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? agucnau
: 1t ‘Pure drinking water"n the Hnited States and athe_ ' the * ';_ i
T w@rld is beccming scarce. Several alternative drinking watlery sources are 'y - .
o possib such as towing icebergs‘fr Antaretica»-seedlng .clouds, and.. = . .

 chemica11y tregﬁing polluted surface~ arer™ Bit all of these methads are
~‘expensive and Eﬁ@g@g"*yjﬁﬁéis w,iéh ‘are becoming less abundant.: ;

The &hgmical tteatm water has 'qugstionable health effects and often . .
' : Fortunately it is: pDSSlblE '3.

water. which has an unpleasant-taste..
1+ Using the sun as an energy.

p‘,. =

TN sdrinkable water from-the ocean:
>;*\saurge, salt and cher impuritias é;n be remcved by dist;llat;aﬂ.WH‘,;
2 ;_: B . ‘ : - ’ | T~ ) . : . . .
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1-7_-:' .

"styrafaam cups .

;Refe the dlagram and the teacher s m@del as you éansttuct y@ﬁf
‘own salar still. Do fot place the plastic bag over ,the g;lll until .

ycur teacher tells ycu to do so. ..

vPaurQIZSml af hat tap: water into a zlean cgntaiﬁér and addfa

small amount Df table salt.'v'“ 7 &

)

. Use aleaﬂ hands to ESIEfuTI?AEéStE Ehe soluticn bgﬁdlpplﬁg your-
‘fingexr tip into it and pla&lng 1t on your: tangue. HQW does 1t

taste?*" N S 2

'i

- .
Put enaugh salt ws;éi\sglutlon iﬂtm the - Jar 1d to almast flll it.
,Be za;eful nots to sp 11 any of" the salutlon intc the outer cup

. Without létt;ng the plastlcjbag “touch the salt water salutlanf

glace it over the two flat tootfipicks. - Cavefully ‘use another
lat toothpick ta Euck thé EldES Qf the bag batweengthe two

1 i
;:) A -
P \. ‘
' o
g . Pl R
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SRR 6 £ 60
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A

;le gsndwieh bag Sram cnllébsiﬁg,;;unefaur striﬁs‘

fTo prevent

';af cellophang: tape fram the siﬂex dE the Bag to the fcur rnund A
’atanthpic S 0 _ i '
: using the,methﬁd qlready desctibed and recard your o
,results T o . B TRRE S S

:iCarEfully remave the fnur tef;hpicks and separate\¥he twc cugh * .y N o

g v

_What (is in the outer cup? there is something there taste: it‘ *
. “How does it . taste?J Use a gradyated 'cylinder to determine- the‘ RO
.:amount of. liquid i the ﬁuter -eup- ip milllllterg and :ecgrd N L
;yDug results - _ Lo Lo i-' ,(:‘ e
Dol . e . R ‘ S O
R ST :,;k A S T e el 2

LDQKING BACK B o S S '“”

. - L h
Cnmmerclal sala: st;hls aléﬁ called solar: desablnlsers ‘are muéh

- :l,la:gér ﬂﬁueh ‘more gxpensive; arid more precise in design than. your st;llé L2
. But. they wark:gb the same principle as yours.., Nature, too, works in the
. same way to prcduce pure rainwater fram the . saitwater of the oceans, . . ™.

Y - : (

IR . oy ta 7 L - Y L S, =Y, ‘ 4 ~ Ly i . -
,%_,;.ﬁ' e e et e s T v..,__‘.gg;,, il - - s y””l Lol e T A T,
T QUESTIGNS e R PR et - ‘ o

'3i 3_:13 a) What' &1& the sclutlaﬁ in the Jar 1id tastglike: before - :
A = distillation? -b).-What did the: aalutimn in t;e Jjar taste 11ke o
. - after dist;llation? ,' . -

¥

e

o 2. a) Was anythlng 1nbthgzﬂuter ‘c p? b) If there s, What did  7
VAR R it taste like? .¢) qu many mi 1111ters of 1iqu1d*weré=in '

. gthe outer gup? . _ oo e L Y~ T
‘%‘ ) >; | ﬂ .i - h ) B : ) si - i f ’ fJ

Sg&». S Haw Jld the ta%té cf thE éalutlan lﬂ the Jar 1id compér to Qz s

the taste af the saluq;on lﬂ thafcuter cuﬁ? 7‘-gﬁ v v

4, Energy was; requlred to remove the salt fragpthé saltwater

-i;gf- o e & ‘Sﬂlﬁtlﬁﬂ Whare did the ' energy Eﬁme from? AR #!‘
"55‘./7'!5! Exglaln as best. you Qan haﬁ tha stlll remav%a the salt fr N Ve
o 0 T thégsal water. : , , L S ST .
» . . . \ b 7 g i ‘ -t v xx ;V J . ; - ; Tv" K R g%\? . : «?
;oY : (‘ L -y .
B b } - K o .
GQ]NG FURTHER . ORI T T R
e i sk Coel ’ S N
i Why was the 1ar l;d palntéd black? ﬁv ' - .a - ) ; Y.
‘; L. o= Are there any reglons of’ the world where this ?s@had gf watef ¥ ;% =
- =- --{ -+ 'purification would pot be feaBible? Why not? * - . K
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Gan yau think o,euaaa qthi t
apparatua auch aa thia? *gxplain yaur anawar._
j

_Can yau{think\af a. methnn=fof daaaliniaiﬂg wate

B

EEErgy?i Wh  are the advant es & and,di

How is the solar daaalinlaar you constructed

Vﬁiah daaa nct‘°

advantages af

v

f{Liat tha advan agaa and’ diaadvanﬁagaa af aaah 'f
matﬁada af obt inin drinking watar. o

-t "q.

..Antarctic ici erg
: b,*‘CIQud aeading”';.@
-~ ¢. Chemiecal treatment v
‘di,aSalar aallnlaaglan e e

-
&

N =

water .cycle in, natura? G e
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) - - 3 . o L® - ) ' 1 j # o ) o A
I 75—9 Sciem:a .0 I Y A e
. " . Phys {cal Sc;:;egge;‘. R v At o . -~ R r L L
L " v " Earth Science ' . - = ¥ . A U T .
o R Eq:alaf" Sd ' : Lo S : ' , S
. ) . : . .o . \; ‘ : LE o 3 B v
ekgraund Infam:icm Sl e ‘ roo o e ) ,,
Q A _ The Enlar desaliniz‘gl;ien of sea water§15 jtently used in some coastal reglons
Df the world located below 40°N latitude,. where solar fso atipn is direct end’ﬁgh for o
dessliﬂi;atinn to be Econamically feasible. A solar désal ﬁizer utilisesfgvm_basic .
prim;iplea to praduee freshwater for drigking. First),, E}le solar- insolatYon cayses the
sga. water tos evgparéte causing fthe .salﬁ and other migerals to rémain as residue in the
evapnrat;rm ystg = Se:fmdly, the water vapor, which id now devoid of .salt and m:hgr
. minerald, rises, «:cmls, and condenses.on a surface above the Evapnfaticn vat and is
cnllected as freshwater. This process of separatiﬁg mixtures by means’ cf Evgparaticn o ; :
and cgtidengal;ian is called d;g;iliatign.- U oL » ’ . e
y . [ T L, d - . . . L
- Hin;s"aﬂ Ga;hériﬁg Hagerial : > < T
— - — . % - Lo l 4 . . v A )
el AJ.l Qf the mat;erials in this labcratgry ac%ivity are feadiﬂ;y‘ accessible frv:m ; -
' the local grocery and hardware storexgt a minimal cost. The only:-itém which ‘
. cannot be purchased separately is ‘thiikar 11d commonly used on jars o
) ) cnniaining inatant coffee and other brcducts. Consequently, have the
.‘—ggtudents start hrinNing these into class two to three weeks priat i;u ‘the _ T
. activity to assure An adequate supply. ‘ : Ce v :
£ [ " o . Z . o ::\'
ggested Tinie Allaf:mam; i : T, v L . ﬂ O - " .
= Appfmximately cme t:lass periud is rgquired to canstruct the dEgaiin{gargi‘
- One school day (5 to 6 haurs) 15 required for the appatatus to, des‘,aliﬁize,_ '
. the salt water, * - _ _ ' ., & :
2 - . One to two class péfinds ‘are. required for ;he t:alle::tifm inttrpretatiim,
and discussinn of dsta. ' L A s
- ) ; h . ; ’ ) - ' h " ’ N ’ R - . . R 3 ‘ V ’ . T . . i.'_
, Suggested Approach L N , i B
o= Befcre the Experiment, the teacher should build a ‘solar still model fc:r
. the students to Examiné. 'I'his w:lrﬂ”eliminaga the need fm: IEﬁgthy
. Jostructions. . . . L s o .
= R . ) : - . . . 5
. - . . . . »
A/ | L
N | _ﬁ
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'V_have the students work in groups. of twp at three,

L | ‘ > -
- If pnaaible; atuﬂgnﬁa whg.:nnstr;x;} their apparatus in g;he marnmg shnuld

= !-.-Sim;e E.hé mg;erialh are- inexpensive and a minimsl _amount nf spage is required

s .t " .7 check 1t‘at the end of the 'school day. “Those who set up® ™their appgraﬁus—
R lazer Ain the day ghnuld check :l.t ‘the following marn:hg. .

- i ) & o = . i:) i, * :
R v, It s im’oft,, t to malfé sure. !;hat the Smnunt ‘of insolation- for,

Yoo o v oatill is as @ifﬁrﬁ as pﬂggiblei_ ‘Therefore be careful of the location of the o
i . ‘ " '. u - ﬁ;gtillsi e . Qp ‘ . ‘ *i )

(o

gkéh snlsr

=

e = . A8 with most energy ar’:tivil;igs, career e&ucatiﬁm can be intraduced by *
A - " contacting' local power company rEprEs&ﬂtativeg for'a u:lassrng or ass mbly
P , . '."’préserltatitm and for discussion of ‘both the fea‘ﬁibility and availabili -y of
’ S solar energy 48 a means t:p help meet thé ene‘rgy demands of tgday and the

) futuye. . : . - : _

- Below are lisl:edstaps for bullding a solar st-ill.‘

\?'

|

s . J“‘ S Refer td the diagram as- ynu makg your desaliniger.
- 2. _'Glue two JElat tantl-{picks tagezher at’ right angles to each other fﬂfﬁﬁg
o * “han’ 4 , and Ehen glue themgtg one end nf a 7.6cm sectinn of wm:den
dowel. Let this dry. - '
T 30 Placé the Jar 1lia- idside up on a sheet af newspaper and paint all t‘:f
, - , {] . its inside surface black. Le t it dry. J
. o ' 4. Measure 2scun from the top of one styrofoam cup am:l draw a pencil. line
T S ' : t:mnpletely armmd £fhe outglde af the cyp.. :
b
5. Lower the marked r..up ingide the gecond styrafaam cup until the drawn
: ) » --line is level. with the top of the outsgide cup. To fag;en the two cups,
b R N put the four rmmd tautbpicks thtt;ugh both t:ups at QD intervals.;
‘ 6. To avaid being hurt by. thE shatp ends of thE rnund Euathpicks, puf;
l} ] ’ maskiﬂg tape arcnunﬂ their eﬂds. . .
7.. Mold gj:deli'fxg clay a’fmmd thé plai‘ﬁ end of th wooden. dowel. Place this
o clay, dowel, and toothpick assembly in the ¢ ter of, the jar 1id. It
o ‘ - should stand 5traight up. s
. - . : : - .
8. Put. Ehe jar 1id intu the tap of l;he inner styrnfﬂam cup in a level
Apx:sitinn. s 5 i
Typical | Results .E[ ‘ SRR
- Dependiﬁg on. thé amount of iﬂsalstirm fEC‘.EiVEd, the- amnunt Bf freshwater

E=3

4

tu

R

3
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Precautiims a . o 7 | ) , .
. - Make sure that stwisﬂts pfzd z%hé,.,p;-atrudmg ends aj‘ thé i’gmd t;:ethpmksitth ;.;
— HHSktﬂg t@é ‘ta prevant puncsturé m&unds, :

. _ vkﬁbks sure that all of the styrafﬁam gups, mater, and teaspﬂgna used are

- Y f . olean, since students are.to taske these solutions. -Make sure that students
_alean’ their hands before tastiﬂg theYsolu b g, Also, warm them thut they

e;gkkﬁsshsuld never taste any chemicala in c #rice elassroom without a teachers

e Pémss'&@ﬂ - . N ST oy

o
-

Hﬁdjf;:gﬁiqns e _f-' ’ _ - .

. . ) ;77 . = . S’ ﬂ - ¥
.= e jar 1lid can be left npainted ur the outer styrofoam am cup can be painted .
s blagk and. the results ﬂgmpaféd to thqse of %¢the stand, rd apparatus. .
- .« Use a. 250 watt heat lamp at a distancé af 1 meter*abave the apparatus if
thefe is no. effective sunlight. 7
' .55 " You may wish to make a stgck Ealutian qf salt water rather _than having
' students make their own. : , 2 - A

‘Evaluation ' . ,1 . : S

) - : ‘Check the. students' biliﬁ? follow diIéEtiQﬂE by noting the construction
- of their splar stills. . ‘ : : oo :

o L . . _ 'aif- o

- Check the “answers to gfhe qudstions, . L _ .

w
"




=D R A F T ACTIVITY 2

N’S ENERGY

]m‘rﬁonucnen L T A N

Is the spn powerful encugh to use as a source. Dfﬁénergy? : . -
- 8itting in a closed car on a sunny day seems to indicate it is. Th;’%* )
~about all the solar energy that strikes the earth but is not used. If
a

=

this energy-packed sunlight could be enllectéd> it wpuld provide .a .larg
.- source of clean; free, ,and much-needed energy In this activity you will * - :
‘léarn hcw a sclsr energy collector works and bulld a simple solar water ot ‘d
= heater. -
';; -: = : .. = - ¥
. s N 2 \
B o &0 ’ - &. - .
T ’ _ N - e
2 R d i * . ¢
= i 2-1 s . . \\ 4 — .
£, ¥ i . .
- oo V = * ‘i‘ - = Ol 25 :
) R L, i * \ Iﬁ’?{

Rl © -0 e
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DEJECTIVES oL e s T |
ycu should be. abla to: 2

4.

Y AL the cgmpletlcn of th;g activ;tj

. o\frlunderstand the ba51c part, of a splar énergy cgllector.
L foxx’ﬁconstruct a salar energy collegtor « L o f?
e 0 ':_beigware of praetiaal uses-for,galar énergy!; o :

Lo o e T e, »
'gﬂ . o .,hmﬁ; Uff;? L 1{;>>.. ;  B
SKILLS AND KNOWLEDGE YOUNEED =~ [ -= ° = L. -
.fﬁ ‘= . How to! ‘read a thef;;ﬁﬁter - ;%§£’ : _"  S
o -~ How to measure meuric lené;bu g@lume and mgéséﬁ
Co Understf;a‘ﬂd what a&alor;e is. gg i ,
- How té graph data 1' i‘ ‘ g —

MATEmALs e |

, ’= , Quart size mé%anna;se or cannlng jar; wide mouth w;ih 1lid.

_ - 12 DE *aluminmm‘beverage can._ : ' | |

f- - Iheﬁmomatat‘ Lz" ;Smm’meers;ble 0°c - 100°C. . “\

", SOml or 100ml graduated cylinder. ' ¢
- Flat black paiﬁt e ]
- - Sandpaper, _ L ; c ir.gﬂﬁéj
- Paint brush.’ : i S |
- ‘Modeling claii | e
- Balloon or rubber membrane. P
- Corrugated cardbéafg. : . - _ _ .Jf
=€7 Al uminum fGll \‘ |
LE o ) -7
:fqg Rubb%r bindgu | . (3
- Scissors.
- Wétari

bliﬂ@ﬁéterg(optianal)i




. . = 2=3
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- = A : i : ' §
i f’
L \7 - = ‘}
- . .
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.
| THERMOMETER
.
N3 . i il ‘
.\ JARLID WITH . .
‘ e CARDBOARD INSERT
§ = )
- ALUMINUM FOIL
i ~RUBBER BAND
" “~BALLOON ” 1
- BEVERAGE CAN WITH WATER '
RUBBER BAND “ :
— - B - a . T
' W MAYONNAISE JAR . : -
CLAY . L X v L
gli Sand the outside of the beverage can so thé paint w;ll stick

to it.: Paint ‘the outside of the can with flat, black pa;nt
2. Cut a circle of cardbaard to flt inside the jar 1lid.

