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As we' all kncw, the sun warms,our .aii and p;avides the IR

’:“1ight ‘by: which we see. . The heat it giv Siaff E s:-direct gffegts ‘on - anv S g
“surface it strikes,” But are the effectg the same on ‘all: ‘surfaces? « Do " o
. the effects vary with thé depth: you go into the object -‘on:which the sun-
is sh;ﬁiqg? This, experiment will .ask ‘you to construct. an.apparatug®.to . . -
Tinvestigate the answers-ga these questions. From: this data yﬂu -ean pravlde
answers to many question th;t architects, heating ¢ e
Wnd enviranmentsllsts must*ask béfgre'buildings e [
) * ’ t'. oo . Cos ;f' e oy -~ ’
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,ﬁgﬁéﬁ;?@éni'gf tempirature
A ;Qfmaté&'i’ 3’, .

Haw to measure Cels d‘_tempgratu:e=an a thérmﬂmeter métr;c
“length on | time on a .clock; .watch or Etcpwatch mass
' ’iand vglume im. a graduated gyﬂlnder

i

Eels;us thefmometers (QRE is adequaté gut 3 6 a;e beﬁ

u

; > Qné cardboard bax ‘From ﬁhEIBl¥§D roomapaper supply (» e ?1 ?7 T

fij5:;3,, ream box 1§ apprax;mately 20x@ x 20em x 40cm and wark, vary
‘ a WE11> ;_E, . : ’ :r.‘“ . : .i 7,«,. —‘ !'A_'E_:v.«,': *

N XsActb or agher shafﬂﬁknhfe masklng tape or’ heavy uty:?apé:"
fasteners Sy e L @% i .

L&

”‘&Esting samples Gmay 1nc1ude laase tQFSDlIV élay,,flne sand
.coarse sand, fine gravel, coarse gravel wat er,styrafaam blocks,

'!QT any. pgrméable mﬁt r;als)

i .
. - ¥

iaRuler or cher measufing st;ik fgr éépth determination. =~

L ; \
;@wGraduated cylindgr,~Wf“*§$ “ “f?7=;.’* C "“-é{f;

;n; S p Ao & |
kw - f(&ﬂmme o L (, ‘é\( S &‘
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L:Timing deviqe.
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VENTILATIQN HG[ES

METHQI:& Loy B
el . Gut inta the bax on .a single ply salid side gix EveﬂlyLSpaEEd

R ’: - ‘holes. Make" them!large enaugh to snugly cantain the styrﬂfaam

' . EUPE o . St 2o L .

Lo 2._\ etting the six-hale fa;é be tha tgp, cut ventilation’ hales in |
N B ‘he four sides.’ Make them as large ) as possible without. weakening
.. .+ the frame too much. *The holes should not extend so high that

‘ v sunlight ‘will strike the sides of the cups : .

il the styfaﬁaam cups to the 1evel Df the gim Eulge of aach
'Use various substances to gather data. All samples. éhﬂuld
, equal and uniform mperatures throqghaut when “the timing.
L starts. Measure the mass of’ each cup and the®™gup plus contents.
R TIF R TS -) A subtractign determine mass -of the contents.- Describe the. . - -
: o ?cﬂntents -as_ precisely as possible fgf your data :

e §Qi".Plazé the ffamewark in direct sunl;ght tiltiﬁg it taggét as
‘ ,' ‘vertical as possible illumination of the cups. 'This cannot 1

_ . - .- 4|be done if.you choose to use liquids and’ yt:u should comment on
e hﬁw fﬂilurg to- do-it- wi11~affect ~your- data e e

CLowe




thermometer
L _'m] X e Eié~§hé~§u¥£§ée'§;ﬂ =
'ufes'q' “each sanple. By car ef‘lly placing the tip of the .,
thermumeter into it ‘In the same- fashien ‘éither carefully dig‘ "
X hermometer. deeper iftq each ample, approgimately 1.25cm -
. per trial’ to get four othe §§ mperature readings, or drill a .
* "hole using a nail’ or_dowel r of .the same s#ze as the - Y
--thermﬂmeter and then Place the’ “thermométer into the sample. Try
~disturb the materlul ds the thermometer is put into“it,. -
We'is - ‘available- the. ‘data may be::
'ervatian even ‘from sunrise -
: LJIf the full dayudaca 15 ‘taken* the ait ‘temperaturé v
.may he meas ired -t o stance temperatures and 'i“\L;‘
- : ﬁded that Ehegbﬂx Surface be left hurlgcﬁtal

