Cosmic Education, Lesson 1: God Without Hands

Deeply religious, Dr. Maria Montessori’s “Big Bang” story reflects her belief that an appreciation
for God and Man should frame the essential narratives of education. The first rendition of the
story included here, dated 1962-63, is attributed to her son Mario Montessori, who considered it
part of her “unfinished work. Sefiora Honneger'’s re-telling of the story (1973) tries to retain the
mystery of the origins of the universe without references to God, relying on metaphoric
language and experiments to dramatize the events.

Each teacher must bring his or her own imagination to the re-telling of this story. It is helpful to
remember that the purpose of the story is to inspire wonder and appreciation rather than
conveying facts. We do have more and more scientific facts as cosmologists continually apply
technology in new ways. We now have microwave images of deep space and even stress
patterns there that may be evidence of the original “jerk” or “warp” occurring in an
incomprehensible fraction of time—a billionth of a billionth of a second. However, the more we
see and know, the more mysterious the origins of the universe becomes, making each teacher’s
version or the story both unique and valid, a combination of understanding and imagination.

Introductory notes about the story lesson suggest students should do some experiments before
they hear the story, that they should have prior experience observing states of matter,
combinations, gravity, and phenomena referenced in the story. In my experience, inviting
students to work with those experiments first made a big difference in their interest and
sustained attention when | told the story. A quick demonstration of a few experiments may still
enhance the story, and the expanded versions of the experiments are good follow-up activities.

PLEASE NOTE THAT SEVERAL EXPERIMENTS CALL FOR CHEMICALS NOW
CONSIDERED HIGHLY DANGEROUS IN THE CLASSROOM. DON’T USE MERCURY,
SULPHURIC ACID OR SULPHUR, POTASSIUM DICHROMATE, AMMONIA DICHROMATE,
HYDROCHLORIC ACID or LEAD NITRATE. The experiments using these materials should be
avoided. They are included here only as an historical footnote. Baking soda, vinegar and
food coloring work fine for demonstrating a volcanic explosion.

The picture charts are usually introduced at appropriate times during the story. Unfortunately, |
do not have graphics files of those charts, only descriptions of them.

The Honneger story ends with the introduction to the Clock of Eras and the first “strip of time.”
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" What happens? IF vyou like, ﬂTltE down your observations.

10} Subject: | Crystallisation.

FIESEE Uelld CITLHOelte — So i Daniasos oy LELLY =l e pnnIeTTe ST nTag

International Hontessori Course for the Elementary School

8} Subject: Mixture.
Materials: Some iron-filings, EGHE sand, a Elate 4 magnet, a
e fé ﬁ#cﬂuammﬂiam Boxs
z oLy,
Command: Take the iron-filings ard the sand, mix them on a plate. ¢
Then wrap a magrnet in the handkerchief and bring it near
: the plate.
What happens? - If you like, write dowm your observations.
Statement: There are certain substances we mig but do not combine
and. therefore can be separated: these are called: mix-
e F s B 'tT.:‘J'_"EE. !
- §} Subject:- " —-Chemical combination of gas.
.Materialc: Ammcnia, kydrochioric ‘acid, a-glass, a plate. -1,
Command:. -  Moisten the bottom of .2 glass-sdith a . drop. of “ammomia;
2 n . ~turn over ‘the glass.on a plate wet with hydrochloric . al
ﬁ—--_:____ . "‘a{,'_"t_ﬂ__.

Statement: A new gas. has Formed called ammémium chlarlda, due to
_the combination of ammonia and hydrochloric acid.

wmEaL B

Materials: A little bit of copper sulphate water in a little jug ,

a test tube,.a spirit lamp or a gas-burner, a silk or i

a nylen thread some matches. .
Command: In the test tube put some little bits of copper sulphate

~ and some water. Light the fire. Put the test tube on the

Fire moving it until it forms a saturated solutiom.

While it is still beoiling, put in a tiny piece of copper

sulphate tied to a thread. Let the solution get cold;

take out what you ﬁ&x& put 1n,ﬁLd&h;E{Tﬁ:rﬂﬂthmﬂtui. )

What bkas happened? If you like, writé down your observations.

Statement: Some matter in passing from the Fluid to the solid state

has the property of crystallizing itself.
iﬂﬁh:u&mixniqaﬂﬂamﬂ:btiﬂgpnqa£~ﬁm1£m-nmami-bt*ﬂlﬂtuiguubwu%?QLﬁypu%F-

11) Subject: Chemical reaction.