3. Punch or drill a hole in the center of the 11d and cardboard
S0 the thermometer ”‘ll fit through. ,

4. Put ZDDml of tap water 1nto Ehe beverage can.

5., ;4 Cut off the end of a balloon and fit it over the open end of
' (the beverage can: Puncture the balloon to allow the thermomete
' to pass into the water inithe can. - o
6. Position the beverage can in the center of the jar, anchoring
it in position with a small ball of clay by pr3551ng down on
the can. Be careful not to splll the water,

7. Screw the lid on the Jar.

8., Carefull fit. the thermametef into the jar and can PESIthﬁ ng
it so you can read the water temperature. Do not force the
¥ thermometer' in or turn the lid once the thermometer is in place.

The thérmameter breaks eas;ly

Aruitoxt provided by Eic:



Il * . : =
. gf . ¥y -
, 9;2 Pa;k a‘ﬁmall "amount of glay a:@und the thermometer to plu
;3 * *the hcle on the lid and make it air tlght,

10. Wrap a piece of aluminym fa;l shlny side‘'in, étaund half
- of the jar. Secure the foil With rubber bands. :{,':~

11. =Enter all initial data on your, data sheet. ‘The sun's altitude-
. can be defermined with a clinometer or by asking your teacher:

- 'REMEMBER NEVER TO LOOK DIRECTLY AT THE SUN BECAUSE IT CAN
CAUSE PERHANENT EYE DAMAGE.

sun with the foil side away frpm the sun. Begin making readings

at 3 minute intervals for a total of 30 mlnutes., Record this.
information on your data sheeti - In the "Notes" columm list

- any changes, .such as cloud ‘cover ,or a movement of the collector

which might occur during tha axpérlment

12. Place your solar collector on En ‘angle directly faclﬁg the

13.- G;aph water temperature Vs. time.

LOOKING BACK -
" Yéur ,solar collector should have increased the temperature of
the water several degrees. This simple device made with everyday items
works. well and could havVe many practical uses if built on a larger scale.
The glazing and collector box (glass jar) collector plate (blackened can),

‘transfer medium(water) and insulation -(cardboard) are all basic parts of
any solar collector,

QUESTIONS
-1, Interpref your graph When did the temperature increase the
most? Atcount for any dips or increases in the graph. If
your graph leveled off, explgiﬁ why ' . -
.2, };st 5 dlfferent parts of the' collectcr and ex plaln their
funct;ans
3. How many calarles of heat energy were collected in the water?

The number qf calories = mass of water (in grams) X tempegature
change (in “C) x specific heat of water which is 1 cal./g"C

i."!¥

GPING FURTHER

‘¢ - Do an experiment ‘to see what air temperatures can be reached
if no water was placed in the can. Does just warming air

"have any 'practical use? - : “



the |temp ratute attained. Tfy dlfferent angles of 1neelet1en

&

X
hﬁ%ik - ﬁet%rmin ‘what effeet the slant of a- eelleeter hae on

- s : i

1% -Whadt eﬁfert do dlfferent outside air. temperatures have on
- temperatures obtai ed'ii Is your eelleeter just cas effeetlve
"in winter| as in.su r?,_ .

- Find out vhat effects wind and cloud eever heve on your -
‘collectorfs: perfefmaneei o - : : :

- Ekper;men’ with changing the eeler ef  the beverege can. Does
= _thls affect the performance of the eelleeter?r
~“Experiment w;th other. 1;qulde inside the beve:ege can. Does
" this effeet your collector's perfermanee?

lExperlment uelng a steel can fer the eelleeter plete Does thie-
ehenge yeur results? -

- ~ Place the mayonnaise Jer inside a larger gleee Jer What
ieffect does this have on your collector’s perfermenee?
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‘(Do not look directly at the sun)

* |AMOUNT OF H20 IN COLLECTOR ____ ML ™
STARTIN; TEMﬁERATURE OF Hy0 _ O
PTHER INFORMAT ION ) i . L .
TOTAL TIME | WATER | TOTAL 'WATER NOTES
CELAPSED . | TEMP. | TEMP. CHANGE E!
R B S B _ .
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) 3 COLLECTING THE SUN'S. ENERGY \ ;
Suggested GradédLéyéigahd Discipline ) f i .
s R A .. S .
, 7-9 Sciefice L ’ L, :
_ ISCS III - Inm orfbfiw : g . s
’ - Earth' Seience o ) ' ' s oo P L v :
‘( Physics 3 R -, _ ' _ .. . ,
. < ) . L] R . ) . i -
. Background iﬂfﬁfmﬂtig§§4;T - _
v salﬁr cnllectﬂr has fiv g

tfansmi% _as mucﬁ galar Energy = p@ssible. Its purpase is to trgp gha energy 1t
s CEansmi iﬁsidEsthE EEllEELQf,_ Tha glazing shnuld ba able to withstani hlgh s

calared materiﬁl that iﬁCfEESES he absarbanny of ;he sular\energy The collector plate

".dnd its cgating must be able té‘iithstand high Eemperatures withnut vaparizing or nther—

: of the cﬂllectﬂr. It can be made‘fram magerials such .as aluq;nuT:Fwandxfiberglass or

* ateel. "It must be sturdy and able to withstaﬁd tamperature extrepgs, ' In this activity
the glazing iz also the hausing. | . v

= - . % =8
R ..
f}

The fourth part of a Qafiéttﬂr is the insulation that surrounds five sides

£

of the collector box. Conduction lassgs ‘of t3 pPEd solar energy are substantial unless ?i

the collector box is well insulated. Fibgrglass and various foams are commonly used fnf .

this purpose. A secondary glazing can be qgéd as insulation. The eardboard in the lid
provides insulation for heat lost th;cggh the, metal top. T .

The fifth part of the collector is eithar azt r ‘a:liquid. It is used to
Efansfef Ehe salar Energy to a 8y EEm}fﬁr distributia throughout the space to be heated
,,,,, B0, It water is used as Ehe medium in cold tlimates, it is

tén mixed with an antifreeze.

: A callectcr or a series of eollectors can be used for SPSEE heating or to
provide hot water for cgmmergial or domestic uses. i

¥
I

]
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: _ r 5* L 2-8 Lo T " Loeoe
‘:l " - ; 3 !.%g ) s , [
r o . 3 . - o = o B . ) !
. i \d o, . . o ‘ )
*"* * The ec lectgr constructed- in this. activity is a wate ' collector which will
gimulate Ebgr orkifigs cf a typical liquid gallect@r. - : .7
"‘l-s\ 2 . ' - i; i . % *
@lints aﬁlcathgting'iiteriégg E C 'l’!_‘ ;'Vhi; Lo o N .- /
';_; = ° Several weeks_befére*thé activity is planﬁed have students start bringing

in. jars and cans. - Jhe jar cpgnings,must be wifle enough to acdtommodate -
the cans. Students generally prefer to"use théir own equipmenti Insist
the jar be clean with all lables and glug removed.. '

%
- Any]flat black paint will-: da as 1cﬂg" 5
~~ .™Batex paint is pzeferred fcmjf;:, 2

; not water soluble when dry.
Shart\dryingffime.

*

_ —- '3/4 EQ 1 inch paint brusheé may be borr d fram the art ‘teacher.” They | - .
- w are less messy than 1afger brushés . = " = “ .
. . . S A : o ;- S .
A . = B B L2 = - - = - a

= chﬁrugated cardboard Tay be pre-cit to fit into %he jar 1ids to save time.
. T ) _ B . :

) T . ) ‘ .
’l Eges{ied Time Allatmz‘ ’ . T i |
. ,sf/ * - P . - i -
(' -’ ' One periad to ccﬂstruétﬂﬁhescbllectgrs. . .
.a-fr' Two QE\EQ}EE periods for céllectian and iﬁtéfpfetatian of data. . -

SdggesteérAﬁpraaghi , : *'? - :

= Téka daﬁa éVEfg’three miﬂutEs. . o o - .

- .Have no, mmSE than two students to eat;h collectaf.
- -, ) , «
- The'ééllectigﬂ should be done outside or thraugh a. dired; sun-exposed

: window. Use a relatively sunny day to collect data. The,results should

— - be good on'a partly, cloudy or hazy day, €ut not dramatic enough during
: i totally overcast weather. Variation in weather will creaggchallenging
. variables in- résults to interpret. '
: %__= In the gréph temperature §hau1d be gp the vertical axis and time will )
’ be on the horizontal axis. : ?Ek K .
- T ’infuse the Eﬂd#&pt of career education'into the clagsroom, there are
- -njmerous sourées of energy materials available. +The Department of Energy
A And fenergy related industrigsrand utilities will supply/media.resources .
¢ * - 7 upor® request. Businesses, Eﬁtluding solar heating-system dealers, may be .
{- ’ willing to come to your classroom or invite your group to_their business
. ﬁ g ' Ec: distuss their aspeﬂis of energy. ' {g-
¥ - 3, . 2 ¥

.- Each student should be encguraged to explore his own home and determine .

where energy is wasted and how such wastes could be”eliminated. Y

RIC L
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f‘ i L (_‘_ . ‘, .
AE a fﬂllnw—up agtivity, Etudents can bi asked?iu désign their hdﬁsa;af
the". future that.\uges ‘solar’ energy -as a pfimary energy source and is
erniergy effitienti : ‘ , oot ‘

B . P : - . . f iw

T?piggi;ggsults‘, L.

. ;‘é; ’ w\i’v e ' ?i x‘j* i 3 . ’ }linr“‘

Studénts should-realize the effect weather cgnditinns have on the dégree *
. of water temperature Qhange.,; : . :
- P . g: .
* - The aﬁgling of the EQllEEth to Ehe 5unaw1ll cause results to vary.
. - The temperature change shaulxilevel !éf if: ccﬁditinﬁs Efé Gﬁstaﬂt after
’ .30 to 40 minutes, E = PR o PN
= Differe§t amcunts of Mater shauld résult in diﬁfﬁtly prnﬁhrtlana
L fchanggs in- Eemperature o . s ) o =
=7 If a3 dty caﬁ ‘is used (no watan), the temparag re 1ﬁtrease is slgn;f;cantly
o higthias compared to- ong whiub is water—fill/% . o !jf \
= -A\secand layar of gla ing shauld ingreasa the, wgter temperature cha nge.
N ) ) & :\u R X’:'r ‘ . : . . '{ :--: ) . e :-- g =
L 4 . ’ I . & 4 . ¥ ’ 7 ’
Precautions s e i , " o A ’ s
";ng/ Holes shéuld be prgspunchsd in thé ZZdS by someone other thﬂﬂ the studeﬂts.
A - H B L = =
- Thermometers muat be plabed in thg éﬂZZéétxﬁ)ﬂftéP the jar lid is screwed
on. . Care should be takén .that the, holes the lid- and can are aligned.
‘There should be no stress on the thgzﬂmetgpg - ~
. v .; — . Cg ?L ‘
Modificatigns e - . C ®
L - See GQING FURF!ER fn student activity secticm. v
\
- It may be advaﬁt geous to dEEEEminE the mass of the metal can-and include
the -heat energy absnfhad by the can in the galculaticna. Q\ \\\ L
" Evaluation “ ,
Zva-nation 3 -
.= Observe your students ability to follow instructions and work with
a;her class members. L ' =
. : ~ )
- Collect and review the data gathered by each student. Ts it well '

Sy

organized? 1Is the analysis well-thought out? Are the.graphs usable for

data analysis?( = - ) . v

Check studeﬁégi answers to thégqueséiansi
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INTRODUCTION - |
& B - - Have y ever: seen\hpw 4 solar ccllecter is plazed to collect
.'the sun's &nérgy Why do yau think they arg 1nstalled that way?
ii g i Thé amauﬁt of solar energy co iected depends on the-way the
. llector surface faces the /sun. , This a éth;ty will look at some factors ,
vg{u‘lﬁvalved in decld;ng how. to’ plac ‘a solar collector to get the most solar
' eqergy R : . i : -

 OBJECTIVES -
At thé camplet;aﬁ of th1{ aéﬁivity, ycu%should be able to:

o _ gglate the energy rec31ved to the angle of the sun.
o 331 : cloud cover to the energy received.
o determine if all the light comes difegg}y from the sun.

o) predict the best angle at which to set a solar collector.

22
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SKILLS AND RNOWLEDGE YOU NEER * - -~ _ - = b~

== How to use 'a.solarimeter or iigﬁthmeteri' :

- " How to use a'éliﬁQ%etér’(élﬂitudé measuring 48 ce

. B . h : .; : o . . -
“MATERIALS ‘ N ~
R 10 S S | ,
Cos i n Lr:f§PgEéEﬂof dight/meter '(often available from a phctography
7«-&6*:;,;‘1‘ : ¢ ) ’ ) v ' -

L T

M

-

: 3>£}iﬁ§%§ter (altitude me%éariﬁg device).

; iri,a;’ . . N o L *

1. “Record the presence or absencé of clouds between you and. the
sun, as well as'%gneral cloud ®nditions. . _ 3

R

2. If you do not know how to use the clinométer (altitude measpring
device)*'or light meter, see your instructor for specific
direetions. : ' . . v

3. Take these two pieces 'of equipment outside to make your

o measurements; TAKE CARE NOT TO LOOK DIRECTLY AT THE SUN.

4. Record on the data sheet he sgiafigéterécf light meter) readings
» f 59 30°, 7459, 60 '

Whég aimeg aE‘aggleg’gf 0-, 15 s 307, 457,-60°, 757,.90%, 105°,
1207, 1357, 1507, 165, and 180 from the ground. See diagram A.

R - EE i

— Eye Level

5. By -aiming the solarimeter at varying4angles_détetmige_the angle
which'will give a maximum solarimeter reading. Record the
angle and maximum reading gn the data sheet.

6. Using™the clinometer measure the angle of the sun from the
L horizon or what is known as its altitude. BE CAREFUL YPU DO
NOT LOOK AT THE SUN DIRECTLY. See. diagram B. Medsure the
angle as accurately as possible by locking to the { ft or right
- of the sum. ' . s ,




N - | 3-3 R
S o e
7. Record the light meter reading at'Ehéiangle:detefmineaiiﬁ '
step 6. Add this to your chart. ' P x

8. = Repeat ébé,sameimeasuramgnis as.iﬂrstgps,BéT*bn a differeqt déy :
when the clouds are not the same. Make sure the. time of gﬁg o
remains the same on both days. R \

9. Plot tMe data, angle vs. amount . of 1ight>on one graph using

-both sets of readings. . :

LOOKING BACK ‘ ,

. . - ) 7; . 7 ‘»‘7 : . - B /

: You should understand how the intensity of the light received.
on a surface variés according to the position of the surface with relation--
ship to the sun. : o ‘ C ’

;- . - B . Y . ] o

- » =

: Egggfthe'maximuﬁ-aﬁgdht of light arrive?

2. . How does élgﬁd;céver affect the energy received? Explain
. your evidence for this. : .

#

- Compare the -angle which gives a maximum solarimeter reading

with the clinometer reading. . Explain these results.

W

4, Does your. solarimeter reading ever reach zero? Explain.

£

wn

Based on your data determine the best angl’ to position the .
receiving surface of a solar collector. g
'GOING FURTHER P R o

- ‘ : _ ,
> - Point the solarimeter to obtain the maximum reading withpu%ﬁ'
changing the angle turn the solarimeter .to the left and right
while observing the .readings. How do these observations
cogpare with your earlier data? . -

-

- - How will the time of day during which the experiment is’

conducted affect the results.: .
'~ How will the time of year during which the éxperiment is
conducted affect the results?

