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SKILLS AND KNQWLEDGE’ mu NEEB

-_w; Be able Eg read a Ce151us chermcmeter. .~f _'?f .ﬁ;, f ;_
A ;':!7'  ng tg graph daga..-ri,i ",1:‘ _;- o YN

O B R T : s

MATERIALS

g ;” Three IDcm x BEm piéces if alumlnum

DR ;-Three ghérmgméﬁers. . - A
- . R = M i - 3
T ”"é"-"Thfeezlﬂgmzi'30§m piééé5 of si y cha@ “insulation,

- ‘vaépe"_' ;-*

"

i ..v;‘,.'*_ . 'Heat - lamp, Af sun is ‘ L . o o

gig. .IQA% ;"Severél caatlngs su— aé}blggk greeﬁ or, 511 ver :paint.. o .
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T -'Prepare two of, th& metaIISiages with dlfﬁeréntc'lurs cfpccatlngs
. ..., . and allow theﬁ‘tﬁ dry The third. plate (uncaate!, w111 act /

T asymmgmmnﬂ o , i ’
o -lu-r" . ' > . ‘ !(5 .
. 2. . Iﬁ canstructlng your. cgllectcrs, beéFsure the thermomaterS'are
e = E_1nserted between the insylkation anc " the - absggber ;late " Use’ -
o e . +. the Eape to secure the 1n$ulat10n to’ the metgl plate o .

L : -7
Sét up the*equlpméﬁt accerding to Ehg diagram with t X plates .
Pointing: toward rhe: sun., Make sure Ehat all plates are- angled -
h& same yay Y : - -
K . Lt su,}
Take tehperature reéd1ﬁ’ of each plate at 1 minute 1nter ,15
for 20 mlnutéﬁ - Use th data t%ble*prévlded

¢ e e ot ¢
- - R Th - e
: 10t g%aphs of temperatyres 'vs. time for each métak plaﬁ%;cn ,
*fhe same- sheet’ of graph. paper uS;ng dlffer 1t symbols or colors.
' — " . to represeqt each metal plat o
i P %‘ Efp e. / : % 7 Yy &, .
{ -; . : o . : : & Hox ey -
__._i, i-‘ s e i g _.T ey e e s el - 1,1 s F T e 4 e ‘ R .- (:" .
3 . - . . RN
- . ! : ST S ¢ R U R
v, R LA T L )
. ®, iy 1 . - e
) . \‘ - o A 1 ' k
— s =7 e T T T R
i AR < y ST LN
a ) ‘ * stﬁ, . ‘ ‘? .
, ¥ é v * ‘jg
) ‘ . £

E AR ‘ L ’ '!v ) ’i . 2 ) ‘ L j, - -
'mlﬂl,E&quh%#ﬂ&vuqnlk?h“hﬁggA,mﬁk%um“h,a_‘mh,, et e R e
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DATA

- \3Q—5}
TABLE

I

TIHE

(HINUTES)

PLATE 1

COATING! ,ﬁ_i_ﬁ_

PLATE 3

o _[CcoATING: _.__' -

&
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F-d
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1

e ? - ITe withe—k mpoTernt "5 he—str]:a‘r—col‘leztcf—j:s—tmmw
Clen »’plate : The matgflaé used to *:-cat the -absorber plate ‘should be a substance
“+" ‘which absorbs most f—ficlently the 'solay radiation striking the solar
" collector.” The solar radiat{on. ig converted by the'absorber plat® into

* heat energy. 'THis heat- energy can then be used. for heatlng omestie hot
";water‘or for space heating in a Wﬁikdln% :

. You can _]udge for., ){QL&S =hkff.which type of- absarber plate s:éatlﬂg ég
’abscrbs most Efficiently by - studying ﬁheggraphs you have fha‘de :

i

-

Wl
»

. e \ % ? ) ) =
QUESTIDNS I TR S '
. 5 1. . ‘Atcory :Lng to yDur graph wh:.ch absorb er _l te caar ﬁg did you
' - find - D be most afflclent? ’ ) . ; *‘
’ 'Vf i;' Why ‘was it ir p@ tant‘tc haua all threé plates angled the
- . . Ssame way?, 6 . - " y e
, + 30 ;'Explaln why the- grap le veled off near %he‘ end of the -
oo | experiment. . . : / /
Er;_ | - )y . ‘;. ; o . 'j
' - GOING FURTHER " o ‘ VR
I - ‘Do you think a curved absorber plate Wc:uld have TEe frl:éf% or
y , less efflgﬁént than a flat absorber platei R .

= W'tlat; effect tQ ycu think, the angla af 1mclderﬂze Haﬁ onn the
amount of solar radiatien absorbed by the solar ‘cpllector? .

- - Repeé% the Experlgf;t w1thout us;ng the, 1n5uiét1aﬂ bghind thr
‘. absorber plate What effect did this have on' the tehperdture?

. - o . . J * . . . . . =
- “Dé - yc::u think if: you doubled the §ize of thé, collwector, that you
- would dgub}é the temperature7 Explaifi your answer.

.

e = Dn cleaf nlghts the temperature at the su:face ‘of the garth
L * . sometimes bécomes very low even if the daytime temperdture was
_ . very ‘high. The eaxnth"s surface radiates its hzet back into the .
S - atmosphere. If clouds were- present, this extre¥e heat loss .
= : would not occur. MYou may wish to perform the experiment again.
, o and record,the temperature of the plates for 20 minutes while
.8 ... the plate 1} in the sun and for 20_min, while the plate is in.. .
) S - shade. In this way you can check the heat -loss of each of your
o * plates n you think of a way to, stop this heat loss? (Hint:
‘”“T:””:”“”‘T"_“*In the earth’'s™ atmasp&ere clouds act as a "glaz;ng material'.)

- : .

a’ . I 1 ‘. . A )‘ C

. . r - N “ N = (
f
B . \
. N -
s
= N * .
' .
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. Baﬁékgtﬁund Inf,a,:mat:iim . o : S

: ggested Grade Lgvel and Discipline . -

7—12 Sc%ﬁpce o : L I R , ' ’

&

o One of the mnst impcrtant parts af the snlar collector is the absﬂfbei\plata.
"Erabsg}bér ‘plate isthe’ part of the solar collector which collects solar energy and

afisforms it into heat energy. - The efficiency of the collection varies with the’ type
of metal used and the type of cdating used on, the plata. The figure bel@w shows a- %

'j.itypi:al hot air solar collector in cross sectiﬂn.,

' =
PR

.

GLAZING MATERIAL
. o 7

BLACK SURFACE-—— 7/7 C

* )
———ABSORBER PLATE .. . . ... .. . L

——— IHSULATION

' ° *
S T The insulstlcn pfevents heat lass out th ick of the cnllectﬂr and the

- The absorber plates are usually mada of gnnd cnnducting metals, such as
cnpper or aluminum. The surface ¢f ‘the plate facing the glazing materdal is coated: with .
a flat dark paint.  New absqrber plata coatings are ganstaﬂtly being .tested. in 'search
of a more effigienz cuatiﬂg.' Many of these are selective ¢oatings which absorb the

. wavelengths cf energy that convert to heat but reflect unwanted wavalengthsi

”absafpciun properties df dlfferent cﬂatings

' .Higt:s ,,Qn,Ga,;hE:iﬁg I-Latgrials' S P S

ERIC -
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Anathér impnrtanz factor in callactar efficlency is the lntensity of light
strikiﬁg the surface. The collecters efficiency is at a maximum when the sun's rays
arespgrpendigglér ‘to_the codllector's pla%e. ‘ ) : .

5

In this activity the’étudents will have the ﬂppartﬂﬁityitc test the

s - B

& : - L
= Wbﬂut a week before the activity is scheduled., you should be sure to have
s)i hand Em anray of différaﬂt colored paints. You may have‘ your students
Lon ok : t L
bting in a paint color or particular Brand’ of paint that they wish to test.

.

L
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QIJLSEEx paint is preferable because 1t dries quickly-énd ié-éésy‘tg

_'g - '=Z,up; You. ahauld alsg cut’ out. some sheets of aluminum Qz~anpther metal

A .gource of:heat will also bE Iif.

T 2

. - . . S v X - 3 e
Y Co . . S - : . PR
ERLYEY S L. . - - L . L B : . i

L LY : T - ’ hy ST :

e

: Eaaﬁivity is peifnfﬁed autﬁi e, the sun will be yau: ,Eat snurce. 1

" weather does not allow ynu to do théd dctivity outaide, then a heat 1amp S

s fﬁééic experiment. Yau'shauld*scnfe “the Etyrcfbam sheets ‘8o that the
' thermometer will be recesged and the s;ytnfaam will fit snug&y on the
' ,,absnrber plate. . L

R " -will be needéd::. Thermometers and some tape-will be needed for the

i

ggesﬁed Iime Allntmentsxsé R o . Y

,,,,, _ T, ) oL L

. % .
c= The tatal ﬁime fgt this unit shnuld be a maximum of. fnur class periods.;
The first perilods should be used for the introduction of solar collector
.desigm and uses.,. The next'class ribd should be used to allow the’
4f=vstudeﬂts to prepare their absgrbEgZplates. - The third period should be used
for ‘the equipment set up and coll ion of data. - The final period should
be uaed for a diacussinn of the data and the zaﬁclusinns nf the sEudents.