Materials: Sugar,sulphuric acid, a glass.

Command: Put some sugar in a glass until it is 3/4 full. Pour
ensugh sulphuric acid so that it reaches about half the
height of the sugar. Stir with a glass-rod. The mixture

mist beccome black. Be wvery careful with the sulphuric
acid, it burns everything, even the skin!
Be careful also in holding the glass.

What do you observe? If you like, write down your observations.
Statement: A4 chemical reaction has taken place: a new substance
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subject:
Materials:

Command:

i e R N R R

Frecipitation.’

Potassium bichromate, lead nitrate, water in a little
jug, a test tube, a little spoon.

Take the test tube, pour in it a pinch of potassium bich-
romate and a little water. Stir it until it dissolves;
then add scme drops of lead nitrate,

what do you observe? If you like, write dowm your ocbservations.

Statement:

Subject:
Materials:

Command:a)

b)

c})

There are certain liguid substances which combine with
others to form a ney substence and they are called: pre-

cipitation. (e @recigictoted Gubatanns )

Properties of solids, liquid and gas.

A little piece of glass , a little piece of wood, scme -n_%-ﬁ

receptacles of glagg in different shapes, a small bottle

of ammcnia, some water in a small jug. fwm&ﬁuﬁmj

Take the piece of glass and the piece © wood and observe
its form. '

Take the receptacles of different shapes, pour some water
in them. Go on pouring some water in one of them until it
overflows.

Open the bottle of ammomia and leave it open for a moment.

What do you observe? If you want, you can write down your remarvks.

Statament:

Subject:
Materials:

Command:

The solids have a shape of their owm; the liguids take
the shape of the vessel that contains them, and when over-—
flowing they i i ]

The gases have no shape, they have the tendency to occupy
the maximum space, and they expand ip all directions even
upwards.

Elastic - plastic - rigid.

A piece of marble, or stone, or brick, a rubber ball,
some plasticene.

Take the piece of marble, the rubber ball and the plasti-
cene. Using the hand apply Scme pressure on each of them
successively.

Apply the terms:

plastic - rigid - elastic.

what have you observed? If you want, you can write down your obser-

Statement:

vations.
Matter which when put under normal pressure does not

change the form, is called "rigid".

Matter which when put under normal pressure changes form,
but once rhe pressure is taken away, takes back its ori-
ginal Porm, is called “"elastic”.

Matter which when put under normal pressure changes its
Dowm awmd Amea the nrecanre i raken awav. does not take
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Subject: The matters change their state at different tempera-
: tures.
Materials: A little piece of wax candle, a piece of tin, a bit of

lead, a piece of iron, a tin plate, a glass, a piece of
ice, some matches, a spirit lamp or a gas burner.

Command: Texe a2 match and light the spirit lamp or the gas burner.
Put the piece of wax, the piece of tin, the piece of
lead, the piece of iron on the tin plate and put the
plate on Fire.

Put the piece of ice in the glass and leave it on the
table.

What happens? If you want you can write your observations.

Statement: All matter changes it state; but each at its own tempera
fure and therefore the difference in temperature.

ﬁiiuumarhugmmmnacnmirﬂhﬁnauLanaJutAL-gun;uwmeQJ

Subject: Law of gravity.

Materials: a testg tube, a stopper, some mercury, some water, scme
oil.

Command: Take the test tube; pour in some mercury, some water,

some oil, until the test tube is nearly full. Close the
mouth of the tube with the stopper, turn it upside dowm;

see what happens. f'-’.-.l-!iﬁﬂwd.?ﬂ vba ke, he MW

Wrire down your observations.

16 b) Subject: Law of gravity.

17}

Materials: eceptacle, some cork or celluloid object, some iron
or lead objects, dry sand, a towel.

Command:  Put the cork and celluloid objects in the receptacle,
cover them with the sand and than put on the surface
the ircn and lead objects. Cover now the receptacle:
with the towel and shake it rather hard. Kow take the
towel away and see what happens.

Write down your observations.

Statement: The Earth attracts matter like a big magnet. Heavy bo-
dies tend toward the bottom while lighter bodies tend
to remain on top, that is to say that the lighter bodies
remain more distant From the centre of the Barth.