- If you were installing a solar collector, what information
must you consider in orienting its position? . 2

o .
.
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DAY 1
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r '

éDAY 2 ' ANGLE

SDLARIMETER READING
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]

OF THE SUN AT THE TIME
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READING Y N

e

OF THE READING

AT THIS ANGLE
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READING ____
OF THE READING

AT THIS ANGLE
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A e om0 : RN
Lo S e w A -
;. - - ENERGY FROM .THE SUN e
- .oy P : : ‘ oo !
7 . Y ) ; .
*Suggested QGra d evel and Discipl . ; -
729 General Sclence » Cy ’ .
Ea:kgfﬁuﬁd Inf%rma;ian o . ’ -Q,
N . [ ) # -
\ Suﬁlight -arrives at the surface of the earth and is: suéttefedaand dlffused

by thg aEmaspthE.* It is.these processes that provide the entire earth's surface with
“golar fadiatién. The radiaﬁign will be most intense when measured perpendiculdar to the
sun, . . Co _ o . o

¥

Energy from the sun ‘comes in the form: :of electromagnetic r¥giation. . Only
a ‘small amount is in the v151ble range. About 28% 6f this radiation is scattéred and

reflected back into" space. Another 25% is absofbed by ozone, €05, and ¢louds in the
. upper atmasphere. This leaves abaut 477 arfiving at the Surface. '

i
Hints on Gathering Materials . =~ - R .
L = = = ,5:‘ » ’A = . , . l A o N N 5
.= ' * A.durable amd relatively inexpensive .clinometer 15_3§aifable from ,many
’ s%%ence supply companies, Plans forian inexpensive golarimetér and -
+ 7 " clinometer are prov¥ided in the hardware section of 'this solar energy °
document. Light meters are usually available, from a photography-class in
the school. 1If not, students may have them. b
i . - g i'ig‘:
Suggested Time Allotment : - ‘ 4 . n
) - . 2=3 class periods, ”
s e F i ' & - -
nggestéd Aﬁprgaﬁh ~? *
= Start by Explaining how to. usa“%hé equippent. Demoristrdte how angles-can
' be approximated. Show how the light nlete read and recorded in (ev)
- « exposure value or if you have a solatimeter, in millivolts or milliamps.
In the post-activity discussion you czin refef to the sokar collectors that
can be partof.ra later -activity. ) : Les
. ) = e’}w £ : \ .
'Typical Results o |
- - On tlear days the results will show clearly higher values the nearer to the
. altitude of the sun. On cloudy days the results will be,somewhat
.ambiguous, : :
, | .- "
I =t xxh S
L g
Q IR . ' o A - . -
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- 'I'ry’ this activity at diffErent times of the day or year: for ‘ !
vafiaziﬁn. . .

Evaluaticn.;' R P . .

e SEudent evslu&tign should be based on the studemts.ahility‘to cullect, o
record and plct dat.a, as well as his/her answers. Ec: the questiaﬁs%“"
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'INTRODUCTION A I -
. '  Have you ever walked barefoot across’ a'paved road on a hot
. summer day? If so, the experience showed you that the energy from the sun

i is trapped by the road surface.. ¢ S A e
. - o ~ Common ma;érisls, such as rpgk-and water, can be used to capture-
- ... .. and hold energy.from the sun. .If so, heat energy trapped by the rocks or ",

- water can be removed and used whenever it is needed, even when the sun is
» not shining. - ’ = .
] In this 'activity, you will compare the ability ofvair and . °. '/
rock to capture and store heat energy. . : :

-4
’ X

C g i,;
28
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At the templetian af thia attivity, ycu shtuld be.. able to:

ﬁeseriﬁe hﬁw tgcks can be used“ta stare heat Eﬂtrgyi:rrl“
2 e determine which substance, rocks or air, absarbs heat '
3 .\ . - the fasttst and releasts heat the fastest.

= Ability to read a thermometer and stgp watch or- Dther
gt L ptiming device - (schoal elock, wrist watch, ett“ﬁ ’

tii' Ability to tenstruct and interpret a@graph

nmtmn_s el | |
E ;j Gallan tin (ditto, fluid can) with bottcm remgved and twg,
_holes fct insertian of thermnmeter.__g; S ‘ “

3 <

- Gardbtard ‘or wcad with a hole cut about 2" frnm one ccrner
' 8ize of tht hale may vary. from abaut 2" to 4",
- Gravel enough ta fill the gallan tln . vft¥
= ere screen - 1/8" tc % gaugé 7 ﬁ I C?j’

f,ﬁ-'A Thermameters 0°¢ tc 100 C.
e Vacuum pump (vacuum cieaner)
- ﬂat plate!

- Funnels

O éSuppntt (text bccks may be- used as the magc@*suﬁpcft with

2 strong pieces Qf wa@d to hold the gallon tin can. ).
. : ® ' . -

29




. o g
'17@ ] 7 o _
-— ————PYREX FUNNEL
VAG,UUM HOSE— - 5 ALLON TIN. - $omnrs
AN —GRAVEL
O /~ THERMOMETER |
L /) —4
. ,é; B
— D | B WA 2 e /‘STTCKS FIRRING STﬁ]PS
— ) —i—fexfaeexs
- = : N -
,*““j— — PYREX FUNNEL
VACUUM CLEANER - ——HOT PLATE "
METHOD C \ V ~
“1. First, set up tﬁE-epperetue ee'ehewﬁ without Ehe’grevel
P:epere a dete table to reeerd the temperetutee and times.
Thrn on the het plete Eﬁd ellew 1t to heet fer about one minute.

2

3

4, -Turn the veeuum cleaner en lew '
5

" ‘Record on yeur data sheet, beth thermemeter temperatures each
minute for 5 minutee
6. After 5 minutes remove the hot- plete With the Qaeeum device
still epereting, continue reeefdlng tempefeturee for another ,
5. minutés.. = L . :

"’ ]

o 7. Next f111 the gellen tin W1th,grevel (be sere the screen is.
S S & « pleee ). : '

é; - -Repeat etepexl - 7

9. . Greph‘the data - temperature vs. tlme for each: meteflel air
- and gravel. - Prepare a graph for the heetlng phase end a second
graph for the eeeling pheee \

T




A

. K Heat starage using rocks is ccmmanly used as part of a solar
heating gys;em._ You now have data to shaw how well sich a method Harks

ST S
.:i:;f*; uss*nons B : I

_t?' 1. Referring ta your grgphs, which material air ar gravel )
e - heated mast rapidly? Explain your answer. . ,

F;f' T2, Referring to your graphs, which)material ‘air or graval cooled
E - most rapidly? Explain yaur answer. , o . .

1f you. were - designing a solar hgating system, which mate:;al
alr or gravel, would you choose to store the hEat energy you
gathered? Explain your choice. )

GOING. FLIRTHER |

R Heat ‘can be stored by melting a salid such as paraffin (wax)
’ Construct a box with thin sheets of- paraffin in trays. You
~ must select the" paraffin ‘with an appropriate meélting point.
See if you can store and extraet heat from this type of
starage. '

" 1s there any difference between stﬁrage in lafgé rocks .
compared to small ones?

-~ How does insulating the 5tmragé container affect its heat
stgrage prﬂpe:ties? :

- ”’What other materials can be used to Eapture and hold heat
énergy? , - .

5 L
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- 8th; ‘9th grade science .- R

Bagk faund Infarmatian e

-The purpose of this activity is to dEEaﬁstrate that heat ‘can be stared fo_

"use at a 1ater time. . In this case, rocks are UEEd as they are the mgst COMMOn storage

medium for 'a hot air solar system.

Kl
2

Stgrage can be dﬁne in géveral ways. If you ére'using a solar collector

=

: that circulates water, you can. use &, Jarge tank of water to store the heat, generally

lor2 gallons per square foot of hnﬁ%e_ Ingulation af the Btorage tank 15 very

“‘{mportant to kEEp heat loss to a miﬂim’f' s , . _—

'5;Eusian,'§l
., temperatu

Sugested Time Allotment

=¥

© LIf ynu ars cir:ulating air, there are’ several pussibilities;' One way isgy
to store 'eat /using the melting proceas. Such heat, called 1a§ent éat_ur heat af ) e
,ﬂgéﬂ the, state of a solid, such as paraﬁfiﬂ : :
e. When such substances turn back into Egliag they release théirés;ared
Ei a:edure, is ta sta:g‘ﬁd& air in solids without . o
\ ount of heat energy that’
Ehe praperzies af the

heat. Angthe: ,way, used iﬁ this

materigl 1taelf

Hints'gn! Gathering Materials - : o

i =

- 'G:avel ig available frﬂm hatdwate stores, 1umber yards, aﬂd pet'shops.
shaps (aﬁy wood gtrips .of abDuE 3/4" thickness and abuut 1" to 2" wide’
may be used). Thermometer holes are easily punched in the gallon tin
before the bottom is removed. A large nail will easily puncture the
walls of the tin can. Just give the nail a hard sgharp .tap with a
-~ hammer. - Cardboard -should be the corrugated- type~two -sheets which when taped
:ngether will provide added strength. The cardboard cover (or wcﬂd)
,fshngld be 13£%E Engugh to eaqpletely cover the operr ‘can. .t

- " 1to 2 class periods

ggestgd Apprﬁach

C - ' Depending on the abilities of the class, this activity #Hu}d be introducéed
with a review or study of specific heat and latent hesf. Af students havg
had these cqncepts in earlier grades, their attention shoyid be called to
those experienceas, The class could be divided into as mafiy groups as [
there are boxes. -y : ’




- Precautions - . - S :

[N
During the heat-storage phasé,-the bottom thermometer will remain rather - -
- I-steady, indicating a continued introduction of heat into the box. . The .
7¢thefn§b§:grlstTEhE”tgpgwill.shaw a gradual :increase in temperature until
. the air or rocks have. absorbed ag pch heat as they'can.. At this point,
. - thé®remperature will stabilize, ingthigrlgssqggistahiligg;;gpvEgy_gg;”:‘
- »-be-abtained. since heating would have to-continué for a much longey =~ -
- -period of time. . During the heat release phase, the upper thermo eter will
" remain relatively stable and the lower thermometer will graduallf rise to .
a higher temperature than the reading on. the upper thermometer And then

[y . - L oL . 4 B -
< B » * 2N . - ) vl .

¥

u

. = THE CAN BILLED WITH GRAVEL IS HEAVY. _Be-sure that the support is sturdy

.~ None suggested. .

R

: o .; v E ) . .
- Exdmine the graphs and the results of the questions.” -Are the conclusions

ce reached in the questions,. legical, and well developed? = .

fall fo_quzhe heat ig removed from the air 8r rocks and ther¢ is none. left.

= " Emercis n when using the hot plate. . . ..~ . . .



- transmitted through the object,

IN NTRO DUCTION = .~ .~ = o .

. Have ygu ever. wandered why dark pavement gets very hgt on '
-a sunny day while lighter colored padvement seems to remain cooler? When- thg

sun strikes an object, three thiﬁgS‘gan happen. The solar. energy éan be -
it can be reflected from the object,

'.happens when solar energy is absorbed.

it can be absorbed by the{obje:t In this activity ygu will examine What _

it
0

187003 0= 19 = §
!
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W,,;'” Tl ‘ '
AT At the cgmpletien af this activity, ycu shculd be able to:

ldemanstrate that solar. enEﬁEY can be abscrbed by -
f;é ma,erials and changed inta eat energy '

T o “demanstraté thatxall materials da nat absgrb solar
o ~energy at the same rate ,' _ ) _ :
;3\_ 0. identlfy and name the variables that mlght affect a ; :
C IR simple investigatian o , L
R & - _ ot e o ot
L N : S S
SKILLS AND KNOWLEDGE vcu NEED = - L,
-+ How to “read a. Celslus thermametér and a timlng dev;ge
~-(school clcck stop watch, etc. ).
S HQWgtD ccnstruct a data table o . !
. o . 41.1
‘VA’jA-:, EHQW té -graph data o
Do L & a2, £
MATERIALS -
- 3 glass or plasticAdishés abaui 10cm in ‘diameter amd’ Scm
' ‘ high. . o R | ' A
- ?hermameters Celslus scale, raﬁge —lGGC’! 1109c.
= ‘xDry, blaﬁk SDll to. f111 one dlSh
N - Dr y,mwh;te sand tc flll another dlsh

= ,ZDQ watt 1ncandescent lamp and reflecter w;th clamp.

= . Ringstand (The last two items are . f@: thase students Wh@ are, -
;unabfe to do this actlvity 1n sunlight.). _ 7‘ .

- . A thtasgurfaee for thé egper;ment ta be done on.

,"‘_’



: Take the Eemperatures af the scll sand and air everngO
. secands for at least 25 minutes. and record on the dgtd. t

L a

5

Fill one’ dish to a depth of about 2. 5cm with dry black snil
Fill the second dish to the same depth with dry white saﬂd
Leave the third dish empty.

Place. a. thermumete in each dish. Inxthe~dish with'the.dry

" black soil, .place #Ie bulb of the thermometer just under the
- . surface of. the, soil, making sure that the bulb is :Qmpletely :
B 'cavered with the- soii Da the same for the sand ST

. f_Reccrd the initial tempgrature gf the scil sand and air

~ Place the 3, dishes on a table in direct sunllght - (If . -
- artificial -1ight is-used;-place the dishes 8o that the light..
:frnm the incandescent 1amp shines equally on each dish. - °

fwhen the data tak;ng is done lift the dlSh of dark'éﬁff,fram'

the table and place your hand under it. Observe whether any -

‘solar energy is transmitted through the dark soil. Do the

same with both the dish containing the sand and the dish
containing the air. Again Dbserve whether any solar energy

_.is transmitted. -

W
o>



'VEEZ;';‘CeﬁEtru’t a greph ﬁeing the dEte eelleeted  Use different
L raolors. For "plotting the ehengee in the tempereture ef
DR _the eenﬁ. eeil end eir _ 3 .. _
}LQQKING BACK \ ', , o : I o 1 o

R Yeu hevekeeenfthet when eeler energy etrikee an. epeque
'Ehterial the temperature of the object rises. You have also seén

. that when solar energy strikes a transparent object the solar energy 1e
transmitted through it and the temperature rises only. slightly, if at

" ally "When eeler1energy is ebecrbed by an ebjeet the energy. is ehenged
to heet : . “ o :

: S e ;_Q # '; "'lef'_;.; - .
“QUESTIONS > — —~ ~ = e
1. What heppened to the temperature of eeeﬁ'eéﬁteiner as time
. peeeed?f o v D v_; .
f;"j.fé?r' What wee the. greatest differenee in_tempereture;between the

three eenteinere?

3. EWee solar energy trenemitted threugh the eentelner of eell
-sand, or air? .

4. Was the l:em,pereture of the soil-filled or sand-filled
S eeﬁteinerekkigher than that of the eir filled container? Explein

V 5.. How do you expleln the. feet thet the tempereture curves Dn
the greph did not continue to rise. but flattened out?
6. Qn a sunny dey, why do dark esphelt type roads get Very het
while concrete type light eeiered pevemente remain reietively

eoel?;_ , - _ i _J’,
) 7. ' Why were yau teld te uge .one ceﬁtelner w1th Qﬁly air rn 1t?
- . ) : . i } L, o
B . , : ! B‘ - : . % ' . A I
GOING FURTHER . | ‘

Acmmre—s -

N Repeet thie eetivlty but use bleek 1nk red ;nk ‘and clear
. _water.  Place the jars in. direct. euﬂl;ght or under the. 200
- watt ineendeeeent lamp. Record the. temperafures at 30
v second intervals, as.before, for 10 to 25 mlnutee
‘ Graph the 'results of each jar. chpere this lnvestlgetlan
w1th Ehe ‘ones in ‘the’ original activity. . 4

37
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;?ENERthﬁ BSDRPTIDN

- '7-9 'Scie é;e o, e Ty
_General ‘Science S : N o - L
- Earth Science S N R -
. 5 o T 4 Qo
D 'v ' R = i ’ . - o . -!f ._,_ ;i‘_ ) B :
*. Background. | iﬁf@‘tmatian ,_ S b . - .

This activity is 1nceq§ed gw&helﬁ students gainsthe knawledgé and iﬁEighES

into the basic characteristics of &olar €nergy. ». It should help *them understand why -
“golar ;gl;ecéﬁpg are designed ‘with black collector plates -and transparent glazings. .