C : T

gggsted Appraach o T .

a

= A gaad way tn begin this uni: is tc :elata the differ&nt types cf world

climaﬁes to differgnt types of absorbing surfaces nn\the earth, . For
example, you may paint out the extremes in annual tempgfatufebetween the
_mid—wesﬁ United States where large bodies of water are scarce and ‘the mgre
moderate climates of, the coastal afeas. The oceans have a moderating
effect on climate because they do not absorb solar radiation ‘as quickly
as .solid asurfaces., . After rhe discussian about the :elatignshipbetween
the, earth's surface and climate you. may wish'to ask the question, DO

aa think there.ds. a, K similar relatinnship between the typé of absorber .
plat

e in a solar collector.and the collector temperature?" T&}S should lead
« . into 'a discussian of Enllectar gffici@nciés. o I S
] ) = s t \1 . ) : ‘ - .
- The stydents should be divided’ into gtaups. “Each group .should test two
absorber plste aqatings as well 'as ‘the EUﬂtIDl This number may be increas
‘at‘ﬁhé tegcher discretlﬂn. o _ s e o

*

the students some solar collectors. You should provide specifications for-

four ‘or five collectors. The &tudents . should all be able to make

intelligent "buying" -decisions based on what~ they have learned from their

.- .. ... .laboratory activities. . You may wish to vary the "selling price” in order
to have the students determine the value of each collector in terms of
initial E%jt vs. evencual aavings,; -

e

ed

- During Ehe final day you may play the part of salesman and offer to "sell" '

1

L S|



plaéa Qéatingsw _ !
| SOMme ; ullected during this act;vity_ The plate material was
ntm- flashing. ’ ¥ : i

R va o ,i'é -
- = DATA TABLE . ° ;‘
o IR  TEMPERATURE (QC) '
; CTIME PLATE 1 i, - PLATE 2 PLATE 3 ; : ’
(nmu-res} -~ COATING! me_ c'bATmG Sukite COATING: . gongrel | . - :
. 1 3s 31
L 2 - 16 55"
P 3 51 ig ' .
. b 54 7 B :
. <5 56 10 L
- 6 . 57, _ iz , 3 .
. 7 a7 u 44 - x
. ) 8 58 7
) .9 59 47 _ g\:
10, \ 60 52 ) 47 .
11. g0 s 52 47
. 12 _ 61y 53 ; 47 -
13 g3 53 17 .
. 14 o &4 1 53 48 ~ -
15 65 . 53 48 uF
. 16 f5 53 ) 18 :
. 17 1 ., 66 54 ' 43
; N 1.8 : &5 v e 48
19 | . 66 . 54 ' 49
_ . 20 - 66 B ‘ . 54 ] L is ~ . .
;Eré;; utignis . \,_ -
)
- If the absorber plates are pazntgd with "spray" pazmt be sure that the
7 room s well ventilated.
= If a heat lamp is uged, caution the students. about touching the bqu «::f'
the Lamp., It get gzztﬁgmgly hot. ,
e, Metal edges should be taped. —~ ‘
- il | |
. ) ’ R
. = 5 &
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: 3,-,;,;7,? = 7 Yfm may,igijj tﬁ{_&_pcau:ag_yau,r, to_di :-i ,,i;l;la_a;;pe:,ﬁhem;i,
S T f ‘It is possible. ‘that b ingreaaing the Sutface area of the absorber plate
L . . Eyuu‘will increase its bility to absorb radiation, ‘An easy way of
1 N o gﬁ:increésing the surface area ig:by Eprinkling iron filingsy,’ metal )
_a~———— .. turnings ‘etci, on the: -absorber plate hefore painting.. Spray;paint the -
X i .~ -absorba plate, cnvering the material, -and allow it to dry. * The ‘material ol
IR .. will pe Becure at least for the duration -of the activity. Compare .this- W
- o \ ’l;absnrber plaﬁe with another plate g without édd;tiaﬁal material., Be sure - = -
R ynu use Ehe.same paigt on bdth absqrber plaﬁes. - . . -.15',". Loy
_ = =: AnaEhEr variatinn yau can use, with more advanced students,¢ 32 7
s . 1s te raplacg the thermometers with thEImncnuples. Using the hefﬁacauple
L fwill give vgry acturatg?tesults and may be espeﬁially useful for. p§1i§§ . s
o enten _/ . o - o
fgsﬁx = " You may also have the students vary the angla ‘of intidence of the incaming B
Il * energy on- the. absarber . plate.- The students ‘could then see how the ang e -
%%&%\ of incidenzg EffEEtE the efficiency of’ the callegtar. o,
L3 -
At : PR :1‘ i f!- .o v . Y - '=‘-’§ !-.u»;i~a -~ _"’ x_g
’MEQQQW_éijHWWM@.WW“M“@.@rj“gmmrﬁz?iwwngw
: 7. - : L s , ’ \
- T .  ‘Evaluation of the studentg can be madesby using the questinns at the End i )
L - of the activity and by student respanse ‘to the fallﬂw—up distussian. L -y
o ) P - - . f . BT
. - Evalgﬂtlﬂn ‘of scﬁdent gtaphs &ould alé?ﬁﬁgmade. ., ) . S
-k b . . ; : . ; Yoo et M e
* . _References - o _ Loy < iéL LT '
_ P e eSS 7“7 _— M P. . P .i . L i i \ . T )\, .
) "= PraduaLng f@ur Cum P@wgr; -Carol Hupping qt@ner Ed., (Emmaus, Penn.g - .
e o Rodale Press), 1974 v s . : R
. L -“' o . —_— : ey ! \ ¥
e Sﬂlar Energy Eiperzmeﬁtg; *Thomas Norton, (Emmaus, Penn.: Rodale Press),
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CONSTRUCTION OF A FLAT PLATE AIR FLOW
© | .+ " SOLAR COLLECTOR

N

£ -
\
"
INTRODUCTION |
The Qlélll oA a\;li;g [T O S O I 4 L. i O 4.! PR e - el
is becoming common. Such colle.tors, how.ve., have be uagg .ro .nd

the world for many ycars .o heat thiags from b.ildi gs to swinming p..1.
¥ E Ang

Most of cthe cullectors have patts ch®l are ver, oliilar eveo
though they may be arvanged differentiy I.. thiy accivit, you wiil
LQHSEFHLE and experiment with a solar collector tRat uses air to transf.r
the sun's energy to usable heat

. | o _ s
ERIC .

Aruitoxt provided by Eic:
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.. OBJECTIVES , . |
At the completion of this activity you will be able to:
. o construct a flat plate air flow sular collector

%

o determine the importance in your collector of the glaclug

(cover material), the insulation, the absorber plate
color, and the absorber plate'material. ~

{

©  SKILLS AND KNOWLEDGE YOU NEED
- Know the pares of an aly Llow 801., .« bl ...
- Know for what purpose each partL of uu aic £LOw. suias
’ collector is used. ~
- How to read a théfméﬁeteL and 4 Stop wacch or other tiuing
device. (school cleék, w.idt watch, etc.)
e
- How to graph data .-

2 the.MOmet ... =

. Sola: collectou, 1. . .. .w
- Various insulation ,lesces ( cw n ¢ .a n 1
- Various colored absorber plute= bucm x LZu. . )
Various glazing cuvers (00cm « 120w

- Stup watch (or .rLhe: Clme-kewuing Jdevi

W

ERIC

i e R
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. 31-3 % _
;( -
COLLECTOR BOX ’ C .
’ ‘ - 120 cm.
" ff§‘§§§%g§ 60 cm
( fgsfﬁ' — - %}»A&i
"e§§*§g§§S§g§ ~ - T— . ﬁz&iﬁg&f\
15 cm.
5 em ‘ P J
&= - -
_ . i‘x-z.,s; ;: s_fg«‘"’;
GLAZING SHOULD BE MADE - ) T-PLYWOOU OR PINE SIDES
ON A FRAME MADE TO JUST ' L Ny L
COVER THE BOX - S e o
N V4" PLYWOOLD BOJTOM
::;s“"
| " ABSORBER PLATES AND INSULATION
. y 7 SHOULDN'T F T EASILY ON THE BOTTOM.
METHOD ' ‘ o - T :‘
1. Obtain a solar collector box from your teacher
2. In the .bottom of cthe box place sume insulation and cue cvolored
; absorber plate
3. Uver Eh!;“ tup ubt the box place a Elgkluh Vel
Q. La;;fully Ldpt; Clin thiceoncnst wl o O (i 1-1‘;,»3 ' o i

that the Lulbs of (he thermometers extend ovir  he npu. o o
output hgles‘ .
ake your solar collector vutside wod ala 10 Jdiao o), ab tlha

! sure that one «f the hules is .ea. the top (tiis
thc Dutput hele) and that one hole is near the botoom (th.
is the input hole). -

6 On a data sheet recourd cthe Inpul aud ulpor ©osaperato. o 1 b
collector every three winutes fo, 30 minute.
/. "0n one graph plot (he Llume va  Che Lol Ceong o o Lo

to record the Cype ot e vial,on
g Mmaterial you used

M

ouLput temperature. wsake .u
absorber plate color and 515

8. Repeat the experiment uvoioe JIFL. oo 0wl lnac oo w0 .
' matlerials, absoirber plates, and glaci. go
. 15



. ~ -
- : T, T '
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’ ' 31-4 T

9. Coliect data for each combination of glazing, absorber plate

, and 1nsulatianAthat you_ decide to try.
10. Prepare a graph, as you did in step 7, for each!combination of
glazing, absorber plate, and insulation. ’ ' ’
LOOKING BACK -~ ¢

collector. You should have an unders®wnding’of the types of materials you
used and the reasons for using them. With a finished collector you were
able to collect data which gives an indication of collector effl;léncy

Iﬁ this activity you have cﬁnstrg%ted a flat plate air flow scvlar .

From ‘your data you were able to plot the information collected and compare
the temperature changes that occurred., You wegre also able to compare the
insulation, absorber color, and glazing in different LDmblaﬁthnS

QUESTIONS L

1. 'Based on yﬂUf gtaphs how do Che 1nput "and Dutput temperatures

2. Which color absorber plate was the best for Heating the air
in the collector?
3. What effect did the glazing material have?
&
4 What Comblﬁatlnﬁa of lﬂsulatluﬁ absorber Coloa and | 1aodn

5.+ An indication of collector ebfliic,. |, 1. lie +auy Co
difference between input air tempélat .re and QutpuL alr
temperature. Based on the differences y u m asured what
did the type of insulation have on the collector efricie o,

' $
6. How might your family use such a collector Lo sa ¢ woceey.
{
GGING( FURTHER

_ \
= Iry D!Zhi;f [ETUTL 11 oy T S R S TR SR
and glaziugs.
AY

j = ;.rfoy dCFUblE or LLlEL:. Blaaia,, .0 . TS SESR (YPUR P
=/ Change the angle of the ave’' . 4 ye .o 1 Lits (.2 . L1
| / and record the differences in inpu. and c..put emperatove.
Use a protractor to measure tie angle. 0. not ook liveotl
;( at the sun, If you do not know how to eawure the wngle,
, ask your tggghéﬁ for help. 7
o N ' 5 )

. Gy
- '.Déigrmiﬁé the effect various weathe: couditioa. Lo un o
performance of your solar collector.