S SRR
'. B TSy .
/ - - E ‘\ 3 P \j PV '\"s N | ) ’ . t'—’ : ; v k"

B R Afterrtéking daga nf temperature glme anﬂ depth,plot a f;rst graﬁh
S as fallgws Lo o é .-~

emperatire’ with a shielded

S 118 constant’ and..t:
U’exﬁeﬂded tg sever#! hours of o

. o Lo . * . T T ,.é .

T g o
L S a,i. Surfacé température vs. time for ‘each substange f

R T T b Dn the same axes- plut alr tempegaturé*vs time.
"*?ar eaﬁh sﬁbstahce and depth prepat@ anather graph oE "
. tempgfature vs time i .g. . . fA -

e i m - e s

= v -

. . B
L R _Aftef ‘the data are gathéredi add‘a mgasuréd amgunt of water ‘to
syl Ao bo.éachcup until.it-is full. Stir to allow for full absgrptlcn
: ‘ ”&L“' Fromm the water valume ‘and cup size determine the pei%entage v
i« . = " »7— air space in each cup and the deﬁsitlés of qach substance "
s \‘ L (D ﬂ*Hasstaiume) - :

. ‘. - . . L B v
__._HV . M ; S . _ .o . .

i * ce Lo L . .8 P I . . ) \
- = ! v R . o .

- v , ) SR -1 -
} i'- - ughgve lnvestlgated the relatlve absorptlén of., the sun's energy £
v by various su stances. ILt:should be possible to conclude:from ‘yo ata -
.which substancgs absarb best as cumpargd ﬁa ghe other Substaﬂcés\izh used.
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Al
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1. p he ﬁature af thé substan e seem ta‘, Fluenos the ‘rake- of '
: N - Vheat ng at its surface? From yjur. data specifica ly qlofe the -
tq.ﬁnm-v;'w*‘ff“ ‘rate of temperature «hange ‘and, comment - on Eh racteristics of the .
o ' ) substance that mfght influence this rate. . (NOTE: _You have data
Lo -~ " for the particle sl%e, dengity of thagsubsggnge ﬁércentage da i
LI o . ailr space }n.éample descrlp;izs properties as wel
S 7 ' temperature vs. time. evidenee. Try to But all th , 1ntc=§*ééﬁ‘-
: ‘ ) af sﬁéculathns ) . .. e
,—.—..A—ﬁ;.— ‘ — S?—, S . ,v,, risn it e e g miim e e i FOTER ,“.N__. i N E S ]
o 2. waéiif a all, daes dgpth infltuence heating? Comgent .on ;,ié
e Egmperature ch ge - Eate as--compared-to-increased- dept@ in aTTe o
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.1,thé eemplee beheve the eeme? Deee dEnSifY-i, 7

- —7 THL 5 T=s e B-1— R1-8
Y meter,ele eeem te influenee heet tzanefer?

;f3; If;yeu ueed a fluid*fer Qne eamplgsihaw eER yeu exﬁlein th"
' ,dete it geve? r ) o :

‘ 'xé_. Why were, the inetfuetiene ee epeeifie ebeut the entilet;em Lo TR

. ..'. heley gl their size.and placement? . ‘What-eéffect would two - '

=Y ;‘}’-j;f eup thxelneeeee inetéed ef one have en Ehe ﬁata? -'; R

ri does the - time of dey influenee the -,

S tempere;ure ehenge of - Ehe substance ‘as well as air temperatud? —

. - ‘Why?. Do. the times ¢f peak’ air temperature correspond. to the .°%

7, times-of: peak substance temperature? ' How do these temperatures . _
ee:reepond to local eeler neon? L v 1 oL ‘o

. S Lo 5 = i . 3 - ",
D e i I 1 : . S
. 4 . B s < o . - = L = ) E . ,; X

. w

GQINGFURTHER Tl T e
‘A = How mey ene {mprove the3epperetue of the experlment? Aeeume‘ : _
.:._.__,..,..e..v._.r._‘,,:,_.._2.L._h that -Mmoney- ig -no-obj Eﬂt— ;:_,L.n e e s awe R
ﬁIf the betéom ef the hex‘ﬂere cut out and the box then: placed -
over %:eee hard-packed dirt, eeﬂereté paving, eephelt pevement
‘.and .a- pan of water each An, turn‘’ to gegher data as in - 1
! the crlg;nel preeedufe, whet weuid be expected to neppeﬁ? Why?