__Ih;;wjill_eabié t;hem to_select materials and designs for their .own solar %F.tl?’_i%.;._'l

0 Ihe phennmenan af absnrptinn occurs every time light falls on a surface.
. light energy is taken into the substance and is changed into heat energy, ;
""in the tempersture rise of the soil and sand. This dncreased heat enargﬁféga ]
- explained as an increase in the kinetic energy of the mgleculeé‘in the sdﬁstan&e; light
energy in the,form of infrared radiation strikes these molecu;es apd ;aus§5 their
motion energy to increase. The cnlar of a substance is also Elusely related to
'absﬂfptian. +Certain wavelengths of - light are absorbed,. others are reflected Those
Hhiﬁh are reflectad pfaduce Ehe culntnof the Subsiance.

3
-
]

Hin:s gnﬁGathgrinE Materiais

= If it ;s impractical to use thgfsun aﬁﬁ
o sun ia not:'shining when you plan teo .do this activicy, it then a 2 G watt.

incandeseent lamp clamped to a ringstand wlll work just as ef ctively

Place Ehé contaiﬂers difectly under the lamp so Ehat each one receilves an

;

: QK Assign Students to
sail tjpes in thé—tans. i .

ERIC

AruiText provided by enic [&3

: . S ) T . _ A

snurce nf solar Energy or if thE,u=.

. -




ERI!

Aruitoxt provided by Eic:

L Were Ehere any 1ndividual results thst
- Hnw .are: such reEuIEs

* ' R

= Csn the students think -of ‘any pragtical applization of their fiﬂdings?

'52'7 - Have them déscribe,ig wfitiﬂg,'hings they think of. = T L

) ,rﬁ, . N S SRR ] . _ -_; R @éé .
_:E,'imal Resulta - f%;ii”1;= e 2%§

::.w‘ - Typical results fnf absazptipu nf Eplé: enérgy by the dark sgil sandy Til,

(Hinutes) S

\

' s s
skills in ggtting up activity,makiﬂg éeﬁva i ns, recurding
%pretiug data. Alsg cbs, ve Ehef¥'skills .

' Observe szudenté
.data, plot ting ggaphs, and; iE;
in. identifying and gantrg;“ 3

'Cbeck thé quaEiﬁX of -stud he Esi
fgund to explaiﬁ the da ‘s
L _ b "
3} . AR .
. v ) '1‘ : -
] r\ie—j!_ s i £ + ‘i‘: s .
. % ..- % ) : f—
= i © s a,
. X . i
* ’ ; o A




| D R A F T Ac‘:nvnv 6
E) PlORING BASIC PROPERTIES OF SOLAR ENERGY
C . RERECTON
L
»“INTRDDUETIBN B " S EEE

What happens Whéﬁ saF&r energy str-:.l%és a mirror? How ié that . .,
different from when it strikes a darlk sheet df paper or a clear paﬁe of u
glass? In this activity you williexamine what happens when solar jenergy
is raflécted from an object.  You'‘will also determine what kinds of
materials arE good reflectors of solar energy and what kinds are poor:

reflectors. TD do Ehis you will use a solar ;:ell connected to a sensitive
Zalectriq\r métar A . ", .
' & Ve - T ) ;' a I . o i )
g o . . e . ;
R ¥ ‘ v . i
i ‘.
: e
Vel .
6-1 .
® . ® !
— Y )
,ix..i.i . & A #® .
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. o
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. EE N S ’ .
OBJEGTIVES -~ - = | o |
. At the completion’ of this activity, you Should™he able to:

A - demonstfaté that sdlar enérgyvéan be féflecﬁéd '

0y
5 Y

\ ,Qe . construct a definiticn fo reflectlgﬁ cf solar energy
| o compare the amounts of solar energy reflected by ’
- - different materlals of a given set.
o o :ﬁame those materials of a given set which are. the best
ki : -~ . and .those ,which are . the poorest reflectc{s of solar
- , - energy. ' -
o  use a solar detecting device. .
SKILLS AND KNDWLEDGE YGU NEED
- How to read an electric meter or pyrannmeter Z;'ﬁ

' Haw to record datar

= Understand the definition of a pyranameter
- \ B
MATERIALS © | \
b - " A pyranometer; @r a solar cell connected to a gai?anameter or
" milliammeter :
« - ' Squares, 5 centimetersidn:afside, of flat glass mirror, flat
. metal mirror, aluminum#foil’. flat glass, black canstructicn
paper, various calafed cagstruct¥an paper, white typing .
paper, pans of watei’, "dark dry soil, sand, concrete pavement,
grass, a large grean$be&§ﬂ » T
- 200 “watt incandegcent lamp and reflector, with clamp.
-  Ring stand (The last two items are for those sﬁudents who are
- - unable to do this activity in sunllght )
‘\ ' ' R :3?‘?

-




o s e S =SS

E o smc

SOLAR CELL MILLIAM METER
METHGD : - v .
1. Place the first material to be tested ilac on a table top in

the sun. .. Place the pyranometer close to this material, on .
the apgasiteAside from the sun, and in such a positton that the
salar cell is receiving the reflection from this material.
Position the pyranometer so that it shows almost a full-scale
.deflection or so that it receives as much reflected light from
the test material as possible. (An aftificial light may be
5ubstitutéd for the sun if necéssafy )

2, LEEVE the pyranﬁmeter in this same pGSiElQn for the rest of
the activ;ty ;

3g‘f Remove’ the test sample and replace it in turn with each one
: .Qf the test materials. :

Rec@fd the reading for each material in the data table.

EOIEs I Arrange these msterials in, order from the best reflectors to
e the poorest and place on data table. ‘
6 Arraﬁge CQHSEIHEELDH paper :glars frgm the best reflectors to

N




~ DATA TABRLE

FLAT GLASS MIRROR . '____ - WHITE TYPING PAPER _ -

FLAT METAL MIRRGR =+ ___ PAN OF WATER L

ALUMINUM FOIL = DARK' DRY SOIL -

' FLAT WINDOW GLASS  __ SAND -

CONSTRUCTION PAPER . *  CONCRETE PAVEMENT __

BLACK . [ GRASS : —

RED e LARGE GREEN LEAF . ___

 GREEN
BLUE |

YELLOW
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LOOKING BACK

g You have discovered that one basic property of solar energy

is its ability to be reflected. Different materials reflect different
amounts of solar energy, just as other materials transmit or absorb
different amourits. You have also discovered what kinds of materials are
good reflectors and what ‘kinds are poor reflectors.

'QUESTIONS :

1. Of the materials tested, name the three best reflectors.

2. Of the materials tested, name the three poorest reflectors.

. 3. Of. the materials tested, were there any that did not reflect
at least some solar energy? : .
4, What probably happened to the solar éﬂergy which was not
reflected? :
5. How could you use what you've learned about the reflection
' of solar energy to get maximum heating of your house from
solar energy? / ‘ '

GOING FURTHER
- Try some other materials to see whether or not they reflect
solar energy and whether they are good or poor reflectors.
- How would you design a house that uses-solar. energy for heat
in the winter and that keeps out solar energy for coolness
~in the summer? (Answer in detail.)
. : ¥

i

45
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_ Teacher Information Sheet . .

EXPLORING BASIC“PROPERTIES OF //
SOLAR ENERGY: REFLECTION . ». ./

~ Suggested Grade Level and Discipline E o v .
7-9 Science

General Science . S oL
-Earth Science.

-Background Information

This activity is intended to help students gain the Enﬁw%edge and insight into "

the basic. characteristics of solar energy that will enable them to understand solar
design. It should help them understand why such items as solar collectors are designed’
as they are, and it should also enable them to select materials and designs for their

. own sgolar activities. This activity examines reflection of solar energy; two.others
will examine the properties of abgorption and transmission. A

T can easily be made by connecting a solar cell to.a
milliammeter or to a galvanometer. Since the ‘main purpose of this aﬂtiviﬁﬁ,is'pa compare
relative amounts of energy reflected and ‘not to measure these amounts, there 18 no need
to:calibrate such a "home-made" instrument. (Perhaps it would be .better named ‘a solar ..
cell comparometer.) Since the same meter is used to take all of the readings, @#nd since’
‘the readings are used only to compare the solar energy reflected by different samples,

the numbers alone are enough to. tell the story. The higher the reading on thé pyranometer,
the greater the amount of solar energy reflected and the lower the reading; the smailer
the amount. ' ' o : S '

A solar cell pyranomete :

s

_Gathering Materials @ Lo S @"

Hints on

L

2.

If your school does not havé ‘a pyranémet§§§ éﬁé'g§ﬁ éagiij’bg‘ﬁéﬂé. ‘

a. A salsf}céilgbiémrx lcm, delivering 22 ma at-.45V. This will
probably have to be ordered; so allow time fof delivery.

b. A milliammeter, range 0-15 milliamperes, D.C. or a galvanometer.
These items are probably available from.the supply cabinet.
- To construct this "solar cell pyranometer", simply connect the leads
from the solar cell to the terminals of the milliammeter or the galvanometer,
You may want to secure the cell to the side of the meter with masking
tape, since the wires attached to the soldr cells can easily be separated 5
from the cells, ' T :

o= A thermometrer whose bulb is covered ﬁithsgspper plate painted with flat
- black paint can also be used, ' '

ERIC - ‘

Aruitoxt provided by Eic:



Suggeated Time Allotment . .

- Gne class period te perform the activity and answer questinns.

.= : DnEahalf class»periad to discuss :he,invéstigagigni

Eyggéstgd,Aﬁpfuach

= ... 1f enough pyrannmeters are. available then it is suggested that students
' work in-small groups (3 or 4 gtudents) to perform the investigation.

T -~ Another possibility is to do this activity in conjunction with the two others
. in this group, "Exploring Basic Properties", and to set up a few stations
~ within the room for each activity. This would help to reduce ‘equipment -
demand. Given adequate time to perform the. ac;ivitiés at one statinn, each
gfgup could then move on to annther statdon.

- = When the activity is:gampleted, the class as a whole can compile lists of
: . materials. which reflect or do not reflect solar energy, and place the

~ = materials in order from best to poorest reflectors. At this time any
discrepancies between individual and class data can be discdssed, as can
the questions at the end of the activity.

L N : ﬂ .{é.

Typical Results

- The values for the reflection of solar energy will vary from group to
group. Discuss the possibility that some solar energy (or light) should
ghine directly onto the solar cell without being reflected. Consequently,
the pyranometer would record not enly reflected light but ‘some ditect
light as well.

= The variatiaﬂ in groyp data should provide a good opportunity to
introduce and discuss the identification and control of variables in
an investigation. An important uncontrolled variable in this activity
is the lack of calibrated scales, which may be a major cause of the
variatigns.

Precautions

= The solar cells are delicate, especially the attachment of the leads to

°  the cell proper. Re-soldering the leads can be tricky if they are broken
off. It is suggested that the solar cells and the leads be taped on

to another object (perhape the meter or a flat board) before use.

Modifications H
o weéghEE uncertainties, this investigation is designed to be

d out-in artificial light if necessary. A 200 watt incandescent
with a reflector will perform just as effectively as sunlight.

‘E’

e t
arrie
amp

W—‘\I"J

K
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Aruitoxt provided by Eic:



Tu pr§VEnt or reduce the pnssibility of any direct’ 1ight strikiﬁg
‘the solar cell of the Pyranometer, mount: 8 20cm x 20cm plece of black, -
construction paper as a xurtain betwgéen ‘the. energy source and the
solar cell. Af.the same time, blat,'aunstfuct paper can also be
placed in.the area around the pyragometer and the test materials to
.reduge to a minimum aﬂy unwanted r flectian_

Evaluation '
- . 'Qbserie's;udent* skills in operating the Equipment in making ahserva;inns,
..1n recording,. clgssifying, and interpfeting data, and in idEﬁtifying
and cantralling variablesi

- Cheek Ehe quality of the answers to the ques;iaﬁs and af hypn;heses F
' formed to explain the data. , : i;'

i, -

ERIC

Aruitoxt provided by Eic:
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EXPlORING BASIC PROPERTIES OF SOlAR ENERGY
TRANSMISSION o

INTRODUCTION
- What happens when sclar energj strikes an object? There are

three possibilities: 1) The solar energy may be transmitted through the
object, 2) it may be absorbed by the. object, or 3) it may be reflected
by the object. 1In this activity you will ‘examine materials ‘to determine
‘whether or not they allow solar energy to pass
determine what kinds of matefials are gaogxg ransmitters and what kinds of
materials are poor transmitters. To do this, you Will use a solar cell

connected to a sensitive electric meter. .

d

167-003 O =70 = 4 ’ T
N L3

through them. Yoy will also



7-2

OBJECWVES = i
. ') B ¢ = B B
At the c@mplétian ’fvthis-a’tivity, you should be able to

o identify and name thosé materials of a 31Vén set Whiﬂh will
, transmit solar energy and thase which will not.

o- demonstrate that solar energy passes through some mater als
but not through chers :

o campare the transmissian of solar energy through dlfferent
materials by using a solar cell and a sensitive electr;c

‘wmeter

ganstruct a hyputh251s explaining hcw some materlals are 23F

o
able to transmit solar energy and others are not.,
. l
I
SKILLS AND KNOWLEDGE YDLI NEED : _ | - ‘
- How to read an electric meter or pyranometer. \

- How to record data.

MATERIALS
- Pyranometer, or a solar cell connected to a .galvanometer or A
’m;lliammeter )

- Squarés 5 centimeters on a side, of window glass, plastic
sheets (clear, red, blue, yellow and green), waxed paper,
frosted glass, tissue paper, composition’paper, cardboard, ,
wood, aluminum foil, copper sheeting, a mirror, a leaf; containers

. of dark soil .and of water, a pair of eye glasses and a pair of

sunglasses 7 ,
- 200 wact iﬁcandESEent lamp and reflectar w;th c%i?p

- Ringstand (The last two items are for those pupils who are
unable tﬂ dD Ehis activity in Egﬁlight;) :




\.SILICON SOLAR CELL

TRANSPARENT OR ~ A -
TRANSLUCENT T e o
s MATERIAL i MILLAMMETER _,

METHOD |
1., Position the solar cell gf the pyraﬁameter facing the sun.

- (or the incandescent lamp) so that the meter shows almost
full scale. deflection (maximum reading). :

2, Regcrd this Teading as the initial or beginning :ead;ug 1n
the data table.

Leave the pyranameter in this same position for each reading of
the set of materials being investigated.

%S

4. Hold pach piece of material in turn over the solar cell of
the pyranometer.

5. Record the reading for each mgtéfial in'the data table.

6. Grcup the materials into EWﬁ groups:

. a. Those materials which allow at least some solar energy
to pass through according to the meter. - Arrange these
materials in 6rder from the best transmitter to the

pdbrest. : .- . ':?’
% . i I q’.»f‘.;
Those materials which allaw na solar energy to _pass "through-
B ‘accerding to the meter. ‘ .

&

e

7. ldentify thcse variables (fagtcrs which may influence an
experiment) which yourthink might have affected the reading Df
the meter. Make plans to control these variables and repeat the.
investigation. Campate the results. —

L D
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..~ LOOKING BACK 3 S
Y .~ Yod have. 'discovered that one property -of solar”é
": it can be transmitted, through some materials, but not: t
" Knowledge of which materials are transparent, ‘translucen:

- to solar energy can be. useful when discussing.solar. TEY 8 _
7'+ applications..  For example, "in 'the winter you'would want the.south-facing -
windows in your home to be transparent so that;’solar energy ‘would be..... '
transmitted through them intd’ your home; but in the hot Summer months
. you would want ‘your wingows covered with. an opaque material to:keep the
‘solar energy out. In the winter '

PO

, ter, thiy transmission of solar energy would
-warm your house; in the summer,the absence of solar energy would keep it
cool. ' L . R e _ !

S " . .

