-grained rocks.’ ’
S You may wish to ask a chil t%"fb@\x:ingf‘in—t}‘re'ro%W
,—--—‘-—“/’_—_———”—— ‘ i
e e . . 2 a . ' w

L.
>
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Sy s - 2 .
. \\ ’ ' ,Select from each bdx of mineral sets the following ‘numbers

R ‘ , 4°, 6, 8 and 9, Have the magnifiers, scissors, iron nails .
o Ve and clay tiles handy. Put the boxes containing the rest of °

\ . - the materials away for use in Activity B. Hide the covers,

( o . - too, because Mohs' scale is printed inside each box cover
\\ . ~and this would reveal the order,of hardness (as well as the v

‘ identity of each m1neral) before the’ ch1ldren have had an op-
portumty to do theit-own testing:,

Use.only one full set of minerals with numbers removed in

. . -Activity B.. This will leave seven sets of the crystal-type

- \ . ) mlnerals unscratched and in good condition for use in .-
\ . Section 6, in which the children study crystals. “ . e

PROCEDURE . . S

Act1v1tyA - , : J .
Show a coarse—grained rock to%ﬁe class, Ask if, the rock

- seems tc'be made entirely of the same mater1al Select a _ o
child to observe the rock closely, Give this ‘child a magni-
fier to help him see-that the rock ik compose,si of many small .

: .particles. Then pass aroundsthe rock and magnifier {an oo
« other similar focks if you have them) so that the chlldrec:\’\ T

. can see the different particlés.

-

Now give each group a magn1ﬁer and a set of the five mineral . .
samples you have set aside for them. Have the children ex- '
amine these stones with their magnifiers. Ask how these
stones are different from the rock they observed previously.
- Explain that some of the Stones they are now observing are )
cimilar to the different kinds of particles_ they saw in the ’
rock. Say that each of the five stones they now have con-
tains only one kind of material, 'Then give this definition',
- WHEN A STONE IS MADE -UP OF ONLY ONE MATERIAL,
WE CALL ITA " MINERAL," WHEN A STONE IS MADE UP PER
OF MORE THAN ONE KIND OF MATERIAL, WE USUALLY ) ¢
CALL IT A "ROCK "

Ask the children to. inspect .all ofbtheir mineral samples and - , )
to tell you if they think all the samples are alike, (No, they S e
_ are not,) . .
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. : ! - & ' 3 - ~ (D ;
‘ \ . ) S ; :
) s u.C:AN ANYOl}IE '!‘fIINK OF A WAY WE COULD TEST THE MIN-
G - ERALS TO FIND OUT WHETHER OR N?T THEY ARE MADE OF

* DIFFERENT MATERIALS ? | f .

“

°

- If the children do not think of the scratch test to determine

the hardness of each mineral, ask them to discuss d prop-=

erty that all of the minerals have -- hardness, Suggest that )
Lo if some of the minerals are harder than others, the harder ‘
C ones should scratch the softef ones.

-

" Provide scissors and ask the children to divide their sets of -
minerals into'two subsets: (l) those tlve scissors can scratch -
and (2) those.ghe scis sors"cannot‘ scratch.” . :

. . s

>+ Next add to each groub's_fmatefi'als a penny, a soft iron nail
ahd a‘clay tile. Tell the .children you want them to test all

. of these things (including their minera) samples) for hardness

- - . angd to;arrange them in order with the softest at their left, and

> sthe hardest at their right: Ask them to test the hardness of

“the-scissors and to ix_'lclude the scissors in the-ordering, too.

a

~ ' If necessary, show the children how. to- da the scratching.
~ For example, whenﬁtestin’gﬁ the scissors, they will need tb
try to scratch along one of the open blades. But, when test- - .

. : ing something else with the scissors ,they will use the point
of the blade.. DR '

-

-

Y : NOTE: 'The children should all be shown how to tell which of .-~

L two minerals has‘really been scratched. This can be done by )'
' sremoving all of the-powder from gach sample and finding the

one that has been scratchédy The one with the scratch is the

softer of the two: If both samples are scratched, they arc_a' of"
' _about equal hardness. , . o T

. When all the groups have finished: the.o;deriﬁg ,- go about
and check the results. The ideal result ‘would be:

» -

Mineral # | (least hard) (at extreme left). -
Penny - - oo . )

A\ Mineral ¥4 - - N | N
Soft iron nail 4 : .
Scissors -+ . -, . - .

", eMineral ¥6

-
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~e

!

2,
.~ Mineral 38 ( '
* Clay tile : - ‘ .
Mineral #9  (hardest) . (at extreme right)

How‘ever, mineral saniples may be imperfect ahd scissors
may differ in hardness; Then,*too, soeme children may not
be able to scratch hard enough to determine where to place
the scissors or the harder minerals, Have other children from
groups with good results lend their minerals and skills to
groups with poor re sults until all the children have partici-
pated in a more ?atlsfactory (if 'not perfect) order1ng.

> aet e

" Then ask the children to test their“fingernails for hardness,

using the’ “materials at hand (Everyone should be able to
scratch mineral #!, but some may be able to scratch the pen-

ny also,) - .- ‘ S

14

[
Collect all the materials and put the mineral samples back.in
the ‘boxes. .

Activity B San ‘ ~ -

Tell the ch11dren that a geologlst (a scientist who studres
rocks and minerals) uses hardnesg,as a basit¢ property by
which to-identify minerals. Also say that the geologist uses

a scale similar to the ordering the children have just done, .

and -- in fact -z the five mineral samples they examined in

_Activity A are in‘the scientist's scale.

)

Remove the numerals from one complete set of nine_minerals —
Set o n.

and place the minerals-on-a demoristration table, Have the

e ,.__,—-—-——-'-—‘"cﬂ“dren gather around. Call on different children to scratch

one mineral with another until-all hine have been ordered cor-
rectly. Distribute the Student Manuals and tell the children

. that, of the minerals listed in Mohs' Scale of Hardness on

Worksheet-l, ‘the only ane missing from their set is the dia-
mond, Ask them to 1dentify their minerals using the scale on
the worksheet, . You might like to explain that Friedrich Mohs

.~ was a German geologist who developed this hardness scale for.

minerals over a hundred years ago,

Ask & few children to compare the hardness of their finger-
nails, apenny, scissors and a clay tile with the 'minerals to
find their position in relation to Mohs’ Scale,

~ N
~

IR 3%




e

‘ -~ v S
Activity C (Optional) y

.. iet the children tear the page with Mohs' scale on it from
their btudent Manuals to take home. St}ggest that they test
various discarded materials at home to'make up their own

. .hardness scales. Remind the chlldren not to scratch furniture

S " or other valuabie household items, but to look for aluminum I

.or steel cans, rocks, broken pieces of pottery, old p1eces of

wood, etc. If-a child wishes to ‘bring - hlS materlals and - his

scale to school, provide him ‘with the demonstratlon set of

. minerals used in Activity B and let him see wheré his'mate-

. BN rials would fit in the mineral scale. Some may be softer ‘

' than talc, and so would precede it, whéreas others might fit
between two numbers. No matérial is likely to be harder
than the corundum (#9).. - ~ .

> . o . R

Activity D (Opt1onal) ' N '

e . If you have access to an ultraviolet lamp and some fluores- ,
cent mmerals by all means usg them, The lamp, even when T e,
turned on,. looks black -- but.do not let the children gaze : o
diréctly into it at any time. Put the fluorite samples from the

.- . - mineral sets under the lamp to show how they fluoresce.

Then put some of the othef minerals under the lamp to show .

that they-do not fluoresce. After handling fluorescent min-

- - -erals, the ‘children. may discover that spots on their handsvdor
clothing will fluoresce under the Tamp. Even without the pres-
ence of traces of the minerals, cértain colors in their cloth-
ihg will also fluoresce. Point out that testing for fluores-

___.tence with-an-ultraviolet lamp' is one more way scientists
K find another property by which to identify some minerals. * °
r' -
- Ii you have a cultured (or natural) pearl it w1ll fluoresce
. blitd under the ultrav1olet lamp. Pearls are composed prmc:.-
pally of calcium carbonate, which the children can see in
. another form in their mineral samples of calcite. The pearl
‘ fluoresces, not beéause of its calcite content,. but because
Cw ‘ ) . of the presence of small amounts’ of otherkmmerals . :

<

The ch1ldren may be intéfested in knowing that their teeth .
. and bones, as well as those of animals, are made of the "
same mineral as_their samples of apatite. Doctors: -of Veter-
. ‘ inary Medicine can detect one of the common d1seases of
o cattle if the teeth fluoresce red

£




N o 'LeSs"on 4: "HARDN£SS AND OTHER PRQEERTfES OF ‘MEIAL$
The main purpose 6f this lesson is to have the children focus .
on the weight and size properties of some metal materials as
. & preliminary step in their understanding of density, a props
erty they will soon be studylng. Other purposes are to show

‘ +the children that in some cases it is necessary to test more

L ) ’ than one property in order, to.identify a material, and to show

. " tHE need for.accurate methods of measuring weight and size
‘ - (volume) ) -

Thé children observe a number of metal samples- and try to .
, ‘ determine whether all are composc<d of the same mater1al )
By using the scratch test, they find’ out that some of the .
metals are harder than others. This leads to the hypothes1s
that perhaps these metals are not all composeg of the same
- material. To test the hypothesis, the children compare the
) weight of different samples by hefting. They discover that
.some of the pieces seem heavier for their size than others. "
In other cases, they cannot-be sure whether there is any
i weight difference betweén two samples at all. .Théy also
' discover that exceépt for two cubes, they have no reliable
' way of-measuring the size of the metal pieces. These two
discoveries point up the neéd for quant1tat1ve measurements
. of weight and size (volume) In Lesson.5 the children will
measure the wemht of the metal pieces and 1n Lesson 6 they
e e = e ——- will measure the volume.,™ 3 '

s
A

N . - ¥ - o4,

MATERIALS | ‘ - Co

-

Metal pieces from the OMSI kit, labeled as follows:

-
.

, — 2 "O" pieces from plastic container marked "Unknowns"

- - . — 2 v W " \ RL “n " BN ...
' : — 2 ngn o . on [ PP T "
- “ ’ -
- e o - 9 nqw T 1 g«'n, s o " oo
- - L - ’ ’
— 2 "C" pieces from container marked "Aluminum" -

g

8 )
g

21
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-

— 2 "H" pieces from container marked "Aluminum"
T

« | - 2"E" pieces from containe? ‘narkede"Pr, Type"
’ - 2 trays a \
PREPARATION S
On the two trays, put one sample of each of the metals list- Q\\:'\
ed above. Place the trays on a demonstration table, L )
. C & T '
PROCEDURE . , - ‘

Have the Class gathe?,arouhd the giémonstration table., Pass
one tray of metal $amples around it_‘5~ half of the .ciass and the
other tray to the other half. As the children examine the -
metals’, askK‘them to describe some of the properties they ob- ~
serve, (They may describe the pieces as hard, silvery, dull,.
N . heqavy, light, large, sn}all and shiny. Some children will
’ : . notice that the metals are marked and.that some are slotted
\ : . " with round, holes and others with rectangular holes.) You
f ‘ may want to list- ‘some of the properties on the chalkboard
) ‘ When, after five or ten m.inutes , all the children have_ had
an opportunity to handle the metal pieces, ask if they think
all of the metal pieces are composed of the same material,
Let the children speculate. Then ask:

HOW CAN WE FIND OouT IF ALL THESE METAL PIECES ARE
MADE OF THE SAME MATERIAL OR OF DIFFERENT MATE-
RIALS? (By'testing some of their properties.)

. B ' Probably the most obvious test for the children to suggest at
RN H this time‘is the scratch test for hardness. If they don't,
- - suggest it yourself, "Have the’ children from each half of the

classtest their set of metal pieces for the property of hard -
ness. Record their findings on the -chalkboard. The order
should be this:

_ Least Hard Next Hardest. "~ Hardest

- Object.E \ Objects.T, O, H, C _Objecls,Sq‘/W

.
- - n i L ~ -
& > : -~ . L .
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".two cubes.) Use this, fact to podint out the need for some

. . though it is smaller-in size.

)

o

.. ' J

. . o LN .. - 1 B

Remind the children that if two materials can scratch each’
other, they are of approximately the s )\e hardnes"s. There~

- -fore S and W belong in the same subs®t and T, O H and C

belong togetheér in another- subset

From the results .of this hardness test, Ahe children will want
to conclude that the metal pieces are made of three different
kinds of material and that some of them are made of the same
material. Point out:that this is a rather broad statement to |
make from a test of just one property, and tH‘at perhaps they
should use the statement as a hypothesis to be testéd further.
Mention that scientists sometires find it necessary to make

- tests of many properties before they can identify. a material.
" Then ask the children to'think of somnie other propert1es they
_might test and compare.

If the children mention the property of size, let them try to .
order each set of metal pieces according-to that property. =%
(It will be very unsatisfactory, except in the case of the

better way of measuring size. ‘ - -
Sy .

Next grve metal pieces C and Eto a child Ask him to place

one piéce in each hdnd and. compare them for the property of

«weight. Havé'several childrén do this'. Results may vary.

One child may say-they seém to weigh about the same, .

another may say that maybe E weighs a little more, even:

¥ -
1

Now have metal pieces O and W compared by seveéral children, *
asking them to heft the pieces and tell what they think. (W )
is much smaller in size than O, yet it is hard to tell by héft— >
ing whixh piece weighs more. ) .

I
»

Finally, ha sevaral chrldren compare p1eces S and T, the
two metal cubes. -

WHAT DO YO OTICE ABOUT THE SIZE AND WEIGHT OF
OBIECTS S AND TQ (They are both the same size, but S
weighs more than R,) ;

? ” ]




L&

" If the class can come;,up with any statement that indicates

_weight, Some children may remember using' the beam bal-
' ances in previous work, Say that in the next lesson they

" measuring the size. Squest that they think about such a

lee all the chlldren an opportumty to heft S and T, and sge iw-“

a little intuitive knowledge of the rélationship between size
and weight -‘Do_not mention the word, "density." A perfect- .
ly satlsfactory generallzatxon at this- pomt is:

SOME- MATERIALS SEEM TO WEIGH MORE POR THEIR SIZE

THAN OTHIERS. ‘ . .
Ask ‘the children if they can tell you how much more one ob-",
Ject‘ weighs than another. - Also ask if they can{ tell you how .
‘much larger one 6bject is thah another, Use their answers ) .
to show the need for methods of meéasfring both weight and )
size., Have the class think about ways they might measure .

will construct and use beam balances to measure the weight '
of metals,. After that they will have to find some way-of

method, and ask: g . ‘°‘

* [y

IF WE COULD MEASURE THE WEIGHT.AND THE SIZE'OF
EACH PIECE OF METAL, WOULD IT HELP U$ TO IDENTIFY
EAGH ONE? (Maybe not, butat least we would know

. about*three propertxes of each rather than just one.)

- ] -~

"

The same samples will be used in the next lesson, .
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‘ . (:" . . volume m preparatlon for their work w1th dens1ty

. ' - stugying for the property of hardness, In Lessqg 6 they use

ﬁ'mm PROPERTIES, OF WEIGHT AND VOLUME-| = *

' . PURPOSE o A el -
P & . : o .

* _— Togive the children experience in. measuring weight and

-

T -,_‘ To 1n1t1ate the 1dea that, for & given materlal there is a
reiatlon between volume and welght T . ) ”

» .
L%

COMMENTARY ' , ' L

s . ' e : | T~ -/
o Phe prqperty o,f dens¢ty is the relatlon between two othel

. " properties of a given material, namely between the matF— S -
rlal's volume and its weight. . . A vda e

+
I
b

e

.=, -

To study densrty with any degree of undenstandlng the children
> must study and see the relation between the propertles of wélght

.and volume. The two\lessons of this section ate désigned fo

glve the children this prelrm-mary experxence O v

«

. In Lesson 5 the chlldren construct beam balances with which- B :
¢ to measure the welwt of the m_tal obJects they have been . N

’

N\ .
H

calibrated cylmders with water to measure the volume of the '

same metal ob;ects The chlldren record the data’ on work- .,
LY x
.1 .., sheets for use in the'next section of the unit, ' -
x«.‘»‘.‘;w“ e & . 3

:The techniques for welghlng and for measuting volume by
water displagement should be familiar to the childrefi from |
work in previous units, ‘They should be able to assemble .
. . the beam balances ra.ther quigkly, but if they cannot, remem-
ber that it is time well spent -- the beam balances will be
used extensively in five lessons. They can be left assem-
.bled and ready in convenient storage area, to be brought
. out when-needed. Slmllarlv, the volume measuring equip-
-7 ment should be kept handy for use throughout the next <.
section. .

A}
.

il




::. . . ) ,q‘ “ . Rl o o - -~ N A PR o - .
Lot . VR T o b R - N
SR R ' R N | o o .
4*—*"; . » ) . < - . . . ~ “ . . " . 3 " /,’
..“ n" \ ) ..'. < (‘A.'. ~ .-- 4 l W o N U.S. .
N L v * “een - ‘ . * . > LI
B e, ,.\ : * ‘e ’ Lo . bd -~ .°
. . Y these lesso;xs the. chlldren should learn to measure both N
T - weight and volume very carefully, and to record the measure-
o T - ments~cérefully, too. - T 7
. . "I‘eachmg time for tms section Should be about two class s
e " periods. - . . .
. . ‘ /7 *
A‘W‘.u \‘\ £ -
. 2 “‘:&‘i"‘z’“«“» g
Rl ) ! ’(:}*‘7?‘::’:{‘\-; f ‘
. SR .
-
’ . A T
. v .
<
. . N . . /
! .
‘ , . ! /
. { * .
H / - ' ;/
. [ * ) / /
’ JA / :
N £y ‘ . !-’
. . i
‘- : s l/ . —\.
. / ' .
—— N ] . »
. pe I " . ) / . .
28 v ’ . ', . - )
L. " - . . - ; - 3 .
. )\) ‘ . : i ;
'. ) ' : ‘ : ok o 4°i : S ’

eans




L
e

. N . -

Lesson 5: MPASURING THE WEIGHT OF METALS

In Lesson 4, the ‘children noticed a differ_enée between the
-weight. and the size of the metal objects, particularly between . . =
.objects.S and T. They said, "Some objects seem to weigh
‘more for their size than others’, " but they had ho way of

quantifying either property. They decided they needed some
"way to measure the: weight and the size of'each object in
i order to see what relationship there was, In this lesson they = *

, *  * learn to measure (quantify) the weight of each metal. In .

: Lesson 6, they will learn-how to measure each object's size.
o P Then in Leéson 7, they will ha{ve data about both weight and ?
wet L . size, and can draw some conclusions dbout the density of
different kinds,of materials.

o - To rzemphasize the need for accurate measurements, the chil-
) dren again try Hefting objects O and W in their hands, Th‘eﬂ
short strings are attached to these objects-and the'children 4

. . '+ heft them by letting them dangle from the strings.” Results

: o , from the two methods of hefting are usually- cohtradictory.

. e _ Even if they are not and the children become quit€ adépt at
LT deciding which of two objects is the heavier, "they still have e
y . no way to determine how much heavier one is than another,.

Y . .This short activity leads to the introduction.of'the beam pal-

ance. : :

g & : The children construct and use beam balances to measure
- the weights of the seven pieces of metal they used in the
) last lesson. Wcrksheets 2 through 5 show how the beam
* ~ ‘balances zre assembled: Children who have studied
? . ‘ M.INNE';M‘AS‘I{ Units 16 and 22 have already constructed
.and used beam balances. Therefore, a minimum amount
. B - of time should be spent here in constructing the ‘balances
. ) ' _and in revieing how to use them. Each child ;hbuld re-
cord the weight (in paper clips) of each metal on Work=_
sheet 6 and save’'it for use in later lessons. ,

. MATERIALS

\ . ) ‘ -~ for the class' ~- - AN

L4 N \

- o - metal objects C, E, H, O, S, Tand W




— 4 pieces .of string, each about 5 inches long L

/ — tape

- preasseml')led beam balance (Make it like children's.)

-~ for each gfdup of four ~-,

-~ one.5" X 5".x 5" cardboard trlangle

' — paper or plastic bag containing Tznkertoys and other mate-
- rials w1th which to construct a beam balance (See PREPA-
RATION.) . ‘ .
e . ' ' - I3 extra ‘paper cups to use as units of weight (Two others ",
: are used in the construction of the balance.) ’
, - 10 small (1) paper clips to use as lighter units of weight -
) . (One paper.cup is nearly equivalent in weight to 10 of
" ] _ these paper Clips.) )
' _ -~ for each child -~
» — Worksheets 2 through 6 in the Student Manuals
PREPARATION ' . ~

Ask a few children to help you go through the OMSI kit and
find the materials necessary for thewbeam balances: ‘Have

them put the following' items in a.bag for each group of four
c;l\'lildren

I blue Tinkertoy rod =~ =~ ° "
3 red Tinkertoy rods - - \
. | purple Tinkertoy rod \
" - . _ 6 round.Tinkertoy joints ' : )
| | ruler perforated with round holes
) . | picture hook
‘- 2 Jumbo paper clips
\ . 2 paper cups
\ | lead sinker (bob)
| twelve-inch piece of string

s Also ask_ your helpers to count a stack of i3 paper cups fox
" each group and to put ten #| paper clips in the top cup. You

. »~
L d

4357
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may also wish to let the children help you .cut and prepare
the ¢cardboard triangles for the front of the balances. To do
thlS you heed scissors, a ball point pen, a rulerand ared »
. érayon.
From-cardboard, cut one 5" x 5" x 5" triangle for each group.
Choose any side of the triangle as the top, and draw a straight
line from the center of the top straight through the center of
the angle at the bottom. Use a pen for this, From th€ bottom
point, measure up one inch along each side. Draw pen lines
from each of these points to the top center of the triangle.
N With red crayor, color the area between these two lines.
T Your helpers may now put one of these triangles in each group' s
bag.

. ) Followmg the instructions in the Appendlx or in the Student

Manuals, assemble one beam balance’ before class This will

l make you familiar with the process ard the groups of ¢hildren
can use it as a model to refer to when conatruoting their own
balances.

-«
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PROCEDURE . ‘ .

/T Activity A T
Have on hand the two O and the two W pieces of me‘t‘él, four
“short, strings and some tape, Have the children gather around
a demonstration table. Briefly review the main point of the:
~ last lesson -= that there seemed to be some sort of relation
between the weight of a piece of metal and 1ts size, but that
to_find qut what-the connection is, they need ways to measure
and compare, the weight -and size of each object. Tell the chil-
dren that in°this lesson they are going to measure only weight,
not size., Ask:

- HOW CAN WE MEASURE THE WEIGHT OF THESE METAL
PIECES? “WAS HEPTING A GOOD METHOD?

S . . .. The children should remember that hefting the pieces in their )
- hands was-not a very accurate method of measuring or com- L.
- paring werghts Nevertheless, pass around objects O and w ’
. ’ and ask each child to decide which piece is heavier, by heft-
ing. Have them do this gquickly and keep a score on the board.
(Most of the children will probably say that W is heavier.)
Then say >

LET'S TRY ANOTHER METHOD OF HEFTING. MAVBE THIS
- - WILL WORK BETTER.

. With tape fa sten one S-inch string to an end of each of the

N two O and the two W pieces, leaving about 4 inches of string
dangling. Have the children heft an O'and a W by holding
the ends of the string.,

R}
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- ,Ask each child which piece of metal felt ‘heavier this time,

‘ . and keep' score, (Most of the chiidren will probably say that
O felt heavier this time.) Whatever the results, some chil-
dren will have changed from W as the heavier to O as the
‘heavier. From this contradlctlon of their previous ]udgment
the children should see even more clearly than before that
hefting is not a reliable method-of tofparing weights, espe-
cially when there is not much of.a weight differénce,

| WHO CAN SUGGEST A WAY WE COULD ACTUALLY MEASURE s
R i THE PROPERTY OF WEIGHT FOR EACH OF THESE OB]'ECTS _ g
¥ AND SEE HOW MUCH THEY DIFFER” ' ) . ‘ .

By this time, some Chlld will probably suggest using a beam
‘balance. At any rate, brmg out the balance you as sémbled

before class. Briefly review how it works, using the follow- . -
ing information as & guide: R

; ) . --1. When one ob;eét is placed in one cup and the other ob-

( : ject in the other cup, the side that tips down contains the
heavier object. You could use this method to arrangé all the ~
metal,pieces in order from lightest to heaviest, but it would ,
not indicate how much heavier one piece is than another, .

--— _To find that cut, the children must be able to assign a number .
to the welght of each object. < . '_‘.,nf?'

N 2 ’

2. To assign a number to the weight of an object, a stand- »
ard unit of weight is needed, The children have used ‘the
weight of paper cups and. of paper clips as standard units of
weight before, The’ object to be weighed is placed in one *
cup and its equivalent weiglit in cups and paper clips is -

. - v placed in the other. Paper clips are used to geta closer

) measurement than cups provide, :

2

. . , 3. The scale is con51dered balanced when the bob string 15
- : - lined up with the center of the red region. However, the.chil-
dren should try to get the bob string lined up as closelyas '~
possible w1th the center line of the red region.

4, The weight of ten #1.paper clip$ is about equivalent to
the weight of one. paper cup. _Therefore, the weight of an
object can be converted nggn cup units to clip units \by

Loy
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multiplying by fen. For example an obJect's “weight. that~1s~”‘

e, measured as "3 paper cups and 2 paper chps can be express- !
c ed as "32 paper clips." All measurements of weight .in this
A L . unit are to be converted to the weight of paper clip"s.

Give the children SOme practice in weighing with the beam

balance. Remmd/them not to count the paper cups that are

parts of the balance, when hgurmg tHe weight of an object...

. - . Give them somé practice in -converting cup-clip measurements -
: to clips. When you think they understand How to use the bal- .

. ~ance.and how to figure out the:weights m paper clips “ask the

°  children to return to their desks. - L

c ‘ - n
Act1v1ty B g ’

Divide the class mto groups of four.. Give each group a beam
balance kit. 'I,‘ell them touse Worksheets 2 through-5 of the
LS B Student Manuals to help with
) ’ ' .« the assembling.of their beam -
. workeheet 6 " e h balances. Go about helping..- - -
tnit 26 - _ those groups'who seem to6 need
=z - N PN “The welght of our me;ul pleces ° : it‘ You probably Wlll have tO‘ o ‘ -
C o . : C . help most groups to tape the ’

. . — = .- cardboard' to the ruler and to
Qo | e e in paper clip units ) place a bit of- ‘tdpe on the back -

¢ ) ' of the ruler for a good balance.

v

e 48 When all the groupS‘ have, I
. i ] finished assembling t;he_ir ‘ o
’ Ll : balances, remove stringt and
0 g4 .|, tape from the O and W pieces S
— - and put them on & centrally '
s 30 located desk or table with the
- 1. - 10 . . pieces marked C, E, H, S'and
i ' : uy T. Ask the children to turn
. o b2 '_ _ to Worksheet 6 in their
i \ : — Student Manuals.

N

3
s

Instruct the groups to take

just on” piece of metal at a .
time and weigh it, Each mem-

ber of the group should write

the number of paper clips on .

S . ‘ B his worksheet. One ¢hild
> ) \ * ’ 4
43
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Aruitoxt provided by Eic:

should then immediately return this f)iece of metal to the
. .central spot and take another with a ferent letter, When

each group-has finished weighing all séven pieces, disruss
the. rae.sults‘ . .

Have one. child from eac'h gfroup place the beam balance in a
storage area.- The bdlances, paper cups and paper clips will

be used in later lessons. *Keep the metal samples out for-the
‘next lesson, Save the worksheets for later-use..
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: Lesson 6: MEASURING THE VOLUME OF METALS

Y In this lesson the children measure the. volume of the seven
metal p1eces used in the two previous_lessons. Before they .
cah do th1s however, they must understand whatis meant -
by "volume." MINNEMAST children have studied volume in.

ﬂ‘

Units-5, 12 and .19, but in tHese un1ts volume was defined in "

two different ways: (1) as the number of units a container can'

hold, and (2) as the space occupied by the container itself
2

L " In the first case the children were interested in the capacity

of a contamer. The children have measured capacity in sev~
eral ways. They have cbunted the number of*corks and-the
number of cubes a container can hold, and-the standard liquid
measures ' of volume, such as pints, quarts ~gallons, etc.

. In the second case, the children were interested in the amount

~ of space a given object or material occupies. Using the first
definition of volume, the children were finding out ‘that a four-

_~ounce plastic containher had a capac1ty or volume of fo ounces.
Using the second definition, the children were finding dut the
amount of space occupied by the plastic material of ich:the

- container itself was made. Obviously the measures the two" °

kinds of volume are considerably different.
This unit is concerned with the second kind of volume —--the"
amount of space occupied by & given material. Inﬁnit 49 the
children worked with water displacement as a measure of this
kind of volume. They dropped a marble into a cylindér con-
taining ‘water up to a‘certain mark and discovered that the
" méasure of the water rise was equivalent to the volurne of the
' marble. However, the.children will probably need a little re-
view in this techmque. ) :
q * . - .
When measuring the amount of material of which something is
_ _ comprised, one must be alert to exactly ‘what the material is."
"«1 ) For example, you can measure the amount of space occupied
i by a balloon .when it is blowr up and when it is deflated. -Ob-'
.o viously, when blown up and submerged in water; the balloon
. will' displace more water than when it is deflated. In- both
. cases one might casually say-he is measuringthe volume of

xS

y ) the balloon, but what'is meant by "balloon"? Is it the material : .

Ay




"o

N . used to construct the balloogL of the material plus the air en-
closed within it? When the volume of an inflated balloon is
measured, you are not measurmg the volume of just one ma- !
terial, but of a mixture ‘of materials -~ rubber plus*air. Other

‘ " examples of a "material plus air" are: a bag full of popcorn,

: a spohge .a piece of cotton or a styrofoam ball. When meas~-

> . uring the volume of such objects, it.is important to-undefstand.

: what is being measured --.the volume of more than one sub- )

¢ : stance, Clearly ¢ define for the childrén the material they are .
: _measuring, because when they start_learning about density in - '
;. the next lesson; 1t will prevent much misunderstanding. I
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T o -~ for Activity’AdemcriStration - % WA

e " : ~ 3 plastic cyhnders with c*entiméter tape attached R »\
(See PRBPARATION ) - . < .

- 1 cup of water
‘ . “ | medicine dropper

— .lump of clay that will displace about 25 millimeters of
water in the cylmde}'

.

' — piece of ‘'string about 8 inches ong -

4

. e / *
v ~- for each group of four ¢ (Activity_A) -— .

~. . . . - >

X = | tray " —

s w oA :
«— | clear plastic cylinderwith cgntimeter tape attached -

-~ |-pedicine dropper: = S ,

e

— measuring cup half filled with water

-= for the class --

\7‘“ . . » N
?talObjeCtS c' E,’ H, O'. Sl T, W
- | Rieces of tape ‘ ~
"— 14 pieces of string, each abovt 8 inches long

e \ -- fér each child (i\ctivity A) —_—

_ I~ workshe £ 7 ) : e
T 38 )




Act1v1ty A measure 4 inches 1n

o a0 o
: ¢
e - . - for Activity B-- ° A .
. . - story puzzle "Nathaniel‘s Two Balloons," included il the
e lesson CoTe R .
'-- for Activity B demonstration =~
= 2 identical balloons- " ] ’ -
o °, — grease pencil. s T Lo
:* . — clear plastic container (at least. pmt size and half-filled .
. / with water) .. .. . . R
| ~_ | spongé - .’ _
¢ et “ ’ P ) d ) )4 .’ X )
. ‘PREPARATION. - - : ‘ -
3 R “ ) ¢ , ° b{ .
The plasti¢ cylinders used in ° ° - ‘ R
\: o]

:

g

length and I inches in dlameter.