Subject: the rapidity of cooling depends on the mass of the bodies.
Materials: a burner, a small pan bowl, a small bowl water.
Command: Fut abeut half a lit¥pee of water into the pan and put

it on the burner. When the water boils, pour a little

bit of it intc the small bowl and the rest of it into

the other bowl. Let the bowls remain for a while; then

ip the fingers of both hands inteo then at the same time.
¥hich of the two has cooled more quickly?
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Subject: Volcano

Materials: Some clay, ammonia bichromate crystals, some sulphur,
some matches.

Command: Make a model of a volcano with moist clay. Pour some am-
monia bichromate crystals and some sulphur into the cra-
ter. Put a lighted match on the crystals until some of
them catch fire.

What do you observe? If you like, write dowm vour cobservations.
SEtatement: Inside the earth there are some substances which tend to

come out and if they do not Find their way, create it,
thus forming, among other things, the volcances.

subject : Matter expands when heated.

Materials: An iron box with an opening, a small iron circle with an
opening, a flask with a stopper, some water in a little
jug, a net, some matches, a spirit lamp or a gas-burner.

Command : Take the small iron circlie and pass it through the ope-
ning of the box. Then heat the circle a good deal and
try to pass it again through the same opening.

Fill half the flasH with water (dry the outside of the
filask very well), close it lightly with the stopper and
place it on fire (with the net placed on the burner) .

What happens? You can write down your observations.

Statement: All matter - and therefore also gaseous matters - expand
when heated.

subject: CQuick evaporation. :

Materials: Some water in a small jug, an iron plate, some matchs,
a s5pirit lamp or a gas-burner.

Comnand: Take a match, iight the spirit lamp or the gas-burner,
put the plate on the fire and let it become red-hot;
than pour a few drops of water onm it.

What happens? IF you want you can write down your observations.

Statement: All matter when heated pass-es from solid to liquid, from
liquid to gaseous. The stronger the heat is, the more ra
pidly the change takes place.



THE HISTOEY CHARTS :

la.

-

Ja.

S5a.

fa.

Tia.

The

The

Fiery Sun:

Planets and

a series of sixty charts which accompany the presentation of
history.

shown with long flames among which is found the tiny speck of
the earth. A portrayal to show the earth's relationship to the
flames of the sun. It does not, of course, represent a real re-
lationghip of size; in that case, we would not be able to see
the earth speck.

Their Orbits: a chart constructed so that we may see the relation-
ship of the orbits and the planet= te sach sthar, In order to
congtruct such a chart---ie must disregard the zize of the sun in
its position at the center,

Dance of the Elements: Above the earth's surface, still in the viscuous

state of liquid fire at the commencement of its formatiom, we

see yellow angels representing the escaping gasecus elements,
made lighter as they are heated: and blue angels who represent
thoge same elements cooled into precipitation and descemding once
again intoe the fire, The ascension and descent is a continual
motion that goes on for millions of years as the burning off
Trocess Foes om.

The Cooling of the Earth's Surface and Voleanie Activity: Here we see the carth's

surface considerably cocled down with much voleanic activity,
indicating the 1iquid fire that still sesthes balow the surface,
A grey cloud hangs above the earth as a result of the voleanie
ash and smoke. {We recall the candle’s flame which gives off,
aleng with the burming of the gas, a smoke.) Water not present.

Four Elements in Balance: The earth's surface now has cooled enough to

tetain water im the low places. So the volcanoes are shown
surrounded with water. And we ses here all four elements
present: land, air, sun snd water--—-balanced and ready for
life.

NOTE: This is at the end of the &th hour. Perhaps the surface
of earth is truly ready for life: perhaps mot., If there was
l1ife before the 7th hour, we have no evidence of {t or we have
not yet discovered it or that 1ife left ne trace. Our first
knawledge of 1ife, fn any case, happens three hours after this
point of balance with the plankton skeletons in rock discovered,
As a layer of rock.

The Cross-Section of a Star: showing the earth’s cross-section composition as

it is today, still with a center of molten fire, but compressed
inte aldense mass with well-defined layers shown.