- Try the expe:ement in a pleee near & highly refleetlve~wel ) S |
SUff-eee - . R : g ) i, '
. . - o ¥
. T -By use ef Eheﬁmel energy equetlene eeleulﬁte the heat gain by
. . - each sempié d speculate 'on the reasons for_.any dlfferen es,
Lio vV (Heat.gain"="mass of sample x change in jempérature x speci f
1., heat of substance)” Ask ‘Youf teacher fof dete on epeelfie
' \,heet valués. -fr; Y v
’ 2Tk
- “Try the lab p ;oee ures with -substances such as' ceﬁnlng wax
' (melting point ig'quite low), aldbhol (eveperetes Papidly),
.+ "wood samples with holes-Hrille®into the’ blocks at depth -
e intervals (tr?iﬁdth soft and hard.woods), -foam samples, metal
S <1 pellets ‘:or-.anything thdt seems prcmleing BE SURE TO CHEGK
ooy -.WETH-YOUR. TEACHER: BEFORE .- TRYING -SUBSTANCES THAT- HAVE ANY - oo
Ay : DSSTBTL TY OF BEING DANGERDUS WHEN HEATED . K -
S = Why de ‘the sand én the beeeh change temperature with' depfh? .
' Why is fhe moisture in it also 1nf1ueﬂeed hy depth? o T
. ) - 7 ’ ) )

= - . W =

e . ) ) o P

“Whjjin ‘the arctic %e there ice below ewempei-even in midsummer?

N e e ————-—.. e e
] w7 57 QS_ i - . /
A . Ll = . x

< , I, 2
R £ J »sﬂ, N . 5 {i . . 7
. e - - - : \ s ' ) ‘ .
. * 7 . ' . s
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| Why 'does’ perspiratinﬁ cool o gcts? Wh daes nd i
.on iced dfinks in hut placesgj - Y ° Eﬁsat on fnrm
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a PO .

‘B g: und infﬁrmatian . v

. ’7§-, The assembly bax is simply a passive suppurt fot the cups. Im. sdditien
 to Establishing equivalent cnnditigns for them, it also acts to minimize external
influences on the heat transfer being analyzed. Double thick cups further minimize the
heat transfer and allow the cup to approximate quite well a closed: system for absorption’
* of insolation. Since we are analyzing heat accumulation we may not modify the reflectance.
of the surfaces\, In fact, the reflactinn and- reradiatian of heat aze a Eignificaﬂt
.factor in the procedural anglysis. . The ventilation holes allow for minimizing the
surface contamination below the cups.and the geometry of Eheir pcsitiaﬂing prevents heat

-~vfrnm-reachiﬁg the ‘eups “anywheré but through' theltr tops.

" .prgtision of Experimental materisls. - “
B ' . * oy \
Eiﬂts on Gathering Ha ials - . SO . : o,
'— " Check the mimeo room several weeks befare the lab data and take up a %
collection of boxes, Corrugatipd boxes work the best. . -

O

Aruitoxt provided by Eic:
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Inclinaﬁian of the\plane of the surface of, the frame to create rays normal
to the surface is not significant unless the rays are’ far from vertical. 1In that case
. a significant portion of the cup will not be illuminated or heated.- In the cage of the
.full day trials this effect will accentuate the reduced value of _ insalation 4
Sunrise and sunset pnsitians. :

.'; - ' Most thermometers -haye a sufficiently icng barfel to allow for tape to mark
the penetratinn depth fo that part of the praﬁedura. c. -

. . . The many factors- influencing heat flgw in the substaﬁces may all be

" considered. jualitatively. Quantitative appraﬂhEB will be unsat;sfying due to lack af

Styrofoam cups in sleeves of EE}GE 50 are 1uw in cost and may be ubtained ’

Easily. ‘ ) . o v

%

substaﬁces En use 1n the cups but it is suggested that you prnvida bazgic
items such-as sand, gravel, loam and water for use. The sand used hy
~highway depsrtments is readily graded by sifting it "throiigh 'a screén window.