, Prepare each cylinder by cuttlng

from your roll of adhesive cen-
timeter tape a length of ten cen-
timeters. Place this along the

~length of the cylinder. Be-sure
theé zero mark: is a little above -
the base of the cylinder at the

point where the cylinder is hol-
low,

___Fill-one of your cylinders to the

S0-millimeter (5 centimeter).mark
and test_lumps of clay until you
find one of a size that will make
tHe water.rise about 25 milliméters.
This is the amount of clay you will
need for your first demonstratjon.
When teSting, put a partially
straightened paper clip in the clay
"§o that you can place it in the
water and lift it out more easily
Tape a string to each of the four~

' 'téen metal objects: Asin the last
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lesson, these metal pieces can be placed on a centrally, lo—
cated desk where the various groups can take one at a tixme.
et S ”On a-tray for ea[ch group, place | plastic cylinder with%"rh !
- _ tape attached, I amedicine dropper and one measuring cup.
half filled with water..

.. . . Y ] :
- v Py A « e “.‘ N
For Activ1ty B, have on hand the n{aterials listed above for ‘
. your second demonstration. v o
) ) ""r-'»...‘ : ) v H . ) - o |
PROQEDURE PN
Activity A . =

Have the: children"gather around a demonstration table, o
rev1ew the main points of the two previous lessons.
the children-that.they measured the weight -of seven etal
pieces in‘Lesson 5. Tell them that in this*lesson they Wi
tty to measure the "size" of the pieces. Then say:
: - . WHEN WE TALK ABOUT THE SIZE OF AN OBJEGT, WHAT
"7 ~ . DOWE MEAN'? (We amean how large or how small the .
object is.) ’ .. R . )
, . ) , .
R . WOULD A LARGE/ OBIECT TAKE UP MORE SPACE ‘IN"THIS
oo - ROOM THAN A SMALL OBIECT wouwv (Yes ) .
N Ask whether an elephant would take up more space in the room. .’
i . . "than an ant would. (Yes.) “Then ask why. (Because the ¢
e - ) elephant is larger in size than the ant, ) Then emphasize this
v poirt; . ‘ . .o
I . * - i .l~‘
THEREFORE THE SIZE OF AN OBJECT DETERMINES HOW =<
N\, : MUCH SPACE THE OB]ECT OCCUPIES « T .t

‘ KRR _ CAN ANYONE REMEMBER WHAT WORD‘WE USE TO DESCRIBE <.
: THE AMOUNT OF SPACE SOMETHING OCCUPIES?* (Volume.)
. -To show how volume“fits in with other meas urenient studies.
- : %}e\children have had, remind them of the following:

. - .

I‘. When you measure a line segment you measure the prop-".
erty of length ‘

| Jlll
o.)u
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. th1s clay cup.

L3

2

" Let the chlltireh speculate.

D

‘a . ~
i LR

easure the amount of space. something occupies,

»

you are me suring its volume.

, ) .
A -
H

Some J:hildren may rememher some
its*. Now explain how somé-~

HOW C_AN W MEASURE VOLUME? oL -

of the methods used in previous u
" times the word "volume"'can be used to describg the space..
that is occupied in two different vJays. Tak 'cite iump of-clay
you have prepared jn advance and ’mold it ifite a cup shape/
Say that you could measure the amount of space contained in

6

L
»

RO 2 s .
WHEN WE DO THIS, WE ARE INTBRESTED IN THE ° -
 CAPACITY, CF THE CONTAINER -</HOW MUCH I

N
s
v )

*'WILL HOID. * = - ‘

-

H ve the chil&ren d1scuss\ with you Vatious wafs this kind ®f

volume ¢ould be measured -+ with pints, cups, quarts, ounces,

" number-of corks, et¢. Then fill the clay cup with water, Pour )
the water from the clay cup intoa cylinder that ‘has cm tape

~#ttached. ~Record on the chalkboard the number of millimeter (

umtsxthe volume (capacity) of the clay cup measures in the
-cydnder. Discuss with the class.several other °xamp1es of
s)tuations where the capacity of a container is ‘the type of* . ¢
volume they would be interestéd in meas urig, such as a quart
of milk, a box of crackers, a glass of juyice. .. )
o . ' =
Now s'ay that at other times people are interested =~ not in |
volyme as the measurement agwhat a container will hold --
but in'volume as the amount of space the container itself .
ccupies (takes up). Now mold the clay cup into a ‘solid ball.
Tell the class that this time you want to Theasure the amouat
of space (the volume) that the clay material' of which the cup °

was made occupies, - s Y

't »
. e

., .
e »

»
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» ' S HOW CAN WE MEASUR THE AMOUNT OF SPACE THIS CLAY .
- ' - OCCUPIES" ) s

/

Hold up the ball of clay. erhape some child will recall the -
water displacement activities from previous units-and can
demonstrate how the- calibr ted cylinder could be used. If
- ' not, demonstrate by puttmg watxg into the plastic cylinder up
to0 the 5-centimeter mark. Show an empty cylinder to the chil-
dren and tell them that each) of the\centimeter marks rebresents
.10 m1111metegs. Therefore, each of\the small units on the tape
represents one tnillimeter. Show them how to put in or take -
out small amounts of water with the medicine diopper in order
to get the level wanted. Thién show them how to liold the-con- : -
tainer with the top of the water at eye level to get a corredt
réeading. Ask somedne to say how manylmillimeters of water
you have in the cylmder when it is at the 5-centimeter mark.
(50 m1111meters ) A

1

A

% ' ‘Demonstrate how much error can be made l.in é«reading“;bir_ 160k -
ing at the height of the water. from above or below eye Tév\el.

T -, : :
. % W 40 millimeters

124

i ~,
T

B
3

[, ‘.~

‘

'60 millimeters

(T
{7

Have th - children check to sée that the water in your cylin-
der is at the'50 millimeter mark. Now insert.one end of a-

i . partially stralghtgned paper c11p into the clay ball and lower
: ‘ - it into the cylindeér. (The clay ball must be completely sub-
merged.) Ask a child to réad the new water level, Record

v




/ attached) in-a central location. Instruct the groups to take
' one metal piece at a time (as they did in thé last lesson),

) add a few drops. Tell them that the water level at the start \

what happenéd on'the ohalkboard:

“the

Height of water at start .50 millimeters*
Height of water w1th

,/olﬁ ball in it 75 millimeters

He

“Amount of water dis- - a
/’ placed by clay 25 milliméters

Al

The ohxldren should realize that the amount of water that was
disp/laced by the clay is equivalent to the amount of space :
that/is taken up by the clay (the volume of the clayl. _

INGE WE CAN MEASURE THE VOLUME OF CIAY BY WATER
DISPLACEMENT, COULD WE ALSO USE THIS METHOD TO
MEASURE THE VOLUME.OF EACH OF OUR METAL PIECES°
(Yes.)

j ell the children they will be workmg in the same small L.
roups as in. the previous lesson. to measure the volume of
fthe metal p1eces Have each group take za tray of the mate-
!rxals you have prepared Place the metal pieces (with 'strings

measure and record on Worksheet 7 its-volume in millimeters
displaced and then return it immediately so that others can
use it, .

Remmd the children to check the water level after each meas-
‘urement,,because some water may cling to.the metal when\it
" is removed., With their medicine-droppers, they can easily

should always be 50 millimeters. If the children-seem to be
having trouble with water running too freely out of the medi-
c%ne droppers, suggest that they try filling the droppers to .\ \
the halfway. mark or a little beyond, - Then the drops can be ~ _h
" queezed out more slowly : | ) ) \

/ Eaéh—?'hild should record the group's measurements\o Work-

sheet 7. Go about the room as the groups ‘are working;. check-

ing to see that they are readmg water levels at eye leve
l

* The symbol (=) is read "appears to be the same as."
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T‘me story puzale

o S | - NATHANIEL S TWO BALLOONS
- o Nathaniel had two balloons that hé bought at the store, The
balloons were both red, They were. coth made. of the same k1nd of”
rubber They both weighed the same amount. They even came
packed 1n the very same bag. Nathan1el thought he would like to
measure and compare the °volumes ‘of the two balloons to see if they .
were the same, too. He brought out two glasses that were exactly
) alike. He put the same ainount of water in each glas s. Then he’
) carefully marked the water. level on each glass. He put the glasses
: close together and saw that the water level marks were at exactly &:5\

the .sa_mehheight Then Nathaniel started to measure the volume of

the two balloons. . B ) . -

He .put one balloon m the first glass and saw that the water

hardly rose .in the glass at all, It was, hard for him to mark the new

: water level, because it was SO’ close to his starting mark.

But when Nathaniel” pushed the second balloon down -into the

® ’ second glass the water rose so high it,nearly reached the top

Now ask the class:

WHY Dd YOU THINK NATHANIEL GOT SUCH DIFFERENT L
MEASUREMENTS OF VOLUME FOR'THE TWO BALLOONS? .
COULD HE REAELY HAVE BEEN MEASURING THE SAME '
KIND COF VOLUME IN BOTH GIASSES? .OR WAS HE MEA-
- . SURING A DIFFERENT SORT OF THING IN EACH GLASS? ~ |
WHAT DO YOU THINK NATHANIEL DID TO GET SUCH DIF-
FERENT MEASUREMENTS FOR TWO BALLOONS THAT WERE
SO MUCH ALIKE-WHEN HE 'BOUGHT THEM? o - -

-

3

T

o
-y,

-0

-0

45




Ask the chlldren to commit themselves by writlng their answer
to the last question on a piece of paper. When everyone has .
done. this, have the children gather around the demonstration ) “
— table. LY ,/ _ ' ” o '
NG R B
“ ' Call on various children ‘to demonstrate why they think
3 Nathaniel got two, stich different measutes of volume for the
. . ) - "bhalloon." Somé child will probably eventually discover
that a balloon, when blown up, displaces much more water o .
-than the deflated balléon. When this happens, ask the class
which would be the correct measure of the balloon's volume.
The children should see that their answers all depend on wtat
is meant by the word "balloon.” Doeés it mean the material|--"
the rubber -= that is used to make_the balloon? Or does it
mean the rubber plus. the air inside of it? The children should-
realize that it is very important; when measuring volume, t
. - define clearly their material, so that someone will not mls-
- ' understand what is meant. .. ’

f . . : « =

e 4

I

. ’ . Another example of a materlal plus-alr volume is a sponge.
‘ ' You can demonstrate ‘this by 1mmers1ng the sponge in the
ve ] : . ‘water, As the sponge absorbs the water, air bubbles will
' float to the surface. The children should see that the-water
level is hlgher when the sponge is first put in the water, but
rapidly decreases as the air-in the spongeéis replaced by .
o water, . - _ . - .

(¢}

The children may want to- discuss other .examples ) where..the-w—»m R
. material is-easily-obscuréd by the. way the words are*used: '

a bag of popcorn, for example, What is meant when some-

one says that‘> Does he mean conly the substances - that make

up the corn, or-the cora plus the air in the bag between the

kernels ? . Cotton candy, styrofoam, cotton balls, etc,, are )

other examples of materlals plus air. that the chlldren mlght

want to talk about - \ .
N
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‘MEHE PROPERTY OF DENSITY | © | o

- 77" pureose N .

-

.~ To have th2 children maké a number of hypotheses ak_;dut
volume/weight relations. . ’ . -

- — To have them check these hypotheses on Sevéfal.di'fferent )
kinds of materials.’ : —_—

-

, ~ To have the children learn that volume/wgight<relations .

can bé graphed from the ordered pairs dérived from mea-

suring the volume and the weight. ’ o,

- . , . — To havethem sée that, by measuring the volume and weight
of an unknown material and plotting this point on a graph .

that shows the density slope of known materials, they can -

come to some conclusions about the density of the unknown, <
COMMENTARY ‘ ‘ Lo , g s

&

-
Frel

1

In the two previous lesons the children collected volume and*

weight data 6n'Worksheets 6 and '7‘ which they wfll‘now trans-
_fer to Workshéet 8 (Lesson 7)., 'Bgﬁc;ggsﬁe?j:he_dat&coneéfns»-*’—;

S~

e

————only unknowns , the children will now turn to a very fqmiiiaf .
material -~ clay -- and gather some data about that. "Then . .
they return to graphing volume/weight data of metals and of
other materials. : -

e

JE

g T

e T - By the end of Lgsson 10, the children should understand that
o . volurie and weight measurements, when plotted on a grid,
can be useful in identifying an unknown mdterial, especially
if they alréady have made graphs of many known materials,
TBey measure the volumg and weight of an unknown substance
and plot this ordered pair on & grid with\graphs of other sub- .
~ stances. The children can tell by where the plotted pQint - .-t
| falls whether their material is of the same density as anotheér
. * material, whether it may be a mixture of séveral materials,
) g ) or whether it may be a new \rnateyial which ‘has not yet-been
’ graphed. .
Emphasis in this unit has been on having the children study ) A
a number of properties of different materials ir‘l‘\o’rder to try to ‘ . ’
oer
s e - Lo . - o | ’ :

48




Aruitoxt provided by Eic:

sity, the chlldren\have been g1Ven a number of properties by

~which to identify it. By observa ion, they have noted the

properties of color shape and size. By the-scratch test, they
have found out the property of hardness. ,By using: beam bal-
ances and water displacement equipment, théy have studied
the properties of weight and volume and their relatlon to each

" other (aens1ty) -

N
‘-

_ The wo“rd "den51ty is not 1mportan . What is 1mportant is for
the children to sée that, for any givien niaterial, théreis a
definite relation between its volume and its, weight. If mea- -
surements are ideally accurate, any amount of a given material
should prov1de measuremeiits of volumé and weight that will

all fall-on a-given density line. .




i T

@  same matérial and are alikexin size, they will be alike in

»

N

Lesson 7 VOLUME/WEIGHT REIATIONS *

The purposes of this lesson are to have the children: (1) see =~
that if they have equal volumes of the same material, the -
weights will also be equal, (2) discover that when they add

more of a given material to an initial sample, the volume -and

the weight increase proportionall)f, and (3) discover Ihat when
the ordered pairs de'veloped from’ volume/weight measurements
for a given material are plotted on agrid, the. points plotted
fall.on a straight line through the origin

In Activity A the children briefly review the work they have
done in the last two lessons They discuss thé data they
have recorded (about the metal pieces) on Worksheets 6, and
7. As a class'they check and correct the data and agree on )
fmore accurate measurements to record on- Worksheet 8. Then M____’W,A
‘the children are asked if there is ’anztﬂh,i_r_l_g,_in_thes&data"that ] '
would help.: thém-see*a-relation between volume and weight,
or would help them identify any-of the metal§. The children
can observe that, though metal pieces S and T have the same
volume,. they ‘have .different weights, They- see that this is -
also true of metal pieces H and W, These observations
seem to lead to thé idea that S and T may bé made: of dif-
ferent materials, and that H and W may alsd ke made of: dif=
ferent materials, "but it*is t the kind of information that
lends itself easily to id?z\yifying any of the materials' You
now make the suggesti that if the children were dealing
with a material that they were already familiar ‘with -- such-
as clay -- and measired its volume and weight they. might )
be able to discover some more meaningful- reiation between
the volume and weight measurements,
-In Activity B the children measure the volume and weight of.
two balls of clay that are as nearly identical as you can
»  make them. They make a tentative hypothesis from the re-
sults, namely: that if two identical objects dre made of the

.weight, and vice versa. .Then they measure the volume and
weight of three clay balls" of -sizes.and weights that are pro-
portional to one another. Ball ! weighs 2 paper cups and

«displaces 7 mm of water, ball 2 is double the size and weight
of ball |, It weighs 40 clips and displaces !4 mm of water.

\t)

N

"~




. - -Ball 3 is triple the'size of ball |, It weighs- -60 clips and .
X X : ‘displaces 2| min of water, Fromi this experiment the chil-- -
- , : dren see that, if the same’material is used and the weight'_

: of an object is doubled or tripled, its volume will dlso be .
doubled or tripled. (This is only a hypothesis that-will be
- tésted.agdin, with other m=terials in other lessons ) The
. . . children record the measurements for the three clay balls on

’ Wh?'ﬁsh'e“et*g deciaeorxfhe ordéred pairs, and '1raph the
ee points on a grid (Worksheet 10). This graphing leads’
o the discovery that the three'plotted points all fall ina
straight liné from the origin (0, 0). The-children are then
asked whether or not the measurement of other pieces.of- clay
S wc\>u1d fall: on thlo same straight line, . .

— , " in Activity ¢ each group is given a stick of clay (of exactly
; the same kind used in the demonstrations) and equipment for
. measuring volume and weight Each group: breaks the clay
“into pleces of any size they wish, The only/restriction is
that the pieces must be of a size that can be measured with
the equipment they have., Each group gathérs the volume
~and weight data for its pieces, records the data oR Work-
sheet- 9 and graphs it on Worksheet 10. If the’ children have
; i been caréful in theif measuremeénts, “they will now see that, °
e Ae e T T " no matter what volume or weight each piece of clay was, it
] seems to fall on, the same straight line as the three points
.. . already plotted Another- hypothesis can now.be made:
‘ : measuréments for any piece of this.same material will
fall on the same straight line, The lesson ends with the
quéstion, "Will the measurements of volume and weight for
- otheér materials also fall on thi§ same straight line’ through
. the origin (0,0)?" The children will try to answer the ques\\ . )
’ - tion in the next lésson, 5. ‘\ :

MATERIALS = - | - . -
R . ) . -~ for Activxtv A--
- . metal p1eces C.,E, H, & S T and. W.

— | beam- balance

- ) . -~ | water displacement set (See pages 38 )

Worksheets 6% 7and 8 . . ‘




®

| stick of clay.

E -- for Activity B --“\

—* 2 identical clay balls, each gv‘éigh-i g'4',pép,er Eups‘:‘ ;
(40 paper clips) . — _ o '

= | clay ball, weighi.n_g' 2 ﬁaper- cups (20 paper clips}

= I‘c,lvay ball, weighing 6 parer cups (60 pape_r‘clips)-

- -

£

Y
e
.

. — 3 beam balances
-3 wéter_di@lécemé‘nt sets
.= 4. straightened paper c,hps o T
'~ . Worksheets 9 and 10 ' o

2 . -
. R

— rulers and pencils

- v

-~for each group of four (Activity C) - J-
. vqume and v_ve;_ght nméésuring“eéﬁip{ngnt '
~ stick ofclay - L
- 4 straighteneé paper clipé .

— Worksheets 9.and; 10
PREPARATION : ST L

> »

It is impoffant that all the chl.ay used in this. lesson-be of

exactly the same kind (even in color), so that the.children -

.can be sure they. are always. measuring the same material. . |
There is little preparation for Activity A, which is-largely -
discussion and demonstration,” You will need only one set
each of the volume and weight measuring equipment, the
metal pieces from the previous lessons, and the wgrkshe:ets.
: For Activity B,.you will need thrée volume and weight meas-
) ufing sets and the following carefully prepared clay, balls: "
| ball with volume of exactly 7 mm ahd_
weight of 2 paper cups (20 &lips) N
2 balls, ‘each with volume of 14 mm and
weight of 4 paper cups {40 clips)

ty
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of 6 paper, cups (60 clips)

T

s

Actiwty C requires the same equipment the\children used in.

, previ

ous activities but with clay mstead of the metal pieces\‘

RO L ~ "~ 1 | ball with v'olut;e of 21 mm and weight . B <

vy

N

,PROCEDURE T \ -
“Activity A . ) ) . -
L. _ Briefl) rev1ew with the children what they did in the wo.pre- \ :

\

vious| les sons., Remind them that (1) they Have be eén gather—
- < ing weight and volume data about seven 'pieces of metal\ and

A S © that (2) they were hoping to find in this information some re-
I o . lation between weight and volume that might help in -sdfne way
B C . to identify the metals. Then ask the children to turn to Work= -
R \\ — R sheet|8 in their Student Manuals. Onthe chalkbcard quick- :
\ . N _ly sketch a chart like tha).’.on the worksheet. [ Note that vol-
- N ume- data is listed to the' left-of-weight data. This is-done so:
~ \ . , that, when the children eventually graph their ordered pairs, g v
. - v 'volumla will be on the over (x) axis and Weight will be on the
Lo - up (y) axis. ] R )
PR N . .
- L \ I ] Now. tell the children that, _
\ , | working together as a class;
vorkhhest § - < they are going to.help you ,
tnit 26 Nawe decide on the data to bé used
\ ‘ . 'on Worksheet 8. Have them -
A o ; tear out Worksheets 6 and 7°
Meta) Plece ‘mzo;;m:l'mf)' e \Vol:h;” . 0;::1-:(1 _ so that. they ‘can provide the |
"1 Sl it ot Il data as you call for it. Ask v
¢ 93 42 -(45:42) for the volume data, then the
T DS B welght ata, and then foythe ,
E J | 48 . |(518) orderedqpair. Discuss of?e v
", 5 l' F 2+ - ‘(’5{74,“) - '.metal at avtime. -
0 21 1 94 - ({lﬂ‘i’) A I therk are di ferences in o
Y N the data from one group'to
° 2z, 30 ] (22'1730) | another, the data may have
oot 2% 1 10 (2}_,10) to be checked before you
0 /52) e fill it in-on the chalkboard
) S -0 (5: 69 . chart s Talk With the chlldren
T . i -
R - ' o
. ) . .53
. | v P «
G - ; ‘ AN




‘ . & .
O - , - A4
1. ‘ - »
d * ] ! '
.about some of the causes for ¢ rror, siich as: \ P
b, possxble differences or defects in the . . R

""" measuring deyices L
2, differences in the height of the water
at the start ‘

o 3. m1sreading the’ water level at the finish® .
4, subtraction mistakes in figurmg ~units °
. of water\displaced " -
_ " 5. hastyor erro'neous recording ' Do
2 " E. plain that because~there are §o many pOSSlblhtleS for -y

* error when measurements are taken you want to be sure all

the data théy put or. Worksheet 8 is as accurate. as possible, .

. That is- why you are havrng the whole class particip.‘ate and -~
CheCk T oo . o )

5, . .. When all of the data on the, chalk’board has been agreed.upon,

o “ask the children .to copy it 'onto ‘Worksheet 8. Yoy should now | R
. s o, . collect and throw away- all copies of Worksheets 6 and-7, s6 . *
) VT , that the children will have only the data '6n Worksheet 8 when- o
5 e _ they d0*the graphing .of the ordered Rairs in the next lesson. L e ‘
. T low discuss the Hats. of the chalkboard, Ask the children if & _ -

they nqsice any: ’f/olume/weight relations that might help thém -
. to distinguish.one kind of metal Jfrom another, or Help identify .
” . any of the metals.™"Seme ¢hild will probably notice that-
T ~ "metals S and T have-the sa olume, but different weights.
T . ‘Another may notice that this is alsoTtrue—fOr_m_e_ta‘ls H and W,
B Ask if the fact that two -materials have the same volume, but o
: . different.weights, could perhaps.be an indication that they
‘. * are_hot of the same material, (Yes.) Ask-if this would seem
" to indicate that equal amoynts: of the same material sheuld”
.. have equal weights, “(Yes.) Tell the children that it might
L ‘ . be helpful in. analyzing their data if they knéw more about

o

R ‘\ S ‘ the volume/weight relations for, ‘one particular kind of mate-

SO "< rial -~ aknown material like clay,L PP S T
", .\ . . s .- . ] o . ‘,~ « . 'v - . ) .' . h' i
. \‘- Hold up a stick of clay. reak it into severa'l pieces -of dif- S
. ferént’ sizes. Then ask:. | ~ R

N

-

. o .
N AP . N
. . - . . - + . v
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54 . . .. o : . 8 3
. - . Lo %
. . N
I . . .
«




.
y -

- (lfheyfare ali made of clay; they are all made of the same ;
matenal ) oo K ) , o

* A 4 '
- ’ h *

i Then s'ay' Y % . -
. , . I

B WB CAN FIND SOME RELATION BETWEEN THE VOLUME

ANQWEIGHT MEASUREMENTS OF ALL THESE' PIECES OF .

CI:‘:Y ‘MAYBE IT WILL TEACH ,US MORE ABOUT OUR DATA -~ .

’

F@R THB METAL PIECES. -« .

,“ e
. ¢ . . T i,
L} . i 4

-’ L
1

Act1v1ty B %
p 3

‘o~ Havéfthe class gather around a demonstratxon table Show
N ‘the?’tWo balls of clay-that you haye ‘pfeviously prepared and. .
‘ knaw,. to, be of 1dent1cal ize and weight (These each weigh:
- 4 paper cups or 40° paper hps, and d1sp1ace 14 mllllmeters .
of water,) Ask the ch11dre to describe some of the' proper- .
tiés.of the two. balls." (They re of the same ¢olor, and the « . ¢
same matenal and they appea \to be the same size ) T L ©
. e~ N T
" HOW CAN WE MAKE SURE. .I.HAT\THESE I'W’O BALLS OF o
CLAY ARE THE SAME SIZE"r' gMeasure the amount of water

NS

I L. : . . .
R "each d1spla<?:es .) SN . .

lﬁ a stralghtened paper chp into each o}\the clay balls and |
then select two chlldren to-measure the volum e of the balls,

Ask one chijd to 'do the actyal measuring and the other to . ! I ‘
- check.for. acguracy at each step. Write the res\ult (14. milli- -
, meters dzsplaced) on the chalkboard Then ask' f*\‘ e
) Q "7’~ N A n“( - N

IF 'IHE VOLUMES @RE THE SAME WHAT RELATION WILL o ," )
* 7 THE WBIGHTS HAVE TO ONE AI\[OTHBR" WILL THE ) I
WEIGHTS BE- THE SAME, OR' DIFFERENT? (Proba bl? most ]
children will predlct that the two balls will welgh the ]
same, ) '

'3
Ta

3 “ .
“\.. 4 . . . )
.

. HOW: GAN WE GHECK 'r\o gﬂ SURE? (W&will have to” "+ -
welgh them ) . . " \

Choose two chlldren (one welgher, one checker) to measure
N the- weight of eat:h ball on the beam balance. The, balls s ‘
should balance each o‘ther, and each’ shduld weigh about PR
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- Activity C. - oo ]
Provide. each group of four children with equipment, for measur-—

4

ring-velume-and-weight—and-givergach group astick of~exactly
the same kind of clay used in the-previous activity Tell each’
group they may break their stick of clay into, four pieces of any
size that is' measurable with their equipment:," Remind the chil-

N

dren that if they have to start w1th less water’in a cylinder in

Rt

order to submerge a rather large piece of clay, they should
write down the starting level véry carefully, so that when they
do their "subtfacting they will-not forget what the level was.
Remind the/c)ltnldren to insert partially straightened paper clips
in the cl ‘hen measuring the'volume. Ask the groups to try
to be a$ accurate as possible,, and to check each méasurement ~
very very carefully, Each child shouldarecord the measure-
m/ents for each of the four balls én Worksheet 9, figure out the
/" ordered- pairs, and then plot the.points on Worksheet 1.0.
When all the grcups have plotted their -data, have a spokes=
man. from each group report their findings to the class. Allow-
ing for measurement error, most,of the ordered pairs should
fall on the original line. Have the children now label that
line, "Clay." Then write on the chalkboard:

IF WEIGHT AND VOLUME MEASUREMENTS OF A CERTAIN
MATERIAL ARE PLOTTED ON A GRID, ALL THE POINTS WILL
FALL ON A CERTAIN STRAIGHT LINE THAT STARTS AT THE
ORIGIN (0,0).
> Let the children know that, so far, this is only a hypothesm
that appears to be true when they used different amounts of
the same kind of material -- namely, clay. Then ask: - -
® DO YOU THINK THAT THE ORDERED PAIRS WE MIGHT GET
FROM MEASURING THE VOLUME AND-WEIGHT OF A, DIF—
FERENT KIND OF MATERIAL WOULD ALSO FALL ON THIS
SAME STRAIGHT LINE? . _

Ask the children to think about the question.” Then tell them
that they will be investigating this problem in the next lesson.




/ ¥
probably say that the welgpt of the larger ball/ is double
that of the smaller.one. Y o / .

”~o.

| . HOW COULD WE CHECK TO SEE IF THIS IS/TRUE"

Using three beam balances and three water dlspi}a_cemeniwset's“"w
3 have three chlldren measure the -volume~and™®éight of each

o7 ball of clay. You may want to assign a partpier tb each child

as & checker *When the children have finished, record their

data cn a chalkboard chart like this: / L
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The chlldxeh should see that as th/e volume doubled and tri-

pled, the weights doubled and tripled also, Record this
generalization on the chalkboard:/

1

|
\ : IF THE VOLUME OF A GIVEN 1\//[1\’I‘ERIAL IS INCREASED A

\ © GERTAIN YUMBER OF TIMES ,| THE WEIGHT WILL BE IN-

o (CREAGED=RY THAT SAME NUVIBER OF TIMES.

/ ‘ Now discuss the fact that in edrlier units, the children found
\ . ‘ 1t helpful to graph their data 1n order to understand it better.
i Suggest that it may be helpful fto graph the clay data on a grid,
‘ too. Discuss how this could be doné, i.e., have volume along
‘ the over axis, ang weight along the up axis. Develop with
\ them the ordered pairs for each ball of clay, and list these

on the chalkboard chart. /'

i . I
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Aruitoxt provided by Eic:

worksheet 9

Lntit 26 \ame o —
»
Clay Yolume We {ght Ordered
Piece (in mm risc | {in paper clips)| Pairs
of water)
1 vV oW
Ball 7 20 {7,200
(umall? .
Ball 2 N /4 Ho
! )
tmed tum} ILT 40 i'
Ball 3 2L, 60
\llquel Z’ 60 '
Ball 4 (et
Bail § oy -t
Ball 6 - fpe)
Ball 7 | Qo

Have the children xeturn to
their seats and open their
Student Manuals to Wcrk-
sheet 9, Ask them to copy

' the data for the clay from .

the chalkboard chart to their
worksheet, They should
then fold out Worksheet 10
and graph the three ordered
pairs on it,

Kl
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Worksheet 10
Lms 26
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l {in millioeter rls:e of water)

When the children have \finished graphing, ask them if they
notice any interesting relation among the three points.

Some students will probably notice that gll the points appear
to be 'ocated on a straight line, Using pencils and rulers,
ask the children to draw the straicght line that connects the
three points ana extends beyond them in both directions.
This line should start at the origin (0,0) and go through the
three points to the righthand margin of the worksheet. When
the children have done this, ask:

IF WE PLOTTED OTHER VOLUME AND WEIGHT DATA FOR
OTHER PIECES OF THIS SAME KIND OF CIAY, WILL THEIR
ORDERED PAIRS FALL ON THIS LINE, OR WILL THEY FALL
SOMEWHERE ELSE?

| ' <

59,
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Activity C ™ -

Provide each group of four children with equipment for measur-

ing-velume-and-weight—and-give-each group g stick-of exactly
the same kind of clay used in the previous activity., Tell eéach
group they may break their stick of clay into four pieces of any
size that is measurable with their equipment. Remind the chil-
dren that if they have to start with le'ss water'in a cylinder in

e

order to submerge a rather large piecé of clay, they should
write down the starting level very carefully, so that when they
do their subt;actmg they will-not forget what the level was.
Remind the £hildren to insert partially straightened paper clips
in the clay when measuring the volume. Ask the groups to try
to be a§ accurate as possible, and to check each measurement
very very carefully, Each child should-record the measure-
ments for each of the four balls on Worksheet 9, figure out the
" ordered pairs, and then plot the points on Worksheet 1.0.