QUESTIONS = s T, |
1. Why was the pyranometér left in the sarie position for all the
, readings in:the Iinvesgtigation? 4 - K B 7

-

e

*

o ' it o : . e et
s .20+ According to your r%suiﬁsnghﬁch materials .are good. transmitters .
: of: solar energy? Which are: poor. transmitters? .. .. - o n

v

aterials tested which dp not itrhnsmit solar - .
: s e

LaowE, e
ot E

4. Construct & definition for the word "transmit" as it applies ' I\
to solar energy, = ' e T ‘ R T

>. . Define ‘the words.:'transparent", "transluceﬁﬁ“,faﬁd "opaqle".
6.. Name %éﬁeral maé%%ials which are transparent, sevesal which .
are translucent, and -several which are opaque to“solar energy.
N 7. » In building a House, wher¥ are materials used whic¢h transmilt
“ solar energy? Explains “¥¢ . -

[

Where are materials used.ihich-are

In building a house,
- ~Explain.

opaque to solar energy

' .GOING FURTHER ) o

- Repeat the investigation using materials other than those
given or try using combinations of materials in the set given.
For example, you might try combinationd of the:colered plastic
sheets - red.and blue, red and yellow, blue and yellow, etc.
Y Compare this data with your original data. '

= 3 - : : - -




Construct .an: expériment to detemne if reducing the glass
area of a ca - parked in the sun on a warm day has any effect
t-ure,;lnSi.de the closed car. _ .
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“7*9 Stienta

Earth Sciegce 7

L LG, ivity is’ ihtended .ta help studetﬁsega n the knnwledge and insight
o intn one af the - Taait characteristics of solar enetgy thst will enable them - to under—
. ‘stand solar design. It should help them uﬂderstan why such items as solar tgllattots
~-are’ designed ‘aa/ they are, ‘and. At shﬂul also enable tEfm to selecﬁ_materials and’ desig 8,
'fo: their own.: s-lar attiuities. . . . = Voo ) o T
» A Eglat :ell pyfanﬂﬂeter can easily be made by cnnnecting é solgr cell to . .
a milliammeéer or-to a galvanometer. Since the main purposé, of this atti%ity is to -; * g
_-fhxenipafgitq,ative-aguunts nf“enét'”“transﬁitggd*anﬂ not- tg‘messurE“thtse ‘amounit ey
- there is 1o need to calibrate guch’ a - hame—made" instrtment. (Perhaps it would hg _
_better ngmed a solar cell dpmparometér.) Sinde the same meter is used to tgke all of’ :
‘the- readings, and since the Yeadings are used .only to compare the solar energy transmitted
by differegjt samples, the numberd alome are ‘enough to tell the story. The -higher “the -
R readifig:- on- the pyranometer, the gteater the amount of solar energy transmitted and the

inwet the réading, the smslier the aﬁnunt that is transmitted o o
! 3 : ' . .

% .

i i o -
Use of a. galvgnameter a thed to a salar cell may create tod séﬂiitive
: sn\insttument when the solar ‘cell 8 angled directly into the suh., This may cause

more .than a full® scale reading on the galvanometer whengusipg the best transmitting :
.;'materials. If this ocours, the’ solar tell should be defleeted from the sun ' :
juat enough to give’ a fhll=s;alg read nggjith the best ‘transmitters, Lo =

S 4 .
PR 3 Solar- téils are higgiy etficient gilicon- gémi-cnndﬁétct dEViCES which
convert light dirgttiy into eietttitiig When expos d to 1ight, each cell ptnégtes
appfpximstely ‘the same valtage}ﬁ?tween ite twa terminals. 'When a load is con ted
betwegh the two terminals, the voltage d rence causes a flow of curremt. This curtent
is causkd by .the formation® of "hole-electtan pairs" by the absorbed light photons’ =
Att@tdingly, the amount of current will ,depend on the amount of absorbed light whith
€;;hf turn, is4 dependent on the incident : light intensity ag well as .the. surface area of
the. solar cell. i(Solar cellg,may be intertagpected in .series to prnvide highet vgltage,

in parallel te produte more étrtgnt, or both.)

A . :-;l‘ - aa P o e
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cer e e : , S L
:,»Ga”ﬁheﬁnrﬁlﬁ-iari‘ali ‘ g' ‘ R -_'_‘j‘:'a R T E
- 1E yauf sclmal dae& ‘not have L pyr numetgr %ﬂé can easily be msde.t; / o ‘
- a.ﬂA sulaz celi; 1c:m x l:m; delivering 72 na a_; .!»SV :‘This' will _ T
R S p:nhably ‘have to be nrde:ed 80 gllﬂw time, far delive:g. "
a . b, A millimater, range 0—15 milliamperes, .C. or' a gklvgtmmg ¥
el . . These items are probably availabie_ from the gupp,ly& gabinet or askl A .
Lo Lo the. physics teacher. S e, .

\ . ,efhis “Eaia,, Elli pyranﬁmeter“, si; ly connecE the lé&ds frﬁmi o
' .the saiar cell to the terminals of the- milliammeter on_ the galyanq,meter., S e

s _ :Yuu ‘may_‘ ‘want to EEC‘LIEE the cell to the side of ‘the metgt w:lt;h mséking‘_ ICE 9
) : ) tape, #ince the wires gt:ached Eﬂ the*solar cells csn.; A
fram the :ells. ) ‘ . C _ ¥, AL SCRR.
N - X.“ . I H ! ) ’ - U e o R o \“‘ i Co ) l::: Ar ) ;J |j"§ ‘
ggested Timé Hllntment ] R I o "’ T g
- , ~ \ : . Wi
- Dﬂe clnss‘ periﬂd ta pe rform the am;ivit} and answer questian‘s. C e
I “""'One-hglf glass refiad tc: d EZ g8 thHe" 1nvegtigatign_ *‘! o L T
. ' " e R SR,
- : , .
= 1f equipment is 1imited then thig activity>is best done as agiéacher*
) demanstrati@n. _ R g e 2

- o sIf Em:lugh pyrarmmetgrs -are availal:la, then it is suggested that stud nts
H’ﬁl‘k in gmall 'groups (3 to 4 studentg) to perform the investigatian.

#
= When the activity 151:ampletedg thg clasﬂ as a. whnle can campile 1ist3 of
imaterigls whizh transmit’or are opaque to solar energy, and place the .
materials in order fram best to POEfEEE E:ansmitters. At this time any
. _disctgggncieg between individual and class data can be digscussed, as
' can thg quegﬁinns at the end: of the activigy.
2. b -] o Vs ¥ : R -
. R . ]
T?pi:al Res‘ult“ﬁ“ I AR ) ‘_
. E— . ) R - :
= = The valu%§ffgr the transmission of golar energy will vgry from gfaup ta
- : " -group as & Yesult of several variables, especially the Jack of a calibrated
 -scale.  This should pluvidg a good opportunity to introduce and -discuss the
;identificatinn and control nf variables in #n hvgstigation, L e
L ’ ‘ * - ‘) . I
- . 00 _
- - = bl g - 7 B
¢ . - R * ’
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)ae_pcaiaZZy ths attashnsﬂtg ef ths ngds i:a i:hé ceZZ prapsr, -
R»_, 8oldering the teadsyoan be t::ﬂsky ift:hey are bmksn off.
od-that the ~80; 'ﬂf‘_'i'sZZa,«.cmi ths Iﬂads be taped :

' xDue te weﬁther um:ertainties, this investigatiun is degigned to be carried
&;m tificial light.df. necéssary. - A-200" ‘watt-incandescent : lmﬁp with e
‘a” reélect;nr u111£ rfam just as effezt:ively ag sunl:lght. .

. 'L
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Db rVe student sl;ills in apefatiﬁg the équipmen;, in making ubser;val:ians,

;"g. ; ¥ 4n recording, ?ﬁlassifying, and interpfeting data, Qnd in ideq;tifying and
.o cantrﬂing vatiableg. e

S o B
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INTRDDUCTIQN o ,

Have you ever stood near a radiator and felt warm? Hdw does
the radiator cause you to be warm? The name, radiator, means that the
_heat energy feaghes you by - a process called radiatian -

: ) In this activity, you will invesﬁigate a form af radiant
-;,enargy as it.affects-two. objects. After you complete the activity,'
.gee 1f yau :an describe radiant energy.

3
o




»;the Dthéf sﬁiﬁy, absgrb andﬂradiate;heatlenergy-

| o Q'seleet a, color that wculd be best to use as salar
. energy sbsarber in a sglar callectar-- §L 

.':— AL
FEETYL R U LTI e L [T S e T

SKILLS AND KNQWLEDGE Y-QU NEED

:f'  Haw to read a thermameter

- HﬁW to gfaph the time and temperature data on a simple
line graph z A , )

- ke

MATERIALS

- A saurce of radiant energy, such as a high wattage lamp.

- Two cans Df the same size and substance w1th some type of
cover,. one painted black aﬂd the other left shiny.

K%%%%j¥ ?‘ Ccrrugated cardbaard

- ' A clock with a second hand.

A
¥

o= o Water at roof temperature.
B t . . -

- . -Hot water at least SDGG%-.

I
]
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~THERMOMETER

———CORRUGATED CARDBOARD

~—WATER

1. * Fill the two cans with equal amounts of water at room .
. temperature. - . . C '

2. Obtain a piece of corrugated cardboard cut slightly larger than
. .. the-can top, 'Make a hole in the center of the cardboard with
. a pencil pciﬁt“sli%hﬁly smaller than the diameter of the
-thermometer. Carefully insert the thermometer in the hole so
that there is "a snug fit. Repeat for the second thermometer.

3....Place the thermometer and ¢ardboard lid arrangment on each
© can. Adjust the thermometer so that the bulb of the
thermometer does not touch the sides or bottom of the can.

%;i‘,x _'YHh See diagram 1. . .
s, Place each can 20cm from the ‘heat source. See diagram 2. -

5. Record in data table 1 the temperature of the 'water in each ‘ i"f\
.can. e ' SR ‘

60




_ SOURCEOF.
.. RADIANT ENERGY - - -

_THERMOMETER

CARDBOARD

¥

TRl
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regord the temperature af Ehe‘

tes for: about Ehirty minuteé.-
'table . o L

:'>i','~' . graph your: fzsulta

" 7. " -At the end af

8. Next, empty
- amounts af ho
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subatances ébsazb ‘and :adiate heat ‘energy at
inds of. substanzas absorb heat energy

- the- best- shﬂuld ‘help you: in- ehccsing
CﬁﬁleerEathEﬁ It also explains why
nstruction’ pf ‘solar panels.’

ERIC: i~

A ruitoxt provided by eric [
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Repeat thg experiment using different distances of the heat source

%?f each trial ‘Explain the effe&t distance has on the amgunt ef
eat energy absarbed ' _

;\? e

Repeat the experimEﬁt using Ehe sun as an energ _source.

71s
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BATA TABLE 1

ﬁ..

DATA TABLE 2

*%-/ i 1 B ,
:.‘%"E;_> -r%:aé?*c&e# Té:yf* se# w:s ) | K sey Tz::;'f*(sew
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farﬁ.ﬂf electromagnetic waves. Heat can travel through'a vacuum by radiation. only.
" The 1ight coming from the sun is an example of radiation. All warm ﬂbjects radiate.
heat. energy, and at - -the game . time receive this enérgy from other objects in’ thel
aurtuundings.. When an abjent absorbs energy its tempersturé risea, and when it
engrgy its Eemﬁerature dfups. ’ . . :

i!"

‘1f-a silvered container;
. quiekly becaude radiate

K

Radiazian ia a ﬁéthnd of heat tranafer*in which EhE hést travela in the B

R eﬁ'jts

'

es. radiate energy more tapi ty
re: filled with hot water th
eit is feflgcted hy -am

than nthErs. Ehr -example
ould ‘not _escape very
such as shiny metals,

- Vardous sub

I ¢ qﬁmpafiann, a bladﬁi
ref ect this ene:gy as ﬂéll.:

energy., . On
eiegtraﬁsgnezic EPEEEtum; and ﬁherefare do not exﬁerience gsuch a 1arge temperature :°'f
change.: . . _ L

[y

4in more light energy and changes it to heat, and white is best wo
_ since.it’'reflects: light energy. : This phennmenon also‘explains ti
cana:fugtinn of solar collectors.. -Th top 18 covered by a transpa

;. This is :he reason black is best worn iﬂ éhld weather sincg it takes

rainer wnhid emit hnte eat-s nce: black, substances do nnt:

i

Black: is knnwﬂ as the aupgr—abspfbe:.f This is because it absorbs’ light

B
-

uffgli wz?elengzhg. ‘When it absorbs the 1light .energy, the molecules composing the” 2
- black materisl speed” up. ° The increase in the speed of these mq}ecules leads to a rise’
in Eemperatutei Therefore, light energy -absorbed by this black substance becomes heat

On ,the other hand, shiny or white substances reflect almost all colors of the |

Tn“ B

A

‘in hot weather, #j
‘use of black in the
rent plate of glass ,

- Or p;gstic; which allows the sglar radiation to pass through, and the back.iq )
blackénedlin order to absorb as:‘much solar rsdistian -as. passible_ ( \ o

Hinta on’ Gatheriqg Hateriala_ ,". -F

.8
‘ .
: \

[N —

et LI 1 &

Several weeks before the activity is to be done, collect aluminum sadé
_cansg. Remove the ‘paint from the ones which are to be shiny, and use”
flat bls:k paint on thE dark -cans.




One. elana parind iﬁirﬁinutzag to dﬁ
n:nquring tha‘rata of ablgfpbibn of %gdiant ene

;{,'ﬁ‘u

ERIC
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>°i rate nf raﬂiatiun af heat - ener? '

s

R

w.;
: H

Uﬂlegs the periéd is more than an hﬂur
students do theﬂaﬁtivi;y .on absarptinn
“radiatiﬂn the next. . : e

CIf- there is diffigulty in abtaining an adequ&te number uf heat scu:cea,
have half the class do the activity, measuring the rate af radiatinn,
whi a_the éther half‘measures the. rate ﬁf ahsnfptian._

Iﬂ bath of the activities remind students thst when the initial temperatures
are different that it 1s th! chang in ;emperatufe that is impcrtanﬁ. :

Hare dramatic results are abtained us
heat - energy;

;bﬂﬁg ﬁlaaa péfiad tn di

.@‘

A

Divide tﬁe class intﬁ groups of ‘two or : _
respunsible for timing, while the gtheraﬁne nr twa gte respgnsible fnr i
" axead ,g the temperatures and’ fecnrding : e g :

?' A demanstrstinn of the apparatug will facilitste the agt;vity.2;

aff ERURRRI BB Y

4,

Absarptian of 'Raﬂiént Energy

OZHESEEEEEE
CoTE (Hl_lﬁ!m)

™

=

Egeafirst patt’af ;ha gﬁtiviﬁy aq

Gne Etudent shpuld ba

_The- next' day the

%ng empty can

=




8—10 ¥

Radiatian gf ‘Heat Ene'rgy

k ozhssm MEBm S .
P g : TuE (MIN) .o . T o E

The graéhs'abave'a:g'examplés‘quégtuai student data.

£

[ o : . [

E ec tinns ST

S i..bs eargful paurzng thg

r'jatgri A container with a~§péut should be
- uged. ' : S

- Egmind studénts nat t@ t@ueh ﬁhé hgat s@u?sg. ?s;
Hndificatinns . . ' : o I - , : o , -

..*. -

This activity cnuld be done using different subsgances in the cans or
usingfﬁifferent cala:ed cans.

Evaluaticﬂ

”wg- N Cﬁgck Ehg students' data, graphs, and answers to the questions.
: - B ' "'x‘ ,v"’__ ® R ) . ..




: , can%grvatmn Qf energy has
become very important. ne ﬁethad af canserv1ﬁ nergy is to better ' “.."

'insulate  our buildings. 4§ thraugh walls aﬂd
windows. i :

.

Cweliieec o In this - act1v1cy _yﬂu will be. campa i gg
mateflals as to the;.r ahllltg to keep ‘heatr in and

Q

ERIC
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QB.IECTIVES
- At ‘the Complétl n of Part Lo g
. able- to: < : i .
T .o compare insu latlng matEflals to keep heat out us:Lng
“temperature data collected. . .
”,‘b “use this. 1nfafmat10n to dgtafmlne ‘the best insulating
-, material -to. keép heat Dut
‘At the QDmplEEIOﬂ of Péfﬁhﬁi%gf thls ex ment you should be
ablé to: : r -
o compare insulating’ maﬁerlals to keep hEaE.lﬁ uslng
. . temperature, data collected
o use this information to detefmlne the best materlal
to insulate against heat 1035 - ‘
SKILLS AND KNQWLEDGE YOU NEED
. i
o -  How to read a thermdmeter p
- How to graph data. ' ‘
A
. ) 5 ) o
. MATERIALS

.= Three soda cans of the same size_ and color.