(R¢

ERIC
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07 AIR FLOW-SOLAR COLLECTOR -

Lo~ s

ﬂTea;her In faréétign Sheet . . T _/ S

CONSTRUCTION OF A FLAT PLATE -

\ -
Suggéétéégﬁ_-dé Level and Bisc ipline - \\
General Science 7-9
', Earth Science P
‘Physics?® ' ’
-
Background Iﬂfgrmagin ; !

.The, sﬁlar EGllECEDf iz a device for traﬂgfarﬁiﬂg light energy to heat energy
and thus raising the température of any medium. Visible light rays enter the collector
through glazing material. VYpon striking the absorber plate EUEfECE some of these® Tays
are lengthened into Anfrared (heat) rays and ath&rs are absorbed and re-radiated as -

longer wavelength infrared rays. A black surface increases the efficiency of the process,

while the'jnsulation and glazing keep these heat rays inside the collector. The input
hole-allows outside air in.’ This air {s-heated while inside the collector and because’
~hot-air is less dense, it will rise and egcape by convection through the uppér hole for

t
output. When properly funotioning, the flat plate air flow solar CUllEL[UF will have an
t

“output alr temperature substsntialiy highér fhan the inpu te?ﬁératufe. -

4

Hints on vathertuy Matcdlals
- Abaorber® plates .1 made O N O VT 0 T T T L. e
Sheslas wl atyi.leam Loadulat g, wilicr o sodar Lo awd 1y [ RN Lovens .

are avail.ble at mouat building wupply companies.

selaslug a Lo e ol Blaw. AL Wlap o0 pdlaatds L. Ly
frame. !
i
S, s pme Al o

rv——

Buga=zle b apProa b /
[ Lhe pr L . 4 .
glaing wmaver.ds . e e dteas L
on students previ uwu ogpe 10 ..
Dlavuss materlaloe th U wso gooad o C taa e L ' e
Review vhy these wat:rials were se.con o for this p ot ¢ . . e bt

o : o= a
ili{-ﬁﬂ; - T8 -1
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.For example, the students could spéak with arutility company representative,

s . o - * “' “' .
- : . :
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Students should be awsre -that after : : 'ctlng tﬁé cullectur they will:
take . the collector out™ ,f dcors in order to calleqt temperature data about

the sun's effect upgn'ﬁhg,ai> within the gailectﬂr. R : :
. Y -

ot . 2 ’
In order .to ‘infuse the copcept Df career Edué tion into the classroom

r T

activity it is Stggested t&%t the teacher conta ti;ndustfial, utility and
business repreg@ntatives iﬁ-the energy field. TFof example, a solar heating
systém dealer m ly be invited ‘into.the classroom to discuss the job of
supplying matérlsisgﬁgcessary for considering the installing solar,s stems. .

in ola
Sample materials may hE pfnvided during the presentation as well as "hand-
it information. Bgyaﬁﬂ this ségrvity, students may be asked tWmvisit
cal firms and interview individuals associated with the energy mdustry.

o

gas station operator, a solar collector manufacturer, a county glanner, and
a local newspaper- representative, as well as plumbing and electrical
contractors. - I BN
F -

The teachér may %i%h to combine dita from various.students and project ¥

this informatioh on an GVthEdd prajectur i

11

2

- Various cumbinﬁti@ 15 of collector parts alluw for a wide range of ‘possible s °

Ji

iE.

TEMPERATI

experiments.

'ALr Lemperature leacta, the wollectu. wloootd Lo w884, ably Lilghe. thao
input temperature. .
[ Y

The ptaph below 18 a.. caeawple Lrom ace. I cedeny ddis ey
1 ‘
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Precdutions’ ) = Lo :

: . in and out of the collector.

(NQT%:
colleator® temperature and mometary

. Teacher and students should be aware that clouds will affeet air femperature
4 dramaticé corrvelation between v
cloud cover can be shoyn graphieally.) }

- Students should be warned to qsﬁer-léak directly at the sun. "

Modifications ’

L]

- In general science courses, the resultsd ﬂﬁald;bé used t
the importance#of glazing, inBulation, '‘and collector matgfiéisiir

r:; dévglﬂ%dgas for

= If materials suggested are rot available, many alternatives exist.

drawers

. Cardboard boxes, styrofoam packing containers

-

:”yarianszpagkiﬁg materials could be used.as insulation

translucent material may be used for glazing such as
- : wrap or plastic uséd to cpver find@wsi' i
A

—r—

Evaluation

- How well were the graphs prepared?
- pref

/-

- - = . R B Y B -

- Were the graphs used in answering the questions? N
Were the students able (o Jdlscuass Hthra‘ degiet . L a.
construction and uperacio. of their coliector?

Re Ercucesa

L)

Py

1977,

O . i

ERIC

Aruitoxt provided by Eic:

‘etc. ¥uld be utilized ag collector boxes. Neéwspapers,

tr

from lab cabiuers |
cardboard, or

.Any tramsparent or

angparen{ sandwich
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f-~ BULBS S 7 'I'HE\SUFI"S ENERGT

I NTRGDUCTIQN

e Have ynu ever wondered how much energy is givan off by th. swms »

o ( .In Ehis!activity you will be able to compare, the sun's energy to th.
*’  energy of a 100-watt light bulb. How many light bulbs do you think would
have to be turned on to Equal the energy produced by the sun?

32-1
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?BJECTIVES ;
: ‘At the completion.of ﬁhiséagtixity you should be able to.
- 0 construct 'a-simple device to cpllect the sun's heat
v . .energy. -
- o use a mathewmatical equation to caliulate 1o caii.
! the sun's energy received by this device
) o cofipare the energy output of the -un with a luu WAL,
g bulb. ’
/- ‘ s
SKILLS AND KNOWLEDGE YQL}'NEED
. . : * A
- How to,read a Celsius therwowete.
- % ’
- ‘How to perfouim wathematical caloubl.o. o
MATERIALS -
. - -  Graphite.in alcohol (suspension,
* A L cm }EJD el plece 0f (hLila wetal Liw.oa.
) A weter stich and a pait ol meler alab g, wli
A plass jar with o nole our In L 114
A wne-hule alupper vt 10 .he Lolo 10 T P
A velsius theimow. . o
ME 1T HJD
1 L;.lu v . Lo ' .
bulb so (hat €h =z us fne . eoeid
o .

ERIC

Aruitoxt provided by Eic:

N



" 90° to form the absorber blades.

d(Sun) = 1.50 x 10

7

‘Then crimp the sheeting in so that it :ampletely
surrounds the bulb. Use the straight. edge of a thin -

plastic ruler to Bend the ends of the sheeting outward

G T
% P HERE, .
. BENBRBUTWARD ™

Paint the face of the absorbér with the graphite
susPEﬁsioni

Insert the top of the thermometer upward into Lhe stopper
-and then insert the stopper into the jar lid.

1

1P YIEwW [ BT~ | ]
b VIEW b

Position tie o..llector so Lh.at the absc..... . .c:.

diﬁé;tly into Ehé sun. Record the maximum emper ..

Allow the collector to vool to room tewpefature. |

Position the collector at the 50 cm mark of the op. 1. .
bench. Slowly advance the collector, 1 cum. at a time,
toward the lighted 100 watt bulb. Stop When the same
temperature as that obtained in Step 5 is reacheu and

maintained for two winutes.

Record the distance between the fillawent aud the aliso. i
plate.

Determine the sun's relative waitage by using th. tollowl .,

equation: - .

Watts (Bulb)
d? (Bulb)

d = distance in méters -~ oJ
ll

22
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>

10. Determine the number of 100 watt light bulbs that would egual
.the sun's wattage. ' o

11. Using Ehg%results obtained by each team, calculate the class
average ol the sun's wattage. : -

12. -Determine the percent of error in the class average by using
the following equation and the accepted value for the sun's
wattage: :

£
£
AQQE;PL;J valas 3 /U 4 ii(l D iat g a

Experiuental (class average) - Alue,. . .
Accepted Value

, o Ada
7% error = gy

Y

LOOKING BACK - - . ’

 With the Use owf Lthilas LI;LS,LL\!;'.[}' aJmPl:. Appral atide e lian,
collected data and made a mathematical dete.mination .f tie su.
wattage which turned out Lo be awery large value. rrow this y.u
determined the number of 100-watct light-bulbs whicl would equal ¢
sun's wattage. Would it be possible to turn on thi. many light bul

at once?
QUESTIONS
1. HL; [ i [T A U P
fluire. ce..t bulb?
2 Would yeuL lavwallD, O A Y B 0. L Coa .
affec. the results?
3 Alter Complecing (Lo . . 0 . : . v
a\watt?
GJUING FURTHER
= 1f the . . b
what euviy n entas L.y 0 Iy, o : . -
1L the n‘;égéll‘g dlalounee Ly o Lo oun o [E T
1l 5 x 104 met.rs, what woul, be the =. 1 .n..ntal
A \
1L yuul valuese for hie o o0’ Lol g a. b

from the. acce, ted ans. ei wial woul  be your perc 1
of error¢

lt Loth pastl . R O R b . L ot . +
outside of th. e.rtth’ atucspher | .0 U 0L Lebies |
think would occur in the results? Us. . 0 » 102 w a.
the surface of the earth (approxia.tely 20u wile.) s

possible location for this experiment,

ERIC

Aruitoxt provided by Eic: L \
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HOW MANY LIGHT BULBS
.o+ =THE SUNS ENERGY

\
s N i - . s
) . .

P

-Suggested Grade Level and Discipline

Background Iﬁ%g:métian

The wattage of the sun can be determined experimentally by the use of the
nverse square law. Students record the maximum temperature pruduced by the suu
in a simple collector and then duplicate this temperature in the lab usiug a
100-watt light bulb. By measuring the distance in meters between the bulb aud
the collegtor and equating it to the distance between the sun and the earth, they
can determine the'sun's wattage.