When all the groups have plotted their data, have a spokes-
man from each group report their findings to the class. Allow-
ing for measurement error, most of the ordered pairs should
fall on the original line., Have the children now label that
line, "Clay." Then write on the chalkboard:

IF WEIGHT AND VOLUME MEASUREMENTS OF A CERTAIN
MATERIAL ARE PLOTTED ON A GRID, ALL THE POINTS WILL
FALL ON A CERTAIN STRAIGHT LINE THAT STARTS AT THE
ORIGIN (0,0).
Let the children know that, so far, this is only a hypothesis
that appears to be true when they used different amounts of
the same kind of material -- namely, clay. Then ask: - -
" DO YOU THINK THAT THE ORDERED PAIRS WE MIGHT GET
FROM MEASURING THE VOLUME AND WEIGHT OF A DIF-.
FERENT KIND OF MATERIAL WOULD ALSO FALL ON THIS
SAME STRAIGHT LINE? .

Askﬁ-le children to think about the question.” Then tell them
that they will be investigating this problem in the next lesson.

o
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Lesson 8: CHECKING VOLUME/WEIGHT RELATIONS

the-purposes of thistessonare: \u to nave the—childremn

check, with other materials, the hypotheses they made from Lo
measurements of the volume and weight of clay; (2) to haven
the -.children learn to distinguish one materlal from another

by looking at the slopes of the lineés graphed for éach mate-=

rial; and (3) to have them check predicti
volume/welght graphs with the hardness tests made for the

*

same metals in Lesson 4 -

Yy

Using three different kinds of metals, the children find that -
the foll_owing hypotheses they made about clay hold true for
each of the new materials: _ .

|. For two objects of the same mater1a1, if they have equal
volume they also have equal weléBt

2, If the volume of a given material is doubled the weight
is also doubled,

3. For-each mater1al the points plotted from the ordered
pairs of volume and weight measuremen’cs will fall in a stralght
line from the orlgm .
The é:hildren will also makeia new hypothesis . If a point
plotted from an ordered pair 'dées not fall on the straight line
for a given material, it is probably a different kind of.mate>
" rial from that represented by the line;” i
MATERIALS ‘ . o . .

. N . I JE———

¥

id i

" -~ for your demonstration (Activity A) ~-
.- . B A : .
~ | set of volume and weight measuring equipment

- 3 metal pieces marked C

t

-2 metal pieces marked W

cellophane tape '

Lplecesof string about 8 ir_1che's long

1
) K]

i)

-3
F{'@ 3
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-~ "for each child (Activity A) ==

— Worksheats 8 and 10°

. -= for each group of four (Activity B} -~

- | set of volume and weight measuring equipment

TTTTTortheclass(Activity B) <- _
* — metal pieces A, D,k and L (and later, pieces B, G and P)

_- for each child_(Activity B) =~

~ Worksheets 10.and 11~
PREPARATION =~ - T e

-Arrange 'the materials for each group of four on a tray for
Activity B, Placé the metal pieces they will use in this ac-
tivity ih a convenient place. (Set metal plecés B, G and
P aside to introduce near the end of the lesson.),

PROCEDURE S “
Activity A T

" For your demon stration "hav'e ready one set for measuring -
volume and weight; three C pieces of metal and two W pieces,
some tape and some string. Have the children gather around
the demonstration table. and briefly discuss with them some of
the hypotheses made in the previous- lesson:

<

When measuring-two objects of the same material: " =

| . If they have the same volumes; both will have the same
weigr}t. )

ok 2. If the volume of ohe is greater, its weight will be greater,

3. If the volume of a material is doubled, its weight will be
doubled. . -

° o~ .

Ry




4, All volume'/weight measurements, when plotted, will fafl
on the same straight line if the material is the same for all
ordered—palré?_—('llhls_une-will_go_through-the-orig*h )

-

Tell the childreén that youWould like to have them check these
. hypothéses ‘and see if they hold true for a kind of material

- . ) » other than clay. Hold up iwo o : ow the chil=
- - drea-thateac marked "C" and so you presume they. are both

made of the same material, Have a féw children compare the-

two piec'es and see that-their volumes are the same. Then ask:
SINCE THE VOLUMES OF THE TWO 0 PIECES SEEM TO BE
THE SAME, SHOULD THEIR WEIGHTS BE THE SAME ALSO? .
(Yes, if their hypothes1s about the clay is true for other
mater1als too.)

Have a child check the wexghts of the two pieces.on the beamA
balance. The class will agree after this checking that so far
the hypothesis seems to be holding true for this néw. rr}ategial

) ‘ . Now tape two C pieces together and bririg out a third C piece..
. Ask the children how the two-taped pieces compare in volume
. and weight with the single piece, (The volume and weight of
e " _ the taped-two C pieces should be double that of the'single C
piece.) Have a child check the watéer d1sp1acement measure-
ment and another check the welghts They should get these

. results
, Volurhe Weight ‘ &
C‘(alone) L A' "93% : 42 c : _ _"
'ZC: (taped 'to‘oether) BT I 84 &

Now the third hypothesis (that if the volume of a materlal
is doubled "the weight doubles) seems to hold. true of this
material too. Ask X .

"BO YOU THINK IP WE PLOTTED THESE ORDERED PAIRS -
ON A GRID, THAT THE POINTS FOR THIS MATERIAL WOULD
FALL ON A STRAIGHT LINE THROUGH THE ORIGIN?

e

™ g : P
(v -
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Let the children specula.te.~—5:‘herrask chTW'fl’TeTcould find out.

{Byegraplﬁ‘n’g’the'two ordered pairs (9%, 42) and (19, 84).]

But before the children do the plotting of these points, ask
them if they think the points for material C will. fall .on the
clay line. Then have the children retura to their desks and

olat.th

-

64

plot-the-two muexeu PaAITS O tha g id-oir WUerhEEI.' lU. TRl

\
N

When the children have finished plotting the two points, dis-
cuss their discoveries, namely: that the two points for this
metatdonetfall-on-the clay line, but appear to be lying on g,

straight l1ne of their own- that also goes through the origin.

o g

P

e e
e

P

Now ask the children whether or not t any of-them know the
name of the material in metal piecé ©. (They probably will
not be able to-identify it by name.) Explain that the metal
«»15"c’alled "aluminum!. You might like to know that the word
"aluminum" comes from the Latin word "alum® meaning "
astringent," It was originally extracted by Qersted from
‘a fused alum salt (probably aluminum sulfate), Write
"aluminum" on the chalkboaird and-have thé children write "
it along the new line on their worksheets,

After the children have dra§/vn -and labeled the aluminum line,
remind them that even though their hypotheses have proved
to be correct for two.different materials, a better test would
be to try still another kind of material Ask the children to
look at W‘orksheet 8 and notice the volumé and weight data
they have gathered for metal piece W, Quickly demonstrate
that two W pied€ys balance éach other =~ they weigh the same
amount 3

On the chalkboard vs(rite the volume/weight ordéred pair for
metal w (S 62). Ask the claSs what the ordered pair for

two W pieces taped together would be. if the hypothesis that
doubled volume means doubled weight is true (10, 124). - -
Tapée the two W pieces together and have one pair of children .
measure the volume; and another pair measure the weight,
Allowing for measurement error; the two W pieces should be
double in volume and double in weight, -as’ predicted

Now you want the children to test the fourth hypothesis =~ that
the points plotted from ordered pairs of the measurements of

= e
-

it

LN
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volume and weight for two objects made of the same materlal _ .
' will fall on a straight line. Have the children plot the two T
ordered pairs [(5, 62), {10, 124)] on Worksheet 10, But, be-
fore they.do this, ask them to predict-whether or not ‘the pomts
" will fall on the clay lineof « on the alumifium line, or somé-
- — . where e_lse Some children may say that if the material in
) piece W. is riot alummum (it obviously is not clay), the points-:
will probably not fall'on the alummum line, Now have the .
r chlldren plot thlS new line, . ‘
- Ask if anyone can guess what the name of the third material .
_{They should not be able to identify it from the informa-
- tlon avallable to them so far;) Then tell the class that this
material is known as "steel." Have them write steel on the.
: - new line they drew through the plotted points and the origin,
o . ) ) By
/&\ ‘; Wbr)l(shee: 10 | - - - ) ‘ N'me l ! ' I '
unit 26 - =
. I3O?E . - / _ -
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~Each ch11d should now have three diffe:ent/fnes going through

the origrn and you ‘are ready to help thém make the following
generahzations , o
|. That volunre/we{ght points plotted from ordered pairs for

a..given material will fall on a straight line through the origin.

2; That if an ordered pair does not fall on a straight line for
a giver material (allowing for measurement errors) the new

. point Lepﬁents a different kind of material.

<

’

3 v 07

discuss the children's observations: ) -

As the children if they think they:could use the vqume/werght
relations they have already plotted to help them identify thes
set of metal -pieces they worked with.earlier. (Yes, if some

of them were of thé materials already_plotted, the children—
could identiry thosée that fell on certain lines. They would’
have to plot the data on their grid.)- Have the children<com-_
plete the chart on Worksheet 8 by writing the ordered pairs

for the volume/weight data. When they. have done this, they
should tear out Worksheet. 9-so that Worksheet 8 faces Work-
sheet I'0 (their grid). Now it is easy to plot the ordered pairs
from Worksheet 8 on Worksheet 10, Ask the children-to. label
each point with the letter tl;nat is on the metal piece. u

When everyone has completed graphing the ordered pairs ,

Ll
N

I'. Points S and W fall on the Same line, and therefore may
be made of the same material - steel

- . . . . , w >

2. Pornts C, ®, Hand T all seem to fall on qr near the aly=?d
minum line,

-
v

3. Pornt E is ¢lose to the steel line, but is far enough away

to_represent poss1b1y, a different material. i

& . .

The_sefobs‘ervations should be compared with the observations

made when' the metal peices were tested for hardness., The
ordering by hardness is shown on'the next page.

.\ - - -
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" Softest’

-

-._Next-Hardest..—__Hardest_ .

e

I1
‘

E -

H, C,

o, T

s, W

v

<

According to the hardness test, E was softer than the other
metal pieces. Thus it dppears to beg a different material than
Have the class draw a new line that goes through.
the origin eand point'E. Mentioh to the class that every test
for a property seems to bring more. information about a mate-
so\the more tests they canfind to.do, the better,-. How-

fial,

t

Activity B

the others.,

|

\\\

!

»

-

+

=

-~

ever, they ,have not yet learned enough tests to identify un- -
known materlals.

. -

o

Tell the class that you have a few more metal pieces (A, D,

K and L) for ‘them to measure for volume and weight.

Ask the”

children, to 'work in the' same groups of four as they did be- ;
fore. Bach group should find the volume and weilght of each

[

+

T ‘ Yorksheet 1t -
< Unit 26 Name =
i‘ ‘.
Metal |, Voluwe woight | Ordered Pairs
Plece | (1 millimeter | (in paper -}
3 rl,o:pr vater) | clips) Vo " //'
. Al 7 /O |r-L. 1|
. L - (3. 5
I R I B 70 Nstunt
) § IR VR &, eh.
G i é 25 ‘76—"';—,
- x| 4 65 |- 85
T : —
L | 3 50 (_Q..ﬁ%)
2 ‘ 6 _65 ’ A‘!_é—v'é&'
B -
‘J_ '/
ks ‘(\ -~ k] e“
RERV
\' . P . ,

Gl
»

of the new'pieces. These should be.recorded on Worksheet. | l
‘then plotted on Worksheet 10, .

Ha -
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Lesson 9: USI.NG THE PR@PERTY OP DENSI‘I‘Y

. den\se material, By-looking at the slopes of the vdlume/we‘ight

. K
. o d

“In this le sson the children use their knowledge of volume/, oL T e

weight‘relations to sol\}e a problem, They see thé usefulness Cae

.

of density as on ’)/ay of testing materials to find out more i
about them. They also learn to 1dent1fy density with the slope ,' )
of a line ona volume/weight graph. .

> .
L © ' ¢ .

-

The nama "dens1ty" is given to the volume/weight relations -

m;aely, density is defined as the mass per unit volume rather .
. . than the weight per umt volune, or as the slope ofa mass/ )
volume line rather than a weight/volume lihe, Mgss isthe , .
amount of substance or material in an object, whereas weight’
is the grav1tational force or pull’ the earth or. Sther. large body
exerts on the ob:é‘ct An astronaut's mass for example, is

:nearly alwaysthe same but he has no welght in orbit and only .

one-sixth of his earth weight'on the mdon:; On the surface of

the _earth, weight and mass are always proportional so either N

one may be measured ta determine the other ‘Since wéight is .
, easier to measure and easiér for childrén to understand We ght T
rather than mass was cho sen for the work with den51ty at, this v
. level) v ) i “I. . . ¥

' A

.

~ weight of a denser materiaf w1ll be greater than that of a less

. graphs for two different’ matenals, the children should be able

to compare their densities,” That i%, they should see that “the
greate the slope of- the volume /weight graph the greater the
density of the material, ~

t e ‘ [}

1 ‘MATERIALS . \ ’ R ‘A Co . ‘ -{\:‘

. LW
LI *

~ story, "x himedes and the Crown, provided on pp. 75 -'89
of this ‘less n, and in the tudent Manuals

- £
>

- ‘ weight' méasurement e'qui_pment .

the children, have beén studying in this section. (More pre— C v ,°._ -

-

.o

"o

*

-

The children observe that for a given umt of volume the N \

\\

[N
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-2 'straigétened paper clips ‘ i ,
. ) . . L . .
— Worksheets 10 and .12 , ' N
N 3 . - !
PREPARATION ‘
Beiore'class, mold a ball of clay and a clay "crown" that \\
weigh thlf same amount., The clay "érown" should’;hav'e, a
small cork hidden -inside of it, so that it will displace more

- water than the ball of pure clay. 7 * S .
. N \ .

oy
! \ |

Clay crownlﬁwith . o ,‘ 'Ball of clay
cork hidden in it :

’

The ball of clay and the clay "crown" should be sm_all enough
to fit in the -water-displacement cylindér. They can be de- '

formed for this purpose, but be sure the children do not see’

the cork inside the crown. '

PROCEDURE ' S L

- Activity'A - ) - \ , O
Have the children open their manuals to the beginning. of the
_ story, "Archimedes and the Crown." Read the story with the
- ~*  chilaren_following along:, until you come to the question,
" ' "Can you figure out how Archimedes solvé he\p%r;? "
At this point,, have the children close théir manuals., d-
gather around the demonstration table. -Show the class the-
ball of clay and the clay 'crown, Tell the chﬁﬁ?‘emthaj\ the -
ball of clay represents the-phurik of gol¢ in the story, and—
the clay crown represents. the crown.the 'goldsm/i-th made. ' - o
Then ask: . ! . ‘ /_/
D_ | : WHAT PROPERTIES DID THE CHUNK OP,«éOLD AND THE
’ CROWN HAVE.IN,COMMON?  (Théy ldoked as though

B ., -

e
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same. )

Have a child check the bal

. \1f they welgh the same. (They should balance each othér.)

:' member from the last fewilessons -that,

)/
S — o A
rise.

Ask:

(He

\ WHAT IS THE.PROBLEMi{ARCHIMEDES HAS TO SOLVE?
| has to find out if the é: own is made of pure gold.)
i
\ HOW CAN HE DO THIST’ HOW MIGHT WE FIND OUT IF
| THIS CIAY CROWN I3 DE OF P RE CILAY? . .
t

I

1
Le\t the ch1ldren thimk ab this.’
for the same kid of
ma\:erlal, if the weights are the same the volumes should be
the same. Maybe that 14 the thought that occurredto Archi-
medes as he lowered himself into the tub and saw the water
Let the children tést this hypothesis by 'measuring the °
volume of the ball of clay and the clay crown. (The clay
crown should diéplace more water than the clay ball.)
. , .
ﬁfk the class if the vo}lrume/weight ordered pair for the clay
own would fall on the clay line on Worksheet 10. Have one
¢hild measure the welght and volume for the crown, and an-
other child do the same for the ball of clay! Put these-crdered
. airs on the ‘chalkboard and ask the children to plot the points
on their worksheets. The point for the cronn will not fall on
the clay line -- it w111; be located somewherg below the clay’
-line. The chi;gren‘shéuld now see that the glay crown is not
pure clay. They should check this by br‘eak}‘ng. the crown a—
part and finding the cork. Now finish reading the.story to the
children. ! ' oo
" Ask the children why{Archlmedes used neith
for hardness nor the’ breaking process on the lgolden crown,
Couldnit he have fo(mci ou
- of pure gold more qu1ck1y if he used these tests? (Maybe, but
it, would have ruinéd the crown to scratch or break it, and if
it had turned out to be made of pure gold ‘after all he would

have been in trouble )

"Someone will probably re- ..,

the scratch test-

whether or not the crown was made | °

71




- Tell the children that the volume/weight relations’ that they
have been studying indicate a property that is known as den-
sity. Have them turn to Worksheet 10. Tell them that the
slope of the clay ‘line represents the density of clay and that
the slope of the aluminum line represents thé density of alu-
minum. Do this for all the lines the children have graphed,
finishing with the density of type metal. Explain that one
can describe some materials as denser than others. Remmd
them of their ekperiences with the cubes of similar size, S
and T, and ho they aobserved at that time that "some mate~"
rials seem to be heavier for their size than-others.," Ask how
they .ould now.put this observation into other terms, e.g.,

.S is made of a denser material than T is." Then say: .
. " . Q

- -

LOOKING AT ALL THE LINES YOU-HAVE-GRAPHED-GN W«@RL\
_ SHEET 10, WHICH MATERIAL DO YOU THINK IS DENSES”' OF
) - N ALL? (Type metal,) WHY?
¢ " Let the children think about and dlscuss the reasons.. Then
' bring into the discussion the following ideas:

|. For a given volume, type metal is the heaviest of all the - ]
materials studied. Steel is heavier than.aluminum or clay for

the same volume -- therefore steel is denser than either alu-
. minum or clay, but less dense than.type metal. DiscCuss sim-

ilar examples with the class, including such questions as: o
"Which matérial is the least dense? " .(Clay.) Which mate-
- rials are denser than aluminum? (Steel and type metal.)

Which material is not as dense as aluminum? ' (Clay.) Is ~

the den51ty of the elay crown greater or less than the density

of the clay ball? (Less. )

2. The denser the material, the greater the slope of its
"volume/weight graph, Ha ,X 2 the children’ give examples of
this, by showing that thefsiope of the type metal density

line is greater than thé slope of other density lines, etc.

An analogy can be made to the slope conceL used in Unit 25,
where on time/distance graphs of the motion of cars’ ;the chllwu., . o
dren saw that the greater the slope, the greater the speed it
represents.




. bd ¢
3. Being able to figure out the density of a material (the re-
lation between its volume and weight) is a'valuable test.in *
. helping to distinguish one material from another, It is espe-
) cially useful because the object to be tested does not have
- to be mutilated in any way (unless it happens to be soluble
in water)..” o g
Have the children do Worksheet 12, F
, . Ask the children to bring in
L vorksheet 12 from home any $mall gb]egts
. . tnit 26 Name - - they want to test for density.
A " The only qualifications are
0 ~ T = . .
I T that the objects will not melt
L o Y e . 71 enn s
: T sl 3 in water and will fit in the
Z a0 / /B/ water displacement ¢ylinder,
2 % : . ’ _
20 .
ol /A HAN In the next lesson the chil-
N A s S 5, | dren will have an opportunity
01 23 4 56 78 910131112137 . ) o,
: Voluse: T~ . to test everyday objects for
—— \ .
Y, Use this graph to answer the questions. \\\ th?uprOperty ilf dbenSIty’ Tgey
- ™. which line has the greatest slope7_4£L?\\ wi us.e sSmall o leCtS in the
- N ; . e, “ classroom ac well as appro=~
e, 2.3 4hich matertal is densest? i" ~ T, Y -
\ J .. priate items brought from home,
. 3. Whych material s the least,denser OO T .
- LR . .
- 4. Poindg A. B, and € all have a unit volume of ' N
: 2 : TN
\n - : . . : \‘\
5\, Which poii{ represents a greater welight -- e
A, By or % ¢
6. M‘\ich point ”l;\epresents a denser materfal, --
A, B, or €7 - ‘“
v [+ 3
Y
. ¥
- % N \\ .
. % . RN
3 , :
-
)
- T
» 1 . ~ - 0 \
A . v .

Aruitoxt provided by Eic:







Archimedes and the Crown’ -

~ Long ago, one. of the largest. and richest cities in the whole
world, was Syracuse. It was a Greek city. In those days a city had |

7 its own king. The king of Syracu;e was named Hieron (HIE-uh-ron).

The Greeks at that.time had a religion that was different from . -
ény of you}s. They Worshipped many gb_ds. ~They used to gb to the
"temples and leave gifts for the gods. ']:his\ is a story about one .of

. " those gifts. ~ .
. - <

The: people of S'yracuse,hhad lived a long time wi”thoﬁt troubles.
They thought that this was becausé the gods were pleased with them. '
. So Hieron, the king, decided to give an especialiy beautiful gift to

the gods; as a way of saying,” "Thank you. "

He sent a heavy chunk of gold to the city's best goldsmith,
and asked him to mak'e it into a crown for the gods. O©ne thing -you'
should know -- Hieron weighed the gold before he gave it to the -

goldsmith, to bé sure that it would all be used for the crown.

-

)

¢ ) . e
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The goldsmith worked long and'_hard;\When he was finished,

everyone agreed that he had mad= the most beg\utiful crown they had

-

-t i

ever seen., . o . ‘ -

Hieron thought it‘ewas beautiful too, but there \‘)vas something
else he wanted to know Had the goldsmlth ‘kept any o the gola ‘or
had he put it all into the crown? So Hieron welghed the Rown and
he’found that it welghed Just as much as the chunk of gold he had
glven the goldsmlth He was satisfled and the crown was.taken to -

the temple. There was a great ceremony «ad the crown was laid\on

ht_he altér. . . \ ,;v

~——r
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again,

gods°were pleased i ' .

¢ A N 3,_;.,‘4 ,;;‘R
+ :

*

R
&

A terrihle, storm

And then,

- At that moment there was a crash of thunder,
came up, and it, stormed for three days and’ three n1ghts

when the storm was over, the weather did not get- brlght and c'ear

It stayed gray and gloomy for a long, long time,

So the peop}e began wh1sper1ng to each other, "The gods are -
angry. " They beheved that the gods decided every little !§h1ng that -
happened to people. When’ever bad th1ngs happened the,,y gaid the

gods were angry, and whenever good things happened they said the
- v . f

1

As the storm raged and as the gloom went on, wherever people

met they sa1d the same th1ng, "Th« dods are angry.

In Syracuse when people nanted water they went to a pubhc ’ -

well, ‘And when they met th zre to draw water, they wh1spered "Why

by
~

do you think the gods are angry?"

When people wanted to bathe or sW1m they went to a special
bullding,t the pubhc baths. And when they met there they wh1spered
"The gods are angry oecause the crown that Hieron gave them wasn t .

pure gojd." ' _ <
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You can_be sure that it didn't take long lor Hieronto ’hear

what the pec\ple were saying. He was very worxied because of

!

course he wanted the gods to be pleased so that'»they would con-

. o tinue to give the people of Syracuse good lucx - -

> . . ; ’

' . But what could he do? .He had weighed/fﬂe crown, and ‘had ;" T \
, found that it weighed just as much as th {unk of gold he had |

‘. , given the goldsmith ‘What more could he do? : AN
-, N \ .

' ' s ' He called\in one of the city s wisest men, Archimedes //

1

‘ i / (ARK-uh-ME- dees) eﬂsyed Archimef"‘es iﬂhe_knew_how to
) l -
whether or not the\ crown was pure gold. . )
‘ \ , )
Archimedes did not know any test that would tell But he"’

was wise enough to know that he didn't know everythingr If h,e
Ty

didn" know a test, it didn't. mean that there wasn't any. So he
The proﬁlem was N .

thought and thought fo\t many days and nights,’

\
on his mind then he ate and"when he walked and even wheh ‘he L

slept. -/ AR h . )
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- One afternoon he went out to the public baths.
down the street and looked up at the gray sky and shook his head

adl}q The gods were Stlll angry. He steppec% into a very full bath= .
He7watched the water go hlgher ' , B

He walked

tub and let himself down slowly.
«and hlgher in the tub asthe went l%w’er and lo er\fhto it.- By the

time all of him except his head was under th water, the water had

~ipllled out over the top He lay there in a ort of dreamy way; ‘
/ f

\ watchmg the npples on the surface of/the water. i
[ ) . ) . fr
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Suddenly ‘he jumped up with a gi'eat splash. "ﬁureka," he

shouted (In Greek that means "I”have fo'und it"') He never eveh

stopped for hlS clothes, but ran out of the bathhouse and through

¥

the streets of Syrdcuse shoutmg, "Eureka, Eureka' w

_What do you think he had fouhd? .Of c’gurse -- he knew how

to find out; if t_hé crown was pure gold. ‘Can you figure out how

Archimedes solved the problem? _— . . -

= ! . -
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He took a container that had a spout at the side. He f\illed'
it with Water just up to the o}anmg of the spout Then he lowered A S |
.. into the water a chunk of pure gold that weighed just as much as |
-.\- ] the crown. When he put the gold 1n't(oathe water, the water rose and
«+ ran out the,spout He measured how much water was displaced ~by
the gold chunk. Then he ref111ed the conta1ner and did the- same
thing with a churk ofsllver that weighed Just as much as the crown.
He measured the amount ef,water that the silver dlsplaced. And
last ~ot all, he'pqt th'e crewn itself under water and measured the

. 4 N
. .. e

.amofnt of water it displaced..

Archlmedes compared the three amounts of water, and then

. he said, "The goldsmith cheated you, H1eron " The crown is not

: - pure gold." - : o SN . s
: % . e T
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Lesson 10: INVESTIGATING THE DENSITY OF OTHER: MATERIALS"
The purposes of the lesson are: (1) to have the children use*

oy L the property of density as a test of what a material may or f
may not be; (2) to reemphasize the fatt that testing for only
one property is not adequate for identifying a ‘material; and

- " (3) to have the children apply such scientific processes as

' - observing, formulating hypothes€s, and gathering and graph-

ing data to test the 'hypotheses,

The children are given opportunities in this lesson to use the.
) property of density to investigate the materials of which some o
. ) ° small common ebjects are composed.” They should test sev- ___—"
eral such objects brought from home, as well as someioun ‘
in the classroom,., Thete are only two limita’cmns on what ob~
. jects can be tested: (I) the objects” should not be soluble in

: water and '(2) they»shofﬂ'ﬁ)e small enqugh to be'measured in .
! the water'dlsplacement cylmder Some appropriate objects
s are: _ )
, penéil stubs " very small metal toys
» crayons . rocks or pebb~1es
N T rubber erasers buttons
N IR 4 coins @ nails or screws -
-y “ ~ beads - Minnebars :
e ' glass « . vegetables (piece of faw
- v : keys . potat@b,}small' carrot, etc.)

v ong »

If very smavl'l objects, such as paper clips or safety pins are i
used, several identical objects can be taped or tied together
' to provide a larger sample of:the material.

MATERIALS S S

-- for thé demonstration (Act1v1ty A} --

*

- l penlight battéry

- scissors -

S

- | piecé each of alummum type metal and steel (from pre—
vious lessons) ~

o B -
v

t

90




..\‘

— hammer

— thick padding of newspaper or small board on which to
v break battery .~ 7 , w L

&

A

=~ for each group. of four -

- - -

-1 penhght battery e Y ) -

- volume’ and we1ght measuring quipment -
v . 77" < several small objects to measu&‘e for density
P ‘ 2 x : )
: =~ for- eac¢hichild +- . LI

-~ Worksheets 13 through 19°

— scissors
3

Activity A

N

-~

Qrganize the class into groups of four.. Give each group one
.penlight battery, Then ask: ‘ 5

OI-‘ WHZ m \/IATERIAL DO YOU THINK THE BATTERIES"ARE
MADE?
Let the children speculate, Then ask a child to scrape Some
of the paint from the side of the battery-with-sc¢issorss—Have_
h1m show the class that there seeins to be metal under the
i pamt Then say:

THE BATTERIES SEEM TO BE MADE OF SOME RIND OF METAL,
WHAT PROPERTY MIGHT WE TEST? (Hardness.) N

. Have volunteers test the hardness of the batteries with the
. hatrdness of metal samples of aluminum, type metal and steel,
— (Ihey— will find out that the battery will scratch type metal
and alu’minum, but not steel.-) State th'e result:

IT APPEARS THAT THE HARDNESS OF THE BATTERY IS SIM-
IIAR TO THAT OF STEEL.

.,.

Then ask if there is ahother property that the children could
test. They should think of testing the density Follow this

N N . » 3 \ .\ «
- ' ' ~ 162 :




up by suggEStihg that perhaps the ¢h

jldren would’like to find

out whether or not the battery materip} is as dense as steel. -

-

é

Have each jroup come
'and get their volume
and weight measuring °
equipment, and ask
them to measufe the
wvolume and weight of.
the batte:.»s you have
already given them,
When all the groups

>

.

Worksheet 13

Unit 267 s

Gr(;up

Nawe '

, !
* .| Data Sheet 11 A N

!

) Weeist [
o B

1 ovashe
SROTEY

At Rt
chip Y

3
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| £1Y

WrSetels

Lot

tavel
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PRLT o N
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439)

o have done this, ask N

) ‘ ~ for the data from'each

group. Errors should

"be corrected at this R

time, and a reasonable -

. set of measurements - i

SEPERY .. agreed upon for the or- - . R .
dered pair: (9, 34). - .

: Each child should re- e

. . cord the name of the ‘

" object and the ordered M

" pair on Worksheet 13 \ : -~

on the line marked A",

i

IS CIGICRE

ol
T

3

»

X

o - - ..Next.-ask how the densities ,’o/f the battery and of steel could

“ be compared. (By plottingjfhef volume/weight ordered pairs
for each material on the same grid,)' Some child may notice
that Worksheet 14 already has graphis representing the den-
sity of steel and of some other matetfials.;. Call attention to
this and say that all the class really needs t6-d6 is plot the -
ordered pair that they have agreed upon as representing the .

o N ' .
density of the battery (9, 34) on Worksheet 14, EBach chilé : .
. -should do this, He should label this point "A"-to agree with——o |
= Workslteet 13.. . . '
| 1 0 :.t
v b +* KN
‘ 92 : )




When the children have labeled the point that represents the -
4 density of the batteries, ask m‘ether the battery matenal 1s
. asdense as steel,

L3

1 .
RS N -
workfheet 14 + 7 N ' ! ' !
tnyc}26 Name
D
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- The children will see that the battery's density i's-leé.s_tﬁan
. steel and even. less than that.of aluminum, Discuss with the
class what this could mean: T

|. Since the battery's density is so-much less than steel,
it probably is not steel, *

. 2. Since it seems to be less:densé than aluminum -- and
& yet it is harder than aluminum -- it is probably not aluminum
= _either, - .




A

. which is zinc. . .