The Sun's Light: Here shown again the tiny speck sarth receiving only a wery

small part of the sun"s rava; the rest of that energy and lirht
iz lost imto space,
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From tha very bogimning pecple have boon aware of God. They eould feel Bim though
thoy could not sco Him, and they were olways agicing in their different langacgos who
He wna mnd where He wes to bo found., "Who is God?" they asked thoelir wiso mon. "Heo im
the moat perfect of boings™ wns tho snswer. "But what dees Ho lock 1iko? Hna Ho a body
like us?" "No, He hes not got o body. He hes no oyos to sco with, no bands to work
with and ne foot to walk with; but Ho sces everything and Jmows everything, even cur
cost socrot thoughts". "And where is He?™ "He is in Hoavon and on this carth, Ho is
overywhore", "What ean Ho do?™ "Whatower Ho wishea®. "But whet has God actually
dono," : :

"What Ho has dono ie £11 that has over heppencd. Ho is tho Croator and Master Who
hos made overything; and nll the things Hc has medo oboy His will. Hc caros and pro-
vides for thom a2ll, and koope the whole of His orcation in tho most wonderful hermony
and ordeor.

In the beginning thore was only God. Sinece Ho wes complotoly porfoct and oompletoly
happy, thers was nothing Ho neoded. Yot cut of His goodnese He choso to erente and
&1l that Ho willed oome into being: the hoavons omd the onrth, all that is visiblos
and all that is invisiblo. One eftor encther Ho madc the light, the stars, tho sky,
end tho certh with its plants and animsls. Leat of all He mede man, Men 1iko the
animals was mede cut of particloes of the carthy but God mndo him difforont from the
eninzls and like Himself, for inte his body whieh would die He breathed o soul which
would nover dle™,

¥any poople thought this was just a talo, How could scmcono with no hands and no
oyos make things? If God is a spirit who cannct bo socn or touchod or honrd, how
could He hovo mado the stars that sparklo overhoord, the sea which ias always astir,
the sun, tho mountains and the winds? How could a spirit moke the birde and Tishos
and troes, the flowors and the scont thoy shod around thom? Perhaps Ho could moko in-
vigible things, tut how could Ho meke the wieidle world? It is all very woll,. thoy
thought, to soy that Ood i everywhore, btut who kan over set eyos on Him? How can wo
be sure Ho is anywhore? Thoy tell us He is the Master whom everybedy cad overyiking
cbeys, but why on earth should we boliowo that?

dnd reslly it doos soom impossible. Wo who howe hends eould not do theso things,
80 how could somoone who has no hands do thoo? And oon wo imaminoe animnls and plants
and rocks oboying God? The animrle do not undersbiand when wo talk to thep, so could
they be ob-dient? Or the winds ond the sen and the mountoing? You can shout and Sorasm
and wavo your arns at them, but they cannot hoar you for they are not oven alive, and
thoy certainly won't cboy yeou.

Yos, that is how it scoms t¢ us. But, &5 yeu shall sce, cverything thot cxists,
whother it hes life or not, in 2l} thet it doos and by the vory fact of being tharo,
actually oboye tho will of God.

Gode croatures do not kmow thot they are oboying. Thoso thot aore inaninato Just go
on exisiing, those that have 1life powe and go om living. Yot ovory time o cool wind
brushes your chook, its weice, if we eould henr it, is saying: "Lord, I cboy". Whon
the sun riscs in the borming and colours the glittcring sea, tho sun ond the sunbooms
enc tho water arc also whispering, "Iy Lord, I obey™. And when you can sce birds en
the wing, or fruit folling from = trec, or o butterfly hovering over o flower, tho
birds and their flight, the troc and tho fruit and its foll to tho round, thoe ottor-
fly and tho flower and ita fregranco are oll ropenting the semc words: T hear, =y
Lord, and I oboy". -

At first thore was choos, snd derknoss wns on the face of the decp. God scid: Lot
thero be 1ight", ond thore was light. Boforo thot thore was only the doops and im—
menelty of spooo with ne bogimming and no cnd, indescoribably dark and cold. Who oan
inazmine thet immensity, thot darkness ond eoldnesas?