[

Watts (Suu) Watts (buil)
d“(Sun) 42 (bulb)

The scientificall® acc¢§t¢d value for the sun's watlage 1a 3./0 . 1u27 gates
This would require 37 x 1022 10u-watt ligut bulbs t. equal (he sua'e .nery,. It
1s to be expected that the percent of crror may be quite laige.
. }
The experiment should demunstiace that the 2uil ls an enorfleue & a. w1 0.
so much so that the students will have difficuley iu ompirehending so lar,e . numbe
as that represented by the suu's wattages lu additi.u, the students way appr.ciate

' that the solution te a seemingly difficul. or impossible question can ofien by

found by. relatively simple science equipmént .

-
Hinits .u vathesing Maieridar.
The cullector Jar wa . N Ce cod
removed) of auy simil v ,a., sac. as & pesa.  buti . )i ailh le

drilled tn the center ur.the cap

Thin wetal sheeling ..u Le witalana oo a elthes the ... . .
the art department. An, tiickness an b. used as 1 I T N R
shaped around the bulb of the therwomeiet witlh caoc

Suggés;edr ilme Allotment

= PfE—lab, 1/2 clasgsg prooorad L0,
Lab, 2 class periods (45 (3 6u wmiuutes

L Post-lab, 1 class perfod (20 tuv 45 min.
Al
» N\
&
.
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Suggested Approach
= This activity should be done when indoor and outdoor temperatures
are the sane. '
- - Students should work in pairs to reduce demand on equipment.
" [ S . o ) iy
. ) - Im pre-lab discussiofi, establish the watt as a.unit of Shergy and\\
have students guess at the value of the sun's wattage. The concept
, f scientific notation of numbers may need explanation.
. : ) {
- 1If your school has a computer available, it 1s possible to give
students a tangible idea of the number "1 million" (109) by obtalinling
’ A readout of | million dots. (For example, 200 pages off 5,000 duts
each.)
= te the absorber'a
»
The expel imentl should bLe dyne oo s day ..L luLu.lm,,le"\,‘lJudiu(..“a Al 1, L Z€
L - It may be dtiticult Lo line the absorberl e «ith the Cenie. of tue
bulb's filament. Shims can be used to adjust the height of the
collector. Thé angle of the bulb's rays also should be normal 1o Lhe
. ) absorber's surtace. . . . " *
Measuromeut e alUuld Lo wmade Li.an Lhe fenloey L vt 11 L Lu ol
absorber .
Sy 4
Whea the Lu.ootng oL v v 1l eny ywards vn 0 o0 0 . s

temperature of 459 Ltudents shoul, advance th o liecton oney o o

t
al o L lme Wheti the de
L

sited temperacure 15 Lca.ted it oh oala Lo
L

Matnialined (or at le.s wis winutes.

4 i LIPS B O SO

A o les o B . L 81 i

v

fhis sane wpesatute oo L s baoc o1 Lo o e

{ 1
trom the' tilament of & (1l ai buolb

vi Luoea Ly vaunsd as o ooawmpl. dy.., . vy
. 3
sun's Waltagg Wouid Le 2,295 » 1046 yo o be  anna, i1
light bulbs #eded o0 atch Liis walliage Jd e 2o b It
pefve. Lafe o eiba, [ this meaas tement vald v Lo
N
NLA[IQ
N - s 0 4
5
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Modifications . R S i
: ) ' = 5 L . s -
None Suggested - .
g . N . ’
Evaluation oL, : ’ '
’ &
-~ The collector's construction and iLs use 4in bhe sapeclmeat wuan Le
) evaluated for care in construction aud correctucss of expe: ime.tal
pragadu;ei‘ -
- Btudent calculations and answers Lo jquestions can be gvaludted for
correctness and for depth of understanding. '
. f
4
R \;\
/
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A
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O
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G ENERGY FROM THESUN. =

e

:éii‘ ST . i y

© . INTRODUCTION - ..

o .. Man has been using solar energy for thousands of years. Does .

this' surprise you? Can you think of some examples? In fact, nearly-all - :
of our energy.comes.directly from the sun. There would be'no.¢oeal, oil, -

' gas,.or wood if the sun's energy did not reach the earth.  There would be v
‘no. water power. or wind power ifdthe sun did not shine.:"Why not? : o

. # When we talk about using solar energy as an alternative to fossil fuels .
. we are considering the use.of a clean and retiewable resource to replace ~ #-.
- polluting resources which are rapidly diminishing. The sun is nature's
original and direct source of emergy. We might use_the sun'directly to -
. -heat our water. The more we use the sun's energy directly, the more
- important it becomes 'that we have accurate and complete -data on the amount

You can 'see that the use of solar energy is not really new. ' . o

ro-~of-energy*received from-the sun-at-any-time or place on the earth. o

e In}this aéti@itj you'ﬁill find out more about the sun's energy.
. You will use a simple device that will indicate the amount of energy
~ . falling upon ‘a surface. ' ' - :




R - A
: v

. . F

Lo ' Y
% o ’

: o . o332 -
" Lo foas S
- - ¢ &

QBJEC‘.TIVES

o At ‘the" campletian af this activity, yau shauld be. able to:
2 R . I
' ' o (>Q_‘7 use a simple salarimeter tg determ;ﬁe the amaunt Df salar_ '

° predict the best Pﬁsitian af the salarlmater to receive T
gnd -absorb maximum solaf Ene:gy

SKILLS AND KNQWLEDGE YGU NEED | |

- ch to réad scales on tha salarlmeter

i
4

.5]- ;-% ‘How. tg graph data.
o= Haw to méasure angles

MATERIALS

S -; Phataﬂell §51arimgter A complete deszriptian ‘of the constructlan
s lof the solarimeter can’ be faund in EhE hardware section.’

-

e v o e e e e e+ e sireman e A ¥ - G g QS et e e e cearin B s oo s = em S SO S

“~PLASTIC" ey T T ; e
: - ICCASE — SQLAR c:ELL ' : S

- METER SCALE.

' = EAIMING SEREEN CALIBRATING . .
g 5777 IN' ANGULAR' DEGREES o
26151950510152025 - :

;' - 14
METHOD

: 49'~1;v“vA11 your -data- must be taken outdoorsin the open away from
o buildings, trees, and other obstructions to sunlight. You w111
4 o take several series of readings ard prepare a data table. 'The
) - table :should include the date, time sky conditions (clear, )
partly cloudy, hazy, etc.), photocell position, meter feadlng
: and ~special notes as required. 2uggested form for. recordlng
L s -1 o - isAshawnanvthe~nextwpage.~ - — e
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: Eaté?% "53;5_  U | ‘;f; Sk? Candit;cnéiiffii”-

‘fTimE5i' Energy Rec'd Phatgcell Position & épecial Notes |

ko Units 2 B (measu:g .as angle-of | - ¥
: , .ﬁ'incldence) .

E T - R . -
L R A_.-. B I __ Sei. - soLu LT --,,c,' N C :

2. ‘Take the méter nutside on a rélatively sunny day Uﬁiﬂina
; " etroumstances should you look directly ‘at the sun as g
‘Gause permanent eye-damage, .. Place the meter in a hof

"- position on -the ‘ground. Read the’ mef%r and*recgrd tk
~values in the data tablé - . AN

T  §.¥iAH§1d your hand abaut .5m- abave thHe sglari ieter 'so that a .
RS _‘1bﬁshadaw.i5 cast on. the phatacéll Read reaatd the data

4, " Hold your hand about lcm ahove Ehé:?haté;éll 50 that it blﬂcks
off the sunlight. Record- the data. Haw does this :eadlng

— e COMpATe tg the previau5"3ﬂ29 AR gt et B

» 5. Pick up the salarimgter ‘and- tilt it*sa the sglar cell dlfectly
: faces the ‘'sun and recnrd youf data. : k ‘

i T'ke feadings gf at 1East th:ee ggher angles of lnsclatiﬂn
-a,d récﬂrd the data e :

7.4=@Usa the data yau ‘have collected to. fill in the class data
record on the chalkboard. . How do your. data campare with
thosé cf other students . L :

- Si Make a graph of sglar énergy réadings vs. anglés of iﬂéalétién

\ LGQK!N&BACK e S ST S
- The amgunt of salar enefgy rEEElVed at any spat on. earth varies

with time of ddy and with the season of the year. It also depends on
: ﬂthér factcfs such as cloud cover, haze, reflected light, etc Surfaces

» ' 3 at right angles qa the sun's 1ight rays)

3 iréa than sutfaces at other “angles. ~All"
these variations can be measured by means of-a ‘simple instrument called
' ‘the solarimeter. Data tables gimilar to yours have been prepated for .
-various localities, that 'show such things as the hourly variation in actual .

t . energy received (measured) each day per month; others show how much

' energy thg;'etically would be available each day on a cloudless day. L

iisTinformation 15 needéd in'ardef te” deaign efficient solar eﬁérgy




QUEST[DNS

1.

|

When yaur hand was l 5m above the. Eolarimeter (step 3) did thé
- meter read ze;a? What does’ this indlcate?

L “ wnuld absorb tha mast Eﬁergy? .

: zaph+=atgﬁhat_time_ﬂ£_ﬂay_azeﬁthe,aun_s*rayi;;;;;;;;
mast nearly pefpéndicular to level ground? ! Is this the same -
"time that the temperature usually raaches maxlmum? If not, - -
explain ‘the diffErEﬁEE. SR T . : R :

Why isn t -the energy rece;ved by the sglar aell held : v
perpendicular to. the sun' 5 rays, ‘the same in- early morning =
~as ‘it is at noon? : : ST . L

In ‘which positinn would you pl,ée.a:éqiar CQllécfokjéé{that“it'

e

3 GQ]NGFURTHER R e e,

’Yau may want to see ﬁ%w the. readiﬁg is affected ‘by takiﬁg

~-yariations -in energy fece1ved ~How. do yau

Some published daﬁa shc' that more energy is; rece;véﬂ ‘on a-
perpendicular -(to sun's ‘rays) surface in March than in July

How Qauld yau pnss;bly explaln this?