. Pass the smashed battery around so the class can see that it

"is by iusing. the hardness and density tests. Some child or

-y
a

g -

4 .7 t v

.Ask: . . ‘3

- . ]
DOES THIS MEAN THAT"PHERE IS ABSOLUTELY NO STEEL '
ORAEUMINUM IN. THIS BATTER‘Y’P (No. The battery may
be made of more than ohe materi‘al, including some_ steel,
or alummum It probably is not pure steel- -or alummum )

HOW CAN WE FIND OUT IF THIS BATTERY IS MADE OF SEV-
* ERAL MATERIALS? “(We coudd run further tests on it. The
most ob¥ious and easiest test WOuld be to take the battery
b ‘apars,l

. ‘,‘ﬂ. .'.3;:.-(_, A"‘ . ..-* . " AR )
Tell the class that instead of ruining all the batteries, only
one will be taken apart.” Place thick newspaper or a board
on the floor, Place.the battery on a sheet of white paper and
use the hammer to break it open. To do this most easily,
pound along the seam of the b%ttery _When- broken, the dif-
ferent materials of which the battery is composed will be re-
vealed. Black powder will spill out and pieces of a h‘h\
carbon .rod that was the center core of the battery will be

seeh. It is best toruse a stick or pencﬂ when esxamining the.
carbon, as it contains paste ‘and therefore clings to fingers

and clothing. When you have shaken out all of the carbon,

there will still be vis1b1e a'cardboard liner inside of the metal

. ¢

~

is indeed composed of several matenals. Ask the children to’
name some of them. They might mention: paint, metal, soft
carbon*powder‘, hard carbon core, acid and cardboard. '

. - - Y ’ ’

‘Dlscuss with the class how one might find out what the outer
metal of the battery. is. The children should see that if they
could separate the outer metal from the other materials, per-
haps they could get some indication of what kind of metal it

*

>

-
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\ worksheet 15
Unit 26

hat Ustng Density uraphs ’ »

ir the V/w point for a new matertal falls on the
same 11ne 'as. otie already known: -~
*It mLy represent the same matertal. -3\ .
1t may represent a afxture of other materfal's.
b} t may represent another material of the same -
*Aensl"’y. P : -

: If the V/W folnt for a new materlnl does not fell
N on a known

*It may repregent a different klnd of material.
1t may represent a mixture of matertials.

a V/W point Is on the sai i p¢ as that of a .
known éntggnl son same \ .t

\ ‘ *It meang, the twos materials have\the-same density. .

¢ . ’ " If a V/W polnt represents a great ope than that
\ ) of nnotheg(:’ P its a greater slope h

*The greater slope represents the grea er density.

o e mm m T a Vﬁ polnt repreognta a lecser slope thun thnt
N or anot * ¢

~ *P\e lesser slope represents a material of less -
. ensity.
L - \ R -
= Y Remember your V/W points may be wrong because of \\
measuring or plotting mistakes.

o

_'.5/ » * ) (43 ‘ "‘
G , Activity B he P .

: Have the class gather around a demonstration table. Ask the *
: e ) spokesman. from each group to report his group's findings in
S ) a show-and-tell fashion. The spokesman should show where

" the point that represents the density of an object fell on the
o grid and dlSCUSS the implieations. If another group has used
- ) the same object, that spokesman should compare and discuss
his group's results, The children; should feel free to chal-
S . lenge a‘hypothesis and to offer alternate ones.

o ' . . . e

children that they will be able to use their knowledgé of vol-
ume/weight relatipgns to play a game in the next act1V1ty. They

’ //" . will be needing Worksheet 14, so they ‘should save it.
. v
2 R \ ,
A ‘.97
ERIC Co . )
° ' . ‘ . X .

2

. End this activity with a discussion of Workshéet 15. Tell the .




Activity C ' ] N T :
'fhe purpose of this game is to reinforce the learnings that '
have taken place in this section on density. The children
use the graph on Worksheet 14 to answer questions about
density. .

Horn m

Ask them to remove Worksheets 14, 16, 17 and 18 from their

. Student Manuals. Have them cut Worksheets 16, 17-and 18

. . into eight cards each, so that every card has a different ques-

tion on it. When finished, each child should have a deck of \
24 question cafds. Have the children turn the cards over

and mark-each one with their initials, Then provide paper

clips so that each child can keep his deck together.

Have the children chéose partners, -As a demonstration have

two pairs of chlldren shOW~the—procedure~for._the.game des=
cnbed below", "
. Bach pair needs only one deck of question cards for this
) game. (The extra sets should be put away for later use?)
s, . Each’pair also needs & sheet .of paper on which to keap schre
and a copy of Worksheet 14, Arrange the desks so that one
pair of children faces anothef, as shown here ) .
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N represent a denser material, b
c/a%. e G0l
: bre #
Which material zraphed on For any given volume, which Which density 1ine has the . If rock 1s denser than
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a T
You have zold that You have a lump of nickel ~
weighs 40 paper and a lump of silver, each v| Water 1s less dense than You, have s piscs of gold
clips and atuminum welghing 30 paper clips. type metsl, Which density snd a plece of silver that
that weighs 40 paper Vhich material has the 1ine is less steep? - weigh the same. Which
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the greater volume’ e ffe A - - e .
2luminicen) ekl - Waley Hlyee’ -
H ’ ’
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, not as dense as clay,” 1s Which Is denser, wood or .| asme s1ze. One ts copper same volume. One 1s
- that true or false? | water? «| 1 and one 1s rubber. Which | wood and the other is
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. 1. more. oo
. Tt walon || Corppet " gladn-
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. . - - .
Worksheet 18 ’ -%orksheet 19 P
Unit 26 - Unit 26 o . L
i . . R ' .
Stlver 1s denser than goid which is dens‘er. njckel
Is this true or false? ' or copper?
- - : N . .
W They Aaoe e : -
. " - & ,’ -
R I S For a welght of 10 paper T T
For a volure of J, which clips, which material has
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N 98 | el \ ‘ -
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. . If you get the ordered .
If you wet the ordered pair 18,60) for a, . * R
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T [t te as dense as + | ts denser than steel. .
Is this true or false? .
| 9o Tp b \ -
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Then give these instructions:

Step 1. Each pair should mix their cards thorc;ughly.
.Step 2. Each deck of cards ShO:lld be placed face down on '
a desk, B ‘

Step 3. Call one pair "A" and the other pair "B". Pair A
turns up the top card from their own deck., They read the
question to themselves and figure, out the answer by refer- ‘

. ring to the graphs o Worksheet 14." At the same time,

Pair B is doing the same thing with its own top card.
Step 4. Pair A and Pair B exchange the cards they just used,

f{: WStep 5. Pair A gives the answer to the question received
’from Pair B, If right, Palr A scores one point, 1f wrong,
‘Pa1r B answers and scores the point, explalmng—why PairA-_
‘was incorrect. If Pair B cannot do this, Pair A has another
chance to answer the quéstion and score the point, If nei-
ther pair can answer the question, the card is placed at the -
bottom of the deck, R :

, Step 6. Pair B-now gives their answer to the question card"
that they received from Pair A. Each pair should put all an-
swered q“uest;ons'.in"% separate pile..

Step 7. Repeat Steps 3 through 6.

' When'the game is over, the pair with the most points wins.

If some guestions cannot be answered by elther palr they .

- should ask for your help. .

R

Worksheet 1.9 can be used by the children to make up addi-
tional questions about density. Some children may gnjoy
playing the Density Game on a one-to-one basis.

-
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.. B8N THE PROPERTY OF COLOR SEPARATION” R
SR PURPbSE - - g
- . . .- To have the children find out whether or th certain colored
e - " liquids have any properties that would aid in distinguish- ~ -~
. Ce ,  ing one from another. -
- e — To-have the chlldren use the property ~of color separation
~ for 1dent1fy1ng their expérimental colored Fiquids,
EEE . goM-MENTARY' ~ R | -
. o In the previous ten lgssons the children have worked exclu-
. T . 1 sively with solid materials that couldibe tested for properties
- . - of hardriess and density., In this sectl\on, which consists of - -
‘ e only one Tesson, the children will find\out that colored lig- '
- . - . . & uids aiso have an mterestmg property tl{at can be used for . -

identification. They will learn this by oing experlments ;
o . With various-inks uuu food coless—and—seemg how_the_colors « L
e S separate. .. . . o

- N " N *

S = - ,l‘hl method . is th1s° about half an 1nch fro the end ofa . e
o ' strip of. blottmg paper, the chlldren place a\dot of ink (or
T of food colorlng) The dotted end ~f the strip is then placed ..
’ " . 1n a very smell amount of water., The water rises in the SR
. -, Dblotter, sepgrating the colors. The chfldren discover that a ) 4
black.ink'is made of a mixture of several different colors,
oJ - . and that‘a yellow' food coloring may have some brown in it, )
. , o a red food coloring may have had some yellow ln it, etc. ’ .

_____ the sepatations are very pretty and the childfén are fasci-

" nated by them., You may wish to ask them to bring in felt . ,
tip pens of colors other than those provided ify.the kit, -or e
to tesr sdme that you happen to have in the classroom.

&
-«

Teaching time for thlS sectlon should be from one to two
. : , Aclass :)erlods. R L e .

- ' NOTE:. .What the chlldren do in this lesson 1s called ™ paper
chromatography. " The paper strip with the separated tolors

- ~ ‘

R . is called a "chromatogram" (literaily, "color writing"). '. Lo
Chromatograpny works on the prmc1ple that molecules of .

. ) . . N
. . . - Ut
’ : ; ; l ! - ce - Voes
. Y . . . g
- . . -
- . - -
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different substances travel up the blotting paper at dlfferent
speeds. The greater £he attraction betweéen the blotter and
the-'molecules, the more slowly the molecules rise, If the

“children ask why the process works, y.ou might wish to tell

them: that it depends on adsorptlon (sticking-property) ; that s
* some colors or materxals are more easny retained by the ’

surface of the paper*“than others.

’ "

-




" Les¥on I}l DISCOVERING A PROPERTY OF LIQUIDS
. The purposes of this less on are (I) to mtroduce“th e idea that
.some solutlons have their own special color séparation pat=;
terns and (2) to have the chlldren identify colored solutions”
by’ comparmg the patterns of color separatlon that each kind
-+ . makes on a strip of blotting paper. * IR,

. ' ~ This lesson extends the color separation lessons that the
n R . ° children may have studied in Unxts 15, Investigating Systems.
_ . : Activity A shows the children a méthod of identifying inks
. - through their. color separatibn patterns. It involves placing -
‘a spot of ink -on a piece of white blot'izer and allowmg water
¢ - . -to travel up.to and beyond the spot.

In Activity B the children experiment with other inks and ) . “
colorings that they brmg from home or that. you can provxde
in the classroom. -’

~ MATERIALS - " " 3 . S .

\ _ - “ -- for each child =-, : ) -‘ . ]

. D . . \p L - . . B 4 . N . ) ) ', \ -
- - . exl_ﬁll ruler # ; W : ' .

L4 ~ - -

- A . — 4 white Bﬁt‘erstup\\for Act1v1ty A S or 6 for Activ1ty B
- ' " ' ‘ RN — | four-ounce rplastlc coEalner ~with.a_ httle ‘water 1n the o L
S L T - bottom (ot mere than one-eighth inch deep)\_\ K
l | ‘ - magnifier " - ‘ - \ \
o0 ) ‘ ”_ ‘ — newspaper to protect desk . \ : “,,‘ \

L . o N ~~ Activity A =-

A gl i i Y it e = i B 30 oty i ot B p+
- s on o ek e = s

.t
e T et . o, = 5 o Kot e

-~ M

- S trays .

v 5 cartrldges of Sheaffer washable. black ink .

o s, St

. ' ~—~\f - T2 08 cartrldges of Parker permanent blue- black 1nk

- 5 cartrldges of Parker permanent blatk mk ’ ‘ . T

— 5 blue felt tip pens : " / .

. -
" N . . . . e
B N




-- Actlvity B --

» . w0

— Jor4 traysi ) ST
— .5 red felt tip pens ‘ f ‘ “ o -
o i - k1t of Schilling food colorings '

) .— any "pall point, cartndge or felt tip pens other than those
- E previously used. (The children may bring these, or you
. may have some in-the classroom )

ow

PREPARATION : C
The O\/ISI kit contains most of the items listed above. For
~ Activity A, use trays to separate the various materials. For A
. example, put all five Sheaffer washable black ink cartridges .
.. .~ onone tay, all five Parker blue-black on ancther tray, etc. :
Make a hole in-each cartridge with a’pin, so that-the ichil- . E
dren can get ink samples by pressmg a blotter strip against

a cartrldge.

-

1 . N T
!

»

L e .« “Ona fifth tray,. place one four-ounce plastgc cbntainer for . =z ° :

. each child, Barely cover the bottom of each container with )
" water., Be sure the watér is.not more than one-eighth inch L

s deep. The children will be placmg their ink spots ‘about IR -

one-half inch above the bottom of their blotter strips, and ‘ :

4 the water will rise to the spots. If the water is too deep, .

T ) spobs will be immersed and somg of::che*mk will go into the

o ; water, ruining;the experlment o= ;
' ' 'l‘he O\/ISI kit contains the white bLot{ter strips the- chlldren ' -

' ' Wwill: be using-. Put a supply of thesemear the containers, ' .

. Also have available some newspapers to protect desks and ‘
. demonstratlon table;.

e, w4 e e - o

- . “ \

ca For Act1v1ty B, put‘awaywalrl the- inks. an¢blg_e~2§§§ used in ‘ )
Activity A, and bring out the five red felt pens and the pack”’“ e

R age of Schilling food colors. Put the red pens on one’ tray :

AN ' - . and the food colors on arother, . The children will again need\, .

‘ . ) blotter strips and a container with a little water in it,

. i ) - A . ¢ - .~
. ' ‘ 1 : ¢ ‘ -
e —_—— . R : 2 ) . - - . ;e
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S - . Making a dot with food coloring from'the kit

- »
[

. If you have been able ‘o find pens with inks of any sort that
- - have not already been ased, make these ava11ab1e to the -
— 'children. Also let them try out inks of other klnds that they
- . a o have brought to class for that purpose. S E
o . . . . -
It would be a good .idea for you to do a few of the color sep -
‘ arations in advance, -so that you: will know the technique.
[ - - For example, practice making a small dot (about one-fourth
N - inch in dlameter) w1th 'the food colors so that you will be -
- ‘ able to show.the chlldren how to hold the bottles when they'

. . " & wish to make A sample dot'
© PROCEDURE - e R
B Act1v1ty A

.:’_'o : . Tell the chlldren that they are gding to have the opportunity ) ..
e .o« to investigate phe properties of several 1nks but that first - -
e they need to prepare several blotter strips. Gather the class o
' ' . around the demonstration table. Tell‘the children that egch™
. . - child will prepare four- blotter strips, and that each of his
- - stnps will have a spot of @’ dlfferent kind of ink. Show them"
. e - the three different klnds of ink cartndges and the blue felt
L * pen. With a pencil, draw a line one=-half irich from one end .
- _of each of four blotter strips. Show the class liow tq make
- - a spot,of ink directly above the pencil line, Now make one .
' - - spot on each of your four strips, using a different kind of _ ' -

> . - . .
'ERIC . - ‘ o L
- " . . . . . .
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ink for each strip. To do th1s with the cartridges, smply
press the cartridge with the pm hole -against the blotter at
the place Specmed With the felt pen, start to make the
dot and then enlarge it with.a circular motion untll it is
about one- fourth of an ihch m diameter,

KN

Give each Chlld four blotter strips and have: the clags. return- °
to their desks. Instruct the children to draw a penc lme
llghtly one-half irch from one énd of each blotter, Now sep-
arate' the class into four groups, Give each group a tr'ay that
cohtains all five samples of a given ink, so-that each of the
four groups has a different ink. Each one in each group
should take one of the-five identical samples and make a dot
on one blotter strip. When everyone in the group has made a

-dot with this partlcular ink, the tray ‘of samples should be .
placed on one child's ‘desk. When all the groups are fmished, ]

rotate the ink sets, so that each group now has a different

"'kmd of ink, Again, everyone makes one spot of the new ink
on one blotter strip.

The ink samples are-then rotated again
to another group until all the groups have used each ink .
type. Each child should end up with four blottér strips, each
blotter having a spot made trom a different kind of ink,

* — \ ' @
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‘blacks . S _ s

" Now ask the children to hold up the blotter strip that has a

spot that was made with Sheafier ink. Hold up a Sheaffer
cartridge to_show what you mean. Responses may be quite
interesting. Some children will probably hold up a strip
without even hesitating.  Others may have to think gpout it
a while befdre choosing a strip to hold up.  Still others may.
be unable to make any decision at all. In any case, ask
those who responded quickly how they can be sure that the
spots they held up were-really macie with Sheaffer ink..
Then ask the other children wh.y they can't make up their
minds about which spot to hold up. In the ensuing discus-

" “sion,. bring out the following facts about the properties of .

the inks:

1. All the inks were absorbed by the blottmg .paper,
All the ink spots smell and feel the same.

From a little distance, all thé ink spots appear to be.
about the same color. "

Some children may say that a couple of the spots seem to be
a little more. blue than the others, This raises the pos sibil-
ity that maybe the inks are not exactly the same color -=
maybe different ¢ ~'ors were used to make these inks. Ask
the children: . '

HOW CAN WE FIND OUT WHETHER OR NOT THESE INKS
ARE'OF EXACTLY THE SAME COLOR‘> .
\\ -

Some w1ll suggest observmg the inkK spQts very qlosely.
Have the children examine each of the Spots with a magni-
fier. 'They will probably be able to separate the.two bluer
spots from the black spots, but it is rather difficult to,
dlstmguxsh between the. two blues and between the two .

-

CAN ANYO'\IE THINK OF A TEST WE. MIGHT MAKE ON THESE
. INKS .THAT WOULD HELP US TO TELL ONE KIND OF INK

FROM ANOTHER?: - .
CAN ANYONE 'I‘HINK OF A TEST THAT WOULD TELL us
WHETHER EACH INK IS A PURE COLOR OR 3 MIXTURE OF
COLORS? , \
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: If no child suggests the ct'iromatography test th_ei_t was use
in Unit 15°in response to either question, show the class/a
four-ounce container that has a little water in-it, Ask i
;anyone remembers how ‘this was used with blotter strips
befores 1f no child remembers, refresh their memories with
the following démonstration: = | . LT
. ‘. « 0 -
With a pencil, draw a light line one-half inch from one end
of a blotter strip. Using green coloring, make.a dot on the
.blotter strip just above the pencil line, Place this dotted

. end into the small amount of water yoy have put into a four-
cuhce container. : N N -

2 N -

N

*Have the children observe and discuss what happens to the
: spot of color as the'water rises in the blotter. When.the
water has risen about three-fourths of the way up the blotter
(or about oné& inch from the top) . remove the blotter and place.-
v _ At on newspaper to dry.* ' e chlldren will see ‘that.the green
color separatés into a col mn of blue-gréen with a yellow
band near the top of the column. .

e
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/ . ‘ "\ _Ask:

s

N 3 \ ‘ ~
HOW CAN WE USE THIS TEST TO HELP US DISTINGUISH
OUR INK SPOTS FROM ONE ANOTHER? (Maybe the ink
spots will separate into the «colors that were used to

make each particular ink, " If different colors were used

to make various inks, then perhaps their color separations
may not be the same, ) B
Have each Chlld \c"Ome and get & plece of neWSpaper to pro—
tect his desk and a container with a little water in it, _Ask-
each child to take the strip whlch he thinks has the Sheaf-
fer-ink on it and test it the way»you just did the green spot.
Go about the room checking tor s‘ee that the children are not

pushing .the ths under the water, etc. Ask them to-take the

- strips out of the water when the water has risen to w1th n

about one mchfoﬁ the top:of the blotter. " s
: e A A
“‘(’v“ . { *
Results should vary, because not every childiwill have
tested the correct dot, Have the chJ.ldren compare thelr )
color separations.. Point out that all the separatlons aré not
alike.

Sheaffer dot,

\A

x

Ask G

HOW CAN WE FIND OUT WHICH COLOR SEPARATION
- CORRESPONDS TO THE SHEAFFER INK? "(Test thé

Sheaffer )
‘AS a demonstratlon prépare, three blotter strlps w1th Sheaf-
fer ink dots. Emphasize the fact that you are using the same
ink and are even taking it from the same cartrldge. Mark
each blotter with the namé of the ink. Ask the children why
yoy are using three-dots mstead of Just one. (So that you
can cdmpare all threey if they all separate in the same way,

'you can deduce that th).s is the 1dent1fy1ng pattern for

Sheaffer's washable black rnl )

- -,
oy

.Place the three Sheaffer—dotted strips in a contamer with a "

little water, Space them around the container so that they
are not touching or overlapping. Have the children observe
what happens t6 the ink on each strip as the water rises in
the blotter. Remove the strips when the water has‘Olsen
about three fourths of the “way to the top. Place them on the

¥ N - -

% R "

Suggest that maybe some children d.ld not chooseé the

b
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i
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Say that while they are doing the color separat1ons on

¥
£ -
e

table.. Ask each ch11d to brmg the strip he thought was
a Sheaffer ink dot (and which he has separated) and
compare it with your three samples, Tf the czuld has
the same separation as yours, he should mark his strip,
"Sheaffer black ink."
N .
Now discuss how the children might find out which kind
of ink they tested, if.it did not separate in the same way
as your Sheaffer samples. (The children should suggest
that you make some more samples. Perhaps then. they
can find out by comparing their separations W1th yours. )

v . . B

Teil the children that you are gomg to do exactly that, )

the three blotter strips they haye not yet tested;, you-

W,

.
-

- I, On, three blotter str1ps you w111 put dots of ink from

when the watér is within one inch of the top (ot about”

W1ll be domg the following: ‘

Y
Q. [

Parkex s permanent blue-uiack, cartr1dge1. “Emphasize
that you will take all three samples from the sanfe =
cartr1dge and so should expect to get the same kind:

of color separat1on ‘on each strip. Then you are

going to’'place all three of these strips in the same .
container with a little water and get the separatlons .

2. You will use three more strips to test Parker's perma-
nent black mk and place these in another contaiuer .
h a little water. .

'3, In.a third conta:‘@ you will test three other strips,
*  each marked with a dot from the blue felt pen.

" Before you and the children start making the separat1onf'
"show them how they can place all three of their blotter
str1ps/1n the sameé container to get the separat1ons. _
~Each blotter should be placed a little d1stance away"
from thé éthers; Remmd the chlldren not to submerge N
the ink spots, but to let the water rise to the spots.,
Ask themlto reméve the blotter strips from the container

e




‘a Vs
three-=quarters of the way up). Ifa Chlld has submerged
-his dots, hdave him rinse out his ’contalner, make new dots
and start over with four new blg'tter strips and all f&ur inks.
. Y. . - . . .
;. When all the children have completed this experiment, have -
v them discuss and compare their results, .By 'comparing their
results with the ones you haye marked on the demonstratlon
table, the children will d1scover that all the spots from
given ink will have separated into similar colors and pat-
- terns. They should now be able tor 1dent1fy. each of the four
" inks they tested. *

If the children naven't already done s&, suggest -that they
bring in ball point pens and other kinds_of pens with ink in
them for testing in the next act1v1ty.

W,

Act1v1ty B o

~ -

This activity glves -the chlldren the opportumty to test sev-
eral other mks and colored solutions (red felt.pens and ‘food
colormgs) and any others they may have brought from home

or that are avallable.rn the r'*lassroom. A

On a demonstratlon table, place the materials té be used ~-
the pens, food colorings, four-ounce containers with about
one-eighth inch of water, blotter strips, and newspapers

\ ‘Give each. child five or six blotter strips, Say that they can
try any experiments. with the colored liquids that they wish.,
Start them thinking about their experiments by asking these
questxonS° . .
", Will two différent brands of ink or of food coloring that
: are the same color separate into the same colors and .
. . -color patterns? ' .

vl 2. Wl the red food colorlng and the red felt pen ink sep— "
- arate' 1n the.sdme way? \ ‘

3. Will any of the inks or colored solutions fail to separate?
That is., will the ink spread but remain just one color?

)
- / - g »
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4, Will any of the inks or other colored soluti‘dns‘.x"emain in
place when the water rises beyond them?

5. What W1ll happen ifa colored design is drawn on the blot—
ter? = S

~
.

6. What would happen if two or more 1nks were put on the
same .spot? A

v 7, What would happen if a very sma@ dot of ink were used'? '
A very large dot?. S

) rd

When the children havé tested several colored solutmns,
d1scuss—the&wesa%%s—'{lheoe—hﬂe}fewheald*reahze ‘that .
chromatography {(color separation) is a use__ful test for help-

.~~ ing to iden'ify colored solutions. “Ih a similar way, the

properties of hardness and density were useful in uelping

to identify mmerals metals and other matenals : .

X

- If blotting str1ps are left in the water long enough, all of
the colors will eventua’lr?‘nse to the top of the blotter,
This spoils the separatxon pattern, but you might l1ke to
"have the children try it.

. Ry

You might also like the children to discuss their thoughts
about why 'sqme inks from ball point peéns separated little,
if any, and also why the black pencil line did not separate.
Accept any reasonable answers as suitable'at this'level,
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: , THE PRQPERTY OF SHAPE o . ,
PURPOSE © - . . o PR

i’ :-— T have the ch1ldren learn that the property of shape _ -

helps to identify some matenals.

" - To have them discover that some minerals have identi-
« e fiable geometri"c shapes. R
- - To have the ch1ldren investigate seme of these shapes
car~fully by building models, counting the number of
sides and measuring thevface angles.
v K . 3

COMMENTARY , : -

In Lesson 12 the children examine eight different white sub-
“ stances with magnifiers and discover that the particles of
which some substances are made are so fine that they can
’discern no particular shape. The children also look at metal
“and mineral samples for the property of shape The particles
(crystals) of which metals are made cannot be seen with hand
magnifiers, but the chlldren are able to sée the shapes of
larger crystals in quartz and corundum samples ..
A story, "Super-Sleuth and Studious Jones, " provides moti-
vation for the work with crystal shapes that the children do
} in Lessons 13, 14 and IS, The work consists of examining
1 ' the shapes of quartz, corundum ‘and calcite and of model
o building as well as angle measurement. The children use
' transparent protractors from the spec1al printed MINNEMAST
imater1als to measure angles ' - ,
In Lesson |6 the children see how cleavage affects the prop-
' erty,of shape. After working with the real mineral, they build
O . a'model of calcite, and use their protractors to discover
¥ some interesting facts about the angles of this particular
shape. By the end of this lesson the f*hildren will understand
how the property of shape can prowde one more clue to the
identification of a material, :

s

. Teachmg time for this sectlon should be about five class
eridds., . s
P ' 12 o’ .
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Lesson 12: IS THE PROPERTY OF SHAPE USBBUL‘P I

o

& ) Y The purposes of thls lesson are (1) to have the children learn
that the property of shape characterlzes some materials, and
(2) -to have, -them discover that this property may be used, to-
gether with other properties, in identifying certain materials ;.

v ' ‘The children attempt to identify several materials by the.prop-

' : erty of shape. In Activity A they. compare what they see .

- through their magnifiers with magnified photographs of the

. ) . same white substances. Some of the white 5ubstances have .

N o “small components or "grains" with a characteristic shape

N . that suggests they might be 1dent1f1ed by this property. 'Other
: white substances that the’ ch11dren examine do not have small

- component particles of any specific shape. . -

-~

In Activity B the children observe the metal and mineral sam-
ples used in previous lessons in an attempt to identify these
) by the property of shape. Many of the materials do not have
LA °  a characteristic shape, but a few of the mineral samples seem
. to. The children-are then challenged to figure out in what
' R way the shape of quartz and corundum crystals are alike.
- This leads to further studies of crystal shapes in the next
lesson. . ' %

v ° d ,,.Wnl an('-"”"”‘

forvis
Wren N

2 MATERIALS °

-, sy

RS i

. e
s a-.s.):x‘"

-- for thencl“aés - ¢

-

o

)Q"

' ) i S RS B T 4 —qunce plastlc c@ntamers samples of each of the _
v : s following:

- A, Epsom salt - R
- B, starch ' o
- C, powde'redgchalk“'
- , \ -~ D, plaster
- E, baking soda -~ '
) - ‘ - F, detergent
‘ (all of the above are in the OMSI k1t)

- G suqar

o
-

{
o
-
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£
-~

~ H,salt < | . .- T on

- 8 plastic sboons (in kit) - ) ’ A‘
. -_-‘ 30 magnifiers » _ i )
— metal samples from kit L - L ) S
:— mineral éamples‘from kit | '

L . -

. \ S - == for each child --~

— Worksheets 20y ;52~}-3and 22 i

Prd -

PREPARATION
- ' Before class starts, place on a large‘cafeteria”tray the eight
' white substances in their containers., Label each container .
with a letter as indicated in the ‘\/Iaterlals List. Putba plastic
P spoon in each container, .

<

PROGEDURE. . Co S .
» . S ) ) /
Activitfg o ' "
2 i — ) ] 7 Ask the children to remove
) . - . » Worksheet 20 from their Stu-
worksheet 20 ) N dent Manuals; Tzl them you i

un{t 26 . g
; have eight white substances

. that you would like them to
try to identify, List the
names of the white substances .
on the chalkboard, but not in |
order and not lettered. For \
example, you might want to
list them in this way: . \

salt
¢ plaster .

- starch .

sugar ) ' "
-| « Epsom salt '
chalk | '
detergent
soda

118




i

i
Tell the chlldren that each of them w111 get a sample of each
substance. A small sprmklmg of substance A will be placed
. onregion A of the worksheet, etc. When each child has a
sample of each substance, you, w1ll want the children to try
to tell you -- by observation -~ ‘.which is plaster, which is
starch, and so on. , :

Select eight children to distribute the white substances.
Assign one child to distribute eachssubstance. The child
with container A, for example, shotild use the spoon to ‘
sprinkle a small sample over region A of every Chlld'S Work=-
sheet 20,

When all the children have samplés of the eight substances,
— ... ask them which is sugar,-which is salt, which plaster, etc.
. The children should realize quickly that it is quite difficult
to identify these white substances. Ask them to describe
the properties of the substances. Be sure thesg descriptions .
© include such pyoperties as color; shape and texture. List
«the children's suggestions on the chalkboard. The list mlght
look something like thisé .-

white .

lumpy - . -
grainy

powdery
tube-shaped
glassy ’

-
+

Now ask which properties of the substances séem to be the
same and which seem to be different, The children should
agree that all:the substantes are white, but that their tex-
tures or shapes appear to be different. Elicit from thetchil-
dren the idea that maybe the property. of shape could be
used to help ideéntify the1r white substances. i
Have the children remave Worksheets 21 and 22 from' their
Student Manuals




Worksheet 21 Unit 26



%
- . .