ianx aunahinu in campu:isan with that ﬂ:mhnﬂua. Whon wo +think of cold, we think of
~ dece. Put ice is positivoly hot Af you comparc it with the coldposs of space, the Exp.®1
apace that ceparatos the storar ce hot, you might say, 2@ a btlesing furnoco from
 which no hoat com cscape. In this monsurcless woid of cold and darknass 1light =os
eroated. Thoro apponred somothing like n wast fiory clw.f!‘ which includad 211 tho
stars thet aro ih the skys thoe whelc wnivorso was in thet cloud, and acong the tin-
icat of stars waa our own world. But thoy worc not stars thont as yot there wes noth—
ing oxeccpt light and hont. 5o intensc wns tho hoot that i botonces wo know - -

iren, mold, ocrth, rocka, wnter - were goses, ns insubstantinl as the cir. 411 thosc 2

substancos, &1l thoe motorials of which the enrth snd the stars oro CoTOpogad, WoOTdo E
ok

fuscd togother in one wvest, flaming intensity of lisht and heot — o hoot whick would
noke our sun today foel like e pleco of ico. This reging fiery cloud of nothingness,
too huge to imagine, moved in tho immonsity of froozing gpace, Which wns plso noth-
ingness but infinitely wvastor. The fiery nces wes no bigger then a drop of woter in
the ocoan of apoec 3 but that drop contained the oarth and all the gtars, which aro
really blazing suns millions of times biggor them the onrth. ;
48 this cloud of light and hoat moved througk oopty speoc littls drops foll from §

its IT you swing the water cut of o glass, soms of it holds togother as it falls mnd

*he rost broesks up into . gopa apaa hostz atars are like thoso
ﬁﬁxnnﬁ, Only instoad of falling thoy are moving round in speco, in such = way thet E
thoy con mover esllide or moot again, Thoy are millions of miles froo omch othor,

Somc stars erc oo for awny from us that it takos 1d1lions of yonrs for thodr .
light to rcach us, ovon though light travols 186,000 niles in ono socond. God gove
thom npccial lows which thoy heve alweys cboyed. Thoy scom froo, whirling ﬂizail? E”

G 2 TN a8 t -

Two of those drops woro our world and our sun, which move on tholr own coursce
threugh space. The onrth moves round the sun, tut it travels likc = spimning ball,
conzclaossly rovolving round itsclf nnd alwoys rovolving at the samo spood,

Then God's will cnlled tho Et't:.*.ra*in'l:ﬂ- boing, thore wea no dotnil o had not
plapnod. Every scrop of tho universe, cvery speck which we mdght think too finy to
mattor, woa bound to bohewve according to the rules Ho hed made. Fer the drap of
tho blazing clo”d which become our world He docided that thoro should no longer bo
cheos, Instoad of a burning confusion of gnscs thore was to bo oir and wotor and rt:ggs'

God's errongomont was wondo'fully sinple. Tho blazing maas of tho carth woz medo
up of infinitescmel particlos ond it wos thoy themaclvos that would be transformed
into rocks and wntor end cir. Tho shapo thoy tock doponded w how hot or cold thay -

| Hgre, Theee particles, inconcoivebly spell ond all oorged togother, wore whirling at
5a fantastic spocd. As thay coblod, thoy moved mere and mero slowly, clinming clomaer
end closor to each othor and ococcupying loss ond loas Bpace. It iz tlg law of God's ? F‘-

which hes given us what wo call the three physicol stotos of mattor: ovorvihing we
know dig eithor o oog or o liguid or 2 solid, and which of the throe it is at a fiven

monont doponds on how hot or cold it is. Why then, wo pay =gk, are there such mdll- :
iong and milliome of differont typos of particlos, coch with Lts special instructions & «

ach was given 2 spociol love for cortain porticlos and o special dislike for othors, Exe™

Just like umen beings, thoy are attracted to scme individusls, and rofuse to have
anything to do with others. So thoy form themselvos into difforont groups.

;g In the s0lid sigto, God has mede the particles®oling so tightly together thot thoy

aro elmost inpossible to separcte. They form & body which will not clter its shapo

unless great force is oppliod to it. If n pioce is brcken off — if for instance Fou
start chipping a flint ~ tho perticlos still cling togother: the flint snd the chips §

)
Ty T
PR AYEYTI TR, e

WL o

Iomain aollid piooca of astono.,
Whon 1t onmn ta 19mdde. Mad asdd fa4 #he rarddi@lacs Tan mhall hadd $amedthooam shd -



- .

And, since you do mot oling so tightly to each other, you teke up more room than the
‘pariicles of o solid. And to the gagos God seids Your particles chall not clfng togothor
at all. They oan move freoly in all diroctions.