- Threevﬁhermcmetefs C!lOOC to llDOC)i
. = A cldck with a second hand. .
. - . A source of fadiéﬂt energy, such as the sun, an iﬁﬁiafed lamp,
' or a heating coil. ’ ’ .
L ]
- 7 Hot water.
- “ Various insulating materials, SthrasfiBEf glass, wool,
styrofoam, newspaper, or aluminum foil. '
' ‘ .69
. LY Q \ , F
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c i = oy

| o : Dl ' RADIANT .. X )

) S - N2 L ENERGY " o : ot

- & * SODA GAN eEROT . sODACAN. o, v

L . " WRAPPED . _ - WRAPPED I
P S * IN- INSULATION ./ . IINSULATION *
z . . ¥1, ) } . ) . .k“ r N ° . . B
B - i
1 3 . . ‘.ﬂg, ‘éf 5\ i
. i ! ) = . - ®. .- . « ﬁ

METHDQ PAEZ Lo g T
5 1.. Obtain. two tgpes of 'insulating matg;ials apd cover one camf, ¥,

A . ] entirely with one type of material and the second can with'

Lo e  another material. (Make gure the tcp cf each.-can is- wrapped )
2, Identify. eéch can byﬁthe type of 1nsulating matérlal used
v 3. The unwrapped can should be labeled’ CQNTRQL ‘ Y
P . C ;L :
4, T Plrace " the three caﬂs about 20 centlmeters from tbe heat source.
5. Insert\-the - therfhome ters” through a small+Hole in the top of
' each' can. Use a rubber band wrapped around the thermometer
to keep the thermometer’ Euspeﬁded 50 Ehat it does nct touch
any part aof the can. . :
, 6. Recard thé@tem@Efature ﬂfieach can in Data Table 1.
7. Turn on the heat source or place the cans in the sun and pecord the temp- -
erature in thégthree cans every two mirmtes for twenty mlnutes
' 8, At‘!he end of twenty minutes remove the heat source‘and graph
the results on Graph 1. Use dlﬁferent colors for the ﬁhre
_ " different lines - g
- " 9.  Save your cans for*Eagt II.
) / > L - 1
| _— & W
- |
& i&;? - .
VARTECIY .
) i o
_ 70
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. A TABLE T ;
INSULATIC]N FRCM ABSDRPTICN DF RADIANT ENERGY

e*r-z-

3 ‘.’-‘

1

o

'mITE IN TI-E INSLILATING MA?ERIAL THAT YQU usen. .

L3

]
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X
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DATA*TABLE 2
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- .- THERMOMETERS (°C)
-
. . ™ SODA'CANS EACH WITH A
: DIFFERENT KIND OF INSULATION
"”*:;, * 0 i :
METHQD PART 11 L " -
1, Fill the three cans used in Part I carefully with hot.water
tc: oné centimeter from the top. .
Y
B -2, Inseft the themcmeter into each can of hot water once again
Sk ' beu’xg careful not to- tcuch the 51des of the ‘can.
: © 3. Recéfd»t;he tempera%ure in Data Table 2.
AT Y
T b Continde to record the temperature every two minutes for
. twenty minutes.
LB _w-‘!‘"»‘_ ’ o n o x :
* 5.  Graph -yéuf results on ?raph 2 u#ing different colors for each
© . can. : b T
« i " ' ,
6. If there is enaugh time and your teacher permlts repeat this
, activ1ty using two or’ more types af insulating materials.
.
1&5
& N & i Ll ‘- 72 | ] ¥
L



Fa, . = .

LOOKING BACK L

: It is Excremely important to make sure éhat your house is
prapérly insulated.. If it.is not, then large amounts of energy are going
to ba wasted. You have discovered that the choice of insulation material
can be very impartant in preventing the loss of heat during the winter,
and the abscrpglcn of heat during the summer.

BN

‘LQUESTIDNS *

1. What general conclusions can you draw from the graphs?
2. . From the materlals you tested which maﬁerlal was theé best
insulator against the absorption of energy?
3. From the:materials you Eested which material seemed to allow
‘ the least amount of heat loss?
4, Was the same materihl the E"t insulator in both cases?
¥
5. Compare your results with the other members of your class.

From the collective data, determine the best insulating ¢
material against both heat loss and heat gain. ; o

GOING FURTHER

- Find out what type of 1nsulat10n you have in your house. Does
it seem effectlve? :

- Go to the library and find out how insulation is rated as to
effectiveness.

- Visit a lumber yard-and gather information on insulation, cost,
and R factor.

- What would be some methods to protect your house in the summer
' from the sun's radiant energy? ~_ :

L ad
- Find out which types of insulatihg“materialsrarg used in
building today. Which type seems to be the best insulator?

- Describe any hazards‘t@ using various types of insulators.

- Have a Cool Cube Contest. , The project is to ‘design a container
to keep an ice cube cool. Students are glven the problem of
determining whose ice cube stays .the longegt in a container they
built. (Thg problem, however, is that the besﬁ cantalners §

may hold the ice cube for 14 to 15 hDMfS Yot ey

.
= : P 3
o

-
i
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Teacher Information Sheet ~

) iNSUIATIDN:?CAN [T.KEEP HEAT TN AND OUT?

Suggested Gfade LEVEl and Discipliue

Hiddle School Science
gth Grade Science .
Physicai Scicnce : L

o, Backgruund infgrmdzian

. T % ) .
Insulators are materials used to reduce heat transfer. They pfevent heat
lcakjgé through building walls and windows,. It is estimated thaz a 20% savings could
be realized by insulating atcics. Agcold:ng to John. Fgwler, "most homes built before
, 1965 had oply 1%" of insulating materials in the ceiling, none in the walls and floors,
and plain windows (only abgut ‘half of %l single, family homes currently have stnrm
windows). Current praﬁticea call for 2" - 3" 'of insulation in the walls, 4" - 6" in. the
ceiling. An EPA report eastimated that complete rettafitting of one third of the existing
homes would save 0.5 x 1015 BIU's". A BTU, British Thermal Unit, is an engineering unit
“for energy measurement.. . Tt is the amount of heat fequiréd EQ raise the temperature of
*one pound of water one Fahrenheit degree. ~ : 3 )
& .
pe EhGiQE of insulating matérials is very important EG*thE overall
r

The pr
en gy Not all materials are effective insulatgrs.
=

(s}
congservation of ene

) - Hiﬁts -on Gathering Mstarials' 7 ‘ ’
‘ - Sev r”l weeks before this activ1ty iz to be daﬁe, béFin collecting soda

- CANs.

- Have students bring in various kinds of insulating materials. Check with
- 'a store that sells insulation to see if they will provide you with various
' '  samples of insulating materials. . s .
® . . ’ . .
. * : - . ’ .
Suggested Time Allotmeht - ' : ‘

- Two clags periods (45 minutes) to do the experiment.
R : 2
- ZQne class péfind to disﬁuss the results.

™ o
£ @
.
Lt
v ;

Suggested Appraaéh

fi
.

i " pivide the class. intn groups of threei :0One student should be fespansibie
Jfor the timing, and the Dthers ‘'should be in charge of reading and recording
» . ‘the tempgratu!es. _— . .

. " . ag

;l Ae . 3

*anlar, John M.h,"Energy Conservation Homes and Building1 " Fact sheet. #9, National
‘Sclence Teachers Associat@on. (Available from the United States Department of |
Energy, Technical Informatior#Center, Box 62, Oak Ridge, Tennessee 37830)

ERIC™, . . ¢ G S/

Aruitoxt provided by Eic:
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- Have a vatiety of good- and pGDf 1nsulating mster;als available.” . o s

= Hava E.guesﬁ 8p aker éame in: tn talk ébcut hame ingulation. Ihis Qgﬁld'be
a buil&er in the area.., - - . o N

= - . P ) . . -
. B . ) -

Typical Results . . ' . _ii‘}.f_ ‘ ‘A*; .

*

- ThE graphs b low are examples Qf aatual studant datas'_

ABSGRF’TION oF, He ENERGY ; T AT,
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} Precautions P U - IO
.= "Bg c:clt*eful usmg any’ EZE;‘tFLE«:‘IZ sm@es.

) - . © - Be aargful mhérz pemng{ h@t watgr. A eof’ fés Esgz'gczﬁlgzt&? ﬁ‘E"ld a tsup&t
- are us&fﬁl,f '¢-, o PR il

- .- Tﬁké thg uguaz prggautzgns L&’g%iﬂ§»th§'ﬁr

udents i:l:mld E l: varinus heat SDUIEE
,,ntents.af ;h ns (air water)

A passible vaziatian wauld ‘te to study ﬁge
“a‘longer period of time. The first Qlagéﬁ"
. . the following classes could continue &

S presented and diggussed the: fallawing

qgéﬁ xp :1ment and
A vofesults conld be.

, quést,iﬂris R

lbased on the

. 2 T
students ED q¢szribe arpffgxiéa""” ]
ﬂ%scribed agcura ely

If the priniiplé
 pot” iiif

)
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DRAFT - Activity 10

%

) LEPS PUT SOLAR ENERGY TO WORK

(I INTRODUCTION __ ,
- . The sun is a great source of energy. " Most of yéu have probably
-~ experienced energy at work as you‘lie in the sun on a summer day. Just
' imagine what it would be like if you were able to capture that energy.
Perhaps solar energy could be a solution to the energy crisis. )
I N q = i

¢

o In this experiment yeu will try to collect solar energy and.
« . ., examine its effects on water, chocolate bars, and tea bags in water..

A

S5
= .
- ~
10-1
" 5 F K
’
' -
i i

T

-
-~}

Aruitoxt provided by Eic:
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QEJECTIVES R I

At the ccmpletlon Df this activity, ‘you sh@uld be able to:
) use a flat plate sclar ccllechr o
o determine if enough energy can be ccllected over a two
hour period to change the physical propertiéds of
- o a) water, b) chocolate, bars, and ¢) tea bags in water.
~ o - . ' . = ' %
- R ! _i .
SKILLS AND KNOWLEDGE You NEED | | |
'\\_ - Haw to set up a salar ccllectcr to effect;vely capture the
sun"s rays. _
- :HDW to graph data. ° ?
.-  How to perfcrm ; contr@lled experlment
,,;;9 MATERIALS "‘ S~
J 'FDR EACH GROUP COLLECT:-
- 1 solar collector. 3
Qﬁ! s - 6 beakers, (E
;s ﬂ“gai | Waéif.
*- 2 ch?colate bats.
N -2 tea bags. - ' : : _
‘- .6 standard 1aba§a;cry therm@%eters, (-109C to 100°C)
_ ég LANEe!




METHOD
=

\tnngmnn
SUN SHIELD

Sat ,Up: tha solar callactar so that it affectlvaly catches tha
sun's raya : : :

Label 6 beakers as follows; 1, 1C; 2, 2C, 3, 3C. The beakers

markad C will ba our’ :antral

-gPut a tharmgmataf lnta each béaker.

Place tha following aubstangaa in the fallaw1ng beakers,

o 1 & 1C = watar
,‘\ 2. & 2C° - ‘'chocolate bar
3 & 3C - water and tea bag

Place beakers 1C, 2C, and 3C in the shade. Place beakers
1, 2, and 3 in the aallactar

Dbaerva the physical appearance of each substance and racard
yaur obaarvatiana in Data Table 1.

- A



QUESTIQNS

1é

'2;'\;Compere the finelztempereture end appearance efhthe weter

-in beeker 1l and b

‘,

£

N o

-8

- What eenelueione can be drawn from the grephe?

aker 1C

Was ‘there any difff‘enee?

How do you account?
- Do you see any wey t

Briany differenee-ebeerv%aﬁge'

that yeu geiﬁed in this experiment in your home?":

- : A

’..Ccmpere .the final tempereture ené eppeerenee of tﬁéf%heeﬁletei”
‘ ber in. beeker 2 end beaker 2C.. . S

hdt you could use the information,

a,. Was there any r:h_fferenc::e‘jl : . e -
¢ ~b. . How.do you account for any. dlfﬁereneefobeerved?*r
C e.. Do’ you see any wey that you could use the. information .
. i Ehet you gelned in thle experlment in yeur home?

S S

4,  Compare the £in temperature end appearance ef'the Weter end
tea beg in beek 3 and, beaker 3C. C -

. Was there eﬁy "difference?

How do you. account for any dlfferenee ebeerved? :

Do. you see any way  that you could use the 1nfermetlen

gained in this experiment in yeur home?-

N :m_'

' GOING FURTHER

- Whet effeet weuld ehenglng the place where the energy is eelleeted
' (thet 1ndeere or. outdeere) have on thle exerelee7

= ‘Whet efﬁeet deee t;me of dey heve on thle exper;ment? “j
- vIé&yeu ueed styrefeem eupe lﬁsteed ef gleee beekere would
vy expect any change in the reeulte7 Why or why ﬂot? Aek ot .
your teacher if yeu can try this, “* )

= £

. - ' If yeu.ueed black etyrefeem cups would yeu expeet eny eheﬂge
. ' in the results? Why. or why not? ~ Aek yéur teegher if- yeu cen
: rtry thls - v o

S
S




Téacher’infgfﬁati@n'Sheét

" ggested Grade Level aﬁd Dis

.7-9 Science .  .. S

g - s

e

*:Baﬂkgrgund.Infarmétian o

P 3

‘sun gives off energy and transmits it to ‘the earth at a rate of . 1.94 cal/em*/min. As
this Eﬂéfgy is transmitted 15% is absorbed. by the atmasphera 42% is reflected by

.xclguds, snow, water, ot’ land and 43% is-abshrbed hy the earth s surface. The total
JBolar energy’ falllng upDn the earth is very much greater than current or projected

. demands. for energy. (The e@ergy the sun sends the earth each. xear is equlvalant to
»120 trillion tops of Qaal) oo ST S . A '

&

REFLECTED BY
Eaiﬁm AR -

-7

At the present time the problem is how ta effg;tlvely QGIlEQt and stnfelyé
this Energy at a reasonable cost, A solar collector "itself is simple to operate and
relatively easy to 1nstall, o :

. @

. In this: expefimEﬁt tha students WLll see SQlaf eﬁérgy ugé& to heat water
=melt uhgtalaﬁg and make tea. They should then be able‘tu conclude that solar’ Energy

haswmany practlcal applications inecluding haatlng thair hameg, pfadugiﬁg hat water for
Eheir hames, and/pr cugking in the;r*hames, . : o T _{; .
taic

e L f -

‘ The teacl might %lsc pﬂiﬁt out, that salar energy striking phatavc ,,,,, .
rzglls called solar ¢ lls has produced electriciﬁy ‘which-has beén used to power such’ oY
~items as radiﬂs, watches,tspagézraft and remote Qlectraﬁic installatlnns '

. . f " = .- - - . = v

5

‘;.,:1;. ‘ :k _ - . | B :'Bfglk
EI{I(? ;'.’_ o _,' -fgigf‘,._ : h

Aruitoxt provided by Eic:

. On-the Eun, hydtagen nuclei unite to form héllum.f Durlng this yrocess the '.,.
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L S ._\; . o n ) » .

DATATAB[El

OBSERVATION . |

@Zé@mte? .~ water & bubbles | -
f-;m ehagala:te | -melted ehocolate |~ - T i

L
e = -

' eZear- wafer, tea’ bag water tea-colored |

1

2

3, _ ,

. 1C Zéaz! mf:zter ﬂ;’} change . e
Y. finn chﬂealﬁté .y na;gkaﬁgg - . IRV

: - _QQZéar water tea bag slzght dszﬂstgn B '
' . s ‘ L= ST (N ‘:]f tgﬁ 7'7 o 'x * j . , .

v . . . .2 s
-t : —— —— —

.“5

T ) s . ’ s : o7 Se T, - . . ¢

F"‘h

s
v

I ) - INMINUTES L e

| | % _ L BEA?ER 2 R
B e 4~ - = BEARER 1AD3
‘ R - A EEAKERS lC .20, ANDSC
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Aruitoxt provided by Eic:

.glgss or plﬂtic wfap.:

N -i '
- One f:la.sa period for the; gbasic EIEEEiEE.

- heat hmngs heﬁ hai; wai;er arid cnak food. v-‘?._‘ - -7

* opbgervations.