; : - BT . o . e . : . V*
S S, : »,,E;r JE— f:.ﬂm,: R ) A Lg ) \ ) o )’



> O Jhermocouples can be used by some students 1f.they are .Aavailable. .
D s Rananb*er?that%s_ﬁturatingthrcqp -g?gtégts':eﬂdferfs“that%gup*Eg*e'*rééé"fﬁ“r_fi’* :
. ‘ - . trial untdl it is again evaporated dry. - Have enough materials to cover: . -

v "th'a?:_éanﬁingencjr.'_ . ' s ‘ + A e

. PEEN B ) N o ! o .
e , ¥=Acto knives must be used with care and it is suggested that you = .- ' - gy
' ' . . do the cutting yourself from a master template. : St _ (}
: Suggjgsted Time Allotment 3 S N,

e

o= AQne period to construct the frame and explajin the purpose and procedure
~ of the lab. -~ _ . : o ST e ,

~ . = . Ode'to three days to gather data. S i \ : )
[ T e . ‘

'\_- . Suggested ;A,_pprfnax:h , . - o .,

— : "Eatabiish'theéqual’itati{ré" perspective and Ep%nﬁ'éﬁdéfi phil:;stsfshg of the
i~ prOCedure and- hypothegeg; - — " ;o oS

= Try'to get at least two:sets of all data' to check for correspendence but
' - strive for a variety of setups as outlined.in thé procedures.

‘!Hq:éitl’ié &gﬁgﬂfdéncé of yé:uvr data on unif&m atmosphefic conditions and . - ‘
be prepared with alternative lessons if the heavens do not smile on yoii,

'v—v 0 Emphésig on the GOING FURTHER 'sectin‘n will give valuab]:é'_'_ir;fcqmatigﬁ to

' increase the relevance of the procedure and data. = . ' '
. . - . fé .

-Xypical Results - .

B 2 N

H

- Differences in tem’péfaturéfaf di{_fereﬂt ;maée:-i_;‘a'ls at the surface aé.ﬁéﬂ .
_ "~ as different depths to gcm will be an the order of 5°C over a 30 minute
- . observation session in good sun. . . ' .

- . Conduction effects will be quite good for the denser substances but those
. with high ‘porosity percentages will not work too well nor will convection .
;0 in fluids give sigﬂig;]cant depth jxariat;qn;

Precautions e . ' S .
. = - Metal meat thém@ngtfg’r type thermometers may be substituted for mercury-
Y ' bulb ones but in any case care in their use and penetration of samples

ERIC L
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Further uﬂrk heyund p:ucedure is advncated aﬂd'may bé persﬂnaiiggdras;'r

desited. _ .
ei" :
- L -
Evaluatian : .
- Thig is an exercise in 1ﬂfereuce and -as. such shauld be t:eaged 88 an =

ﬂppurtunity to @licit student opi
~of. a thesis is a-significant 'gkil
is just as relevant g skill. Fnc

extrapalatiaﬂ ffnm ghe data. :

Cnl;ectiag nf data and gfaphs plu

:anclqsinns before and after post

Quality of .

aferences -

3
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procedure and reasonin

~_well as in class discussion pérfa

nions based on data they gather. ” Defehse
1 and egtablishment of an appropriate gne
Qurage the sEuﬂents to speculate by,

*

8 a brief written explanation of -
=1ab discussiuns will be:.of value.
1g from' it can be dEtEImiﬂEd by this as’
Imance, . -o.or

-
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o S . :
INTRpDucneN e = s T
i‘:s 4 =‘ ) \" -
v .Have you ever noticed that car t;ree eften seem fletter 1ngeeele:i
weether than in warmer weather? _Why might. this be so? .Heat or lack of

‘heat affects air in .many ways; One of these w;ll be investigated -in '
,Athle eet;v;ty. BN < . ‘

3

_ Temperature can ‘be meeeured by uelng air thet is heetea or éooled.
A eeler thermemeter eaﬁ Ee used te meeeure eir temperature. -

Rt R .
Th;e eetlvlty aeele with eevezef‘funaementel scientifiec- prlnclglee.
Yeu eheuld heve a eleerer unders ',11ng of .therd after eemp;et;ng the-

et e e e ook \_ —— -
P & . \ -
y ‘ 16-1 . |
. \ f ; = AR
: SR ¥
\)‘ . ‘:. & y = J 5’5 # L. .
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OBJECTI Es

At thé

e ]

K

D =

SKILLS AND KNOWLEDGE YOU NEED

You must be able t@;ead a thermumete: .