“Make a study of e difﬁerent energy units used by SClEntlStS N
-and-engineers-to- measure- ‘solar- -energy. e -

£

ee if you can callbrate the solarimeter by cDmparlng your.

-8
- data with publishéd data for areas ccﬁparable tg yours.

. i :
_Canvert ‘the ‘solarimeter into a pyrhéliométer and measure the _
amount of direct solar radiation. ' Determine the ratio bétween.'“
dixect and indirect energy measured at different tlmes v

_measurements closer to the sides of a bullding, fences, etec.

' Do you notice any changes?. Do the ‘readings increase or

‘decrease? How can you- explalﬂ any changes?

ffYou may wish to vogunteer to be part of a team to callect solar
- .energy data. over 4 longer period of time. It would be useful

to obtain data on the energy received each hour throughout *

the day . .for each day of the year. This kind ‘of ‘information is
needed by the solar energy engineer. Some dgta of this kind

has been collected. Compare your data with/published data
available from the weather bufeau. Make a gfidph showing daily
>¥plain the ‘variations -

whigh occur? A
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ASURINGI ENERGY: FROM THE SUN -~

- Suggested Grade Level and Disd’

: ',7 9 Scienge X;L,'A "“: ,».m ,.~ '_.. o 'fl R :
T Eazth Belence g T A
"';Physics (caﬁstructicn, Ealiﬁigti@n and Hndifiéﬁﬁiﬁﬂﬂdf'EﬂlaripétEf)

. Bsckg;nund Infnrmatian - R L o

R f c . A . i ’,.-,

. , ?nawing the amﬂdnﬁ af énergy received o 'ivEn,srea Efxche earth's EUffECE
. is fundamental to solar energy degign.» “This energy ’ X
. . of atmosphere where different amounts of rgflgctiaﬁ
A dEpEﬁding upon the w3velength of the incident frat
. atmospheric. layer. . Part of .this. EnEng arriviﬂgr .
- “violét - 9%, visible light - 417, and infrared = 0%) from Ehe,sun. The rest is indirect
‘. radiation which- has been reflected or scstteggd by  small particles, droplets of water,"
- and molecules. The exact amount of, each varies q;qp‘%un position and atmpspheric - S
conditions such ‘as cloud cover, humidity, size: and" kind of-dust: ‘particles) ‘sizZe of water
_particles, etc, On. cleaf,sunny days the direct Ené:gy reaeived _may’ be as _high as 902*
on clnudy days neangy all the ene:gy may be’. indireeé : .

n-and thg eampositiﬁn of the T
1% 'in the form of direct rays (ultfas ,

£

. Hhen thiE energy arrives at the surf”'; ;ﬁﬁ things accut part is reflected,
snd part is absorbed. Various instruments may -belijsed to measure this -energy. Fot
“éxample,  the” absafbed ‘energy may. produce A’ tempers;ure rise. —Thus-a thermometer might
. be used as an, indicator of enetgy absorption. - -Another effect. of radiant energy falling
upon. "the surface of - certain metals is the releade of . elecgtrons, the photoelectric effect.
‘The solar cell is a device that makes. use of this effect. - ‘As’ the incident light intensity .
= 'increases, a greater flow of electrons occurs through a circuit.. The mount of current
- flowing cam:be used as an-indicator of Ehe ‘energy received: It is very\ilmportant to

: remember that ' the amount- of Energy measured by. any instrument -is 'not necgssarily the
‘total - amount -of energy teceived. - Most instrumetits do not measure rgflec' d or ttansmiﬁted

enargy. They only respond to the energy .absorbed by the instrument. The. response of a .
. solar cell is complex in that the cell is not equally EéﬂEitiVE to all wavelengths of -
. ineident radiation. In fact, it doesn't respond at ‘all to ‘the longer wavelengths. It
also has a relatively low efficiency in cenverting radiant energy ‘to electrical energy.
- Nevertheless it makes a .very convenient, easy-to-use instrument when. used in cgﬂjunctign :

with a milliammeter.!?Such an instrument is called a solarimeter or pyranometer..

Eateful camparisans of locally obEained data with published data for similar

1atitude,and a;mésphe:ic donditions should permit the calibration of a hnmebuilt N
’f;snlarimetér. Direct calibration with.commerdial models may be ar:anged by Cnﬁtatting

~ persom8 having access to these. ,Many colleges or universities have. commercially built
- solarimeters available as do varlous weather ‘gtations, Envirnnmeﬁtsl sgencies and
pfivate carpor&ti fis invalved in 5@13: Eﬁergy regearch. . : - +

. .-281-002 O=T0 = 3
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\ . ‘r i
S e ,D.C"Hiiiié§§§§§;;} Availgble from any sedentdfic supply ‘house, * =Rélsﬁivély
S &  .cheap meters. are available from local hobby glggtrﬂnic stores. Raﬂge
ool needed depends on phntacell nutput R e . .
o ~ ;; ——g.jf‘”PhatgelEgtrig cell (Snlggﬁ;g}}) Plaiﬂ silicun type Ealar :Ell (withnut ;
T 7. 7 integral plastig lens) regﬂmmen&ed. ~These are avallable in‘hgbﬁyrelactrﬂgig
S fstnréa.~ . T : . : wos L L.
Lé" L= .{_jResistn:. This- is needed in caaé ‘the output nf the. sglar cell is larger than
Lo T _ the range of the’ milliammeter. The smallest size (wattage) carbon resiscafs
: . : ‘will be adequate. - In-general the resiétance value will be low, a ‘few ohms:
R 1 -3 mﬁst~ A very small law value- (E - 511,) va:iablg reﬁistﬁf cuuld be used.
1 —gﬁt' ggeszed Ti@gﬁéllgtpgg; C . a e S :
’? I\ Perigds. . _f ; IR I
:; AR ) Q_ i  A Fizst Perindi Iﬂtrcductiun (preﬁlab), gather initi i data. _‘
T, b. Sécond Period: .Discuss results, | ot glass data,>examine aﬁdn
o B R discuss published data. ‘v : e F
h .t: - '; Perigdic cﬂllggtinn nf ‘data Test nf year (as prgject cmntinues)
Suggested Appfaagh f(‘ ‘ .
s * = C = \!
R F_.{Prinr ta dcing this aéﬁivity intraduge ‘the cangept af Ehe sun as the
" earth's major energy source by means .of selected readings, lecture *
presgntaﬁigﬁs of audio visual materials. - ) 1 )
- Work in teams uf 2 or 3 studants o minim;zé the numiéf'éf_iﬁstrumeﬁts\‘ -
T ’'needed.. - _ . : : ' - - : -
T e jf ngaﬂise wark within ‘teams; switch jobs 'within teams g0 everynné has as
: . chaﬁge to use instruments. : .
- - ‘Have &ifferent teams callect “data- under identical cnnditiuhs. ‘Compare
data by having groups record angle and enérgy received on the board, aﬁd
- arramge data frum smallest Lﬁ 1argest angle of inselatipn,
- -_ Have' nngniﬁg data cnllectian on a routine basis by valunteers. ' -
i - ‘.
- Prepare calibraticn curves for instruments.
e R . & - - . e
Iygical Results
- Metet feading inside building will be very low, almnst zero.
N _3, ”‘.uﬂaximum reaﬂiﬁgs wi 1 T u;c when.. salar cell is held at-right. angles tuﬂfil

sun's rays. (Angle Df incidence 0° ).

KO e -

o .
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>”ﬁ'f ray;wiI17he7fg§§d in the wiﬁter, "ot .'zumzme:',v
;Eﬂng far this, one. ﬂf which is the fact thst

L tiﬁé. SR , :
o N ‘f\ . ‘ .

P = : Y I - R

s PR Ee sure studeﬂ#s are m&rﬂed against Zaakzng dtrethy atrfhg sun- aﬂd éxplazn
e e Why the. équispméﬂt 15 uery fmgzls a:md must be hﬁled with. f;arg, : -
. | - . - . § _ . ‘ - ) A M
S Hndificatinns .;_ l_i ?1; . 1 : ,.;.,"- R B r'ﬂ ' _‘: ' 'f'“f - L B

G 5j§' " The Eclatimetef as desczibed in this activizy is :gally a pyranumeter- o

“an instrument:- far measuring total: radiaﬂt Eenergy ‘feceived both directly and °
 Andirectly, By fitting a tube. of prnpér sizé over the salsr cell 4t can be |\

converted into a pyrheliometer, an instrument that measures onty direct™- "~
'—ianlarﬂenergyrw«(Seemnates anﬂbuilding the.. agla:iméﬁer )n__m___h*_w“_m_g‘"‘};M;_;mm

' =" * A. photographic light meter‘might be aubstituted for the hnmemadg,salarimetet.
e If direct sunlight results in" aff—scale ‘readings, suitable filters (such
a8 partly expaged negaﬁive film, :fnssgd ghaets af pala:aid Ete ) might
be needed. . | o .. N
Tef ) . . o . =
- A galvanameter can be used in pla:e off a milliammeter. A somewhat 1arger
: value (ohms) fesistét w@uld be needed {n EEfiEE with its coil.
s _7 . ’ o ; LT . :
© Evaluation - R . '
;1;,x Have the’ students measure “t
o plane surfsee. S ’
s
References . . ' : )l . -
- =* . Solar Energy giéériméﬁtsl-fhamas Norton. (Emmaué, Pennsylvania:
’ RédﬁlE'PfEEE) 1977 .
o tion B0 the Ai@nasphsre, ‘Herbert Riehl. (New York: McGraw-Hill) - -
: . 1965 : " ,
$ ;W H7 T T == R = - = = e
. oy
x &

Q
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~ USING A THERMOCOUPLE

NG THE HEAT OF A SOLAR COLLECTOR

INTRODUCTION , .

R The efficiency of a solar collector is usually determined by a
. change in the temperaturgq;of a collector .absorbing plate or, some type
. of flowing material such as air or water. Typically, the method used
". for measfiring this temperature uses a thermometer, - This activity will
- give you an opportunity to look at an alternate way of measuring '

=

temperature with considerably more accuracy using a pair of twisted
wires known as a thermocouple. ' : '

%
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o —"u‘s
i

;'ﬂ-_ cgnEﬁ§ugt a. the:maccuple that can be used to

L mea ure heat diffErEﬁEE

DE]ECTIVES SR -
'“i At the ggmplet;pn af this activity, ygu shﬁuld be able tn .