-,,;v_'black ] ; o - O

A flat plate~call 0 Eimﬁ]%;% By’ 'ﬁg_ % 15:33‘1?}:@&511 or. U
catdboard bnx “bldek “Imthvi pidE and Jout and covering’ 1t wit}i a pigge" of

Hake gﬁ:e thal: the f.lat plgte culleétnr YR will

= ’ - ‘ N LI

(Data ,;muld ’be cﬁlle:‘:tad dpfing

E’s’,
s
= &

school dgy ) .

L. o3 = I
- '

+1 E;lass periads for initial and final discugsinns-. o~ ®o

H = . : [ ¥
. e

This’ leasrm gauld be taught as part ﬂf a unit on Ene,.fgy with particulﬁaz
- emphasis orf the energy problem in the world today.

Topi¢s séch as the -
sources, uses, and vaste of energy wonld be covered.. Alterfate’ sac i';es ong ey :
of energy cﬂgld bé introduced- and Ehen the tlass cﬁulﬂ focus- Gn-ﬂné‘viab o

alzemative - solar -energy. _ , -
o . - 3 e

3 =
A~

The " Eeache: t:ugld dimss how salat‘ energy is created and h&n it; teaches I:haﬂ-' -

earth. The ':%instmgtiﬂn and apers,:icm ‘of a selar collector could bg
discusaed folldwed by the advaptages and disadvaﬂtageamf using®solar
epergy. This experiment could then be tried, .followed by a 1e::ture—

diszussiu:m ;:lass on the ugses of golar energy with Emphasis orr its use’!ﬂ ’ e

L] Ea
= k2

R

- gy

In t:arrying aut this exerc e ynu could divide t;ha class Ynto. groups an*ﬁ

have each group 1lect dat Alternatively, you eould have the entire B '

‘class set up Ehé xpetiment one day in a suétabia plat:e and make initj )
.Then the class would he divided into groups and. assigne -

a time to take Lemperatufe readings the. next ,day before 'tlass. Each group .

would add 1ts results to a ‘class Data Table. kept at thg’e:ﬁpatimerxt At -the

next class‘ the students wnqld make final observations of- physical -.

épearang and c:amplete their own data on temperature ;hanges. &During Ehe

mainder of. the class perind, cnmpletian c:i graphs a
/Emlld ‘be "accomplished, - o e LT , S

¥ ,’\ \
L s T, }g

s

"I'he ‘teacher might; waﬁt the students go try- #3 and ‘#4 of @,f'ng FLRTFER

would be the same with the substituti@ Ef dbite Styt@fnam 'v

T'he prm:edur




L e
e v

- N . E

. ”-ér Hsny alce tives for :nnsttuc:ing flat plate collectors can be found in - .
<. 77 'the liteta ure, “The teacher might wish to have the students. construct :
Y v+ - their own callectn:s and thea do the e:perim vyt o
LTI The data far is exgeriment was gathered inStars using the window as .
. the znvering for a f¥at plate collector. The teacher could vary the .

experimeaﬁ by using diffe:enc cal%éttcfs indoors and outdoors.

fr Additinﬂally more quan,itative expgtimenta! resultsswill be obtained

i if temperature readings are taken at much sharter intervals e.g., (2 min. )
B | .« . - .
5 . B |
- - ﬁ"‘ S : —._- L < u
: - [ )
* = - Collect the data sheets from the students. Rate Eheir ability to’ ' /g

. ‘ - 1) make and interpret graphs, 2) transfer the Experience of seeing water

I T heated; or chocolate bars melted and tea formed, to the pfactical
‘ %Pplieatian nf heating hgmes and ‘ater,’gnd zagking. 4

- ; % ' Asaign one of the fnllnwiﬂg prajegts to Ehe studenﬁs.
’ i - ;-- 1;' * Keep a natebnak of clippings fzam magazines or newapapers on *
P e o any a:tigles on solar energy. :
: © .2, ' . Visit an alternate energy store or*a solar collector company and

. : ) interview the manager enncerning advantages, disadvantages and cost
) Ly ﬁ£~' nf solar energy Equipment Wrigk a :epnrt oT prjEt ta the Elassa

3, Visit an, alternate energy stare of snlar callgctnr campanv andf
T inteérview the manager on career Dppprtunities. Report tn the .~
- T ¢ 0 elass. - : , : : T e )
B T e . ‘ DT ) ) P . '
[N . =t 2 ) S ':‘ . 2 N * i L‘;f;‘ )
7 H S - . v @ . . . . . . ) ; -
T 2 . Hy j
h7 P ¢ . =
] i2 "““ = L E?
. e
L : - . N . .
A oo . :
3 i ‘i = .
. - o o -
5 [y g ‘ 'ff“' " N ! d V H =,
; z ‘ i * . )
& A -

o . B ) . BN -

[ERJ!:f;Lh - | sffg’! _ o S ” o S

Aruitoxt provided by Eic: = = LT . B P .- . a



A F"'T - AET‘IVITY ll

‘WN]'RQDUCTIQN N (hzﬂ |
LAY L :
' ' Ever!f,r hause‘%*&‘ solaf colg ’clcri * Windgws alraw light in and-
vthe furnishings inside .convert: th3 to heat.) The best collectors
have windows th&t face south, are t3 gon 'ar langle ‘toward the 'sun,
and have dark tolored interiets for ef et absarptlcn . Hou

- greatly in- effectii less ‘as. c@llactﬂrs. . 3
A\v v(. ‘\!. B : )

. L1 e. every solax collector, houses work best in the summer when
hE sim is'most direct, and when we need the- heat .the ‘least. .Cooling is
ortant ‘at these times. During the winter, it would be impértant to

ave tha callectar wﬁEkiﬁg as well as pDSSlblE ’

Thgre are many ways to ‘{ncrease céllectar effectivengé ir[ the
} winter and §ecrease it i} summer. Dne way can, EE as sz.mple as changing
ng\ of the roof. : Ca

v . . Lot
- N S o T , = C ' '
A L. . : P - -

v.oah

ses - ,d;.ffe::; )



aﬁg, B R

’i*J”Haw tﬂ read a thermﬂmeter

- 'Hﬁykta read a stof watch or c;;stl‘xe::fli!L '
' wrist watcp etc : : s .
H . . - 7{ .o ’ - o _ﬁt .- L. ¥
6,:._.;7,;,7._&;,!;..?‘.__&@ o graph dat.a. f : _f o s ‘, " T gs R . e L s
o S {‘ U \‘* o
MATERIALS B
- 1 lnsulated madel hause ('er graup) Q& e A
- l labaratary the:mgmeter {Ref gfaup) *
ST e .
- @ stm lamp, if done on a clquy dday). * ' }/
- o L. : . .; % :;7"?,’3‘" » .
- Iim;ng,dgvlcei ?» , PO ?§;<g§_i:v _ 7
METHOD ., . Ly : |
1, Get an lnsulated mﬂdel thE from your teac:her EE tAREFUI. , )
. -SINCE THE MODELS ARE* SDMEWI-LA“T FRAGILE AND SHOULD BE HANDLED - !
. .'" WITH CARE.. It consists of a styrofoam box, painted black - '
¥- . inside. It has one window in.tife side and an@ther plEEE of*
o styrgfaam tc fotm a flat roof. (See dlagram) R
R 5 :
* 2. Make a data sheet to regord all 1nfcrmatlan to be’ meagufed
’ T A sugge_sted form for recording: data is.shbown on the next pag_ei
: '. BT |
& 4 Lt
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. LGGKING BACK

. 'pasitian of’roof overhang
your home cool in the summe
. of collector effeztivenes ;
~achieved

'GHEST-IGN&- R

" 3., Place a themameter into the hale at

- ﬁi_g Remiove the roof from 'the hofl

3.'. What are some other-

; I ,.f ’ Tgmperatu:e ( CF

Birett, 5Lmlight

,and rec::rd the temperaturg on’. yaut

gnrd the temperature i
minuteg on yaua: dita

-inside the’ builﬁing to returp]
- suf’;mmdiﬂg air. "] '

§ o
3

geat staps 5,6 ar{d 7 u
' the"window. First it he
to ¢ast - a~shadow which Q0%
be i‘epeated whe:é the &

,,s

By 1aaking at’y

Ie ?.ntéﬂstéé in keepiﬂg -
A ggad mgasureméﬁt e

g one;’ what’*&cmld' g

. 'au;‘_cié W " ove ; angg to make tha?bi.illdi'ng t;c:cﬂe'r‘
. you. do ¥ ,
' summer? E S PR ‘

e L el W {;} .
er. the sun'is higher oh, t{% sky ‘than@#t woul
in tI-;e winter. Explajn how this m: hélp ar: hinder

heating or caallng of your hﬁme ‘with roof’ "ove ang;-

‘% o

oleks le . rms of hea‘tlngfﬁnd ﬂaﬁllﬁg hat]. 2w
can be used in your home that. would not requixe purchaéed Y
-;ehergy, such as Electricity and ail'? L S .



o expé“’ ' :Lment?

R ' T : <+ ’ ,.f
x.A_b;Using:informatian abﬂut the angl fﬁ ~$unat:. ﬂ?aﬁlgus
- ‘'of :the ‘year at.different latitudes, ‘*“fx:und n an- egrth sc]

ok, figure the besﬁ size Qverhang fc:t;: th ' ;
ome; - O N

. Qr cclafs{ on ;he Expér
- Tl B oz

ERI!

Aruitoxt provided by Eic:



Fo demﬂ Etfate Ehé value af ptﬂpgrly
seive—fnéling anﬂ heatiﬂg_ nf a hﬁme. S

When light pasaes ,int;t; a hquse and sttikgs any surface, the visible ~
i:,s:diatian 1s absn;bed and infrared is re-radiated. " This 1cmger wavelength radiation -
13 assuciat.ed with ‘heat.: The. glss* allows. light -in but doesn't a\llcm the heat out.

;::é f Thig is referred to as the: "greenhﬁpse effact". A dsrket surface absorbs bel;t:er due to
’ g,rea;er prgductign af :his iﬁf*até‘é adiatinﬁ. - , :

2

g e During Ehe sumei where tﬁeﬁgun is at a higher angle, the Qverhang shuul:‘i- be :
V% )far enough out so that the window.is covered completely. . In the winter with a smaller.
¥ anglé Ehé sun, has a. greate: chang*gf entering the same wind:::w.

, ‘J ‘The np:imum cverhang ff;g a hnuae w:[.ll - vary with latitude,. position of the
Hind@w, etc. SIS ’%

" SUMMER A Nc:eu © 7 WINTER AT NOON

:nfﬂg;gs on Gathering Infufmstian

. i = R L }’ .
= ‘The model. hames carﬁae CGnStquEEd using styrafﬂam panels available as

- insidlation in-a lumber yard. They are; generally, .approkimately 2cm x -120cm.
One. model hause is easily aanstfucted out of a single panel this size ending .
up 20cm deep by QD:m WldE Py 3Dcm hlgh The Styrafggm is Easi;y cut with

. PR F
v : .

T i o o . .



| tég

A i::mr b}aﬂe and glugd :ngathaf— wi;h a thigk whit:e glue.

seals ‘up, npeninga 4inthe seams as ‘well as hnldé;it: together. - Windows can -
1e ; 0 " of 't with the same

well’uaa an eqeily

gtyrofoam,-1s8

plastic, glued
The “uge of atyrofaamn pi“gﬁ ilati
- Tha raof . glzsn made of’'s

5h#£1§lled gnﬂstmati@n material,

;'Aﬂeﬁ x -30cm and made to fit on top and alsg.pverhang. #'The size of the'
3 > 3 ation of the half-ahsdcw

Egested Appfnaeh

» 'Tﬁ'oA class periods..

‘REsulrt:;s :

he 1aaide

: fmately 10cm x 10cm.
can b;- marked l:!n ‘the hguse at the time af ﬁsﬁfuétiﬁﬁ.

The

B

N
5o

:IhiE lab Eaulﬂ bE implemented in a heat or salsr Energy unit. The
~activity illustrates the absgrpt,tan of radiation, the purpose of
felsted to a solar cullectat. .

insulﬂtinn and could

. Ddvide the class inteo sevetal groups aﬂd hsve each grnup cellect data"

under the game conditions.

A

_"'Eigiﬂluist—iﬁﬂ

ERIC

PAruntext provided by enic [

- The model House with no shadow on the
With a % shadow, the,

in the time provided.
o uith the full shadmi

o

2

~The,‘ﬁadel houses could be made'of virtually an
(wood, cardboard, newspaper, etcH. The wind§
1 wrap type of plastic film]

ethylene or kitcheh

Cﬁmparisan of data

é».

-

They

\

9 . £

window
ncrease is 39 to SQC

there is generally no /increase.,

Ths models are smaahat fragzlé and Ehpuld_ Bgz{ hmldlgd mzi:h care.

BECAUSE OF ITS WEIGHT AND THE CHANCE OF BREAKAGE. 'i
: . , 8y

%

(One. class’ pariﬁd far callecting dsta, _one’ class
perind fnr regults and disrzussinn ). .

This lab could be intruduced by having students measure the roof over- .’
h on their homes facing south..

5 might diacuss in pnsteagtivity”-
. 'ﬂh her their house has an optimum dgsign._ .

will generally go up 5.to

and

; *'in%ating material

“couldl be made of poly=
»,GLASS SHOULD NOT BE USED

The wh;;e glue_.;
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- SOLAR ENERGY IN A COFFEE CAN

B
[

) . » ‘ i

“wn]NTRQBUGﬂgN;”J,-”_; “”'7Q'ET;’»;U o i - .
-~ This activity will give you basic information about_thes -
r a : , ~ Think about all the
- energy coping ‘from the sun that strikes the earth but is not used. .
If this could be collected, we would have an abundant, clean, and’ free
energy source.' ', - & : : A S '
S : - . : B . i - i e
o + ".7As _the .sun shines it gives off tremendous. amounts of energy
which cafi'be collected and ‘used forpheating purposes. Have you noticed
solar energy collectors in‘yguilﬁeighbarhcod?. Do youknow how a solar
gy cellector can be used to heat 'a building? t . :
3‘;-“*inithi§”acti§ity yaufwilirccnstruct a 'very simple soldr collecter:
will help you understand how -the syn's energy can be used for - Fg%é

=

~ operation of a typical solar energy .collector,

that u )
‘heating homes, office buildings, and facfori -

. o
&) -

-12-1

=




12-2° . t y
- = %
MQBJEGTI\!E.S e i P e e s
o At the eampletian af this activity,;yﬂu shguld ba able: ta B P
Q‘  cnﬁstruct a sélar EQIIEGE?E fram a can., ':’", .f; t -
ST 'ﬁf?f;.determine how ‘the type of cover material (glaglng) ;éf‘!
- .«influEﬂcEg the performance of the callegto:.= '
o .. deusndne haw insulatian 1ﬁfluences the perfarmance of . SR
- -‘the collector. : B e . A
SKILLS AND KNDWLEDGE YOU NEED - wele '
¢ ?V Regdlﬁg a EthQOgter and a stop watch or éther tlm;ng
- deVice (school clack wrist watch etc. )
- Gr&phing data. = SN o  _ 1=  \ ' R
L2 2
HATERIALS

A 1arge can about léﬁm to 20cm hlgh and chm to 1l3cm w1de
(a 3. 1b caffee can, for éxample) with plastlc cover

“ . “. A smaller can about 10cm high and 7cm wide (a. 1 1b. “coffee
: © can, far example) w;th piast;g cover. S

A standard 1abaratary thermameter ( lO C to 110° C)

ev%ral square pieces of transparent and Eraﬁgluceqp,'
materials such as plastic)wrap, palyethylenéfvwaﬁed
paper, etc. (Apprgxlmately 152m square) :

L Several types of insulation materlal Such as §hredd aper
' (cellulose), '‘cotton, styrofoam, fiberglass, cafk sawdust ,

- Awatch or clock with a second handi;

- § gén of flat black 'spray paint. '
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" METHOD
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Aruitoxt provided by Eic:

_the:mometer

_ the cut out plastic 11d

o

- Put the small ‘:ai in51de the lafger can,

L]

A . -

- caver 1

"

et o i

S : : .

Sprgy the in§?de pf the smaller can with blaek paint.

Puneh a hole in thg side of the’ smafi can ‘aﬂfit the

¥

Punéh a hﬁle in the outér ¢an -so that the therﬁdmeter

outer can. Small can will Test on this, not on the.

. ﬁass through it. Allow for the insulation being placed
iﬂ t

- bottom of the outer cam.