Worksheet 22 Unit 26 | |




-

D1scuss the eight photographs on these worksheets w1th the -
children.- Ask’ how the photoaraphs aré different-from what

the children see when they look at their-samples. Tell the x
class thet,,‘the photogTaphis were taken by a camera that en-
larges (scales up) things by a factor of ten. -This means that
-each photograph shows sugar, salt, etc., ten times larger

than it really is. Ask what the children-could do to see the —,
substances better and so observe the shapes of.the particles
better. (They should suggest usmg, magmhers or. m1croscopes )

lee each ch11d a maghifying glass., Ask them to use the
o _ - smallest of the three lenses, This lens magmf\les the p,artz.—
- : - .¢les by a factor of five. Show the children how to‘use the
) ’ "’hand lens correctly. The’ lens shduld be close to the eye
and to the object being studied -- not more than three to four,
1nches from eJ.ther. o ) T

., .
. -~ *

Correct . . - Wrong . Wrong

e The children should try to identify their white substances by
“ comparing what they see through the1r magnifying glasses
with the photographs on the worksheets., They-probably will
be able to.identify the Epsom salt, detergent, salt and
sugar. (The salt and sugar are béth cubic in shape; but the
salt is much more uniform and less broken.) The plaster,
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chalk, starch and soda are quite similar in appearance and it =

is hard to distinguish one from another. Emphasize the idea
- that sometimes the prtiperty of shape is helpful in "‘ent1fy1ng
a matérial, and sometimes it IS"fot, :

/
»

“
L)

Act1v1ty B E 2 - B o

_.Have_a few metal objects on hand. Then ask the chlldren

v
-

. IS THE PROPERTY OF SHAPE USEFUL IN IDENTIFYING THE
' ME.TAL -SAMPLES? . . W
Let the children quickly examine some of the metal pieces. . N
Obviously, shape is not useful in this case, Discuss other
materials where shape does not help in identification. \Eor
example, wood may be in the shape of a chair or a pencil, ~
plastic may be almogt any shape, and so may glass

»
B ing out the m1neral samples that the chlldren used in the _
hardness tests. Ask: ; . . N

.

i

WOULD ’DHE PROPERTY OF SHAPE BE USEFUL TO US IN )
IDENTIEY{\YG THE "MINERAL' SAMPLES" o J“‘
Sort into p1les "all the samples of fluorite, calcite, apat1te,
quartz and G,orundum. Divide thé class into five groups’ and:
glve each“group all the samples of & part‘?cula;c m1neral
Ask each group, to exam1ne its set of & p,articular kind of : {
mineral., Ask the children to try to determine whether or not
the property of shape would help them identify, their 'mneral
See if they can f1nd a characteristic shqpe for the mineral.
"I‘ell the children that some of the mmerals in the sample set
dre not ’belng used in this activity because they had been cut
or sawed off and therefore have an arbitrary shape. If they ~
found a natural sample of one of these minerals it wouldn't |
. have the same shape and they wouldn't be able to 1dent1fy it,
Have each group 'choose a spokesman to report to the entire
class on their observations. Use the following 1nformat10n ’
as your gu}de td the discussion. . o : N

(]

I. Flourite (#4) appears to have an frregular shape. It was
probably broken off fiom a larger piece. -

-
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2 Calcite (#3) appears to have a defmite shape. Its faces A »
. -are parallelograms, , s
) P 3. Apatlte (#5) seems to have defimte faces, aithough the. . = .7,
. o -~ * _ pieces are rather difficult to examir{e . _ s ;
L 4, Quartz (#7) samples all appear to have a similar shapeL .
o . .“ '
SR - 5. Comndum (#9) samples all seem to have a similar shape.
Tell the children that the quartz and the corundum have
" "shapes that' are considered to be alike in some way. Leave
- ‘ the spec1mens of these two minerals out on the demonstra- ) -
) tion table for: the next 1esson. ; - ) L BN ‘
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- NLesson‘. 13:

EXAMINING THE SHAPE OF QUARTZ CRYSTALS. )

AT

*4

In the last lesson the chlldren observed' a humber of materfals
and discovered that the property of shape is useful in 1dent1\
- . {ying some of them. In this lesson they will concentrate @u”
crystal shapes. They will look at quartz crystals and try to
. describe the shape. Then they will make a ‘model of an ide-
alized quartz crystal (with both ends sawed off) for study in
the riext lesson. A story gives some elementary information -

e . Servatlons d1scuss1ons and model bu1ld1ng.-
} . N
R 1

. . Yaw
3] R ) RY \ "

MATERIAI_S

= 2

-8 quartz crystals

——

- lesson and also in the Student Manuals)
‘:\' R ' \ R l A 5.

. - Vﬂi'orks.}égechS (ql{artz crystal model printed @’heavy paper)
. 38 . . . .

: .4
—-#scissors, L : X .

> } "', S '
‘ ' /— cellophane tape C * L
' . . R . P 'M.\_

- PROCEDURE . 5 o

Haye the eight quartz samples handy on a.demonstration ta-
ble in a clear area of the room. .Ask the chi,ldren to bring
their Student Manuals and come to thisyarea. Have them sit

- about ¢rystals and prov1des motivation for the children's ob— ‘

= story, _"S_uper—Sleuth and §tpdious Jones! (provided in this

down and oben thejr manuals to the story, "Super3Sleuth and °

Studious Iones. " Bégin reading the story to the children and
" ask them to follow along in their ownr books as you read.
Stop at each place in-the story where Super-Sleuth isjasked _
0 make a discovery, and have the chlldren make thelir 6wn
dlscoveries firstﬁ" Then pick up the story. Conclude the les-
son w1th the making of the quartz crystal models for use 1n
A the nekt lesson. N ~

-

&
-

-
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SUP£R SLE UTH

Stor}} by Elain‘e \jogt

Ilustrations by Son’i,‘é Forseth
o .

R X
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., farils, SUPER-SLEVTH

/) BVeR. LEARN ABOUT .-
\CRYSTAL SAPEST /-

WoULD fo LIKE 76~ | .
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SUPER-SLEUTH AND STUDIOUS JONES —— e .
s ) ‘ Suber‘—Sléuth. th'oughf he was Ia great'-detective. }-Ie went a-

rbund wearing a vexly st}rang,e hat and looking at things through a
"r;)a_gnif.y'i‘ng glass. The ¢hildren in' his neighborhood knew tilat Superx;'-:m.“ B
Sleuth was not \}éry bright; but they all liked him beqausé he was )
ii’_ltéqééted in so marny ti'nings. Th"ey also.liked the“—tél}:jr‘lg“l;;;dwstﬂhﬁa:t*;
S .

—=followed .him ever?whe;e, and were so séuby and ch’e\erful.
ks .,’ - . '. . \\N}

.- o * "5 N —————
2 '~ . Onthis particular day Supgr-Sleuth and his birds ‘were inspect-
ing a tree. Hc was ’saying to them, "My, my, my, it is certainly

2

- i—-~«~.-~~hazﬂ_LQ~ tell what mé‘ter@al this tree is made of by looking at it. Even

LY

my magnifyiﬁg dlass doesn't seem tohelp: " -

’

o Super—Slehth thought he might have better luck if he looked at .

some other kinds of materials. He got down on his knees and looked’

at-some sand. "My goodness, " he exclaimed, "this sand is thade

. N , ] , _
. - up of littf‘é‘?ﬁngs that are very hard to see!" . :
' - 139
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Just then a girl who was in the sixth grade came along. Her
name was Studious Jones and she was on her way home from school,
"Those, little things you are looking at, Super-Sleuth, seem to be

sand in crystal form. Quartz is often found in crystal form, too."

"H'mm, where else do we find erystals?" Super-Sleuth askhedf ‘

"Y_ou can find-them in a penny," Studious r_epliéd. i

"A penny! Why, you must be fooling," Super-Sleuth said.
. Then he took a penny from his bockef and looked at it throuch his -~
magnifying glass.. His birds flew up and perched on his hat and

shoulders so that they could look, too. "I can't see any crystéls

in this penny," Super-Sleuth said. "Here, Studious, take a look.*

(58
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" it forms ‘absolutely beautiful crystals! But You need a powerful

* microscope to seé them,"

Sleuth said, "b_pt you ought to tell me more about how fluids turn

L]

"I don't have to 'look. " Studious Jones replied. "I already
know that copper crystals are too small to be seen through a mag-
nifier, " ) ’

"How do you know that copper material is made up of crystals

at all, Studious?"” Sﬁper*81euth asked.

. A}

"Well, its’ a pretty well-= known fact that some fluids take a
def1n1te shape or pattern when they become solid. These kinds of

materials are called crystals. When melted copper fluid cools off,.

“

LN

Super-Sleuth continued to look at the penny. He found it =~ .

very hard to believe that Studious Jones was telling him the truth.

PR

Studious decided that Super-Sleuth needed a simpler example.

She said, "Do you think snowflakes are ¢érystals, Super-Sleuth? "

> B )

”Um,'yes .. . vyes, indeed." Toa

4 . -

"Well then, wh“at. happens that makes snowflakes? "

"How should I know? " Super-Sleuth asked.

-t

Studious thought a grown man ought t6 know what made snow-
flakes, but she decided to be patteﬁt. "“When fit's cold, Super-
Sleuth, the tiny rirops of water in the clouds freeze. The water
changeés from a liquid to a solid -- and, presto, you have snow-

flakes!™" .

"well, all right, 1 believe you about the snowflakes ," Super-

-

into crystals."
14%
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Studious puckered up her,face. She \Aés th’inkjng; Then. she
took some paper and a pencil from her book ‘bag and started drawing.
"The best way to teach you about crystals is to show you some of-

the different usha;.)es ft‘hey take." This is ‘what Studious drew for

Super=~8leuth.

(Y /THESE ARE -
X’/ THE uovubs,}.

WWATER

IN CLOUDS

TABLE SALT “\

CAND WATER
SOLUTION /- °

&

EPSOM SALT - EVAPORATE.S @ &
] ANd  WATER - — > , EPSOM ?»‘.LT
] S seuTioN /L 90% . CRYSTALS
| ¢ vouren N
P \ ROCK L CRYSTALS
cooLs CORUNDUM

]

‘ /‘\ CRYSTALS

SNOW FLAKE. .
CRYSTAL: -

o

SALT CRYSTALS °

{
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e . Super-Sleuth looked puzzled. étudious said, "Look at the
' crystal shapes Look a‘t the table sallt, the’ Epsom salt, tlﬁe. quartz

and the corundum. What do you notice about’the different kinds gf .

‘ crystals, éuper—Sleﬁth?" ' - ‘ e e

R . . "Um 2 ;\:-.u‘m‘ .. ¢ Idon't know,." Super-Sleuth mumbjed. -
. '_ ) Then he pci‘tiéed to tﬂ'e*'t‘able salt_and.Epscirh salt crystals. “I‘can
tell you ohe thinge, though -~ I bet‘thege 1\:wo both tagte salty."
Super~-Sleuth puffed up his chest. He tbliught he'had madé a won- .

‘~~,,.  derful discovery. . » S
s, . "'*'r,,: i < N .

) But Studious Jones.was annoyed. "Scientists do not go a-

\fou'nd tasting things," she said. "You could gét sick by doing that.
Besi(d‘es‘ we are talking about the shapes of the crystals, rot any-
thiné else.. Now, whHat do you notice about the shape of the salt

- . crystals? "

241
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Super-Sleuth looked at the pictures again. After hemming '
and hawing, Super-Sleuth finally said ,""Well the salt ¢rystals seem

to be shaped like little boxes."

"Théy are c\_:"ubes . . .-they have a cubic shape, " Studious

said, _, - ' T oL
. . '{” ' .
"Well, - that's what I meant, " Super-Sleuth said. o
“Great, " S’tudious said. She felt better now about Super- sy

Sleuth. Maybe she could teach him something about crystal st‘fapes,

after all. She decided to keep trying.

D, -

0 N\
ﬂ\\\&\\\\ *
|
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She reached into her bgpk bag and brought but some small -
objects. "A while ago I talked about.quartz crystals to you, Super-
Sleuth. Maybe it would help you to learn about crystals if y;)u .

looked at some real ones. I borrowed these quartz crystals from

the third grade“teacher to help with my study of crystal shapes," -

she explained.
“The third grade!" Super-Sleuth exclaimed. "Do you mean
to tell me the ch'i‘ldrén in the third grade are studying crystals?"
“They are now, " Studious Jones replied. "But they weren't

when I was in that grade.”

“"Oh, these modem .times!! was all Super-Sleuth could man-
age to say. His eyes got a faraway look as he thought how marvel-

ous it was that children in the third grade were studying crystal

shapes. - 1&3 ‘




H

Studious I@ne's had to cough to get\hi'sj attention back to the °

.:quartz crystals, TPlease, Super-Sleuth, " she said, "look at these

3 -
R ° -

quartz crystal’siénd tell me what is<alike abdufc all of them,"

Poor Sup r-Slepth. He looked at each 'cr'ystal -- bojhwlw_ith
and without his magnifying glass. He turned and turned each piece.
Then he tried comparing.two pieces at a time, After all Zthis, he

said, "The quartz crystals‘sort of look and feel like _cleaxi' glass,"

, N .
ey

"Those observations are all right for a kf_eg_ilf)l@i,!lg,,Sup\_er—w
Sleuth; but 1 thinli you shéuld be able to‘.;iiscov,er somethiné inter-
esting about;the shape of the qﬁartz cx:ys_tals. Why don't you touch
them again, and turn them, and try to find out if the surfaces are

roundéd or flat, or jagged ai';d pointed? " . .

Nl

ISTHAT A
CRYSTAL 2

P

E

~
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N ~YAll right, all right, "'Super~SLeuth said, and he began exa- *

mining the crystals, more carefully. "He was anxious to discover

whatevér secret .it was that Studious Jones knew about these crys-

tals that:he didn't know. -

. . "“Yippee!" Shper,—JSIe'utﬁ‘s,houted in joy. "Studiotfs_*, what do’

- you think [ have discovered?" « P :

IR

" ) "I-don't~know. What ‘3 v

)

. . \\ . i .. -
“Why, theré are some flat surfaces on every one of these

- . qf.lalr.tz crystals. Isn't that fént_ea‘étic? " All the birds fluttered about,

repeating, "Fantastic! Fantastic! Fantasticl!™ .
Studious smiled. Then she asked, "Are all of the surfaces

<

flat, Super-Sleuth? " i : .
- ‘W * . ‘e

HEY KIDS, #re ALLOF
THE SYRFACES ON YOuR QUARTZ /.
CRYSTALS FLAT?
LOOK AND SEE,




“Well, no, Studious. This crystal rig;lt- here, fgr exfmple,
is jagged and.rough on one.end. 'But the othét end hds some flat
surfacks that seem td come to a point. WHhy is one end rough and

" the_otHer end pointed? "
R . “Yes why? Why? Why2" the birds all asked, too.

& - Studious took a book\ffom her \kg;ag and'found a picture of a
cluster of quartz crystals. She showedlit,to \S'uper—Sleuth.

LTS JUST LIKE THE
| PICTURE YOU HAVE |
| ON THE NEXT PAGE.







«
.
s

Super-Sleuth looked at the picture. " Oh, my goodness,

étudious! What\a juﬁble! Are these all quartz crystalcs'? What

. in the yvorld is w ong_.‘ with them?™ -

I\Y

. "Yes, what's\wrong with them? What's wrong with them?"

The parrct tipped his head saucily and looked straight at Studious.
[ 2 \ '

B .t
. . . R
P ey
-
. .

Studious laughei. “"There's no/t'ﬁigg/ foné with them. That's

just the way quartz crystals are for{ici-?- in clusters. Some peo-

ple say that's the way they 'grow, ' butthey don't mean exactly the

. . same kindiof growihg'.tha plants do. Nbvlr, Super-Sleuth, when you

look at this cluster of quartz crystals‘, does it tell you why each

crﬂtstal has only one pointed end? ! } ‘ '

-

"Let me gue\ss“! Let me guess‘! N Su'per-Sleu&pleaded.

- - > *
\1 - e L ' LIS
- . . v . .

“ -
- WelY DON'T YOU LOOK'AT THE PICTURE OF THE
CLUSTER OF QUARTZ CRYSTALS AGAIN AND TRY
To' FIND’ GUT WHY EACH CRYSTAL HAS.
ONLY" ONE POINTED END? -
CL ST /

REAL THINK
QUESTIONY)




' ‘ RN ) 3
"I've got it! I've got it!" Super-Sleuth shouted suddenlx).

And all the birds joined in the chorus. |

»‘ . ‘
“What? " Studious asked. \ N
R 4 real ones -- are just part of @ bunch like those in the picture..
- Somebody must have hroken each one from the Bunch, and that is

. AY
why each crystal has only one pointed end."

"You're practically a gé_nfus, Super-Sleuth, " Studious said,

- ) and the birds all repeated happily',‘ "A genius! A genius!"

Super-Sleuth blushed. "Oh, I wouldn't gc; so far as to say

that yet, " he said, "because I think there is more that I should

. \ .' find ogt about this crystal business. " .

"Why, these quartz crystals we have been: looKing at ~- the

o

be




Sy
L —

; "Because they-have broken ends, and because séme don't
., even have a boint, thése quartz samples are not very easy to ob—\

serve. It's ;/ery hard to tell just what shape they-are." Super- \
— ‘Sle'zxth picked up a qxia“rtz crystal and stared at onexend of it. Then"

he stared aty"the\éthe"r end of it. Then he heaved a big sigh. The

\ , . irds all sighed, too, and looked toward Studious, #s though ex-

!
pecting ;ﬁelp.

| "Perhap‘s if I gave ysu a cardboard mode} of a\d\mﬂtz crystal, "

.

wrth/ he end?&t off, it would help, " Studio¥s said. She @aye him

¢del she had made for herself.
/
A
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!
|
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WHY DON'T YOU MAKE A™
MODEL7

ALL YOU HAVE TODO IS TEAR

WORKSHEETZS FROM
. 'YOUR STUDENT MANUAL.

- GAREFULLY.

THEN CyT AROUND ms HEAVY
BLACK LINE, AND FOLD &N THE
DOTTED L.)NES TAPE THE.
OPEN SIDE TOGETHER: THEN

- TAPE EACH END. NOW Y0OU
HAVE A MODEL OF A QUARTZ.
CRYSTAL WITH THE ENDS
CUT OFF. :

HE ALWAVYS Y}
HAS A LoT °
TO 2AY,




:‘Wofksheet 23
;Unit .26




"DID YOU MAKE

VOUR MODELY

FINE!

IN- THE.NEXT. LESSON,
YoU WILL NEED THIS

MODEL .

o) 'SA’\,/E_ T

€




Lesson I4- EXA\/II\IING THE SHAPE OF CORUNDUM CRYSTALS
l "In this lesson the chlldren learn that there .are six bas1c crys-
‘tal shapes. They will recognize that table salt crystals are
of a cubic shape and that quartz crystals are of a hexagonal \
shape

Next the children will observe that corundum crystals are also \
of’ a'hexagonal shape. You can demonstrate the hexagonal

_ shape of botli quaitz and corundum crystals by placing them
upright on an overhead projector and having the children count
the sides. .

A continuation of the story started in Lesson |3 provides the /

teaching device for the lesson.  As before, each time a ques/- o
tion is raised, stop reading the story and give the children an -
opportunity to make their own observations and discoveries
before Super-Sleuth makes his, :

MATERIALS

_ — Part 2 of Super ~-Sleuth story (prov1ded in this lesson and 1n
the Student Manuals) -

.. — 8 quartz and 8 corundum crystals

~
<

— cardboard models of basic hexagonal shape from pre
lesson . . . . i

ious

— overhead projector -
— paper, pencil . ) =

~

PROCEDURE

¥

Have the eight quartz and the eight corundum crystal samples
handy on a demonstration table in a clear area of the room. If

. possible, have an overhead projector ready for use also. Ask
the chlldren to- bring their hexagonal cardboard, models a pen-
cil, and their Student ‘Manuals to the clear area. Have them
sit down and ask them to turn to part two of the Super—Sleuth
story. Start reading the story as the children follow along in
their own books. Stop whenever a question is posed in the
story and have the children try to answer it. -

’ 15¢




SUPER SLEUTH AND STUDIOUS JONES

Part 2
¥ i

Super-Sleuth s arted to study the cardboard model of the quar’.c'z' 5
cryst Lél Studious asked him to hold it up and look at one end of it,

“What shape do you see?" she asked.

——— e

—AL.

VL LeLDIT UP AND LOOK AT oNE END OF lT

“TELL VOUR TEACHER WHAT SHAPE You
_SEE,

_‘;_;‘"“i;“ _~ 5

SUPER~SLEUTH WON'T KNOW THE
" NAME FOR THE SHAPE HE SEES, BUT
YOU MAY KNow, IF YOU REMEMBER
WHAT you STUDIED IN MINNEMAST

UNIT 21, ANGLES AND SPACE.




\

IF YOU ARE HAVING TROUBLE,
COUNT THE NUMBER OF LONG FLAT SURFACES
GOING ARO‘U[SD THE CRYSTAL SHAPE.
VOU MAY HAVE To MARK THE PLACE " A

WHERE You START, OR KEEP ONE
FINGER ON'IT; o

L

HOW MANY LONG FLAT
\SURFACES DID YOU COUNT?
WRITE THE NUMBER

HEREN
A}

HAT DO YOUCALL A FIGURE WITH THAT
NUMBER OF SIDESZ

- IF You D‘:?‘.“"T REMEMBER,, DON'T WORRY.
STUDIOUS ‘WILL HAVE TO FELL SUPER—
SLEUTH THE NAME, 1\‘\00-




LN
'

o et i et

-

' I

COUNT THEY |
S . .

S ‘ . When Super-Sleuth finished looking at the model of the quartz

crystal, he said,’ "This modellhas a lot of long, flat surfaces, doesn'f

it? "

"How many? " Studious asked.
_ “well, 1 willahave to count, " Super-Sleuth said. Ile counted
around the long flat surfaces and said, "This model of a-quartz crys-

L

tal has six long flat surfaces."
"Corfe%t, " Studious said. "A shape that has six flat surfaces

i

arranged like| this has a special name. Do you know what it is? It

is called a Héxag_onal shape. "™

]

!
a
L

1569
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“Now I have discovered two different crystal shapes -- the

——

cubic and the H‘e}&acj‘onalu Are there any more kinds of crystal shapes, °

- e &

. Stndious? " S’uper-Sleuth 'as‘ked.’“ e

Studious reached in her bag and brought -out another ‘bock. .
se A e .

’ S ’5'_~Years- 555," she said, "scientists divided the set of all crystal

shapes into subsets of shapes-that they call the six basic crystal

shages.\"" Studious opened the bdok. "Look here, Super-Sleuth, " .

. 5he said.:
1

SUp"e’r-.-S le_tith looked at the page. It showed the six basic

like this: -
T ——————

mrma.

crystal shapes, and their names,

- e 4

Tetragonal Orthorhombic '

Monoclinic Triclinic




CAN YoU RECOGNIZE
ANY, OF THEM?® -

LooK AT THE cuBIC SHAPE. WHAT
CRYSTAL DID You EVER SEE THAT
'LOOKED LIKE THAT? WRUTE THE
ANSWER HERE. -

LooK AT THE HEXAGONAL N\ - @"
SHAPE. |F YOU CAN REMEMBERSEFZ. 1
CRYSTALS THAT HAVE THAT :

SHAPE, WRITE THE NAME S




b N N
. ¢ -~

Super-Sleuth studied the six basic shapes. He pointed to the
cubic shape hnd said, "Hey, Studious, 'that is the shape of table '
: f .

salt." Thenthe pointed to.the hexagonal shape and said, "And this

- me, Super-Sleuth, so we can learn some more about cristal shapes?

. B L \
My mother will give us cookies and milk, and we can sit at ,fhe ta-

" ble and enjoy ourselves."
T B 0

"That's a fine idea, " Super-Sleuth said, and that is just \}vﬁat' ’

they did. While they were sittirig at the table,’ Studious asked™
;uper-Sleuth to place one end of’his‘, hexggonal quartz quel on a
, piece of paper and dra}v a line a/.round it. She asked him to lgok at
~« what hé had drawn and to count the sides. Then she asked him to
(} pick up a quartz crystal and hold one end of it up in front of his
— eyes, and sec? if éhe shépe on the paper ar}pd the shape of the crys-

tal 1qoked similar.

GET A PENCIL AND A PIECE OF PAPER
AND DRAW AROUND ONE END OF
YouR QUARTZ CRYSTAL. MODEL.
- HOW MANY SIDES DOES YOUR®

DRAWING HAVE? COUNT THEM.
\

- : \\

WRITE THE" NUMBE
| HERE




/- HOLD UP YOUR MODEL AND. -
L oK AT ONE END OF IT. DOES:” .
* THE SHAPE LOOK LIKE WhHAT
~You HAVE' DRAWN ON YoUR PAPER 7| .
_ ANSWER YesorNo - / a
\ HERE—

is

»/ WHAT.DO WE CALL BoTH OF THES_E: SHAPES
THE SHAPE You DREW AND THE SHAPE
YOU LOOKED AT ON THE END OF THE




Super—Sleuth did as he was told, but Studmus could see that .|

i N

he was getting bored. He was much magre interested m stuffing h1m-

self w1th cookles than in stuffmg hamself with information about crys—

tal shapes.” ‘But Studious had a surprise for him. She brought out
. < '] . . A t.

. . some corundum crystals. .

‘-

oo "Stars above! What are thase? ¥ Super-Slelth exclaimed.

'_‘ S , "“Corundum crystals ,™ Stfxdious replied.. "I want you to study

-~

them closely. See if you- -can discover in what way they might be !

6

. .o jike the quartz crystals.' -

LOOK AT THE CORUNDUN\ CRYSTALS.
HELP THE CLASS DIScuss -How
THESE ‘CRYSTALS ARE LIKE
THE QUARTZ. CRYSTALS, AND.
HOW THEY ARE DIFFERENT.




Super-Sieuth said, "I can see plenty of ways in which these

crystals are different from the quartz, but I can't see ény way in -

which they are like the quarfz. "

"Observe them closely, ” Studious said, "and.perhaps you
will find a resemblance. After-all, we don't call you Super-Sleuth

for nothing." ' - ,
’ ap \
"Of course not, " Super-Sleuth said, "If there is anything

similar about thes\é co-run-dum crystals and the quarté crysta_l_é',' ' -

/ - I'llpe t\he_ firss person in the world to find out."”

LOOK Ay THE END OF
’ 50 SHO DJYOUo . .
HAT SHAPE Do vou SEE ¢

WRITE THE NAME OF
| THENSHAPE HERE). . ——

(—

‘ L R

\ \\/‘%\P . «‘-l‘\?%‘“”. }

. / - : 4 HELPING)

S Y T e

- »

- ! 3
h i ’[ﬁ Y ".’" /
oo W, Wi




" Looking at the ends, the co—run—du{n crystals are the same shape as

|

. / .
"Yes, the}} do," Studious said. "If we had a overhead pro-

jedtor, we could use it to check this fact. "

‘ B s /v’ \
CHILDREN, ASK vbur{ TEACHER To PUT
A WEXAGONAL QUARTZ MODEL ON .
ONE SIDE OF THE OVERHEAD PROTECTOR;
AND SOME CORUNDUM SAMPLES ON
THE STHER SIDE! NOW YOU CAN
COUNT THE NU'(ABER OF SIDES
ONTHE CRYSTALS, AND SEE QUITE
CLEARLY THAT EACH HAS A
HE XAGONAL [SHAPE.

"A-ha!l" Super-S ieuth said. ' %I have discovered Z‘i\)great secret.

P~




~Studious noticed ‘that Super-Sleuth was still logk’i'ng at the
quartz and corundum crystals, as if he still wanted to know more -
about them. He said, "Even though the quartz and co-run-dum-
crystals both have hexagonal shapes, there's still something very’
different about them. Tell me, Studious, ‘do the co-run-dum crys-
tals grow in clusters like the quartz? If th'ey do, how come they

have two rough ends, but no points on any end? "

“That's a .very good guestion, Super-Sleuth. Can you find °

the answer yourself? "

CAN YOU THINK OF ANY REASON WHY
THE CORUNDUM CRYSTALS HAVE

NO POINTED ENDS? |F You CAN,
TELL THE CLASS ABOLT IT,

Super-Sleuth really strained his brain trying to think. Studious
_went to the kitchen and brought in a plate of chocolate-chip cooekies.

¢

Super-Sleuth took one look at the cookies and said, "That's it!"

"what's what? " Studious asked. She knew that Super-Sleuth
must‘.be on the track of something very interesting, if he would just

stare at the cookies instead of eating them.

"Studious, I hese decided that these corundum crystals come”
likxe the chocolate chips 1n those cookies -- not in clusters or bunch-

es but here and thore in some .other qaterial.”

w"\’onx're absolutély right, Super-Sleuth, The corundum crys-
tals form separately -- one by one -- in a big mass of brown or
black material that is called 'lava.' Geologists have to chop away

-

the othet matenal in order to find the crystals that are scattered

through it. " i57
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Supe‘r—Sleuth thought that, by now, he must be the world's

. 7
greatest expert on crystal shapes. He was ready to take his birds .
and go home. But Studious Jones had other ideas. She showed him )

a page of snowflake pictures, and asked him if he could decide .

which basic crystal shape the snowflakes had. Super-Sleuth got

out his magnifying glass and studied the snowflakes.

THESE ARE THE SNow-
FLAKES THAT SUPER-
SLEUTH STUDIED. CAN
YOU TELL. WHAT
SUBSET oF BASIC
CRYSTAL SHAPES
THEY BELONG TO?




w P

Super-Sleuth counted the points of each snowflake. Surpris-

ingly, the number of points was always the sarr!e".

COUNT THE NUMBER OF POINTS
ON YOUR SNOW FLAKES, ~
How MaNY DoES EAcH

SNOWFLAKE HAVET - .

, "WRITE THE NUMBER
= f HERE
\

"I've counted the number of poi.ts on each snowflake, " Super= ¢
. - - Y S
Sleuth said, "and they all have the same number. But what does

that nrove-about their shape? "

"I\Kt much, " Studious,said.: "But if you look more toward the

center of the crystals, maybe you could see a typical éhape. "

“A-ha. Ido," Super-Sleuth said, and he-told Studious the

¥ -~

correct basic shape that he saw in each crystal.

169
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DID YOUEIND THE BASIC.
HAPE OF THE SNOWFLAKE

po VOU'KNQW
HE ANSWERY) -
I DO.

o ' ) "Another thing you could do, Super-Sleuth, would be to take’

- a pencil and ruler and draw lines from tﬂe tip of each point on &
. snowflake to the tip of the next point, and so o n around the c'rystal
until you had qll the sides drawn." Super:81euth took a pencil and

a ruler and did tfllnisq. _ ‘ \

X\
A

\

HI, WHY DONT YoU TAKE A PENCIL AND RULER
ANT: DRAW LINES FROM THE TIP OF ONE POINT
TO/THE TIP OF ANOTHER POINT ON EACH
SNOWFLAKE CRYSTAL, ALL AROUND EACH ONE? .

NOTICE THE LITTLE DOT JUST BEYOND
EACH POINT AND USEFTHESE DOTS AS




WHAT 1S THE NAME OF THE

Pl

SHAPE You SEE IN THE
SNOWELAKE CRYSTALS?

S

.

>

Bl

Ve j\“JU\@gMAﬁkz;&’y/&’/Z/?m
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Super-Sleuth was able to give the correct-answer, too. Now
) he started. to say goodbye again, but agam Studious stopped him.
"This time she drew two flgures on a piece of paper, marked them A

and B, and asked Super-Sleuth to look at them.

{—uf

_ THERE 15 WHAT %TOD[OUS DREW ONTRE @
. B T FOR SUPER ‘SL,EUTH

!

o

‘ .

Studlous asked, "What is alike about these two flgures? "

WHAT DO You THINK 1S ALIKE
ABOUT THE TWO FIGURES?

© Super- Sleuth sa1d "1 don't think the figures look much alike
at all." Studlous gave h1m a hint, saymg, "Why don't you try
counting the number of sides on'each f1gurc° " Super—Sleuth did

that.




FIGRE A
hAS

ANUMBEROF
SIDES ON ERCH
F‘G‘URE) TOO. /-

HAS

Super-Sleuth counted the number of sides on each figure cor-

rectly. "Now, surely, it is time to go home, " he said.

“"Not quite, " Studious said. “You have coun.ted the sides on
each figure, and found t_hat each has six si‘d‘es. That means that
both figures are hexagqnal in sﬁape. But there is something else
that 1s alike about the two figures. Can you tell me what it is,

Super-Sleuth” "

4y ’
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_ Super-Sleuth stared at the figures a long time, He didn't
want Studious to know that his brains were cbmpletely frazzled
from so much thinking, so he said, "Studious, my birds are hung;'\/."
I really have to take them home and feed them." At this, the birds

. fluttered wildly a_ropnd the. room cailling out, "Hungry! Hungry!

Hungry!"

_ “All right, Super-Sleuth, -mamts{hould go home .now, "
Studious saigi. "But take this paper home with you, and maybe by
tomorrow you can figure out what is alike between the two figures,

besides the fact that each has six sides."