This was tho simple plen God devisod for tho prrticlos, cnd oo it is that thoy
forn thomaclves into sclide and liquids ond gasce. But Ho added cortsin esnditions.
Urloss, He seid, tho tomporaturc is very, wory bot, hottor than tho hoat of tho ounm,
or vory vory cold, like ihe cold of outer spoco, you shzll not bo gases, or liguids,
or so0lids all at the some timc. But at = cortein dogroo of hoat come of you shall bo
5011d, somo liquid and scme gneoous. Snd iF tho hoet inorcasos, solids will bocomo
liguid, and the Jiguids will +urn into gos08 whick will mix with the otkor gosos; but
not all the solids will beeome liquid at thko seme dogrec of heoat,

&, fnd To gove enothor law: All of wou shall howo = 3 o
the some welght., And those that aro hoawier will attrsct thoso thet arc light.

Theas were tho laws God govo. And in cbedionco to thoso laws the 1ittle drep of
nothingnoss which hos made our world woat on tusning and turning and moving Tound and
round the sun. The corth and tho sun and the oars wers balle of ges — gos which con-—
tainod in iteclf oll tho clemonts of which our world, tho carth, is medo up - and
thoy moved on thoir coursos through spaco, which io oo cold thet ieo ia hot by ook
parison. If you put your hand into ico-cold ,_ater i% becomoa cold. For tho saso ro-
Zor the stara emd the sum and tho oarth grodually grow coldor os time wont on, end
the gapllor bolls oolBcd more guickly thop tho levzor, Tho oarth, which ia tiny com
parod with the sun,; has becomo guite cold outocide, while the sun is s+il1l Bleging in
tho honvona,

As tho gases of whick tho corth wos formed cocled down, thoy cboyed tho laws God
acd glven them. Onme ofter ancther, ot the appointed tomporaturs, they bocamc firot
liguid and thon sclid; and a8 thoy boeone ligquid or solid their perticlaos would join
=ho other particles to which they worg stiractod ond form now compound subsiancosj &xp.*9
and tho hoavicr cubstancos zttzactod those whiek wore lightor. Whonm you throw o siono
into 2 pomd it sinks fo the bottom. Sindle-ly the hoevier liguids sank townrds the
conter of tho earth's boll, and those thet woro lighiter floated above thoo liko oil
fleating on wator. Thus they erronsed thomsolvos in loyors 8 _nccording to thoir wolghts S
but all of thom worc attracted te the fenvicat nt thoe contor, amd to this day oach
layor is 81111 pushing on tho layer below it. Fhilo thie wes Zoing on ond oach group
of cloments that hod joincd togsthor wos cboying the spocicl lews God hed given it,
the whole carth which theoy formod was slec cbeying Eis laws znd contimuing to spin
em 1%t3 coursc round tho sum.

a8 the surrounding geses cooloed slightly tho boiling ligquid clso begen to cocl cnd
thicken into a poaic. The liguid at tke contor romoinod intomsoly hot, but 1t woa
rushed on £11 sidos by the cncrmous woight that lay over it, ono compound on top of
another. It was nothing like coecl cnough to turn into a solid, but all tho samo it
bogen to oolidify bocause of the shoor prosoure from ~bhove. Somo of tho uppor layors
wore gomi — solid pastom, others romained liquid, all pashings ngninst one anothor with
81l thoir might. Scmotimes & moss that was pushed on two sides found itselfd gquaczod

on top of ite noighbours; and in this bonding progoss hollowe miskt bo fermed, whichBep 1§
woro immcdistely £illod with Jiouid. And cbove 4them all etroteked & son of flaming
Z2a0.

Can you imaginoe thic dapco of tho cloments?

By thc law God had givon tkom, 23 thoy coolod their bulk grew smaller and their
wolght increoasod. So when thoy sonred up to meot tho uitior ccldnoss of onvoloping
spaco, they shrank in sizc ond back thoy fell into the raging fire thoy had loft.