T

SKILLS ANB KNDWLEDGE YOU NEED

Haw tﬁ graph da§§

. . o )
N - - = Rt] .

HrmremALs e

S A meter of cgpper w;re per graup

-,iaﬁgfuge this thermacauple to. méasure sglar energy in
:-f‘;,ia very simple flat plate ealleetar. '

ﬁ‘!; Hgﬁ Ea read millivglt mEtEr 1;;,';

5,

-'% ! meter af cunstantan (an allgy gf cgpper and nlckel)

e f White glue

- 1 millivgltmeter

< Wire cutters

L
- i‘piéee of
1

1
- 1 watch or clack

c= 1;5:5

1 he t 1amp (thignal) o

,_‘ﬁ{x

§ styrgfaam (EOrcm X EB em. x 5 cm . i
pieee a alu‘:ﬁ:im fa;l (pa:.nted ,,,,, cm. X 60 cim.

insulazéd EantainEf'filled'with watar aﬁd ice. oo

-




T a3

*

;’hﬁtﬁppeme’anﬂﬂisﬁt‘tﬁge‘ther"' -

-f?with'the‘tnn3'¥'”
’-are madé (yau may neéd pliétS)

wire so that about’ ten tight turns

With a na;l “makée two holes iﬂ;thé styrgfoam shget—abgut

"2 cm. from each other and near the center. . Feed the ends . -

. of 'the twisted wire through: the holes as far as they can . .« ..

.'and tﬁist it tagéﬁhér with thé other half'af che;
wire in the same fashion that you used ;n step

'Place this twisfiii ﬁﬁe ;nsulated jar=f11"

it e = o g e =g s @ *mmmm—l l,—;a";.

,iﬁgn withaut untwisting the twa wiresi (SEE Figure 1) ..

Figure 1°

;wisted
copper

water . .
L

_-CAREFULLY ‘take your equ;pment Qut51de. jifané,sﬁﬁ\is
’ available uge the“heat 1amp inside). ' ° e

. "the alumlnum “foil
to the outside .of ‘thé styrofoam-sheet, to sérve“as an
absorber plate!  Be carefuyl not to’ rlﬁ_tﬁé alumlnum foil
on _the rough %dges of the erE. ~ _ .

Cafefully glug (in only 2 or: 3 spd

' Place the vgltmeter bétween the two’ ccppar wires that are
. not attached, ,. If the voltmeter does not read a value,

. switch the terminals so that the voltage readlng is

, _pasitive (See. Figures 2 and 3)

L e Vi Pigure 2 g
TWETWIRE ) : : i
- TOGETHER

‘-IH&ULAT@ .I,Al

" twist wine 1ooemER "1 “J-ice sam = .
MILLIVOLIMETER 0.10mv

COMHSTANTAN.COFFER THERMOCOUFLE

R L 36
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:lzﬂugmeumxmuz TR NV T e
seeweensoroan A N Hoeewam o NCGbe o Ty

R

i ffenrexeugnﬁ:'
s oo T T

W

- @y menl: gg;,ae " 's{.é;thaf;‘ all éhé bieces
: 'mey be uged egain. - u%g s ] P L

12. 'Ueing the eenvereien eeele, determine the® eppreximete :
* . temperatures which: your colleetor had during each interval - . . .
. that.-you measired. Pleee thie beeide yeur veltege reedingﬂ“ d
_en yeu: dete eheet - .

w0 " : s o
; L

_ff,;%13i Plet the dete temperature vs. time'en a gfa@hi;- IR -1;\Q57'

- _,_'Laaxme BACK _ i

. Solar. eelleetere can be made very simply. The indieet;en ef
the perfermanee of that collector is usually made by meaeuring the tempersaﬂa
- ature. There are,. however, ethe: properties’.thit can be ‘measured that are-
" -related-to the tempefeture. “The" thermSEeuple méasures such a preperty,-
~ the creation of an eleetrie eufrent iqggpe twiste of .wire when 1t ie
’ -heeted or eeeled S _ f .

f.i L
.

Y 2 . = =

B

S _nuesrleﬂs L -

1- Ae the veltege of the thermﬂee ple 1nereeeed Whet heppeneﬂ to
~ .« . the. tempereture ef the. eel ector- plete? . :

co
-1

T 2 - What haPpened to the veltagé Wlth fElaticm to time?

- GDING FURTHER § ' o e o BRSO
R What effeet deee the elent teﬁerd the .sun - .aeleeeneee ef the -
e sun’, lemp have on the greph of time vs. temperetere?

e Deee yeur eeheel have another type of Ehermeeeuple? ¥eu may
: - : "'mpere ene to, anether o .,

"k,up your : thermaeeuple te an@thermcelleetar
eu'may have Wefked'end eheek the feeulte egeiﬂet
a thermemetef to see if the re ‘e _correct.

R - S Sl s
. L Bi
2R S Ly 5
' & Co
Nk .
e
M
= = ! = R - N &
] v ! i
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7—9;Science

Physics; it :-:fh

1 : ther a:e haatgd an- Electfic
e Hhi:higg prapartinngl ta’the hea;

Vstyrafaam shgétjwit
i1l e ‘respondingly

'.5

‘_.

fﬂints o Gatherin Hgﬁe ials:_, . ‘ T
Lo ‘(\'§ :
T - Ihe;canstsntan wire can he acquii frﬁm chemical supply firms while the_

T milliv 1Em tgr is a’. usual “Atem in- §he physics 1abata;nry. The rest of .

Lol . . % the ma ?ga can be fnund “in local hardware or building supply zampanies.!zi Y
oA ‘ .. 4 B : : - . }

Sugéested Timg Allg me tv";

"fise to a maximum value and then remain relatively
sun shines on the ¢ollector. :

ERIC e
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OLTAGE: READINGS FDR A f”'
CQPPER CDNSTANTAN THERHDCDUFLE S

#,52.70 | kA N T

g e 41,997 e o r
ch 22300 SR e, T

FLTY
2.9 .|
3,21 g e

+397";‘. B L
+ql22 v : : A . ,\ ’ . .

recautions - L o To R ¥ o

Bg vezy gaz‘éfﬂl mzth the use r:lf m.ré; mu‘g Quttérs_, and m:zls espéﬂally
uhsrz rﬁﬁst‘;rzg the mr‘és -and plczmng Sthé holes in the styrafacm baﬂklﬂg

e, 5 . 4 R

7 d’;fii:gﬁians

/.
,the Eun; Then d:Lvide the i:lass and‘ allcm some tn hsve their
face the sun, sdume face away from the sun, and' others use a

“F '_ " —

, 7 .
. ! I _g B . 1
EMC _ i\,!i, : ) a!.‘. i . i . ; § R -
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. Fex -
LY ] =
13 .
: 34-8
=
- ) v -
- You may make the collector more gfficienc by any number of means and test
this efficiency by using your Ehermacauple. o
.= Try r.he same experiment using a thermgmeter and camp"afe graphs.,
Evaluation
.= Observe the students as chey fnllma instructions and conatruct their
thermocouples,
- Examine the data collected and gather feedback on logical explanations
~ for the working nf a themacguple
= fee whether the graphs which were drawn are sultable for data ianalys‘,isi"
[ = o " :
- Check students' answers to the questions. i
.
. i
LS

i1

O
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* SOLAR ENERGY AND THE HEAT OF HYDRATION

f . .o . : . - .
. f L7 . -

Na, S04+10H,0-K

. ’

¥ e

INTRODUCTION
Today, water and rocks are the main materials for storing solar energy

Due to the large volume of water and the weight of rocks ﬁggdédi alternate
means of storage are being investigated. Utilization of hdat of fusion
and/or heat of hydration are proposals being investigated. If a non-toxic
‘stable inexpensive material with-a high heat of fusion or hydration can be

./ 'folnd it will enable us to store solar energy without being involved with

-~ the problem of where to put either a large tank for water or structures that
- hold a large quantity of heavy rocks. In -the laboratory we will investi-
: gate the heat of hydration of two substances, Na,S0, and NaC.H.O.. Using
., ~. - the data collected, you will be able to spe;ulaté aflout the Gsd 8f these
¥ -7 ' substances to store solar energy\ -

b

fRIC . 42
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OBJECTIVES
At the completion af this activity, you should be able to:

o  determine the heat of hydration gf Na,S0y IDH 0
and NaC,H,0, - 3H,0.

o  describe the relationship between stﬁred sglar energy and
heat of hydration

o , determine the economic feasibility of using heat of
hydration:=as a storage medium for solar energy.

SKILLS AND KNOWLEDGE YOU NEED

e = .- How to use a‘balance, read a thermometer and use a calculator.

-  How to calculate the heat of hydration.
- Concepts of heat, ééléfié, molecular weight, balancing am
7 equation, bonding, and the mole concept.
‘o
T ®
MATERIALS
- A balance. |
- A calorimeter o1 4 styrofoam cups
7 - A stirring rod.
- 50 ml graduated cylinder.
= A watch or®laboratory clock
- Heating Lamp or a source of suulight
- Na?_SOé . lDHZD (Glauber's Salt) .
- NaCz 3 2 BHZD .
- Distilled water.
5\
{ J ‘y
B ;.j e u’ P
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METHOD

Data tables are provided on the next two pages for all data
and calculations. Also note that formulas for the calculations are
located after the data tables.

HEAT DF HYDRATIDN OF NAZSDQ

Part A

1. Weigh 5.1 g of Na,80, - 10H,0 and put it into a styrvfoam cup
(your calorimeter?)

2. Measure 50 ml of distilled water using a graduated cylinder
(Assume 1 g of water occupies 1 ml.).

3. Measure the temperature of the water.

4, Pour the water into the calorimeter. Stir the mixture with

a glass stirring rod and record the temperature every 30
seconds for %gmiﬂutes or until it reaches its maximum value.