. '
"Till tomorrow, then, " Super-Sleuth said. With his birds

roosting all over him, h& went home,

RN
A / / /

HELLO STUDENTS.
CAN YouU DISCOVER WHAT
IS ALLKE ABOUT FIGURES
A AND B BESIDES '
THE FACT THAT EACH
HAS SIX SIDES? .
KEEP YOUR ANSWERS TO YOURSELNES ‘
UNT[L TOMORROW, WHEN SUPER<SLEOTH
‘COMES AGAIN, “ '




PREPARATION

Lesson 1S: ANOTHER CRYSTAL PROPERTY -- MAG OF THE ANGLE

L

Learnmg that crystal shapes have characteristic angles pro-
vides the. children w1th another property that is valuable in
identifying certain materials If a scientist found a badly
damaged crystal of some sort that still had even one unbroken
angle with a mag of 120 degrees he could hypothesize that
a typ1cal crystal of this same kind might belong to the basic
crsystal subset of hexagonal shape. Why would he be able
tc;‘&do this? That is what the children-find out in this lesson.

«

-

Affler comparing two hexagonal shapes in the last lesson, the
children tound out that both figures had six sides each. Now
they will discover, by the use of a protractor, that -- even
though the lengths of the sides of the two hexagonal shapes
are different -- each angle has a mag of. 120 degrees. :

The transparent protractor used in this lesson and in Lesson 16
is similar to the clock protractor the children used in Unit 21,

except that this new one has degrees (180) as well as hours (6).

The lesson begins with the third and last part of the story

about Super-Sleuth, then goes on to give the children practice

in measuring the mag.of angles,

1)

~ MATERIALS

~ Part 3 of S“upue_f-_SIeu_fcb ‘storyfprovid'ed in this lesson and in
the Student Manuals

-= Worksheets 24 throug}} 27

-~ -protractor on tran'sparency,. I per child

2

N -
The transparent protractors used in this lesson come with the-

special printed MINNEMAST materials, Each transparency
“should be cut in two before class, so that each child can be
given one protractor, At the end of the unit, collect the pro-
tras:tors and save thém forother MINNEMAST units,.

175
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. A..M‘_M_M_HE"ROCEDURE i
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. The chilcir'eh ‘'should remain in their seats as you begin the
lesson by reading the concluding part of the Super-Sleuth
. . story. Thgé»should follow along in their Student Manuals.
- h ,
i ‘"0
& N )
v/"
i Q
4
2
: !
!

] @ '
! |

Q

' * . ] /
5: N ‘




“How|DiD You GET T
-\INT® THIS STORY?Z) -+
NP7 #P2n

N

SRS
STUDIOUS JONES i

PART ITI

IR
oo =1
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\‘ . * SUPER-SLEUTH AND STUDIOUS JONES
; N\ . . , . 7 . . Part3

!

. Super-Sleuth and h;s birds met' Studious ]ones the next day on
- her way home from sg:hool Super\-SIeuth had. the paper with the two )
/ hexa/gons on it\ in his hagnd, He had a blg srmle on his face as he
’w'avlked up to her., "I l"c?ve d1scovered anocther difference between these
) /'two bexagons " he said. "I measured the lengths of the sides and

tnéy are not the same. He[e , take'this ruler and check__for yourself." 3 ,

YOU SHOULD USE A -\
ROLER AND QUICKLY
MEASURE THE LENGT'HS

CR THE
e j1a ////l e

- PN I/ "‘ YOUR

?r? I % BoTrbM |
m\: PP e on )

i

/

) ////“)W\ ‘—/-
(/

k’

; N
.THE SIDESOF E|GURE

A Are ALL ABOUT THE

,.._:--

THE SIDES Ol:
Fleore B e

| - LENGLTH-.@?' o . ALL o
5s e . : LENGTHS. . . 1




AN . .
Studious wds not pleased. "Super-Sleuth, I asked you to logk

for another similarity between the two figures, not a difference. Any-
one can see that the figures have sides of different lengths, even
though each has six sides. Now, think hard, Super-Sleuth, what else

is the same about these twd shapes? "

b

Super—Sleu'th really concentrated, but he could riot find a single

th}x.g more that was alike about the two shapes. He looked,so disap- -

pointed that Studious decided to give him a hiht. She bndﬁght out a

protractor and handed it to him,

“This thing is full of lines and numerals. What is it for? "

Super-Sleuth asked.

l ~ "It's a handy device for measuring the m\al; of angles ;." Studious
said. "wNow, does that give you any clue about what you should be

looking for™ " ‘ . . .

179 \
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SJDer-Sleu,;h turned the protractok over and over in his hands.

N

He 1oo<<§d at lt througn hie trusty magnitying glass He looked at it
near, ang! he loo!-,ed at it far. Finally hel\said, "This fancy thing of
YOurs telis me nothing at all." He 'ounde rather -peevish and his

birds settled on his shoulders and Hat, as if they felt sorry for him,
. j ! .o

"Don't you want to learn how }to use t}Xn protractor? " Studious

(

_asked. “It you would, we could cojmpare the\mag of each hexagon's

_ angles to see if t hey are alike in scbme way .

<

Super-Sleuth put his hands olx his forehead. His brains felt

’ ' " . ! » X
scrambled I didn't even know V\g‘hat Studious was talking about.

1817

The mag of angles, indeed!" he t/‘houg'h:. ‘ "Wholever heard of such

|

a thing” " But out loud, he said, (”Studious I ha\e to hurry home. .

t‘nn@ I le:t something cooking on the stove. Wh,( don't you just

3 x

lend the protractor to me ror a few days? I'm sure '} get the hang
Ot

it in no time at ali,"”

"an l‘riqht_ " Studious said, "I have some errands to do, so may-

| |
be an other:ds 7 would be better." She gave Super—SlTuth the protrac-

!
|

tor and 3aid goodoye.

|
\
|
‘.




- 7

' Super-Sleuth hurried away, even though he knew thgere was .
nothing cook:ng on his stove. When he got home, he put the pro-
tractor in a drawer andvne\ég{ even tried to figure out how to use it.
Instead,. he took out a penny and stared at it for:’a long,-long time.
He still didn't believe that the copper in the penny was made of
crystals. He made up his mind to find a microscope and check what
Studious had said. 'Of course, when he finally got around to doing~
this, he found out that Studious Jones was right. And he felt bad
that a sixth-grade girl knew more than he did about such things.

But just think how much worse he won_xld have felt if Studious had

told him that children in the second and third grade knew how to

use protractors! However, Super-Sleuth still has his friendly birds,

-

anc: they seem to think he is pretty smart,

LSUPER SLE_uTH \s

SUPEP\D/W‘EU




Have the children turn to Workshéet 24 which shows a draw-
ing of a clock protractor and some problems. Ask them if they

Worhsheet 24 Name .. T
tnit 26

{lock Protractor

<Q— hours. . :

This anxle teasures n
£
i
i
L

A -~
¢

0 .
e . o

e

This anxkle measures 1_
hours. * *

172

remember using a clock pro-
tractor in the second grade
when they studied Units 21
and 22. Then briefly review
the following angle concepts
with your class: . -

3

I, A ray is a set of points
that has one end point
(origin) and extends end-
lessly in one direction,
A ray is represented in

this way: ¢—n—>

L

2. An angle is defined as
two rays with a common
origin (starting point).
It is represented like

this: '1_) ‘\_9

3. When the children mea-
sure a line segment, they
are medsuring its length,
When they measute ihe

" amount of space occupied,
they are measuring volume,
But when they measure an
angle, what are they mea-

suring? There was no word for this, so in Unit 21, a word
was made up and introduced.
when the children measure 5n angle, they will be measuring
its mag. They will do this by measuring the amount of rota-

tion from cne ray to tne other ray,

The word is "mag." Therefore,

N

__> Amount of rotation = Mag of the angle




4, An angle can have different mags. ” £

..\_7{

™~

~

Rotation A is less than rotation B. The angle (made by
two rays) does not change at all, but it is possible to

{ rotate ir: many ways from one ray to another. To avoid
confusion in Unit 21, the children were asked to use the
smallest mag of an angle, rotation A.

To measure the amount of rotation from one ray to the

other- (the mag of the angle) they used a clock protractor.
"y

6. The anit of measure in Unit 21 was hours. Therefore

this angle = 3 hours, A\

(&4 ]
.

9 H
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The following two problems are given on the bottom half of
Worksheet 24, Have the children write in their answers,
then review-the process as a class.activity.

This angle measures 2 hours.
g L

R - P .
— e me L i - o e e s s e 2 ]

——
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Now tell the children that many ygeaxfs‘ ago, someone divided
a circle into 360 equal parts.

D ‘ 0

AN
Each one ‘of these parts is called a degree. ‘
- On the new protractor, there are 180 degrees.
There are also 6 hours.
. ! ’ .
e
. 175




MR
-, f n ?‘t“.

Distribute a hew transparent protractor to each child and say,
his is the kind of protractor: that Studious Jones gave to
Super-Sleuth in'the story. How is it like the clock protractors
on Worksheet 247"
‘ Ohow‘s !

E
©
T ?Jnoq7
i In the discussion, bring out the following similarities and
differences: ’
1. Both have hour marks.
2. Both are in clock form, though this transparent one is
only half a clock. '
Differences:'
I. The transparency is larger than the full clock protractor,
2. The transparency has more marks (more units) than the
full clock protractor,
3. The new clock protractor is numbered from 0 to 180 degrees,
and also with hours 0 through €, °
176
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. Unit 26
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Tell the children:

" g

! o

WITH THIS PROTRACTOR ‘WE HAVE A CHOICE OF MFASYRE-
MENT UNITS. WE CAN MEASURE THE MAG OF.ANGLES
EITHER IN DEGREES OR IN HOURS -- JUST AS WE CAN MEA-
SURE LENGTH IN UNITS THAT ARE INCHES, OR FEET OR
YARDS. : ™

Have the children open their Student Manuals to Worksheet 25.
Show how to place the dot at the center of their protractors
directly ovér the "corner" of each angle (where the twd'rays
originate), Ask them to line up the zero line with the ray at
the left. Have them practice doing tHis and go about the

room checking to see that all the children know where to _
place their protractors in order to measure the mag of an angle

‘correctly, When the children know how to use.the protractors,

have them measure the angles on Worksheet 25 in both degrees

and hours.

Next have the children measure the angles on Worksheet 26,
g1v1ng only the number of degrees

LI
A

Ask the children to complete Worksheet 27. In discussing

" the recults, the children should see that all the angles mea-

sure 120 degrees, even though the figures are very different

in side length. Then say that scientists who have looked at
many Such Six-sided crysiais nave fvund that all thosc they

examined have parallel surface angles of 120 degrees. This
leads them to theorize that all crystals of similar shape have
angles of 120 degrees.
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Continue by saying that in nature, on

& seldom finds a Berfect ;

quartz crystal like the model the children made. Then go on

to say that if a scientist found a brok
lar one, and if it had even one angle

he could use this irnformation to hypothesize that lft

long to the hexagonal set of crystals.,
pothesis as a starting point for furthe

Tell the children that they will need t
protractors in the next lesson.

en crystal, or an irregu- i
%th a mag of 120 degrees, n
might he-

He could use this hy-
r study,

-

heir transparent EIOCk

(You may wish to collect the

protractors now and distribute them again, as needed.)

Yod might like to conclude this lesson by asking the children
. if they think Super-Sleuth could have
protractor if he had really tried,

learned how to use the




Lesson 16: .-SHAPES Rll;'SUI TING FROM CLEAVAGE .

In this les SOn the ch1ldren find out about\ the property of
cleavage -~ the [fcharacter1st1c of some m;tnerals to break in
a distinctive way along flat surfaces. ﬂrs{ the children peel
. off thin layers of selenite with their fingerpails and see how
this mineral cleaves into pieces that have flat surfaces.
Next they observe how galcite cleaves (a ways into pieces
with six flat surfaces that are parallelograms with all sides
slanted). Then ycu give a demonstration of a mineral (topaz)
that does not have the property of cleavage -- it breaks 'into
p1eces in no distinctive way, The pieces are just Jagged
lumps.\ . / .

o

The c_hildren ldarn that the property of cleavage can be used
as a guide in trying to determine what a mineral might be.
If they can peel a mineral sample into thin layers with the1r
fmgern:nls, it might be selenite, If they can break a min-
eral into pieces 5 each of which has six faces, all of a char—/
acteristic slanted parallelogram shape, it m1ght pos s1bly be
calcite, And, if a mineral does not have a definite patte/rn -
of cleavage, the ‘children can hypot! - §ze that 1t 1s prvyably
ne1ther selemte nor—rﬁalcne —-

,In the last aptivity of the lesson, the children make a model

_ of a box with rectangular faces. They push the top of the box
so that the front and back look like calcite facest ‘But when
they look at the other faces, they see that they are not slant-
ed like calcite. -- they are rectangles The ch1ldren thén cut
the model until it represents a calcite crystal. ’I‘hey ohserve

“the differences a\nd measure the mags of the angles They
discover that each calcite crystal face has opposing gqual
angles, Two opposing angles have a mag of 78 degrees and

. two have,a mag of 102" degrees At the end of the lesson the
children are able to\ distinguish the shape of a calc1te face
from other shapes They are also able to check by measurmg
the mag of the angles, This is a follow~up on the work pre-
viously done with hexagona) shapes. '

~ —— ’

2




e,

MATERIALS.

— all samples of selenite and calcite and | samplé of topaz

| IR

—~ rock or hammer -for ,cﬂle,monstratioim of cleavage -

\

~ newspapér pad for pounding ! o .
N - \‘ -’ * » ‘
. - L ey
\ ~ 3 pieces of black construction paper
* \

- Worksheets 28, 29 and 30 Vo e

~ paper ahd pencils <\ ' . >
- grea’se»pen'cils ’ T ‘ o, L
| — protractors from previous lesson \ ‘ : s “o
\ . . . \,’ cL .
PROL’:EDURE ‘ « v g .o TR,
- |
Actwlty A ‘ _ \ ’ e T /-
/ Remind the children that in previous lesso\ns they d1scovered e
- several properties that helped them to idec?tlfy materlals. : -/
' Briefly review’ with them some o_,those properties: hardness, J
weight, volume, density and shape. Ther:l say that in this'
activity vou want the children-to~see if they can discover o
another property that will aid in 1dent1fy1ng some mmerals !

>
13

, ‘{ave the children gathet around a demonsératwn table on - .
which you have placed eight samples of selemte eight sam- ' cod
" ples of calcite, one sample of topaz, a tray, three sheets of
black’ construction paper and arock or hammer. JAsk the ch11- '
dren to sit on the floor during this actnflty Place a sheet '
of black paper in a tray and. put one sample of the selenite _
on the paper. Ask the children to try breaking oif pieces. of ’ ’
. the selenite with ‘their fingernails ac ue tray is passed around
to them. It may take a httle experime tatlon, but éodgl the
children will dlscover that they can }.oel off thin laye€rs of
the mineral in this way. When evéryone- has had an oppo;— e
tunity to see how the selenite separates, \take the tray and
set it aside for-later observation and dlscussmn. . /
EEEAN

1+
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Next pass around the eight samples of calcitei Ask the chil-
dren to try breaking the calcite sampies with their fingemails.
{They will not be able to do s6.) Then wrap a sample of ¢al-
cite in a thick padding of newspaper (to avoid flying particles) .
and pound it with a rock or hammer until it breaks. Try pound-
ing rather gently at first and iricrease the force only if neces-
sary, as some samples cleave more easily than others., Place
the  calcite sample ard the pieces on another sheet of black

. paper a‘nd‘put. asid¥ for lateruse.

Slmrlarly erip a. sample of topaz and break this as you did the
calcite,

&

PIa e the pieces on a third sheet of black paper., |

als on the t-hr.ee sheets

Ask the childrer to examine thée ming
of black paper and tell you what they observe, ‘Ask questions
that will help in their. ob.servations such ast &

' HOW DID THE SELENITE BREAK? WHAT DO THE PIECES

LOOK LIKE?
'-‘? . LR ‘:r
S :
Tbe childr /en should pick up the p1eces - They should be able
to say that the selenlte broke off in pleFes that'he . flat sur- .

faces ./ /
o k.

~

, direct attention to tb/é calcite p/eces. :

g oo

/ v mry A mr 17 nm ™ )
/ } m‘“ DD LL;E CMLC.;.Lu BD.EAJ\ AAAI\J.? .uID T DR:EAV TN’

. ANY PARTICULAR WAY?
Encourage the chrldren to hand le the p1eces until they are able
" to state'that the calcrte-also broke off into ‘pieces with flat
surfaces. . They should al/o notice that each piece has the
shape of a “slanty box". Then say: )

i THE SELENITE PEELED OFF IN LAYERS ALONG FIAT SUR~
. * . FACES. THE CALGITE ALSO BROKE:ALONG FIAT SURF&GES
. NOW LET % LOOK AT THE TOPAZ AND 'SEE HOW THAT BROKE,
. o )

The chrldren should touch and look at the broken pieces of
-topaz, They should be able to see that there is a chffexence .
in the way the topazsbroke and iff ther,way the other two min-
erals broke, ' They should see.thdt the pieces of tobav had !

—""no /definrte flat surraces nof particular shap-,
v ’ . * S

T
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T Tprobably was not either-selenite or.calcite and belonged to

=
<

When the children have discussed their observations as fully ) ,
as they can, give them this definition of the new property of ° e
minerals that they have just seen demonstrated:

WHEN CRYSTALLINE MINERALS CAN BE BROKEN APART IN
DEFINITE WAYS ALONG FIAT SURFACES WE SAY THAT

THEY CLEAVE OR THAT THEY HAVE THE PROPERTY OF
CLEAVAGE 'AGE. WHICH OF THE THREE MINERALS THAT WE

BROKE APART HAVE THAT PROPERTY" (The selenite and TR
the calcite.) WHICH DOES. NOT HAVE THE PROPERTY OF
CLEAVAGE” (The topaz.) -

. Now discuss with the children’ whether or. not this new prop-
erty could be of any value in 1dent1fy1ng a material, Ask

IF YOU HAD A MINERAL THAT YOU COULD PEEL OFF IN ¥
SMOOTH FIAT PIECES WITH YOUR FINGERNAIL, WHAT
HYPOTHESIS MIGHT YOU™ MAKE ABOUT IT? (We could

~ use it as_one hmt that the mmeral mlght be selenite.)

WHAT OTHER TESTS HAVE YOU LEARNED DURING THE
STUDY OF THIS UNIT THAT YOU COULD THEN TRY ON THE
UNKNOWN MINERAL? (We could observe it, test it for
hardness, dersity and shape. )

IF YOU HAD A MINERAL THAT YOU COULD BREAK INTO
PIECES THAT LQOKED LIKE LITTLE SLANTED BOXES "WHAT
HYPOTHESIS MIGHT YOU MAKE ABOUT THAT” (That it
might possibly be calcite. )

WHAT OTHER PROPERTIES MIGHT YOU" THEN INVESTIGATE"
(1ts appearance its hardness, den51ty and shape.)

Now ask the children what hypothe51s they might make 1f a
mineral broke in the way that the topaz broke -- that is, in
rough lumps of no particular shape. The children should be
able to tell you that they might hypothesize that the topaz

a set of minerals with the property of “no cleavage

Put away the_ selenite and topaz samples, and keep all eight

calcite samples for use in the next activity. Tell the children ‘

that soon they are going. ‘to try to fmd out more about the cleav— b
age of calcite. )
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Activi’ty B - S ‘

Divide the class into seven groups and prpvicie each group
: : . with one sample of calcité, Ask the children if they recall
what the small numeral "3" on one face of the calcite indi=
cates. (Its hardness in Mohs' Scale.) Tell the children you
’ - want them to ignoré this numeral and number each face of ,
the calcite|(l through 6) with a grease pencil until each face .
has a number, Demonstrate to the. children how:they'cari + = -
start on any_ face of the calcite ‘and keep turning it until they
have numberéed all the faces, Select one member from each
.- group to dqd this. If you have only-three grease pencils, ask .
.the groupsjto pass them along and share them. When the
numbering has been completed, check eagch sample to see
if the numerals are legible, Collect the grease pencils,
- ) Now ask dach group to use just one sheet of paper for trac-

, i ing arounéi all six faces of the calcite with a pencil. Demon-
strate how they are to do this, To trace face # |, they should
put that face down on the paper. When they have finished
drawing/the outline of the face, they should number the draw-
ing with the appropriate numeral, To avoid confusion, and to

4 give edch child a part in the activity, assign the tasks. If
therg are five children in a group, for example you might
weite these tasks on the board: ] _ R

+

A ‘

*

ild | traces around face # 1 and wr1tes wp 1ns1de hig . “
tracing, ' R s
Child 2 traces around face # 2 and labels his traeing r2t oA

- /Child 3 traces and labels face # 3. s TR
Child 4 traces and labels face-#4.. y ‘
Child 5 traces and. labels face #5.

Child 1 traces and’ labels face #6

-

;’When they have fmlshed doing this, each group should have
/ bne sheet of paper.with six labeled outlines on it, like this:

.

%
1




Now ask the children: )‘ &

ARE THESE SHAPES ALIKE? HOW ARE THEY ALIKE?
The children should see thatthe shapes they have.drawn are
like slanted boxes. Next ask them to turn to Worksheet 28.
Ask if they can flgure out which outlines were traced from a

- calcite mineral‘sample,

-

Ké'c.e.pt all suggestions., If

. Worksheet 28
. T ounit 26

the childrén are having diffi-
; . . culties, direct their attention
| to the angles of each figure

Y ’ Ask

Name

R

ARE THERE CERTAIN MAGS

THAT CAN BE ASSOCIATED:
" WITH THE ANGLES OF THE.

. 702°
72

Qo0

g0 qpd .

CALCITE FACES? -
Remind the children that, an- .
gles were ‘found usefyl when
they were looking at hexa- .-
gonal crystals., All those an-
gles had a mag of 120 degrees,
Perhaps if thé mags of the
calcité angles were measured,
the children could fihd out <o
. something useful about those,
to0o0. ’ Lo '

K

. N . i 7w 8‘. 7% ) N ) .. . i . ‘ ., ‘
s /l1‘/’5(; . ‘ Provide the &hildren with the * ™ =

transparent protractors from -
the previous lesson and ask

. angles of the tracings they drew of the calcite faces. (They

them t6 try measuring the an-
gles on their calcite samples.’
Allow for some error, - They
should get measurements. of approximately 100 degrees and 80
degrees (actually 102 and 78). Now have them measure the

should get results very similar to those of the calcite itself.) .
As a third measuring exercise, agk the children to tum to

163




Worksheet 28 again and measure the angles in -the flgures

_ shown there. When the children have finished measuring

and marking in the mag of each angle, ask if they can tell
. more easily now which .shapes were traced from calcite and

' which were not. If someé are still unsure at this point, do
# not be unduly concerned. In the next act1v1ty the children
will build calcite models and obtain a better -undersfanding

of the shape of the. calcite crystal .

N\

Activity C i

Ask the children to remove Worksheet 29 carefully from their
. Student Manuals. Provide scissors and ask them tocut off
the r1ght half of the worksheet (the part that has one long
figure printed on, it) and to put the left half away for thé time

being,
) Now have the children cut a-
_ long the-heavy black border
" vorksheet 29 \ape . lines of the long rectangle -
x Lnit 26 . : ~and around the black-flap at

the top of it.. (They should
ignore theyslanted lighter
lines.) After each model is
cut out, the children should
fold along the three dotted
>~ horizontal lines, and fold in |
the black flap. Provide cel-
lophane tape and have them- f*,-,a»
tape the flap in-place, When
they have done thls, the chil- L
.|+~ dren should each have a model
that looks like a box with its
front. and back ends missing.
Check to see that everyone
has such a model. Now ask
the children to look-at either
open end of their models and
describe the shape they sée.
(Each open end is square.)
_ Next ask the children to look
L " at the other faces of their

- P .-

)
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models and describe thé shape-of those. (These four faces
are all rectangles.) Tell the children to place_the models on
their desks and, with their fingers, press the box shape until
its sides are slanted toward the left, . : . .

e >
. ’

' ’
0 3
a

]

" With your fmgers yress one’ s1de .of the model so that the

angles of the open end change. Holding it in this posmon,
ask the class to describe what they see.

DOES THIS OPEN END LOOK LIKE A SQUARE NOW" (No.)
WHY DOESN'T IT?, (The sides slant.- The angles are -not
the same. ) . . " R
WHAT DOES THIS SLANTED SHAPE LOOK LIKE? (It':looks
_like one “fAcE of a calcite crystal.). '

Still holding the model 50 that its open ends slant, ask the

‘,chlldren to describe the four closed sides (They are still
rectangles.) Then ask: BN \i :

IF THIS MODEL HAS FOUR RECTANGULAR FACES AND ONLY .

TWO ENDS THAT SLANT, IS IT A GOOD MODEL OF A CAL-
CITE CRYSTAL? WHY OR WHY NOT?

. In the enisuing discussion the chlldren should agree that what

you have been holdmg up is not a model of a calcite crystal
at all, If it were, all six faces\\woulc_l\have slanted sides.

o
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. little error.
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Let them check this with calcite samples _and with their own ‘l'a
models with the two open ends pr*essed aslant,

‘Suggest that the children take their scissors and cut through

the tape:that holds their : rdboard-models- "together -~Thig— ——
time they should cut alon he slanted lines of the figure, ) .
fold along the same lines as before, and tape in the f&ap
Ask: , - . e

WHAT DOES YOUR. NEW MODBL REPRESENT ?
crystal w1th two faces missing, )

(A calcite
T e
Ask the children’ to check and seeif all"the faces have slanted

edges (They all do.) -

. / :
Have the children get the other half of Worksheet 29 and cut
out the three shapes printed on that, Tell them that when

.they have bent back the black flaps on each rnodel they are

to choose from the three shapes those that are most appropriate
to complete the missing faces on their, cal&ite models. When
they choose to tape in the:two shapes that have all sides -
slanted, .ask why. The children will say that they are choos-
ing the shapes with the slanted sides because all sides of a _
calc1te crystal slant, Ask: - i . . -
WHAT DO YOU MEAN WHEN YOU SAY THE SIDES ARE
SIANTED? (The angles are different from those ofa
square or rectangle ) ) . P
D1strfute protractors and have the chlldren measure thermag
of eadh angle on their galcite, models.- The angles should .
measure either 78 degrees or 102 degrees, but allow for a.
Accept measurements that are within three or -
four degrees of the ideal,. Have the children write the mag
of each angle directly on the model. Then ask them to mea-
sure the angles on the square face they did not use, and to
mark in the mags on that. A discussion after these measure-
ments should lead the children to see the differences between
a square (or other rectanglé) and a cala:ite facé. “Thée square

(or any other rectangle) has four straight sides and four an-

gles, .each with a mag of.90 degrees, All sides of a‘calcite
face are slanted and the angles are 78 degrees and 102 de-
grees (approximately 80 and IQO). - -
- 4
198 ,




" - . _Have the children turn to ,
Worksheet 30, Ask the
childgen if the figure print-

. y . ed on that worksheet could -7
Worksheet 30 Nemel be a calcite face, Have '
Unit 26 .

o e . - them voie yes or no. Then
- ask those who said yes, .
why they d1d so. Ask those .
s who voted no why they did
so, too. Then ask the chil- . °
dren to measure the angles

. of the figure on Worksheet

\ 30. They will discover that .,

the angles on this figure-

T \ have mags of 78 and 102 de=
. \hsbghl: 4-sided polygon traced from a calcite gr‘ees. When they haVe done i

.mineral sample?

' ‘ ) ' . this, ask the children to

mﬁ:_w n%?)& ealeite shaye S . count the sides of the figure.
; analds . (It has four sides,) Then say:

o . -
one has them on rhE ' . THE FIGURE ON WORK-
sagme Sides. ’ SHEET 30 HAS ANGLES
' ) R R OF THE SAME MAG AS THE
CALCITE FACE. IT ALSO
. : ~ HAS FOUR SIDES, JUST AS’
o ‘ CALCITE DOES. WHY, . ¢~
( , - THEN, CAN'T NTHAT
\ e ‘ . IT IS THE SAME AS A“CAL- .
. ) 2 .« . . _ CIJEFACE? . . O
The figure ‘on Worksheet 30 is so different in appearance from
. . ~that of a calc_l‘;%zstal face that the children may think it is.
strange to even consider this question. But they may have dif-
ficulty in escrlbmg what is really different about the two .
. shapes. hat 'you want, to elicit hére is that a calcite face
n ' . has two_opposing angles of Q:gdegrees and two opposing an-
- . gles of 102 degrees.. Also a calcite face 'has o opposite sides
’ . tl‘at slant i‘h a parallel manner. This means, that no matter
\ e how. far they were extended the two lines (sides) would never
' i " meet, - v y

Jo




As a conclusion to this section on crystal shapes, }}ou might = -
wish to tell the class the shaper{of‘one calcite face is cdlled
a rhombus, and to ask them to name other crystal face shdpes

they have studied. (Hexagonal in the quartz studies, and g
o square in the study of salt.faces.) . .
v Optlonal DlSCO' _ry Activity . h" A . -
. The purpose of thlS enr1chment activrty is to have the ch11‘dren -

',, AT ~-discover some 1nterest1ng relationships bétween the total mag
measurements of polygons with different numbers of sides..
It also gives them.an opporturiity to draw a number of différerit
polygon -nd to use theif new .protractors agaln.

\“”&.“ * l'/ . « s ’o.‘ . . . .

-

. The fo\owmg information is prov1ded as teacher background

: For all 3- s1d\d lygons,
the total mag of the.angles /\ A A
) will equal 180 degrees. =

For all 4-sided polygons, — : — .
the total mag of the angles ) . </ -
wili equal 360 degrees. / / i _ S

For all 5-sided polygons, . N A e
the total mag of the arigleé ‘ O Q __;;._“;4_ o ‘
will equal 540 degrees, { . .

For all 6-sided polygons,

the total mag of the angles O < >

will equal 720 degrees. -

Notlce that each t1me another side 1s added to a polygon,
the total mag of.the angles. is 1ncreased by 180 degrees.

1
e S.0 & o o e & ¢ o

Some children in your class may have noticed that the angles

of the calcite face (4-sided polygon) had a total mag measure- )
‘ ment of 360 degrees. Challenge them to find out if this is !

true of any other 4-sided polygons. Have them use their’

rulers when drawing the 4-sided polygons so that the angles

L
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will be sharply defined and easy to measure with’ thelr protrac—
) . tors,, If the children measure-the angles of each 4-sided poly~-
e , gon and record the total mag for each they should discover - .
. ) ., that all'the measurements total about the same. (Each 4-sided = * ¢ '
’ polygon has a total mag measurement of approximately 360
degrees.) ] . .. . .

~ .

' - Some children may remember that the Beﬁéo\g‘al shape that -
. wag associated with thecquartz and- corunduip crystals had
: six equal.angles, each of whiech measured 120, degrees. If

'_ o I they totalezi\ﬁx* 20-degree angles they would get 720 degrees. . . -
- Challenge them again-to find cut if this would hold true of i
Lo . . other-6-sided polygons .\‘\\\\ . . S
. Ve - e . .
' M “aey ' : & o, 3
g
Some children may want to carry out the same procedure for ‘i;,
- , 3-sided and for 5-sided polygons. When they have done this, T
ask them to list in order, the- approximate total mag measure- \ - i
) ment fgr each polygon, starting with the 3~ 51ded Such a 11st i ~
might look like this: e \ o : S
‘ o . - \\ ' . M o
T Polygons ' . aTotal mag of angles ' AR E
; y . ' - . “‘:;‘;f*e.‘}&'
R ' : 3-sided __ 180 degrees
. SR 4-sided . 360 degrees ,
‘ . 5-sided .. .. " 540 degrees . .
e o L 6-sided - 720 degrees

O . - Al

Ask them if they can find an interesting pattern in their Jata.
This will give the children an opportunity fo discover that
,each time a side is added to a polygon, its total angle meas--
urement increases by 180 degrees. .
Theorétically the above would,be true in all instances , but
limit the .children's statement.of results to what ‘they have
actvally discovered for themselves. (See the discussion on
the next page.)