Hero they mwwmm_mﬁm carrying B 19

with thom perd of tho hoat from beolow, whish was token off into sooce: ond whon thovw



and bringing cold. Eow narvéil:un it is, =nd how =ipple is thoe Yaw God has madol

If you boocome hot you oxpand, =nd as you oxpand you bocome lightor and scar upaards,
1ike a bubble of air in weter. But if you bocome eold you shrink apd fzll down-
wards, 23 & grain of sand sinks to the bottom of a tonk. Bocmuso of this law the
earth graduslly chenged froo a ball of fire to tho carth we kmow. Thia was the

law that the tiny redignt perticles coboyod as thoy dancod their exultant dancoy
porticles foo mimate $o bo soop or oven imagined, yot wumorcus cnouph o hevo
produced tho world,

E:;r hundreds, thousands, gillicps of yoors the donce wepk op. Hord and moro .
gascs bocame liquid, wluuﬁa_&ﬂliﬂiﬂsﬂ, and with the contimucus Exp*f
ES o g cnxth ghro zg ond bocane wrinklod like

an apple thot has boen loft in ¢ cupbeoerd. Tho wrinkles are tho pountains and tho
kollows botwoon thom aroe the ocesnsj snd nbove then is the air wo broathe.

Hocks, water, oir — solids, liquids, gosos:s coch is what it 10 becouso of its
dogroo of tomporaturc. Today, as it was yootordoy ond = million yerTe ogo, OGod's
lawe arc obeyed ik tho zolf-sono woy. The world spins round and round itsclf ond
round zné round the sun* And today, es it waa & million years £go, the carth and

21l tho olements ond conpounds of which it is cooposed, as they fulfil their task,
whlsper with cne velces

LOED, THY WILL B DONE, WE OBEY.
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Mra. Homnegger retells the fable: The Story of Creation

What do we sde around us? What do we see in the day? in the night? Have these
things around us alwvays existed?

Many many many millions of years ago, nothing existed. It is said that in that time
there was a great emptiness, and a deep darkness and cold. This is the darkness and
cold that is beyond cur atmosphere. But, in the midst of that darkness and cold,
something existed. So many tiny invisible particles. And then-—-we do not know howe--
those particles were attracted one to the other, they collided and there originated
a big explosion. An explosion produces light, like fireworks. And in this way the
light was formed. The incandescent particles spread all over infinite space, rumning
very quickly. (Show pictures of galaxies,)

The galaxies are white: we see the Milky Way's whiteness in our own sky, our owm
galaxy. (A GOOD EXPERIMENT: show a color dise with red, blue, yellow, etc., spinning,
so that when it goes very fast it looks white. An electric drill can be used for the
motion,) Our sun and earth were enclosed in that ball of fire: EVERYTHING THAT EXISTS
was in that ball that exploded.

Gradually the particles (substances) united more closely again. When they united,
they formed a sphere. For a triangle mor a square. And in these particles existed
everything that we know: silver, iron, water, etc, But all the substances were still
in the form of an incandescent gas. (A SIMPLE EXPERIMENT: we turn on the gas, then
ignite it, and we have light,) Smaller stars started to travel arcund larger ones,

The universe is governed by certain laws whieh all must obey, even the sun and
the stars, One law is that, when substances are incandescent, they are gasses: when
they codl, they turn into sclids., Everything we ‘mew is a gas, a liquid, or a seolid,
{Experiments 3,4,5,6,) UNot all particles are alike: in these incandescent masses we
bave some that attract each other and some that repel each other, Therefore, different
substances are formed. (Experiments 9, 9, 10.,) Particles also obey other laws:
when particles are in a solid state, they are so united that they cannot be separated,
¥hen liquid or viscous, they take the shape of the container and, if they come cut,
they spread out, going down, never uwp. Whem in this state, the particles are not =o
tightly together; therefore, the particles im = 1igquid occupy more space. When
particles sre Iin a gaseous state, they move im all directions, and tend upwards. And
they occupy much mere space. {(Bxperiments 13, 14,)

There are still more laws: all matter (bodies) have three states. And each changes
states: each at a particular temperature, All matter has & certain temperature at
which it changes states. (Experimemt 15) Mot all matter has the same weight, The
matter arranges according to its weight: the heaviest at the center of the earth,
the lightest ones rising. Gas, as it cools, usually becomes liquid, then solid.

Some gasses pass directly to a solid.

An IRTERESTING EXPERIMERI: Using the dust of

naptha, from moth balls, we gee a substance e —

pass from a solid (in the container) to a I

gas (invisible) to another solid without TEL A, Bigraptcdesh g
pas=ing through a liquid state. In the 7y
fonnel we discover a crystallized form, gl
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International Montessori Course for the Elenintarr School

Subject: Cold - Freezing.