Parc B

=

Measure 2.0 g of anhydrous Na (prepared by placing Lhe
e : hydrated salt in sunlight or Endér a heating lamp.)

Z. Measure 50ml of water and irec.:d Lhe tewperature
3. Pour the water intu the calorimerer. 3Scir the mi., ... aund

record the temperature every 30 secouds for 3 minutes or uutii
it reaches its maximum value.

HEAT OF HYDRATIQN oF NA l“iQZ

Part A
, L. Repeat the procedu.s LEOW Lari . orve o A“_ N
NECEHBQZ . BHED instead ot Nazaﬂh - lDu
Part B
1i For thi‘i heat s;f avlutl.on of . glLlH 1: witio NS o . [

salc use 1.13 g of salt und 30 wl of wate. as in P2icc 8
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DATA TABLE

WEIGHT OF 50 ML oF HyO (1 ML wereHs 1 @)

WEIGHT OF HYDRATED NACZHSDZ,’ 3H,0
TOTAL WEIGHT OF SOLUTION

ORIGINAL TEMPERATURE OF WATER (Tj)
FINAL TEMPERATURE OF soLuTIoN (Tj)
TEMPERATURE CHANGE (AT =Ty - Ty)
HEAT GAINED BY SOLUTION (K CAL)

HEAT GAINED BY 1 MoLE NaCHHz0y - 3H,0

WEIGHT oF 50 MEZbF H,0
WEIGHT OF ANHYDROUS SALT" L
TOTAL' WETGHT OF SOLUTION
ORIGINAL TEMPERATURE OF WATER (1y)
FINAL TEMPERATURE OF soLuTIoN (Tp)
TEMPERATURE CHANGE (& T,;:TQ - T
HEAT EVOLVED BY SOLUTION (K CAL)

HEAT EVOLVED BY 1 MOLE OF NAC,H30,
MOLAR HEAT OF FUSION OF SODIUM ACE1AIE

~ THE HEATS OF SOLUTION OF THE HYDRATED AND ANHYDROUS SODIUM ACETATE SALT

%
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- F
 DATA TABLE
> THE HEATS OF SOLUTION OF THE HYDRATED AND ANHYDROUS SODIUM SULFATE SALT

1. WEIGHT oF 50 mL oF ‘Hy0 (1 ML wEleHs 16)" ___ . I

. WEIGHT OF HYDRATED NA9SQy « 10H90 _ —

2
3. TOTAL WEIGHT OF SOLUTION -
4. ORIGINAL TEMPERATLRE OF WATER (T{) N —

5. FINAL TEMPERATURE  OF SOLUTION (T5) ) S
\ | b. TEMPERATURE, CHANGE (8T = T - Ty) —
7
8

7. HEAT GAINED BY SOLUTION’ (K CAL) o -

3. HEAT GAINED BY 1 moLE OF NApSO, « 10H,0 N

. WEIGHT OF 50 ML oF HZD ’ o ) -
2. WEIGHT OF ANHYDROUS SALT e

. TOTAL WEIGHT OF SOLUTION o

. ORIGINAL TEMPERATURE OF WATER.(Tl) _ e

SOLUTION (TZ) e

0. TEMPERATURE CHANGE (AT = TZ - Tl) o _

. HEAT “EVOLVED BY 1 MOLE OF NAzsﬂq I A
. ' 1=

1
2
3
4
‘ 5. FINAL TEMPERATURE ¢
b
7
8
9., MOLAR HEAT OF FUSION OF SODIUM SULFATE e

I87-002 O - 19 -4
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. 1) Heat of Snlutiau {K Cal) = WEight of Solution (g) x é;t C x

‘ ’ X 1 K Cal
1000 Cal:
jheat df the solution is 1 Cél . L 2 i
goC '

-

specifie heat ( Assume the apegifiﬁgs

};.‘

: 2)‘ Malar Heatrnf Salutian (~7cal
) Mole

" Molecular Wt. of solute (g) x Heat of Solutiom (K Ea})
Weight of solute (g)

I
H

3) Molar Heat of Fusion = Hydfatgd Salt Molar Heat of Solution -
L _ Anhydrous Salt Molar Heat of Solution. The Molar
S - Heat of Fusion will equal the solar energy that can
; ) " ., be stored. The Molar Heat of Solution of a hydrated
: salt 1s a negative quantity baiause this is an
_endathermic reaction .

W

widespr&aﬁ”
method mi
While ;h

1 arage methada will have to be dEVﬁleEd A pos;;bté

2 th& use of the heats of hydration of certain salts. b

ngthad. has ‘advantages over present methods of solar energy . u
'ﬁmS'ﬂé gﬁist that will have to be ‘solved. -

ERIC

Aruntext provided by enic RN
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QUESTIONS
R

Ignoring the cost of the salt, which of the two anhydrous salts
used will: be the most effective for storing energy. Explain
your answer. ] . s

Hoﬁ;cauld such salts be used to store collected solar energy?

The cost of hydrated sodium acetate is approximately $7.00/1b
and that of hydrated sodium sulfate is $5.90/1b. Which one of
the two would be the most economical to use for the storage

of solar energy? Explain theiréasgn(s) for your choice.

*

GOING FURTHER , \

2 sion in storing solar energy,

) i
Investigate the literature tp determine what some of the problems
would be in using heats of f

Are there other substances besides sodium sulfate and sodium
acetate that are being considered for solar energy stcr&‘ﬁ?

\\\

48



" Teacher Information Section

SOLAR ENERGY AND THE HEAT OF HYDRATION

i

. Suggested Grade: Level and Discipline .

11 - 12 Science
Chemistry or Advanced Placement Chemistry

Background Information : .
= - - N -

Water and Tock are two means of storing solar energy. The advantages to
these systems are their relative abundance, non-toxicity, and availability. However,
to store heat for an average home, you would need a 1000 cu.ft. tank of water (6000

", gallona) or a tock pilé of 2250 cu.ft. (20" x 18’ % 6'). T

Latent heat storage systems require a much smaller storage volume. For
‘example, a closet-size space of 115 cu.ft. of Glauber's salt provides the same heat
,,,,,, This aystem also has limitatioms.

With time, salts settle out and this limits the efficiency of re-hydration.

This experiment yields results that can be used to select a salt for solar
heat storage. The equations involved and theirapplication to solar energy storage are
explainable in the following way. )

Heating Na,50, * 10H,0 (the hydrated salt) will yield the following equation:

Na,50, ¢ 10H,0 —= Na,S0, + 10H,0

2 )
Heating NaC;H40, - 3H,0 (the hydrated salt) wilil yieid the rovllowing equation:

its hydrated salts upon the addition of water is equivalent to the stored solar energy. To

determine the amount of stored energy (solar energy), we will determine the hea. of
solution of the hydrated salt and then the heat of solution of the anhydrous salt. The
difference in the heats of solution is the hydration energy (stored solar energy). In
both cases our dilution of the hfdratdd and anhydrous salt will be 2 moles per 400 moles
of water.

- One period for hydracted salus.

- One period for anhydrous salias.
- One period to discuss results.

4y

PAruntext provided oy eic [IEIESE
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Suggggtedﬂéfpfaaéh° ' o L . .

- A prior discussion of ;a;afimetty is2gqggésted}' Students
. . dome problems applying the principles involved. :

[

= If the class is large have students work in pairs. " h..-".

- I there is enough time have students repeat the experiment more than once
to check, results, ' . 2

- Give the data to- students regarding the vglumejéf wate§~§nd\t§cks needed
- to store heat, ' . TR

Iy / !
oy -

Ie

= -

)
1

ions

o - v .
L It i preferable to use styrofoam cups with & piece of styrofodm to cover -
the eup with the thermometer inserted inte the top.

Have Eﬁﬂd&ﬂt&’gigpiy‘ agitate the contents of the cup. _
The more accuraté the thermometer the better the resulis.
The hydrated salts must be fresh or from a sealed bottle.
Do not remove the anhydrous salts from under the sun lamp
until ready to use.

Use a flat pan for hydrated salts so that all crystale are
exposed to the heat.

R ph

L

Evaluation

= Observe students’ ability to work in the laboratory and L.ilew 108Cru. tious.
Collect and collate the data. Have the students discuss aicas of
possible error.

- Collect the students' lLaboratory reports and grade then.

References
- Solar Energy Concepts in the Teaching of Chemistry, Juseph 5 %anL;ix
Journal'of Chemical Education, Jan. 1978 (Vol. 55 No. 1), p. 41

[ﬂca
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~ SUNLIGHT AND SURFACE HEATING EFFECTS

; ;,?}‘ .
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INTRODUCTION * -

, During the winter, even on sunny, windless days, the outdoor e
air temperature is often below freezing. If you are in the shade, you -~
are very aware of the cold temperature, but if you move into the sun
.you feel warmer. Why does the temperature significantly change from ‘
sunlight to shade? g

One of the reasons for this change is surface heating.
When sunlight hits the earth's surface, the surface absorbs the light,
changes it to heat, and releases this heat back into the surrounding air
It is because of varied surface heating, as well as the earth's rotation,
that we have the weather systems we do,

- In order .to understand thé effects of surface heating, fu (uls
activity you will be observing the process of heat flow from a variety
of ground surfaces by measuring the air temperature above them

1

36~1
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OBJECTIVES e

At the Eéﬁplétion of this activity y

I
0 set up»the heat Eransfér
surfaces so. as to reduce
sunlight or & 'lecting f;

md
m\

rfaces.

ratus oH appropriate ground
éffé;ts of wind, direct..H

‘measure air tg erat Tes at gg 1af intervals abcve the

.
ground surface. ﬁf -
o determine the effect of various surfaces on the SUffOundiﬂg

air temperature.

=¥

& r"

SKILLS AND KNOWLEDGE YDLI NEED

R
" How to tell times L oed

Haw ‘to measure distance with a'meter SElEk

3 __.\~

Hnw ta read a thermameter 5’;,s

; - How to re:ord data on a table. :
- How to ‘graph data.gﬁ . '
MATERIALS
- Meter stick or 51m11arl}lvm§rlﬁed lt_*ugth ot wood
with holes at 10cm: inter@ais
- 5o0r 6 Ehermcel;ers-q :
- Masking tape 11;‘ ) ’
. Vi /

O

[MC

Aruitoxt provided by Eic:

Vertical an
camera trip

Timing device.

upport device such as a wusl. stand of phutogiapbily
od .