) - v IR Sy . T
Cut the center out 6!EEEQ$Bmall can's plastic 1ié,'1e:viﬁg
lem. rim: (sé e diagram above) : . '

]

Choase one of the cover materlals to sﬁfatch gcross the top .
of the smaller can. Hold ‘the materiar secure by fe lacing

R H

Iﬂsért the tharmametef thrﬂugh the holé in the large can

and then fit it snugly into tha smaller ingide can.

13: T3 youf solar. coil%gtor in the stn and re¢ord the '
telgerature each.minute f6r 15 dinutes. . : &

B

-Plot the data, temperature vs. time, n a fdph Ca;géfe
your results to the’ fesults of those udents who'used -
other cover materlals : o ‘ . - .
- { .
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R';éi:éa'.t E #7 and #B but.’ th:Ls time use’ gn insﬁlatian
‘‘materia. 8 cotton... Hake sure you. put the &s‘hlating
. material in»all Ehe -spacet ‘between the*two ans includlg-“
gﬁﬁ SLHCHER “eenE : A

_ \ data fQ£ cett’ n,

11 ﬁﬂ@fﬂfép % t seﬁaf graph axes, the variaus types S
. of insulation used. <You may need to ask your teacher to
help yﬂu with this~§raph %

insulatian materials;?f

LDDKING BACK 3 Co B e TR o g T
¥ . : -t \}, e N
cees A Sa“ar callectars can be made from a, varlety of 1nexpen51ve,_
,_s_.hr 14 ,}avai able-materials.--The-goal- -of-the- -design-is-to permit ‘the-
,,gal }IEI‘EY to be trapped and conyverted into heat. One ind;catlcm of , S

eallé:ﬁar peffarmnce is the ‘chatige in air- temperatufe .achtieyed, :
*Collector performamce can*‘be changed by Flterlng ‘the covering. mat}ﬁr;al .

thrcugh which. the sun 's. rays pass and altering the lnsulaticn matera;ls

E*QUESTIGNS Tee v D

';g R ,Accarding ta your graphs ~which type of cove ,’ateria;i' on '
: S - the. small can appeared to be most effectlve?& T

" 2‘ Why is it necéssary to use insulatlnn in a. solar cclléctc:? S
,“‘? .¢  Wiich type o ir\nsulaticm seemed tu wark‘ bEEt? L _ Ty
Q y 3 ','Df thase mater;al,s you used, which Eembinat;an of .glazlng )
-+ .. - .and insulation materlal weuld ygu fecamend far a salar _
o E.' ~r:c}llector? o o , . _ o - ‘-
”,_f -~ ,“"m,,w%wr,_;,, SRR :.{.ﬁfib,Fg,? ,‘v ;o s L .
secuNc; FURTHER . 0 v o b o e e
S ‘Shat; effe;:t dc:es the slaﬁé@\:f a callectar haﬁfg on’ the temps L

fa erature attained? Try differems- angles* of oriémtatiom .. . .
TS (slantitm%fﬂ ‘the gu:n) SO R o

: . . ¢ ' s 1 EE R
R —ﬁha{ effect'wcgld subgreazlng temp ratures autdc:ars ‘have - - -;
0T on temperatur% attain d? Wc:uld séarxcmllectors be;praatlcal

tes? . y : 1 O I-

- in colder cli ; ]

_‘. : ,—" P ot

. — ch dc wxpd Jf clc:ud c@ver affer_-t the ccllectcr 8 perfarmange'? |
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) :;;;;'ng wguid adélng an adﬁltganal caveﬁ E& the QUCSLdE can' affect j
A ._>'is§erfarman¢:e‘? '

i ar ‘E' ‘ L o C e

L et f& chang;; ~"the cciaf Df ghe inside of the small can , -~ * , - ~
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ERIC- -

Aruitoxt provided by Eic:
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,Egrt / Science e e i e W
A T S ST L SR : T
E : : : . }: ‘ . 5 e
T A“sglsr :ollect ‘F bagiz parts._ Each will‘be iﬁvgééﬁgaged»ig this
activity.xi . oLt . - Lo =
LT Dne msjnr part of & cglléctnr & a cove ;E!terial talled*glasing, whith
' tranamits as much solar'energy as possible. 1Its puPPose is to trap che—emergy. | ' o,
it transmits, inside, the collecfor.' The glazing. should be able to withstand: high =~ .0 "

*tempe:agures without de:ampasiﬂg ‘oF melting,aqé it
frﬂm ﬂb, ctsﬂthat might fs;l on 1f

st be abieita withszand impact

. : : L ! i
T Ag her part ﬁf any Enlkr callectar is Qhe éallectar Elate which ébﬁyrbs the R

ena:gf transmitdged by the gla:ing‘, The collector plate 18, usually coated with a, AR
dark colored material that. increases the absorbance of. the;solar energy. Ihe R
collector plate ‘and its cagting must. be able. to hithstand‘hig temperatures - = S
. Hithaut vapnri:ing or otherwise . brEakiE 'dpﬁn. The :allecter plate is nften made frnn
f_cnpper or aluminum but other mste lals.'may be- su&table.’}ea e v N .
o J, A third patt G£\§§ o the EDllECﬁEf bax, hguses the vatinus parts S

of “the “¢ollector: - It. can be mad from. pﬁ%erials guch as aluminum, wbod, fiberglass‘

-t ggéea. "It must be stu:dy snd gble to withstand temperatu:e extremes.»E A ; - ;
C - . £ . Lt R r-t;_:j

ST A fourth part of a cgllectar 15 the :lﬁsulatian that: Eu‘frﬂuﬂds five sii&s ool
gf Ehe tnlleg of ‘box. ‘Canduction losses of trapped solar: enargyFarg substantial ™ .. . v - ¥
.unless ;he collector box 15 well insulsted‘ Fibe:glasg aﬁd variaus faams,are cnmmEnly B
used;far this purpose. - ' ' o -§€ o T oy N <7

The fifzh part n§ EhE cnllectar is éither a;r O a 1iquid IL is usad ;n,.,.L?
transfer ‘the salar energy, to a system.for distribution throughout the space to be
heated or to a substarce to be heated, ' If'ﬁater is@FSEd as- Ehe mgdium in cold. clim@tés,
iE"iE‘ﬁfteﬂ mixéd with™ an dntifreeze. " (__ I ST
4 = ) ' = [ i
@
A :gkfe:tﬂr or a series af QﬂlIEEEEfS can be used far spacé heating or- tQ-

vide hat water for ggmmetcial or dnmestia uses. ;. W
The EDllEEth cqnstfucted in thig“ﬁgtivity is'an intergra} part Df Eypical e
hat air ‘a6lar, systgms, . e gt _ L g T vl
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Hinta on. é%thg: g Matégéals - T ;’ - i {;.1ﬁ'f§ . :
. . e e T T T ' A &
2 _af;f Sevaral weeks bafare the activity is" planned, have sﬁﬁﬂénts start S . -

L bringing in ane and three paund caffee cans with plastic 1id5.

5 .

?" +Have geveral extra gaffee can c@veﬁs (of - bath sizes) in gase the

e BtudE:ftﬂﬁ‘ﬂ“@t‘TL‘_thE Kds~properly. , T
ggeaﬁed Time AllaEmenE ' e é ; ,5;'; _ ﬁj
. G et T B o e :
e Dne periad ta E?nSEQuct the callectazs. o - . A
& B L s - F 4 a0 2

Y e = }‘ Twa or ghree days for’ cnllectian and intE§P§=€éEiﬂﬁ of data.- '’ . ’ e

- .u K L
g’ ooy / ) . . : . F
Suggested Approach , . A (’j{f‘**
. - Divide the class into _several gf' Have gach group use different’ ' ]
_cDmbinatiDns of glazing and. insu g materials. o : : e L
‘. P - ’ {
E - Have each group collect. their dats undér- the samE}Eﬁviranmental aanditinns.
This will help eliminate the number ‘of variables. . (Example: cha%ge in \

clﬁud cover chditians, etc. )

.F R b .

[

- ' In crder tq,infuse the cancep:ﬁaf uagger educationfinto th& classroom [
activity itr is SuggESEEd that the teacher.contag@ industrial, utility,
‘business representaeives in the energy field. FYor example, a sglar heatlng

+ . system-.dealer may be invited ihto the classroom to discuss the job: nf e T
~gupplying ma;erials necessary for considering and installing solar © .
systems. Samplé materials may be provided. during th presentation. as’ well
‘as 'hand-out" information. Beyond this activity, stfidents may be asked to
visit iﬂcal firms and interview individuals associated with the. enefgy
industry. For example, the Students ﬂﬂuld speak with a utility company

b representative, a gag station DPEISEDF, A solar collector manufacturer, )

' a county planner, a lecal neWspaper repfes&ﬂtative,as well as piumbing 4

éﬁd ‘electricdl contractors. . .

e A
I

4

Typical Results = - - :

3

- The varigﬁf combinations of insulation. and glazing u ,Sedeili cause results .
-to vary o S E&Lﬁﬁ )

- Tﬁe bettgr Lhe 1n5ulaticn and thHe greater the ;nsala o ,:the higher the
temperatures to bé expected. . . i} 7 =

= A second Iayer of glasing wiLh air space between it and the 'inside can ,

shnuld increase thE Lémperature insid§ the smaller can. ﬂ/i ﬁﬁ\x
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as ag&&mplzshLd by sprﬂyzﬁq thg inazdg af !
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(MINUTES)

Insulation

‘TZEE

St%fﬁfﬁég

" Rock Wool

Absorber -

Black. . - Fiberglass

uith blaak palnt -

»

g Inner

Cover .

IS

Clear
Plastic

Clear -
P;as%?é

Glass(

r was blaek
he small ean

Outer * !
Cover -
Clear

[ Plastic

Claér.
Plastid”

None '

i

Precautlalg

5

ERIC .

Aruitoxt provided by Eic:
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Holes gould be pre-punched in the cans by someone. other thah the

atudent
backing to avoid bendéng the can.)

8. (Use a metal punch tn form the holes

L3

98
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with an appropriate
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' 7Cn11§cg and hered by a:h studegt.

;IE the -ana ys s well thaughﬂ;:ut7 Areathe grsphs ussble far datarahalysi‘w B

Check stqﬁents answéks Lo the ques;;ans.'j S PR €¥t~! AN S
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INTRQDUcﬂoN e T l
T ThE;Suﬁ,lS our ghief source of heat We ‘obtain é}at from ~ .
the sun directly when we are warmed by its rays. - We make~ise of the’sun's = ..
energy indirectly .in several way ?Ea provide heat. For exagple, energy - - . =
from the sun can be captured in a‘salar collector gnd be used to warm . :
our homes and heat .qur ‘water. > A ; _ &g é@

.
"

. y )

e _ In this. aﬁégvlty yau w;ll leafn abaut thg Lpératlan cf a- o

51mplg solar water hedter Think about all the" ene¥gy that is used ea,i-
day to heat water us natural gas ‘or electricitin - Using energy fr@
the sun to heat water ﬁgyld help conserve’ our rapldfy dwindling f%e

sources, !

2

RE You will..construct .a. simple Qlaf'watéf heater
= Dlar{EﬂETEy collector, a st

o1
orh

L

w
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A".‘aetélline how the eff;clency y.
be 1ncreased NN ‘ i

6 d251gﬁ a salar water h
lﬂ yau; hame.w :
LR : ’“aﬁ

\= HQW EQ téad a t rmometéf,ﬁ‘,

5 - ) - =, ¢ FE A . ¢ 'l - oo i \

-1 Sﬁgiléﬁigafdbcard\ngi, T \
o= \“ 1'5hEEt!§fugl8SS'Elaréé enough tégtaver}/the“cardboard'bgﬁ]. *
-. 20 feet of black rubﬁ%¥.tubing. ' - -

VA b e o :
i, = 1 ring stand. . . o,

-. . 1 large clamp. : (.
%“' © - 1 condensation column. " . ‘ . ) o

- "1 'pinch-cock.

71.Celsius thermometer. °

L]
i
f&\-—__
—~—
g

- l-50m1 beaker. ~ %§ _ & ' - - :i‘

; 1 !Dﬂé hOl st pp,f or c@j;]{\.
-1 funnel. B -

can'afnglaci paint ﬁnd,%.PaiﬁF‘??PSh: e

»




SHALLOW CARDBOARD BOX

: C L B SOLAR WATER HEATERy ' . ' -~ .
R e L C R R LR LU TP RO P T TR e VY IR [ [
METHOD T P e .
1. Assemble the apparatus for- your solar water heater éccigrdiﬂgF
. to the diagram provided. . T . oL e
. ’ 2. Fill the Eﬁtll‘ex&hlt with water. (Be sufe—tbra't the tubung / -
and- tandensatlan column are completely fllled )y _ s .
3. Drain aff EDml of water frl::rn the tap and reeord the: tempera'tufe*—
+_ - on your data chazt{g 7 . , \ :
- ’ ¢ b. Paur ‘the water back Linto - the funnel - < '
- , B 7. 9 = . 5 R - - . - A Y
5., Plage the salar calﬁector in the sumrr and re::m:d the temperature
: of the water @mnute for 20 minutes or until g maximum °
tempefature is reached “ (Be 511/;/1:% poyr each %amplé backﬂ L { S
- - into the .gystém.), e i‘ff . C e ,
C_ 6, Graph your ‘data on EhE I p-ﬂ:mrlded - ' \ . ]> .
o ‘7 Draln the E‘Dtlfe system _Paint t;he cardbgard box bl\};k and o “F.
.. - ) allow tdo dry, then repeat steps 2-5 of, this -Ziﬁ_‘tl\{lty
. . . ;gg .
" - 8. chrnpafe, oh the sdme graph, the data received from the paimted . L
~ and un‘paint%d c:@llect@ri boxes. . = o N o : x/
T / U LT . . e e ‘..’f I Y c s
.o A - [V P A o a
b o % N N o S
e Co e e e T 4L . R Sy - " e e
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LOOKING BACK « -~ -~ = ==L o
- : £ “ . . S N
» : In this act1v1ty yau have sean that solar energy can*be;captured
‘and ‘put to ga@ﬂ use as 'in. this model sgplar water heater. The pérfafmgnce
of this design can be changed and made” more efficient. by painting the
. collector box black. . On sunny - days this model w1l1 produet small:
T rquantitissTof Hot" wgcer if the tdnk 1S keépt full.” This” s;mple'sy5tem is
' basicafly the same ‘desigfi *hat wguld be useﬂ in an ene:gyﬁsav1ﬁg homé °

golar ®ater heatlﬁg unit? - : A 5 sy
. ) . ) [ ) , 2 roen - I
: — - o o - ! Lo [
QUESTIQNS Lo . o . ' " o g K‘dl L
’ L B S N
li Where daes the enargy to heat the water come frcm? ' &
. = 4 N ;‘i{}
2. . Why Shouldca black rubber tube ba used in. this actlv1ﬂy?
3. Would the water heat up if- the tublng’was not in .a salat
X congchr? ) . y %

K

4w Under wpé%\weather COﬂdl!lOnS w0u1d a solar *ater heater work

= ) EestV
5 . ) : o - ? oy
‘ 5. - How does, changlng the color of the cnllectof be affect the;f/?si
R temperature of thé water? - - -7 &

6. Where would theé collector box be placed in a ptaﬂtlcal home
. solar water heatlng%system?

7. Examlne the ﬂraw1ng of $he apparatuﬁ for thgk activity. What
~part of the gystem would be the same as the cold water plp’
in your heme hot water unit?

vk . w
. é . .

*

GOING FURTHER o

-t After the collect@r has been in the sun for ahout 30 minutes -
add 15-20 drops of dark food coloring to the system through
the funnel. Observe the currents that move the color through
’ the sgstemi Define "the term convection.

F

- Experiment further by deviging ways to make ‘the system produce
. a higher temperature ,in less time. Suggestion: gnalyze such
- " factors as the color of the cahlection box, insulation, the use of '
a _pump, the use Ofiﬁﬂiﬁf55tmagnlfylng lenges, changing the angle -
of the collector:to .the incoming sun rays’, different covers

" for whe collector, colots and lengths of tublﬁg, etc.
Compare yqur results to the data collected in the arlginp
activity, .

o . E | : 104 : -