Materials: Some ice, 1 1b. of salt, two receptacles with the capa-
city of 1 pt., two thermometers. :

Command.: In a receptacle put some small bits of ice and then put
in a thermometer. Do the same in another receptacle ad-
ding a large amouht of salt; put in another thermometer.
After a while compare the temperature of the two thermo-
meters.

What do you observe? - If vou like, write down your observations.

Statement: The cold of the ice is not the coldest; there are tempe-
. ratures mach, much colder, that it is much lower. :

- = - Larmiintboing meu fdsa i
?hm%fﬂLHﬂﬁﬂﬁqrcﬂﬂihuﬂ? ¥ frssgiern Leoves froad ;ten g S fjﬁtiﬁt
Subject: The Formation of the star. !
Materials: oil, alcchol (better pure alcohol) water in a little jug,

a glass. (Ceolprect cil. ;hed is mace)
Command: pour some water in the glass until it is 3/4 Full. Add a
few drops of olive-cil (or another more dense type of oil)
then add slowly, pouring near the rim of the glass, a bit
of alcohol. {(alealcf ; g MWWM{ ]
; _iﬁ s o loes ~nbdk ﬁgit%
What happens? - If you like, write down your cbservations.

Statement: The innumerable groups of star are something like those

drops, and are spinning in the space. :
v g“““‘ ! ‘fﬂﬂﬂ*“”

Subject: Solid - liquid - gas. .

Materials: A little piece of painted glass, some water in a small
jug, three test tubes, a glass tube holder, three slips
of paper.

Command: Put the three test tubes in the holder. Put the little
piece of painted glass in one nﬁ them, some water in
the second, leave thdrhird as it is.

1y the pnames: solid - liquid - gas.(Edcad '
App_\}_r . I- : q g "Ifﬁ - i "Mf_ﬂﬁ_’-
Statement: ﬁ:tter.can assume three states: solid, liquid, gaseous. >

Mlotice coth e editd the forma Thak thomfe. Lake o geumcild, comdiz Plami, ete.

Subject: Liquid - wviscous.

Materials: Sugar, some water im a little jug, two glasses, a little
spoon.

Command: Take the two glasses and pour some water in them; then

addone sugar to are of the glasces until the water :
thickens into a semiliquid. (Chldbew ddowtd arspant thed )
Apply the two terms: liquid, viscous.

¥What have vou observed? - If you want, write dowvm your observations.
Statement: A substance is liquid when it is Fluid. A substance is
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Passing from solid to liquid and to gas.

Subject:

Materials: a piece of wax candle, a spoon, a spirit lamp or a gas-
burner, some matchs.

Command: Take the match and light the spirit iamp or the gas-
burner. Put the piece of wax-cazndle on the spoon and
hold it over the flame. Keep the spoon on the £lame,
till there isn't amything.

What did you observe? - If you want you can write down your remarks.

Statement:  Mattey when heated, passes from solid to liquid and then

“ to gasecus.

:ﬂ&fditwgﬂcaa1JLllﬂﬂﬂﬁ?mihjmégmiéﬁhTmlEAJHJHLL asacp fuot by AL%FLAﬁ-J

Subject: Fassing from gasous to liquid and to Solid. -

Materials: a piece of ice, a pan and a 1id, a spoon, some wax, a

Command: a)

b)

Observe what
Statement:

subject:

Materiale:

Command:

¥hat do yvou

fire and some matchs.

Put the piece of ice in the pan, and put it on the fi-
T'€; as soon as the water boils put the 1id on it. Ob-

serve what happens. You can collect some drops and put
them into the freezer.

Melt some wax in a spoon, them drop it in a receptacle
containing some cold water.

happens and if you want, you can write down your remarks.

Matter when cooled passes Ffrom the gaseous or vaporous
state to the liquid state and from liguid to the solid
state.

Particles which love each other and particles which do
not love each other.

Some water in a little jug, sugar, some chalk powder,
two glasses.

Put some water in a glass, pour in some sugar, stir it
wvith a teaspoon.

Take a glass, pour scme water and some chalk powder in
it; stir it energetically with the teaspoon.

observe immediately?

¥hat do you cbserve a little later? If you like write down your

Statement:

observations.

There are some particles which love each other and
they stay joined; there are others which do not love
each other very much and when joined may be separated.
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