-
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] SUNLIGHT 15 HITTING
THE SIDE DFPOSITE FROM

THE THERMOMETER BULBS

3

&

R o
i

.- THERMOMETER BuLBS {-| -

1. “1Fé§tgggﬁhg_metefig;ick:Eé’the.vertical support with’ fubber
- 'bands, tape or clamps.

? :
nse _;Qisacuging them
_with tape. = . . T «

[
i

2, Insert.the thermometerg .iwto the meter stick

» 3. »Place the apparatus on the surface to be tested. so ‘that the
. thé@mometer bulbs are shaded from direct sunlight by the
. ghadow of the meter stick, (See’ Figure 1) = :
aga»-Reeafdfthe_ait?temgerature in the shade with a sepdrate .
.- thermometer.  (Hold your hand above the thermometer to provide
i, 'shade, "if neceséafyig Then place this thermometer' on the
..+, ground below the thermometers in. the apparatus’ ‘ r
.I . -’-‘“i‘ -5 f‘ -ié_ . s X ;: . . ) &= . B H
After thé appdratus has been set up for 15 minutes record
the temperatures of each thermometer, including the one on the
ground,in the data table in.trial 'l. See next page for data table,

v, ]

6% At the end of another 15 minutes\record the temperature of’
each thermam%fef in the dgta tablé, undet -trial 2,

7. If time ?ermité;’fé at procedures 3,4,5 and 6 over diffexent
» “ types of ground sUrfaces such as grass, pavement, and bare
© ground. . : o T - ,

THERMOMETERS e e
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8 Plot a graph of temperatufes vs. height for the first trial
with a blue line. On the same graph plot the ;empsgaturés
for trial 2 in another color. ' S
. = . . ., . J\ —= =
L N 9. - “Plot a similar graph fo each ground surface tested.
. # a ' . N
C e - Type Gf Surface o -
T | ' Height  above - Temperature °C - i
R B I PY RS Trial 2
' o . E e
' 10 ‘ .
y 20. _
- N o —
% 30
s ' L4 - o
" 50 . ,
My o & _ R B B o ’

LQDKIN:G BACK

Alr hEaElﬁg is acﬁcmpllshed mainly by 21rﬂulatiaﬁ from warm
Warmer air has a Eendency ZG rise. Im this activity we wanted
to determine how significant the fawtHrs of time, height and surface
materials were in changing air. temperaturef, ‘ -

‘surfaces.
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QUEEHQNS

=
1

¢

A

h

C, Acﬂﬂrdlng te your graphs wha% was the air temperatulc ‘the
' highest? Why do you thlﬁk this was so?

2.  How do the data collected over all of the surfaces coupare
With the temperature taken in the shade?
3. What factors influence the amount of heat pruduced at JlLfecicut
: heights over the surfaces?
k]

4. Does the effect of time

1 flfﬁdi,itie signiticaut “hauge Iu (he
air heating? 1

p
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GOING FURTHER e

SRR ,;-Aaf-" Using the data yau have callectad al nd’ yﬁur knoﬂled
g e physical science answer ! o

- Explain why mirage‘
Tmraads but nét over”

',In terms Gf thé data’ gatheredlby jhu in this*
arid your. general knowledge ofim etegralﬁgy wexpl :
‘reason why ‘¢louds ‘are rather uncomman 1ﬂ.iplar ,_;‘

- as eampared to temperaté dnes. :

N 5

'the rest of the autdacrs? Endiéspe;;ally, wﬁy ar
-surfaced w1ﬁh ‘astre-turf eve ﬁattér than grass‘

5 ““All"ﬂtﬁer“fa tors-being unchan ged will Eime, pf axpaﬁﬁf
c PR chahge ‘the air temﬁératufe at a glvgnﬁlaEatlan over a f
ARG o visuffaeé? Explaln o e _ o .7 ~

. I 4
... 6. _Why Eréathé thertometets placedfinrshaﬁe; no
o ,:sunllght? o : !- o LU

.l;_ Wﬁéé ‘is the Effect df w1nd? 45‘ :; T e,

Gy

& :; 2., ;EEEE is the éffect of h;; d;t
Wi‘it :

! 16 1lect over a liquid surface such -
as a qddlé, a swimmlﬁg pgol or ‘a pond? . . ;’ﬁ

.
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S.U’NLIGHT AND SLIRFA E A%ING EFFECTS

Sugaés ed~§tade Lavel and’ 13;121;;.; P

; , ; : e
¢ . e, e i ..
. ) The utpgse nf this a:tivity 15 t demanstrata the’ air warmiﬁg effects af T
’f different guffa;&s- With khgwledge of the Effegﬁs you can then explore with scuaents
. the effedbs of insglatian_an the earth, such ds wind, thermﬁls glgud farmatian, ‘

Te mi:ages, and: Eemperatnfe iﬁVEfEiDnE;i‘- . ) _ i =

v L= : . .g

]

The meteristick in the experiment acts+to st eld the thetmam ters from
ditEEt héating but %1s small enough in extent to have minimal ‘influence ¢n the air
temgetaﬁuté‘iﬂ its vicinity? *' Therefore one may satisfactarily ‘agstime that- the

- heating measured’is purely from conduttive and convegtive influences of the surface.

- Low air’ Eirculatian in” terms of wiﬂd or. breezes 15 essentisl if thé gradient is to bg'

1{51 nbservable.: e e v o E
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o 4. . .To understand’ what happens in this exgétiment, one .must. know that whan sun=
ligh&*strikes a. mate'%gl some of it is éhanged to heat..  Some of. the;leat is absorbed

) by the material and: 'some is reflected as infraréd radiatiap. .One of the results of this
% - j8"'the warming of the air above the surface. The amount of warming depgnds on- several

S Eaetars whigh~include* (1) hnw mu:h rsdisn@ Energy is absﬂrbaf and how much:is reflectéed,
v ght’aﬁes, and ‘water is a bettér reflector.) -

'; heat of Ehe abs&rbing 5ubst3nce is, and (3) what the wavelength

c o=

is Eufficiég; "from macadam Surfaces to prnduge a 5 celsius dggree temperature .rise ‘at
“10cm over- the surface. Reduced heating is also visible for appﬂaximately a half’mater

e U Iha azher substsnée%ﬁ¥;%l:nff3f smaller temparaturé ﬂhanges. S e R
="'ﬂil.nﬁs Bn Gatheringﬁﬂaterial ‘ R A Ce oW 'é i
. : “ - S,
R = + The' sgﬁpaft ttipads may be’ available“iﬁ the sciénce faam§ if noty mﬂét

N mgsi:xﬂepaztmencs.hava,tr%pads -.thdt can be readily ada;;ed for use..” The'. -
less ‘the bulk of the tripgﬂ the better it may be used :o produce minlgal

"gnhange ia the hggting cohfiguration. 7 ., . L
; ’ ' # i .
fg o . " o
& « - s ;;'
- ’ ' L4 = ﬁ%.%
'-‘ r = a N
. 3 - s =7,
&8 - , - R
o s 2 7 , “ i)(j
T <oty .
4 . oy =
xl'. % e LY 4
:i - g < P ? [ . 3
i} .
. . o
4 i . &

e SRS S, SN U S S P

= In Ehis activity it shauld -Be discovered that the amount of heat fE—Ef nsmitted



-ir'»Tbe sticks may. be produced di:eetly by bnring meter& Etiéks bm: juat as
j,:gﬂad a set of ‘results can be achieved by ahtainiﬂg ‘wood .sticks af thé .
’ 2 884" inatar Eticl; and " drilling 6 hnles lﬂcm apatE. R

RS R '.'l'hg bi:g prablem aggin will be getting em:ugh themnmeters. TR -
TLoEE T . - v ) : S
R : , Fu:thet
s e e E;Lma may be used ta ca;lect data QVEt pther aurfaeea and slgg ta dis:usa -
e T the results. - S e R e LE
J’ 7 7‘ ,7; MR ”’"7 ’ o ." B i - iﬂ o o L '. V“' . 7‘ . T o
S - Egtablish as" many gtaups as the available thgmameters allaw. You will'¥ "
-need 5 thermumetgrs per group. - - .- . S
e St e P Hav& the_apparatua_prepared hefor& class— extép f’m;:--inger-;ionv-d::f--»the--—7-»—« e
. : thermnmél:ersp L L - ﬁm - : ..
, ' ' - X Have eacn grcup cf studénts collect data over a differént kind of Eurfaf;.e
N oy . ' and then discuss the results. EE sufe that the students are familiar
. -7 with factors that are'extraneous to the procedure but will influence.the
da:a. ng instafu;e, clnud cover, r:hanges, shadaw zanes, reflection frr:m
nearl :
[ ._ ‘ * !q B
g T ' v R R
Typical Results . ' . . o R
= ‘I'hE dimunt of heat re-trangmitted 1is sufficient framma:adam surfaces. to
*pradu:e a 5 celslyus degree temperature rise at 10cm over the surface. , ,
Reduced heating is viaible. for apprgximately a half meter up. . ) - .
N = B;Lai:ktnp,' c’:ﬂncrgte, dirt, grass, and water prﬂduca prugressively 1&55 : v
5urfa¢;-e heating and ‘air temperatu:e rise. : Tel
_ . Dange ﬁ'ém bmken themamsfers m;mdai:gs that thg stu‘:k bé Semgd
B mfully to the tmped and the themsggi:srg fittéd carefully into it.’
dificaﬁinnsn
e - "It is pass,ible t:t simply shift the thétmnmeters frnm hole to hﬂle but
os® ... this will prejudice the data if externdl cnﬁditinns change during the = . .
B process of data gathering. :
. ) .!
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o "Check gtudéqtéijdaéa tablerand graph.

°ﬁ=ﬂbé§f?elséudgﬂ£§ﬁ

the experiment.

© Check studefita' answers to the questions.

o

Wi

N

The Flying Civous of Phyeice, Jearl Walker. (New York:. Wiley)
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