- Y2y 9
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* '“ALL THE THREE-SIDED POLYGONS THAT I MEASURED.
_ SEEMED TO HAVE A VERY SIMILAR TOTAL ANGLE MEASURE— _

MENT. ('I‘hat‘ ;s . I80 degrees )

' ALL THE FOUR-SIDED POLYGONS THAT I MEASURED

SEEMED TO HAVE A VERY STMILAR TOTAL ANGLE. MEASURE- -

~ MENT. (That 1s, 360 deyrees.,) St e

Some chlldren may vnsh togoonto medsure the angles of .

- 7-sided and even 8—s1ded polygons. They should be encour—
aged to do so. oo

.
-
N

Almost all-children enjoy \ising the protractors. You might
like to lat” thém take their ‘protractors home ovemight or for )
the weekend either to show-their famxlie;/what they have

learned or to report on interesting pol/ygon shapes they found

to measure, Be sure the protractors/are returned for use in
later units, g .

L
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TH%?R'OPERTY OF SCLUBILITY
, 7 B S —
§.- PURPOSE

= To have_the children discover, by e?perimentatlon another
property\hat can help identify a material -- the property
of solubility.

. ¢

°

To have the children experiment w‘ th two very different

k1nds of solvents (water and v1ne ar) not only to observe
vanous propertles of solvents but also to let them hypothesrze
that there may be other solven j

- — To introduce the notion of chem/icll reaction as a natural
R preparatlon for the work 1n Segtion
o g
: ‘COMMENTARY
This section consists of only‘“tvs}o lessonss Read both of the
lessons beforegstar&ng to teach the section in \order to be.
better prepaxed. . In Activity A of Lesson 17 the chlldren ob=
serve the dis olutlon of g small sugar cube in a little water.
They observe th1s process through magnifiers and notice that,
as air is gradually replaced by watercin the cube, most of the
" sugar dissolves in the water and is no longer visible. - They
th‘en c\1scover that by stirring, they can make all of the sugar
dksappear into the water .
In Ac:tivities B and & of Lessen 17, the childrén measure the -
,quantities of the substances they use to make solutions. In
Activity' B they start with-a given amount of ‘water and see how
many scoops of a substanée it will completely dissolve, In -
Activity C the chlldren start with a given amount-of the sub-
.stance and see how many drgps of water it takes to dissolve
it completely. If y.ou w1sh these saturated solutions can be
‘used for a crystal-growing experiment. At the end of this
lesson the children are asked to think of any other liqulds
that mrght d1ssolve substances.

-
*

"In Lesson 18, vn.egar is the solvent. The chlldren use it to-
try to dissolve five substances' sugar, salt, soda, stafch
and detergent Théy discover that vinegar will not completely
dissolve all ofygse stbstances. They also discover that ~_
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when vinegar is added to soda, bubbles appear. This chem-
ical reaction is used to have the children see that this may
be another property that would aid in the identification of

" materials. At the end of the section they are asked to con-

sider whether or not there are other kinds of chemical redac-

~tions “t'h“e“y’ rﬁight usé'to hielp in identifying materials .

“Teaching time for this section should be about two class
periods.

Materials and their préparation are usually given with the
lessons but the following materials will be used throughout .
the rest of the unit and are listed here for your convenignce.
You will find it helpful to prepare these things'now. Making
_the scoops is easy if you foHow the instructions given. One
scoop is used for each of the containers to avoid contamina- .
“tion of substances. ‘ © - : ~
Get 32 four ounce plastic containers from the kit. Fill each
container to the |-ounce mark,with white substances as listed
_below. Be sure to label each contalner with the name of the
substance on masking tape. Thi$ is what you will need for a
class of 32: . ] _ /

\

s

(4 0z.) contamers, each w1th 1 oz. granulated sugar -
II L1} ' 1t L1} n table Salt

" baking soda - <L

8

8

4 \

4 " o " " " " cornstarch
2-.

2

2

2

" Lo - " " detergent

" " oo " plaster of Paris
" . " " " . chalk powder

" e meoon o Epsom salt

All of the above substances except sugar and table salt are K
prov1ded in the OMSI kit,

A

w0

The kit also contains 7 plastic straws and 32 yellow Tinker-
toy parts for making the scoops.’ In addltlon to these,. you
will need a paper cutter and tape.’

r
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How to make the scoops:

Step | .Place a straw on the paper cutter so it Qoeé through
the diagonals on the grid and one end of it -extends .
about an inch past the cutting edge, Cut. The re-
sult will be a 45-degree angle on your first scoop.

1

&

: // First
1! . Scoop

an O T 7T 7 77T 77 272770

Cutting Edge

o

Step 2 Place the straw horizontally on the paper cutter and i
cut off the point about one inch from the end for your
‘ \ seconrd scoop. - o

‘Second
Scoop

o ,4,450\
o7 7 T 71 I

»
\

Repeat the prqcedure until.you have 32 scoops.

>

-

Step 3 " Push the blunt end of a scoop over the end of a
yellow Tinkertoy until the Tinkertoy reaches the
, short end of the angle. '

91" / ooaer




\

3

. . ' * * Yellow Tinkertoy

- -
. - -

Step 4 When all the scoops and handles are joined check

the distance from the tip of the scoop to_the handle; .
using one scoop as a standard Make adjustments
if necessary. c . .

B

To prevent loss of the scoops, you may waﬂt to place them
in ‘the contaihers of white substances immediately.

-
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Lesson 17: DISSQLVING SUGAR AND SALT IN WATER - °

The purposes of this lesson are to introduce the property of
solubility to the children and .to let them discover, through" -
experimentation, how two different substances vary in this¢
- ., property.
. ~Activity A is an individual experiment, Each child has his
' ”""\*, . own small sugar cube and.container of water in whic¢h to-dis-
.@\,ﬁ S solve it, Each child observes the process of dissolution - Cos
AR through hls hand magnifier, - : ] .
S § ¢ § Activ1ty B each group of four children starts with a givén e .-
_ amount of water and ékperiments-to-find out-if- this amount
o . of water. ' will dissolve more sugar, moré salt, or the -same
'” amount of each. The children measure the substances and
- keep a. tally of how many scoops of each material can be S D
completely dissolved in 2 cm of water " When & solution be- .,
comeés saturated with a substance, additiopal particles will - :
S " $.  npt dissolve ahd o more of the substance should be added. L
e . ° The children will discover that morg sugar will go into solu— Tt
e " tion than salt -- that is, sugar is mofe soluble than salt.- e
. o ‘ /T«his is &.good activity to do just before lunch to find cut _ .
. +  /whether the solutions Will dissolve more of the™ .substances T
- L LT after lunch7— Saturated solutions of sugar ar‘d salt may be T T
/ used for crystal-growmg. __— o oy

- s - s
s s S : 2 . - v . a . . - K ~
»

\

EO o In.Activity C, each childlstarts with a given amount of each - <

' " substance (I scoop) and fngs out how many drops of water v o
1t takes to dissolveit. The“children diséover that it takes' ; a}
less water to dissolve the sugar than it does the salt, reaf- -3

. firming their findings in Activity B -- that sugar is ' more sol- \ /
uble than salt, The children record their findings on Work- - T

A sheet 31 R O,

e Y ’ It is important that all containers.bé washed thorovi}ghly after

‘ S . o each experiment. Soaking the empty - -containers in hot water '

" Cs- . for a- whilé should simplify this task. One or two: children

.

S0 '~ could be given this responsibility. - -’

.
5

.?




.
200
Y o \)4

¢

ERIC

Aruitoxt provided by Eic:

=~ | toothpick . L

"= 4 one-ounce containers, gach with water to 2 cm mark -

- d . Y

- -- Activity A '_(for each child) SEE
. sugar cube‘(small "cocktail” size)

one=ounce plastic container with half-ounce of water

- l.magnifier R

_ small (4" X 4") square of black construction paper

IS i
s Act1v1ty B (for ¢lass use) - T ' o

-

.— 1 one- ounce container w1th 0 -4 crrl tape on the 51de for .

measuring water

s

W

- Ac‘t;Lvity B (for each group of 4) -t

Itray : ) . - Co

v

-

+~ 4 new toeti'xpiq‘ks

- 4 small;squares (4" 4"), of black con'struction~.pager

= | four ounce container.of salt w1th scoop .

th , 1

- I four-ounce container of granulated s*ugar, with SCoop

o TR -
< . - W

. S ——.Activit-y B (opticbr_l_a_l') - -' ' . {
- 4 four-"i"néh cylinders from volume-measuring iessorle :
— saturated salt solution (enough to fill 2.cylinders) . .

-

— saturated sugar solution (ehough to fill 2 cylinders)

4




-= Activrty C (See PREPARATION ) -
= container of salt, with scoop .

- contamer of sugar, with scoop

\ - ! Con
. ~— L ) .'"-"‘\Act'ivi‘ty Cc '(for each“'child) -

\
- 1 medicme dropper

~~._| reaction tray, with scoop of sugar and salt : - \\
-3 new tooms\\

~ | four-ounce container with 27 ounces of water

T o — “Worksheet 31

R PREPARATIént o
.Y . v ) ., R " .
: . Assemble the materials,;for the different activities on trays. . .
) . _ You may want the children to help you with this. The reaction :
- . traysufor Activity C should look like this:. - . T
T "”"‘“’“‘"“*"*”” T T T . | - 1 scoop of sugar e - .

i - \\ » : . ) . . - N ‘ « * h ‘ ) ) ‘:: N - '( . N i ) Lo
o M . ' . -~ / ¢ . b . ) - ) ’ - N .‘ - :* .
o N . R ‘ : L .

, L ... | scoopsof salt/ = - e - . .

i

**  "PROCEDURE I T T
.Activity A - B

- ‘ As31gn five children to distribute .each of the five materials. .

| 3 When all the children havé their materials;, "ask them to place . ‘-

the square of black paper under the water container, Then say
. that you want them to: -observe, with their magnifiers, what
° o * happéns to & sugar cube when itis placed in water, 'Have .’

- 7 -%- 7 them droptheir cubes into the water - . . ‘ -

x
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As thé cube diss“olves discuss with"the children what they
see happening, Some possible observations and discussion
points are; - P . .

- . . N -

]

I, Bubbles float to the surface of the water, "“Ask the children
“to hypothesize why ~this is. happening. (Air is escaping )

2. The cube begins-to crumble -- little pieces break off and
~ fall to-thé bottom of the container - v

3, About three fourths of the cube_ breaks dow

o o -

Now have the children use their tooth'picks to break up the - o .

. rest of .the cube, Discuss what happens. (The sugar dis-

_appears, )
Ask:

WHERE DID THE SUGAR GO? DIDWE REMOVE ANYTHING
FROM OUR CONTAINERS? (No.) . -

e
- -

IS THE SUGAR STILL IN OUR OONTAINERS‘? HOW CAN WE
IND ouT? . ‘o
Tasting is’ the best uggestion here. Let the children do this,
-but remind them that tastinﬁffouldsmey@r\be used to test an =
. unknown substance, Say that, in this case\YCer -

' that nothing has been put i1to. th% containers but sugarand '

< w

>

.

water, and therefore you are permitting’ the: children to use the:
tasting .test, r Lo~
Ask the children how the water tasted and what they ¢an sur=
mise from this, (The water tasted sweet; therefore, the sugar
-1s. still there but it can't be seen,) )
Ask’' the children if they know a word that describes what hap-
pens when sugar disappears like this in water, If no one
thinks of "dissolve," give them th'is ‘word, Reiterate:

WHEN A SUBSTANCE MIXES WITH/A' SOLUTION SO THAT

THE SUBSTANCE DISAPPEARS -- SO THAT NO PARTICLES

.. -OF.IT CAN:BE SEEN._:—_MLE SAY. TﬁAT THE -SUBSTANCE

-

Lot

DISo OLVED

N

. -
) EEE T S T '
v . .
. .
: IS
. -




-~ Then ask:

. WILL SOME MATERIALS DISSOLVE MORE EASILY THAN
OTHERS? ° ] -

~ N *
.

-

‘Let the children spectflate. Have them _name some obvious
rexamples of-materials that do not dissolve as easily as

~

" _"" . sugar, such as_sand, wood, plastic, steél, Copper, 91355'
T minerals, people, vegetables, etc,, "
. \ . ) ) ) -
S WHAT‘-ABOUT SUGAR AND-SALT? Do YOU THINK ONE .
- o T OP,,EI‘HESE SUBSTANCES WILL DISSOLVE AS EASILY AS -

THE O'I‘HER'? HOW CAN WE PIND OUT'?
~ Ask the children- to makeé suggestions for experimental pro-
cedure and apparatus They will probably.suggest measuring
quantities of materials and water used.” If they don't, ask .
“them. to remember some of the. $cientific procedures they_M\
1earned in. Unit 23, Conditions Affecting Life

£

T - L g the conclusion of this. discussion, ask one or two chil-
-dren to. coilect the equipment. The black-squares can be )
saved for the next activity.' The toothpicks and sugar solu- ..
- tion should be thrown oit. The containers should be. th’or-—

. oughly Washed and-rin'sed in warm water, Eight clean cgn-
tainers should be kepf handy for use in*Activity B .

¢ A
s N > : - t R . .

Activity B - -t < .

Lo - A half-hour before lunch is a.good time to start this activity
oo ) ' Hold up two l-—ounce containers each containing 2 cm of )

- water, and pose thisaproblem to the class: R
IF WE HAVE TWO CONTAINERS LIKE THESE, WITH THE .
SAME AMOUNT OF WATER-IN EACH -~ AND IF WE.PUT
SUGAR IN' ONE ANDSALT IN THE OTHER -- WOULD WE
BE ABLE TO. DISSOLVE THE SAME AMOUNTS .OF SUGAR
AND SALT? '
WOULD WE BE ABLB TO DISSOLVE MORE OF ONE SUB-
_ STANCE THAN OF -THE OTHER? ‘HOW CAN WE FIND ouT?
-(We should4ry it’*) .

2

L3N
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. HOW,WILL WE KNOW WHE‘\T ‘WE CANNOT DISSOLVE ANY
MORE SALT OR .SUGAR IN THE WATER? (When ‘all the
~particles will not disappear. ) '

Dividé-the class into groups of four and assign each child a
letter (A, B, C, D). Have the groups help arrange the desks
so that Child A and Child C are facing each other, and be-
side them, Child B-and Child D are facing each Gther:

A 7B

salt sugar -{ -—

-

*Children A and C share the -
’ salt,-container»and scooD.

L3

salt | sugar.| - _ Children B and D share the -
_ L. T F sugar. container and SCoop..

O 'O
tT C': .D

-

Distribufe the materials and tell the children that, in each
group, Aand C will work only with the salt and B and D will
work only with the. sugar. "Each pair.of children who are -
working together will need papeéer and pencil to keep a tally

(444 /4 etc.) of how many scoops they ére able to dis-,

. solve The black squares should be used as in Activity A.

<w s

Discuss the following procedure with the class:

-

1| . \Put 'onessco‘op of material_ir; the water,

. - . 4 - - R .
2, Hold the ‘container seJé:Urely and stir with toothpich
- £

3 When or 1f all the particles disappear, add dnother scoop.\,

Q s -
‘With paper an& pen01l keep a tally of how many scoops
are put in. . .

LI 1
O st




Observe and lelp your partner if your solutlon becomes
saturated (will dissolve no more particles) sooner than'
his does.. S C.

.(nv\'

SN
NOTE: Watch the salt experiments carefully "One scoop\of
salt makes the water reach the saturation point., If the'chil-
dren can sée small particles, the,yﬂshould not add any more,

Ask the children to do the experiments If they started before

lunch, have them leave their equipment in place until after R
lunch. At that time, the children should’check their $olutions. :
If all particles are now dissolved, they should add another e
scoop and.try to dissolve that. Some children may be able et
to dissolve another scoop ‘or two of salt. Thé children who T
have sugar may-be able to dissolve as many as 3§;scoops.

When the children coné¢ludé thattheir solutions- have reached
the saturation point, make a'class tally chart (similar to'the
following one) of the number of scoops the children.were able
to dissolve of each’ substance, List the number of scoops -
(1-40) and tally the number of children who dis solved each
number of scoops: . ) o :

0

N :

o




] J art showing the number of children and -

Lo . the number of scoops of salt or sugar they
' dissolved in 2 cm of water, Each tally

mark represents a child, : o ;

e, . ¢ Number of Children S s
R ‘:‘{"(’ Co Number o) Scoops “SALT ‘ - SUGAR - . \A

x ‘ 1

‘ A B .
.
* 1
EE -
.

-
-

Py
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CActivity ¢ ¥

From this data, the children should be ‘able to conclude that
more sugar than salt can be dissolved in a given amount of .
water, Therefore, sugar is more soluble than salt -- more
sugar goes into solution than salt, ‘

. . a
NOTE: If you wish to make crystals have ‘the cleanup crew
pour the saturated sugar solutions into two four-inch cylinders.
Mark these “Sugar Solution," Also have them pour saturated

- -salt solutions into two cylinders and label these. Tell‘the .
children you are going te let these solutions stand for a while,
Ask what they think will Happen. as the water evaporates ‘Have
the children check the cylinders eveéry day. Within'a few
weeks (probably aftér the conclusion of this unit) ~sugar and
salt crystals will’ form on the sides of the cylinders.” The chil=
dren can observe these closely with. their\magnifiers. Crystals
will forii more quickly in a warm place, but pit the cylinders
anywhere where the. children -are not apt to kriock them over,
However, .even if there is some spillage, enough material will
ciing to the sides’ of the cylinders to form crystals v

Have the cleanup crew thoroughly wash.and rinse the contain-~

ers used in the experiments. They should throw away the used

toothpicks. The black squares can’'be stored for use next year.
.o a

. [y < . -

v

Raise this ‘Guestion: SR o -

SUGAR WHICH MATERIAL WOULD TAKE MORE WATER TO
DISSOLVE? .

Let the children speculate., From their work in the previousﬁ
actiyity some children may be able to. hypothesize that since
' sugar is more soluble than salt, it will take less water to ~

dissolve it;. This may be too sophisticated a geperalization
for most of the children to suggest. (This activity should
“help show the connection.) E

-

Seerthat each child has a tray of‘materials. .Ask the ‘children

to rempve Worksheet 3! from their Student Manuals, Ask them

*

IF YOU HAD ONE SCOOP OF SALT AND.ONE SCOOP OF ‘T“ N

o Ny,
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H
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Wworksheet 3t

it 26

[N

*

il

L

.wa

L5

to place their reaction trays-

_on t%wov‘ksheets in such A

at each well ia the tray
has a, black area under it.

" Have them eacdh put one tooth-
pick in the salt and the other .
1in the sugar. Be sure’ the.y .
understand they are not t6 *

: interchahge the toothpicks.
They are to use the salt tooth- -
pick only‘in the salt,, and, the
sugar toothpick oply.in i:he

sugar.

Explain that. this is to

-~

SR "\otom%i B

.

T Totaly

-~
-

.
..lrl

I\

. .
N - N -
Lo " -
\'ﬁ AN -
=~ -

A

t-

Q

Jprevént contamination. Also,.

.

so that the substances do not
‘blow* away , ask the childrén

‘

not to breathe too closely over

M1

.
N K

0

them. . P £ .

Now h'ave"'he childrert use their -
. medjicine droppeérs to put one
dtop of water into the salt and
one.drop into the sugar. Say
that next they should stir each®
-substance for a few seconds
with the appropriate toothpick.,
but they should stir carefully
ar thewwall poke holes in the
K] h!ay s .

]
RN

»

S . If a. substance has riot mssolved in the first drop of water,"
b _ : each child should add moje drops =™~ one at a time.‘ ‘After the
. s _. tenth drop they may add five drops at a time. ‘They should
e . 7 keeptrack of how many drops are added to gach substance, )
S ) and not go beyond 75 even if a*substénce is not dissolved - ;
+ No, substance can be considered dissoived until ail'particles
have disappeared., The chrldren may wish to use magnifiers " -

° to check for remaiiiing particles. L. v

. . When all the children have either dissolved the sugar and salt,
. L= , .or.used their quota of 75 drops, “make.a classropm charﬂbof
. . ) their data: L
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_ Glart showing the number of childrén ard . e
‘the’ number of drops of water they used to ° ' ;
" dissolve 1 scoop of salt of sugar, Each .
. N tally- mark repi'es.epts.a. child, o . ) i
“ N , Number of Children B —1.¢ :
Nugiber of Drops “- U SALT SUGAR =~ o e
1 T . : vt T
] 2 3 ] .
N I - > T
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. \ (still a few particles-left). '~ © " . . N

<@
o
o

+ i

Discuss the data on the chart with the children. They should . .
be able to, conclude (I) that salt does not dissolve as easily ; ‘

# as sugar apd (2) that sugar is more sqluble -- dis solv;a‘s more’
easily -- than salt. ) NG - e

Next discuss the uséfulness of the pfoyerty of solubility, Ask
the ‘children if solubility could be used as a.test to distinguish
"~ one matefial from another, in the manner in which they used .
‘results of tests for other properties -- such as*hardness, den-
' ,sity, etc. They should be a&e to éee that, By the method they
. have used in this actiyity, they could test the solubilitv of a
. substance and. compare it with the solubility of sugar ard of.
salt . '

- o (




-

- a Tell the children that today water was -ysed to dissolve the

substances. Suggest that maybe other liéquids could be used
e to dissolve a substance. Ask:

. N _ WILL SUGAR DISSOLVE IN OTHER LIQUIDS AS BASILY AS IT .

‘o " L. DID IN WATER? WILL IT DISSOLVE DIFFERENTLY IN SOME -~ -
: WAY? WILL QOTHER SUBSTANCES DISSOLVE IN' THE SAME ) -
. ‘ ‘”WAY REGARDLESS OF WHAT. LIQUID IS USED‘? e
o Then say that in-the next lesson they will find &nswers to some
\)_ . of these questions. =~ . - ‘

- Assign a cleanup team to throw away the splutions and the,
toothpicks and to wash and rinse the reaction trays for use in
. the next lesson.
e . .’o LY
Save.all the worksheets as the data will be needed in Lesson
20.
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Lesson 18: USING VINEGAR \AS A SOLVENT
: E ) .
Here the children use-vinegar as a solvent, instead of water, S
They dissolve five dry ubstances: granulated sugar, table ’
salt, baking soda, cornstarch and powdered detergent, The N
pufpose of thé lesson isito let the children discover that S o
i water is not the only, and not necessarily the .best, solvent.
o T . By experimenting, they find answers to questions”such as:
Will sugar be more soluble thaa salt in vinegar? Will sugar
and salt dissolve differéntly in vinegar than in water -- that
R ) is, will it take more.or less vinegar than water to dissolve
' each substance? Will vinegar dissolve substances other
than sugar and salt" S . ‘ -

. When the children add vinegar to baking soda, they will ob-
serve that the mixture bubbles, The lesson ends with'a dis-
e cussion of this phenomenon. The children are told that it is
" called a chemical reaction and that they will be experiment-
ing with the property of chemical reaction in-the next section ¢,
~of the unit, . .

~

. MATERIALS ‘

. N )
— 5 four~ounce containers- (with scoops) of the follow- .
ing substances: salt, sugar, soda, detergent and starch

. p— for each child -- /a

. ~ reaction tray containing one scoop of each of the .5 sub-
stances (See PREPARATION, )

- ,f

— § toothpicks, i for each substance
— Worksheet 32, nencil

-~ rriagnifying glass _

— medicine dropper l ‘ ..

A3
14
- == for edch pair -- » "
. ,

-1 'iour-ounce container w thhlvounce of vinegar. in it e

- —— ]
b e
- LY
> R 4
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"‘PREPARATION
- Before class, ask five children to help you prepare the reaction ' L
. \ ‘ trays. Assign one child-to put one scoop of sugar in the round ’
B! \ " ~_well of each tray. Assign a second child to put one scoop of
’ salt in the well next to the sugar, ‘Assign the three othey ¢hil--
dren to putin a scoop of soda, starch and detergent as shown
. in this qi'awing ' -

R

1

N 1) "‘) . P . N ’

SR .

L T —\ .
/ . .\

Sugar. Salt Soda Starch Det\\ergent )

4‘\!{'}3&;‘“' - . ‘

*

" Pour one ounce of v1negar into each of 15 four-ounce conta1ners .
and provide twg mediclne droppers per conta1ner

PROCEDURE ~ *© PR Lo

-" B .

~~ .
'Bnefly rev1ew the f1nd1ngs of the previous lesson -- that some
substances dlssolve more easﬂy than others. If a substance .
can be dissplved, it ‘has the property of solubility, Some sub-
stances are more soluble than others, FPor example, the chil--

~ dren found out that, in water, sugar is more soluble than salt,.
Tell the chlldren that today they will try to f1nd out whether
or not it makes any difference what liquid is used td dissolve '
a substance Pose these ques,tmm; — - ; S

IF WE USE VINEGAR INSTEAD OF WATER DO YOU THINK
SUGAR WOULD DISSOLVE IN IT MORE EASILY THAN SALT‘>




v ;’ :q’ I3 , ‘
WOULD SALT BE MORE SOLUBLE IN VINEGAR THAN ! R
o SUGAR?
4 +
ST WILL BOTH BE ABOUT EQUALLY SOLUBLE ™ VINEGAR?

- WILL OTHER SUBSTANCES BISSOLVE IN VINEGAR”
HOW GAN WE FIND OUT? ’ . .

- . G1ve the children an opportumty to make suggestlons An i '
‘ obvmus one is to try dlSSOlVng sugar, salt and some other
subsfances with vinegar, Tell the children that that is what __

they are going to do -- expenment w1th Vmegér as the solvent

- B “ Children will'be working in’

o o L pairs to share the vinegar, so
) have each pair move their
- Jdorkteee 32 e desks together. Have the chil-
] Lo dren remove Worksheet 32 from
; Di'ssolving in Vinegar their Student Manuals and get

R out their pencils, Assign mon-

e > itors to distribute one reaction
o *'tray (containing the five sub-
C ) aE stances) to each child,” The -
* . 1 ° - children should put their trays.

B Sugar Salt Soda Starch Deterxent . in' the ,apprOpriate place on the

_ : ARCE N worksheet, as in the last les-

. o ~ T 1] 1 ~ son. Ask anothér child to give Co
v ' , © five toothpicks to ‘each member
ST ' . of the class. Tell the class to
' use one téothpick for each sub:-

. stance. Show how you want the

! . [* toothpicks placed when they

( . * are not being used for stirring
—_ : . (i, e, away from the bottom of

- N R L . the worksheét) . . .

J B .

.

NOTE; See p.216 for possible results. oo é _ o

-

. 213
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Placing the toqthpicks 1n this position when not in useé pre-
. - vents the danger of knocking another toothpick from its well
when stirring a substance.

—Note position of hands for- stirring.
' —QOne hand steadies the tray, ‘the othér stirs,

>

- Again remind the .children to be careful not to poke holes in
the tray thh the toothpicks
/ ‘Have. a,magniﬁer and a medicine dropper distributed to each
* child, and a container of vinegar to each pair of children. -
Explain that two children will share the vinegar and that they
should remove their droppers each time ‘they are used so °
that the container will not tip over. ~

L/ E . .
Have the chilqren listen carefully as you give them the *genw—
eral instructions. You may want to list some of.these on the

. chalkboard.* When you have given the 1nstructions, the chil-
oL . dren should be able to proceed on their own after Step 2, with
N e e only occasional guidance. .
: General Instruqtions: .
& . »*
- L . ) Step! Add 5 drops of vinegar to all wells, ~ ‘
] . '
. ' Tally the number of drops below each substance on’
the worksheet.’ ‘ X
A
2 2 ~t .
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Step 3

N
Stir each sub’s'tant:e with itswown,.toothpick

- ;4 N N
Record any unusual observahons at bottom of work-
sheet, - e

(NOTE: .You may want the children to do Step | before
you give them the other steps. They will probably
observe thdt the soda bubbles:) x

Add l.dfop at a time to all wells, -

-

Tally the number of drops.
Stir,
Make ohserva\ions

(NOTE: When and if any substance d1ssolves stop
adding vinegar to that substance Then record the -
total number.of_drops. Make observations for that
substance.) . o ‘ ' *

1 )

After-10 drops have been added to any Substance,

.add 5 drops at a time until the substance dissolves,

If a-substance has not dissolvéed by 75 drops, stop
adding drops.. Record obs ervations for all substances
(general appearance of each solution)

IS

Have the children do the experiments in the pr‘escribed man-—
ner. When they have finished, have thém discuss the results.
In this discussion the children should answer such questions
. "Did salt dissolve médre easily in vinegar than sugar did?
Or was sugar more soluble in it? Were both about equally
soluble? What were the results when’ vinégar was added to

. the soda? To the starch'> To the detergent?"
N )

PN
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Possible results are : - s L. , ~

.

" Ask the children why the soda bubbled and the. other substancesf

did not. Explain that bubble-formation is a property that ap--

. Suga~ Salt Soda Starch . Detergent _.
' = 5 5 5 .5
? wr | o wo| e
. 5 Y 5y -5
- 5 1 ¢ | s
- 5. ; 5 ,
.5 % - ]
%) ’ g * 5} ?; g 55 .
. I = 5 5
5 5. 5.
- ~ k 3
: J A A
. ' 5 ‘ - 5 5 .
: | - 5
- Total number of ' : S COEIN .
drops to dissolvel’ . 6 75" 40‘45"" : 75 15
vr . Jamestelean) boittigel |- nof‘ = not
h dissolved at' |justa tew. bff!’?"‘ dissolved | di:s"a“ vedb
.., Other : ; el "dmolyad —looks .
observations 6 JFOPS- mjf‘"': “40‘45 milky _;ew lunrs @
—looks ‘| drops | “ver camy at |
~¢,|°;€7 1 P n c(ouzly ¢d325

pears when soda.and vinegar are mixed. This kind of propeérty. -

is called a chemical reaction.. Ask the children how this prop-
erty of chemical reaction could be used to help identify mate-
rials. (If the children had an unknown white substance and it

" bubbled when mixed with vinegar, they could hypothesize that
it might be soda.) . Tell the children that in the- next lesson they
will do sonie experiments to test for the property of chemical
reaction. j

. When-cleaning up,*set aside all the containers of vinegar and
a medicine dropper for each, to use in Lesson 20,

_«#+3. of children wash and rinse the rest of the droppers, and tthW

away the reaction trays and toothpicks

win
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, N O’I‘E‘ You will probably want to conduct both activ ties of

‘ // the next less?on on the same day, while certain equipme\t is_

/ fresh and handy. For Activity B the children should bring.in .
/ small samples of materials for testing. Do notreveal at t\is .
| time what property is going.to be tested. . (The children will
; find out in Activity A that the property is a reaction of starch .
; "to lodine, and in Activity B they will be testing for the’ presence AN ,
.« of starch in the materials.) You will want the children to bring \

both starchy- and~non-starchy~materia~ls~ so choose a random

. as sortment like the following' "
any raw vegetable ) piece of@read cookie or other .o
. bakery product™ - . T
small piece of wood : ) I
CT . newspaper, piece of stationery i
any raw fruit . : , e .
. \": dry beans or peas .. s Al
"stone ’ . : o
. plastic’ R .
leaf V / ¢ S E e S
o S — _M_M,_..:_M,wmuflower petals-- - T T T
bits of cereal ’ : _
- I ~flour
. “ o - : *
After instructing the children to bring in one or more smali
v samples of the above, you may wish to say.

IN THE NEXT LESSON WE ARE GOING TO LEARN A TEST TO °
TRY TO DISCOVER A NEW PROPERTY. AFTER WE LEARN. HOW
TO DO THAT, WE WILL NEED SOME EXTRA MATERIALS LIKE :

., - THOSEITUST MENTIONED FOR EXPERIMENTS USING THE
/. NEW TEST. .

(To be sure the children get some noticeable results, be sure
“-._ . tohave araw potato and a banana on hand. These can be cut
-up later for use by the entire class )

27
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- S IHE PROPERTY OF CHEMICAL REACTION —
h ." ~ . = % - . '

' - This section concludes the work of the unit, It consis'ts of
two les sons. In Lesson |9 the children perform experiments
in which they use phenolphthalein (fee-nol-THAL-een) and ,
_ ] iodine solutions, instead of the water and vinegar used in the", -
T : solubility lessons. The purpdse here.is not to .discover the N
A, ) . . solubility of various substances, but to discover a new prop:
‘ St v erty -- some reaction, between a liquid and a. powder <= that '
will enable the children to distiaguish, one substance from ) o
- ' others-, Eight white -substances: are tested -with the sgluti‘ons -
PP - in Activity A, and the observations recorded. After discover- '
ing the reaction between starch.and iodine in ActivityA, the
children test other materials for the presence of star in
B ‘Activity: B‘ (They use the materials brought from home- for
: this ) SR , -

g -

R

In Lesson 20 the child‘ren use all ‘the data they have gathered
i Sections: 6 and 7 and in Lesson 19, and all the skills and
learning acquired throughout the unit. It is an extremely im~
. portant. lesson, both to you and to them; "It is important to you
" because it gives you help in evaluating the children's under-
standing ofithe purposes of the unit, Lesson 20 is important
to.the children, because -~ in beifig given the opportunity here, ¢
< to use what they have learned to identify a number of unknown . e
substances -- they will see that: ' o - '

]

) I, Each mater'ial has properties that distingui sh it from other.

- ot materials Ly .o

2, If you know the distiriguishing properties, you can identify

the materials. The more distinctive properties you can dis-
over, the better your identiﬁcation is . S

3. To discover the properties of a material “you have to- know
L . . tests that reveal the properties The more tests you can give
d material, the more properties you-can disco_ver and use as
guides to better identifications,
2

Since the above are main purposes of the unit, do not let the
. seemingly longd preparation for Lesson 20 deter you from teach-
. ing it. -Upon.looking it-over, you will find that you have al-
. ready prepared and used a good many of the materials in pre-
, vious lessons; and are quite familiar with most of them.

.2 -
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Lesson 19: THE PROPERTY OF CHEMICAL REACTION

" In Activity A of this lesson the children continue to explore
- the property of chemical teaction that was introduced in -
*  Lesson 18 when the-.class noticed bubblés resulting from the .
" mixing of baking soda and vinegar, Here the children experi-
¢ ment with two. different liquids and eight white substances.
They make several discoveries, each ofvwhich is a change in
. the prop%rty of celor, ‘Of the color ¢changes, the one most
useful to the children for further expefiments is the starch
and iodine result, The children are told that scientists often -
use iodiné-to-detect the presence of starch in a material,
. They know starch is, present if iodine changes the color of a,
material to dark blue or purple ‘s s b

In Activity B the children put this new knowledge.to,use- to
tést various materials brought from home as requested at the

¢  end of the last lesson: If they haye not brought the materials,

>

/

N

-suggest that they do so  tomorrow and schedule the activity for_

then. If-they have -brought the materials, you may wish to
conduct botji activities on the same day, while the children
. still have the iodine solutions and medicine droppers at hand.
There is another Jreason for conducting both activities on the
same day -- 1odine solution, even though covered loses its

‘
1

<

usefulness for testing in a few days. . . '

. . \: N
It is not necessary to use the term "“:chemical reaction" 'in this
- lesson and the negxt, unless you wish to do so. "Reaction" is
sufficient for thé purposes. ’

S i ' 1‘ .
1} » —
. e - Activ1ty A -~
From the OMSI Kit' “
— 4 one-ounce bottles of phenolphthalein solution
— | one-ounce bottle of iodine- solution - -

— 30 one-ounce plastic ¢ontairiers *

. 230 ™
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- — 30 white plastic covers (Remove these from. clear plastic
vials that measure 3% inches in.léngth and 14 inches in
diameter. These covers also fit the |-ounce containers,)

— 30' medicine droppers ‘ . .

&

=~ roll of plastic wrap
.~ measuring cip

Also 'necessarir‘ | ' .
- cup ofwater L. N

- markmg pen : ; .

— 8 different. white substances in 4- -ounce containers with
scoops (from previous’les sors) S

N - Worksl}eet's 33and 3« | .- g
e S " Activity B -= : )
. . ; R ' '
"+ w = rawvpotato - o
)
— ‘banana " - o -

- samples of material brought by the children for testing

L (vegetables, other foods, wood, etc. , as suggested at
- . énd of Less‘on g . - ;
oy knife, LA : Tt

~ 15 containers of iodine solution with droppers
-~ paper, pencil ) e

- newspaper to protéct.desks,\ ™ .

PREPARA’i‘ION o S
The- ‘materials' for this lesson are based on a class of thirty,
Each 'child works independently, but each pajr of children must
share a container of phenolphthalein solution and a container
W of lodine soLution. . . -

., %

‘To.make the iodiﬂsolution, pq’un-one-half'ounCe of iodine -
(half the bottle) into one cup of water, Mix,’ then-pouf about

(=




*PROCEDUR& L

Activity A ' e,

Ve

‘The _phenolphthalein is already in a highly dilute solution,
'and place oh a tray, along wlth 15 medicine droppers.

. tainers of the 8 different whlte substances you prepared at %

N still has a scoop in it,. : .

Then ask

one-half ounce into 15 one-ounce containers, .Puta, white
plastic cover .On each’contaiher, mark it "lodine" and place .
ona. tray Place l5nmedicine droppers on this tray also 2

50 it is necessary-only to pour one- ~-fourth bottle into the-
other 15 one-ounce. coritamers. ‘Cover and label these "Pheno".

4

Also have ready, for distribution by monitors 4 ~-ounce con-..

the beginning .of Section 6. Checkto see that each substance - e

Q.

A
L

Briefly review the Ifind1ngs of the previous lesson. Remmd the
children that Vinegar‘was mixed with five different substances
but reacted with only one. Ask which substance reacted, and
how it reacted. (The soda reacted fo the vinegar by bubbling.)

COULD THIS PROPERTY OF REACTION BE USEFUL IN HELP-
ING TO DISTINGUISH SODA FROM. OTHER SUBSTANCES?- - °

_(Yes. HOW? (You could mix vinegar with each of the sub-
stances, If bubbl°s formed in a substance, you could
‘hxpothesize that it might’ be soda. e

Reiterate for the children that in the case of mixing vinegar
and soda, "the: property of reaction i's useful in identifying

" a particular material," Then ask if the children thing there,
inight be other reactions, besides the property of bubbling,-
that might occur if other liquids than vinegar were uséd ¢n
the white substances. Let th.em think about this a little,
then ask:.-

WOULD YOU LIKE TO DO SOME EXPERIMENTS AND SEE

WHETHER OR NOT YOU COULD DISC OVER OTHER REAOTION
PROPERTIES"

3
L »
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Show a container of phenolphthalein solutmn and a contamer
of iodine solution Ask the children to try to think of a way
to use these twq solutiofls to help discover possible react1ons .
The most common suggestion will probably be to mix gachof,
the solutions with the white substances from the last lesson,.
and see what happens. If a reaction occurs, it could be re-
corded, The new reactioris, if any, could be used to help

) dist1ngu1sh one :;ubstanc'e from another,

Explaim that each child is going to have the opportunity to
discover new properties of reaction for himself, after hearing
the procédure and receiving materials. Say that each pair of

" children will have to share one phenolpbthalein t:ontainer and-

one mdme t‘ontainer, and should now arrange - their desks

arrordmgly. If the desks slant, ask the children to prop the

.. ﬁops up -so that they are flat, When the desks are in place, .
and‘each child has’a flat Burface on which to work, have them
remove Wo'ksheets 33 and 34 from their Student Manuals '
Each child w1ll also need a pencil,

" Worksheet 33 " Name P ‘. :
Unit 26 - Wdrksheet 34 Name i
: ; Unit 26 s
Starth \f Chalk :‘\’\ N -
e P < R [OISERVATIONS - -
“ Pheno . Pheno E’heuo 7 Phenolph(h\le:/[ , lodine b
’ ] . 1N _ Soda 'tu/ ed Sfaraé tarned
- | todine 1 | 1odine todine: Fos }"& dar/\' unr /8.
I s PR
. Plaster ‘ Detergent Sat - Deterjéﬁt | A/o reac 7‘/005
N . || zarned « ;w?“h c halk
*hen Pheno 4o
ehern | rosy n6’6'/0’" Soda, . ./qsz‘e;;
/!/0/ Veac.5’0775 '*d‘etﬂqe’)t'
T alt, s r
ey CHalk, p /gste -alt, suga
' 3 ' salt, f/aSam 2 v
I‘helno ) _ [gg/t) JC’? ar. /:fi»’/\ <
.. & B ;:.///"" . Sy
‘ / D) T
‘ [ . K T
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T ‘ ' ‘Go through the followmg expenmental procedure with the chil-
L, < - ‘ dren.
Bl . Step |. I will comé to your-dlesk and tear off a piece of plastic
: wrap that will fit over Worksheet.33, Each of you
should place the plastic ovéer Worksheet 33, 'I“hé ex-
periments will be done on the plastic.. As I am.doing
U S . this, T wlge}plam”how to use the rectangles on the )
——t— )orks/,et . - -
) e - ,
- - . Step?. Eacn rectangle bearS’the name of a different substance,
; ‘ ¢ .. Ineach rectangl/ there fare two black circles. -Moni- - ‘ i
. i L tors will bring-each of you two' scoops of €ach 6F the "
——————. . . .eight different substancés nanied on the worksheet, |
//~ ' ’ Por example,” you w1ll g%two scoops 'of starch One
o P scoop will be put on.oné black circle of the starch
- - re_ctangle and the other scoop of starch will be placed
P .on the other black circle m’the,same rectangle.’

,w\ . s s . ’/j/_ - /
~ . Step 3. When every~ch11d’has two sc;/ps of-each substance,
' . ~ monitors will brirg each f children a container

’ : : of phenélphthaléin schI ion and a contamer of iodine
N /
S solution. Theywill also bring a/medlclne dropper for
/ each »Mhese mediciné droppers are -nct to
e : be-ecntaminated by sw1tchmg from oné solution to the

. -other. ~And they are not to be left in the containers
because they will tip them over., Great care should
" be taken in removing the covers from the solutions,
T as the covers f{it very tightly, Therefore, grasp the &
- o container and hold it firmly in place with one hand,
‘ ) “whilé uncovering it with the other, so that the solu=
T tion will not be spilled. Each child should start test- )
. .ing with only ong solution, When he is done with !
- that, he will exchange-the solution and the dropper /
for his partner’'s, Each child is to put only 3'drops of

s ) . . ) a solution on the substance in-the appropriate/b ck - -
) . - ) circle. .He should do oné experiment at a tinie, ob=
[ ? sérving carefully. Observations should be written o
. r S e c‘m Worksheet 34, - LN
- ~ - - . )4
, Step 4 When’ partners have ﬁmshed all the. experiments they .
N -~ 3 "Z “\ ' )
’ ve o ~3hould compare their results, , , )
,-”.‘ ‘ . . 7 ~ 3 N -
- \ " L} . s 3
° Ry - > / ' A A
o r T 225
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\\;\ . As.s1gn two children to distributé éach white substance with a

\\\\ . scoop. (One child should serve one-half of the class, etc. )
N P ~ These children need not-be too particular about the amount in
. ,’ ' \each scoopful, but they should see that each 'student gets.
Lo - enough\for his experlments Ask all the students to cooperate ) .

. in watchlng “that\tlge\proper substance is put in the appropriate
|, rectangleé. Ask the dzstribgtgrs to be sure, too, that they are
vl *  putting the material on .the blacbcucles in the correct rectan- -
‘ glés. Do not let all the monitors start d1str1buting materials
. af the same time. Let the first two get a head start, then send
the next two with a second substanc_:e, etc, ,

Assign another child tb distribute the 15 containers of phenol-
phthalein and |5 medicine drodpers, one of each to each pair

" of children. Have a different child distribute the 1od1ne solu-
tion and droppers in the same manner.

Ask everyone to be careful not to spill things, If a child's ' °
. experiment sheet is, somehow spoiled, provide fresh plastic -
and- other materials.

When all of the chlldren have thejr materlals remind them .
again to use only three drops of a.solution on any substance,
. .  No more is neéeded, and besideés they will be using.what is
‘ left for future experiments. ‘At this time wam them not to .
'\ taste any of the experimental-substances or solutions, and
’ . remind them not to contaminate the droppers . Then have them
' .. .do the experiments, o

-

\fatlons have a child collect the' 15 containers of phenolphthal-

ein and the |5 droppers tnat were used with this so{ution., Each

. . container should be covered, placed on a tray and set aside .
. for use in Lesson“ZO )

\\ ©y

. - When everyone has ﬁnished experimenting and \Qitin(; o‘bser_

- /—— i you“plan ‘to conduct Activ1ty B*immediately, rleave the {odine- * .. .
| solution and. droppers with the children, Otherwise have the ‘

( . iodine and droppers collected on a tray, covered, and saved

‘ \ . ¢ for Activity B and Lesson.20. : T
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Hold a class discussion of the results of the experiments.,
The children should have observed the following reacti,on.s:'

|. The property of color change when p‘henolpht'halein\ 'solu=-
.- tion Y added to soda. -The mixture hag a rosy color,

2, "The property of“color change when phenolphthalein solu-=
tion is added to detergent powder. This mixture has a

rosy color, too, .

*

3. The property of color change when iodine solution is added
to starch,. The mixture has a’*dark blue or purple color -
almost black -

Discuss the 1rnp11cations of thiese reactions as tests to help
distinguish.one substance from another. Tell the children

. 'that scientists often -use iodine on materials to find out. whether
they confam starch., The property of reaction to iodine -=-the
change to avery dark blue or purple color --is the clue that
starch is présént,

Tell the children that in the next activity they Willrahave a L
chance to test whatever materials they have brought for the .
presence of §tarch, . o ‘

Conclude the activity by asﬁx each child to pick -up his N
plastic sheet carefully, corner corner, and throw it in the . -
waste basket. Save Worksheet 34 for use in Lesson20, -

“

Activity B . ' _'] o S N \/.

. Have the children'work in pairs or in larger groups, depend- |
ing on the number of materials they brought for testing. Let
. them have a little fun conjecturing about what they will find. .
©v  Will a rock (flower petal, bean, piece of wood, etc,) contain '
starch? How about the newspaper, or a carrot? Then have
. them put each material on hewspaper and then one drop of
iodine solution-oh the material to test it for the presence of - -
starch, Assign some children ‘to test various kinds of paper,
including newspaper, a page in a Student ‘Manual, good note
, ' papér, etc, Cut up a potato and- abanana, distribute the
" ' pieces and have the children test these; too,




When all the materials have been testéed, hold a class discus- :
sion of the results. You might like to list on the chalkboard all
those items that showed the starch reaction and all those that

did not., The children could copy these to take home and dis-

cuss further, : , 2

Results of the paper tests should be mtere sting to the children.

Ve ) There will be no color change on newspaper (and maybe noton

note paper) but there will be a change in the paper in the

Student Manual aftér a few seconds.

,Some vegetables (such as peas, beans and carrots and espe-
‘cially the raw potatoes) and some fruits (such as bananas) will -
.show the property of reaction. So, generally, will bréads, .
cockies  cakes, ceréals and flour samples,

tv,
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Lesson 20: IDENTIFYING UNKNOWNS BY THEIK PROPERTIES

Each of the three activities of this’lessofl is quite different
from the others, but all are extremely valuablé to the child
in showmg h1m the usefuliess of the” un1t concepts and skills.

In Act1v1ty A the ch11dren use a large foldout chart (Works heet

"35) on which.some 1nformatlon about their exper1menta1 sub- )

stances is already proyided. They fill in the remaining blanks
on this chart with data from Lessons 7, 18 and 19 (Work-
sheets 31, 32 and 34). They now have information about the
shape, solubility and rgaction properties of éight different
whité substances.. '

|

b ’

In Activity B éach child receives an unknown substance and
is challenged to identify it by testing its properties in sever-
al ways~. First he examines the mater1a1 with a magnifier to
see 1f the particlés have a d1st1nctive crystal-shape. Then
he tests its solubility in both water and vinegar. Next he
tests for a reaction property, ‘using phenolphthalem and
*jodine solutions. He keeps a record of ‘his fmdmgs on’Work—
sheet 36. - L ) : , '<\

g?
R

As the children’ are do1ng their expenments in Activity B they

check with the chart on Worksheet 35 to see if their substances .

have properties similar to any of the substances described on
‘the chart. .By the conclusion of their tests most of the.chil-

- dren will be able to identify their substances . However, the

two children who,work with the surpriseiitem (fine white sand)
will be very curious about what they have. There is no pic-
ture of sand on the chart (though 1t may look very much like- . A
sugar under a magmfler) , it i¥ not soluble, and it does not
react to the chemicals. You'can-use this information to ‘poiut
out to the children that it is also useful to know what some-
thing is not, 'In this case, the children know that the sand

is not-any of the eight other white substances. This narrows
down an expenmenter s hypotheses and suggests that he must

find others.. - L T e e \ ;

In Activity C the ch11dren discuss the findlngs of Activity B.
Differences in results can be resolved by consulting the

1

© vy

\
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chart (Worksheet 35), and by your code létter label, The
) childrén who-feceived sand are told what their substance is ,
and the class fills in the information in the empty row at the
bottom of the chart., The discussion should focus on the im-
. portance of knowing. many properties of a material when tiy-
i ing to identify it, and -on how to discover the properties (by
~ . tests)., . . &
.*Conclude the unit by havmg the children review all the ‘prop-
erties they studied and by having them dé'scribe the various
tests they used. Encourage theémto take their worksheets
home to summarize for their families what they have Iearned
.in-this unit.

&

o~

’

" MATERIALS L e
“ -- Activity A (for éach child) --- - .
_ ~" Worksheets 31, 32 and 34 from previous les‘sqns,' and’
« Workshéét 35 T BE , Tog

- pen011 -
. ) . ,w . ) :
. .- ~ == Activity'B (for each child) =-

—~ Worksheets 35 'ahd ;3(?
— pencil

-, ‘r‘e.act-ién tray

- 2 toothpicks

-1 four-ounce contamer of unknown white substance w1th )

" seoop . & ..
- magnifier _ ‘

-- Activity B (for each pair) -
2 . .
- “4_ii*dﬁia’§‘i"n‘contair‘1ers on styrofoam tray, each with its
own dropper, as follows: N
4-ounce container of water ‘
4-ounce container of vinegar (from Lesson 18) 3

i B N . v -

280 ..




PREPARATION

|
|
"
|
|
I

| -ounce container of phenolphthalein solution (from Toe-
son 19) . . r

| ~ouficé container of i6dine solution (from Lesson 19)

il ’ - Activ;ty C-- )

Aa— Worksheets 35 and 36.

-~ pencil: ) ' g -

LRV
¥

AW
The materials for this’ lesson are based on.a class of 30 chil-
dren. Each child is given a reaction tray and_an unknown sub-
stance to. test. in it, Each pair of children must share a tray
of the ‘liquids. From the OMSI kit,:get 15 styrofoam trays and
put four containers of liqulds on each tray, with dmppers. In
order to keep_the droppers free from contaniinatmn the fol~.
lowing arrangement of the droppers and liquids on the tray is
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suggested: i
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—_— You will need nea y‘all the 4-ounce' cohtainer's‘éf Wwhite' sub- , ‘

stantes _that you prepared with scoops. at the beginning of
Section 6, plus two new containers’ of white sand. ‘All iden-
tification must now be removed from thése and, each substance

B ﬂ._M:CQQQ:.Lab@.ledwwith;a-lett_er,.ofcthe~alphabet-.«-mWi‘t}l—a marking

pen, codée-label as\ follows: .

A -

: , ;.
A - plaster ' D - chalk G - dry detergent ..
B - salt - . E - sugar . H - Epsom sait .
C - soda _\F - starch "~ 1 - sand
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PROCED URE

Activity A

See that each child has his dafa from Lessons 17,

(Worksheets 31,

*32 and 34).
manuals to Workshee{ 35, whichis a foldout sheet
Tell the children that

the chart on the foidout worksheet;

pictures and ‘some data have been provided, but that they
should complete the chart by filling in'the data they collected

‘18.and 19
Ask the children to open their
Discuss

. * on Worksheets 31, 32 and 34.- ‘Cir_culate, among them,.check- ‘ 3
: ing their work. ) - e i
. ’ [ f
oy . d“ . X . ..\
. N . . -
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i :::‘:’g;d@s The letter of my.subetance fia ‘Nnn”*'\ z .. .
. NAME OF WHITE SHAPE OF SOLID SousILITY REACTION
- * SUBSTANCE . - © . water Vinegar Phenolphthajein lodine
’ : - . g (15 erp 1imi t) {18 drop llnlt) {3 drope) {3 drope)
~ at 7! at 7. -
- -l J .
SALT ’ -:'E:»‘f.‘.l‘.'?,“ Te ‘M' :M:m‘ no redction no reaction 4 .
\\{ <o fewting '.vhdu ) -.Cm f.: ’!‘ s . i : ]
o - ShTdrop SteTdreps ' . , '
- SUGAR X 5 diselves. - dusolves. no reaction no reattion
° : .o - T - Bt f2dray-—— | © 80l . .
. . Ly 8 [2drapy Btel2drepy . react
. EPSOM SALT B, - digsalves, - diggolves. no reaction no reaction
t A . -
I ' x R (s o 454 SOJm '50.5!-53:;2:&3"“ - buens Piﬂk:dl‘ . . cacti .
- S00A - distolvas. Cafow Duibies on bathem rose color, no reaction
) s of trey). . . ]
{ . ’ . . aL75din. at:T8drepy -turns desp blus
. STARCH 2 " v < kg leskng « mifiy looki _ ne peaction or purple. . -
. . u'.’u, . ‘d'-’u, ? , ~ almest” black
: Uy st Z5drep BUSBLES-F12ZES : , ‘ . .
. ; CHALK . ) y . “ . -!:.‘I:Aw ”19,,-75‘,.’! J“‘ﬂm‘ no ruc;h.n no ruc't‘wn . ) ]
B % " 4t 7T diee gt TSdeem N . :
PLASTER . .. « onlhy leaking "‘“y Tooking no reaction no reaction
““ dudy ud] . i
. :_zu'_-n ;.:_Zﬁ.i_'n v <turns rose . o
DETERGENT = o (e dlondy. Y colored no raaction
, - Severa! :"‘”“ flaating -u".."‘..’,mm wei] O bright red
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‘When everyone has transferred | his data to the chart dtscuss

how the chart could be used.
IF I GAVE EACH oF YOU AN UNKNQWN WHITE SUBSTANCE,
AND YOU TESTED IT WITH THE TESTS LISTED AT THE TOP
OF. THE CHART HOW COULD THIS CHART BE USEPUL"

The ch11dren should see that if they examined an unknown

white substance for shape, for solubility, and for reaction
“ properties, they could check their results with.the chart to
help identify the unknown mater1a1

IN THE NEXT ACTIVITY I AM GOING TO GIVE EACH OF K
.YOU AN UNKNOWN WHITE SUBSTANCE. YOU WILL LOOK
AT THE SHAPE OF ITS PARTICLES THROUGH A MAGNIFIER,
THEN TEST IT FOR SOLUBILITY WITH WATER AND WITH
5VINEGAR FINALLY YOU WILL TEST FOR THE: PROPERTY
OF REACTION WITH PHENOLPHTHALEIN AND IODINE- .
SOLUTIONS. WHEN YOU-HAVE DONE EACH TEST, TrIIS
CHART SHOULD HELP YOU EITHER TO IDENTIFY YOUR

) SUBSTANCE OR TO TELL WHAT IT IS NOT.

Actw1ty B Test1ng .

. Remind the. ch11dren that in th1s activity each child is going
to receive an unknown white substance to try to identify by
tests. Explain that each pair of children will be sharing
the test liquids. 'Have-each.pair push their desks together.
Now ask each child to.remove Worksheets 35 and 36 from
their Student Manuals, put away the manuals and take out

~apencil, Ifdesks are slanted, have the tops propped up
so that each chxld has a flat surface on which to work.

Descr1be the expenmental procedure the qh11dren will use:
. Step |, Monitors will bring to '‘each pair: -
) . _ a tray with 4 containers of liquids, each with its
own dropper > '
LI 2 magnifiers,
' 2 reaction trays
4 toothpicks
9 ‘containers of unknown white substances
(Both children will not necessarily get the same -
kind of substance.)
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Step 2.

From these 1tems each child should take two tooth-. -
picks and one of each of the other materials. (They
will share the liquids.) Then the children should -

write the code letter of their unknown substance at

. the top of Worksheet 35 (chart). g B

'otkshe;! 36

Untt 26 Newe _
Sotubtlity Reaction
"Add no more )
4 -] 34
than 75 drops . 7rop_|

©

PRI —

Wster

Vinega

Pheno

lod ine ’

'@

Check your

. observations

mith "the chart
on Worksheet 35.

What substance

. do you think

you have?

Before testing:

After teeting:

-

Step 3

3

)

Each child should put his reaction tray on the appro-

priate place on Worksheet 36, The round well will

not be used -- it should be placed so that it is on .
»the left of the worksheet and then be ignored.. ’

-% _stance in each’of the "’
"4 rectangular wells in

Step 4:

T3

. known substange.

~ cuss an example, ) o
Step S. "The children should tty ¢
- to, dissolve their sub-

Each child should put
1 scoop of his sub-

his reaction tray.

“

The magnifier should

be used to examine the R
substance, Then the
pictures of substances -

on Worksheet 35:should

be examined to see if

any fesemble the un~ ™ ",
(Dis~ -~

.....

then with vinegar. They
should use the same pro- .’
cedures they used inpre-

-vious ‘solubility-lessons.. — . ___

That is, they should add
S drops of the liquid and
stir -- then add | drop
at a time until they get

. to 10 drops and stir again,

After 10 drops théy should
add § at a time, They
should keep a tally of the

_drops used in each case.
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) Step 7. If a child checks all the rectangles for a given sub-

_‘corded on Worksheet 36, ask'éach child{ if he identified his . -

1§

' STOP ADDING DROPS AT ANY TIME THAT YOU

THINK A SUBSTANCE IS DISSOLVED -- WHEN NO -

-PARTICLES CAN BE SEEN IN THE SOLUTION.

i EVERYONE SHOULD STOP AT -75 DROPS WHETHER

s THE SUBSTANCE HAS DISS_OLVED OR NOT. |
When a substance has been dis solved, or when 75
drops have been added to it, the children should
stop’and record their observations on Worksheet 36
in the appropriate place. Theén’ they should check to
see if their observatiofis match Any on Worksheet 35"
(the chart) (Discuss an example )

o,
R—

’

-

Step. 6., When the chi‘dren have tried the solubility tests, '

A tHey should try the reaction tests with 3-drops of
phenolphthalein solution and 3 dfops of iodine solu- \ ;
tion, Obsewations should be written in the proper !

columns of Worksheet 36. Again the children should
check, all the information in the: reaction columns of * ° L
Worksheet 35 to see if any correspond with theirown - ' «
- observations. (Discuss an éxample )

N

-~

stance on Worksheet 35 (chart) , he can then hypoth— o
esize that he has that substance, | 0 :

h
* l

Step 8. When ‘you think the children understand what they
are to do, let them go 571t ! ‘

e %

L

If a child: wants to hypothesize about the iden tity 6f his mate-~ _
_rial.after just one or two tests (or after_ijust’c ecking its shape),

‘say, "Yo& may be right, but.you need mor'e evidence to nake .

a good hypothesis. You should do all the teststo get the best. . -~
possible\ identification." ) . ( ’

P - -
|

When the tests, are finished’*and the obsexvations are all re-

substance .as oné of t%’ose described on*Worksheet 35, (Most_ .
'will have done so;) Tell the children tolsave both worksheets '
fo discuss in the next activity. .
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L L Activity C: Discus sion and Review

“

- Ask all the children who worked with Substance A to give
their results from Worksheet: 36. Ask-what substance they.
think they have and why they think so. .If there are discrep~
ancies in their test results, have the children resolve these

. by ¢hecking for possible errors they may have made-in test-
ing or measuring or tallying-. "Write on the chalkboard the
_code letter "A" and thg 1dentification the children agree upon, -

[P

Do tlais for each substance The findings of the children” ., °
. ’who worked with Substance I (the sand) should be quite puz- :
- ‘ Jzling to them. Under the magnifier the material may have .
Jlooked much like sugar, but it did not dissolve and it did T
not react, to either the phenclphthalein. or the iodine solutions.
Let the children hypothesize about what this substance could
possibly be. They.may’say. that Substance I does not fit any
_ of the deseriptions of the eight substances on Worksheet 35
+ and. so probably 18 not any of these (Some child may éven -
hazard a guess that.the -substance is ‘sand,) Accept all hy-
- _ potheses, then list the code létters and correct names on _
LE : the chalkboard =o that everyone can see if he has identifiéd I
" “his substance ‘properly. POint out the importance of the work L
o . ‘with sand’ by asking:- @

. \\\ / x
LIS IT HELPFUL TO KNOW THAT SUBSTANCE I IS NOT ANY
e OF THE EIGHT SUBSTANCES LISTED ON WORKSHEET 352
IS C (Yes. It narrows down the field of investigation.)

- WHAT WOULD WE HAVE HAD TO DO IF I HAD NOT TOLD

) . YOU THAT SUBSTANCE I IS SAND? (We would have had

: * :to make.new hypetheses ‘and learn new methods of test-

i ing for other properties ) -

*K* ' Tell the children that there are tests for discovering whether |
© N ' or not a substance is sand (it melts at very high temperatures, .
. ~for example) but the neces§ary equipment would not bé avail- \%'
L . able 1o a regular classroon.. Have the children writeé +Sand"

and .the test results for it in the empty row at the bottom of
Worksheet 35, (Encourage them to take their completed work-
sheets home later to show to and discuss With their families, )
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RPN , Condlude by having the children review each property they -

studied'i this unit (hardness, dénsity, etc .). Ask them to
recall how\they tested for each property. Emphasize the’
three ideas\given in the Section & Commentary, %ame 1y:

~

|. Each material has properties that distinguish it from other .-

‘g ) i
. o
A 2. If you know\the distinguishing properties, you can identify
. ’ . The more distinctive properties you can dis-
o cover, the b tter your ; identification is. | R
! y ®
. 3. To discover th¢ propertias of a material, you have to know
) tests that.reveal the prc»perties. The more tests you can !
. - ' give a materialu the more properties you can discover and
o use as guides to' better identifications.
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Aruitoxt provided by Eic:

. e g photograpb§. taken by Sronia Forsetl’x U."hey
7“*;«-4;. s v - show eight white. substanpes ‘studied in this |
a " © . _unit. The substanc s are,table s‘git,\ corns k.t“'_
— \“";\ “starch, Epsom 3?1 sﬁgar,. dry detergent,\.
o W e ",\}bakmg soda, pow ered chalk and plasger.
LB Ve :‘,i ' - "". .“" '/"'.. ‘. - ) LA
¢ - B . N \" . ..‘ /.“’; 'ﬁ‘/ . . e, “ ' . ‘: v
;“ - e . Other highly lm‘agnified pictures of these I -
St e el - substapces -on Worksheéts 21/'/22 ax‘}d 357\,
—_— T “weré taken especially for thig unit, by. t
o ‘~ -« Yo : “" ¢ * "o‘ S ,""~ R L "'- ..-\‘ .}: ‘? Lokl
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