\

f-

\

cunsgiucted a so
Eallb:ated y@

Ebsefved the effects Of the sun on the bolai

You must be able to bend glass tubing.

Y

3

[

= £ =
, A
= -
& A
- Lt &
B - s
16-2
4 _ 1 4
] 1
= =k N

omplet anﬁaf thls act;v1ty ‘you will hav

Iai thermometer.

é:g

r%%élarsiﬁermcmetez,

thermometer.

ou must know what calibrate means.

pieces-4mm glaSE tubing (2 pieces
ngcm)

’:’
Tubber huse counnectOrs
laburatory thermometer

Laard £y cim A 1Bwin A 6.,

board 2%.m A 1dum A 30

Swall quantliy vegetaile wi,

Strip of graph pape. Lu: the

4

#8 uailé_

Hanuust

Masking ..,
2 :

1

K

1

piesce of . - 1

funne: . #

id

C




. I
¥
) Glass Tubing Teimporatore
Calibration Paper
Thermomater ———
’ L Board(back)
) Two-hole
_ Rubber Stopper
) 3
l %Tﬂ‘lual)
“
Gallon Can —# ‘ e

) L\;/ Maﬁamaté: , » -
) ' - ' with Salad Qil

1

METHOD ’

1. Nail .the long (back) board to the short (famtgﬁﬁ;
(See diagram.) ' : ”

2. Bend the glass tubing into 2 = L shapes and 1 - u shape
(See diagram.) )

3. Connect the glass tubing with the house Conuectors.

4. Moisten and insert the thermometer inte the stopper, a0l woloien
and insert one end-of glass tubing into the stopMer. Wr.p the
thermometer and glass tubipg in a cloth when inserti.y int. the
stopper to prevent cutting yourself if they break.

5. Place the U shaped tubing against the back board and Lape
firmly into place by putting the tape completely around the i-.acd
(See diagram®})

6. Slide the vegetable 0il down the oupen end or the U shaped Gube o
a funnel to do this. )

7. Insert the rubber stoppe:. into the Liin wa.

8. Tape or tack a paper strip to the back boatd alohyws . ..
tube. (See diagram.)

]

O
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3. Cut a small vertical slot™in.the end of the cardboard shield to
thé ppint that the glass tube rests on the slot with both can
and foot board resting on®table surface.

10~ Place the whole thermometer unit in the sun.

a, light shining c
‘ then ter unit shielded, whit until the vegptable oil level
3 stab put a mark on the paper strip at the top of the
‘ ’ oil level and record the temperature txﬁﬂataib{tig ther-
mometer 4 the tin can,
b. Now, move the cardboard shield so that the tik can is now in

the shade with the. thermometet unit. Repeat part (a.) &hd again
record the temperature indicated by the thermometer in the tin can.

11. Repeat this procedure varying the amount of| sunlight strikiungy
" the can, recording at least five temperatur¢ greadings on the
paper strip. i

7 12. Use the thermometer you have made to measured the air temperature
, in several places such as your classroom, in®ide a closet,
ey inside a refrigerator ete. Compare the temperatures you

N .. measured with ydur air thermoiieter with +he temperatures

. measured with a laboratory thermometer.

2

LOOKING BACK

- El

In the course of this activity you have constructed a simple
thermometer that is activated by the expansion and contraction of ai:
in the tin can. 1In this case the sun's light has provided the encrgy
necessary for the expansion and contraction process. You have calibr.. .
your thermaméﬁsf and collected data.

QUESTIONS &
1. What happens to the air 1u the can when i 1e placea in oy
~sunlight?

2. VWhy was it necessary to slide the vegetable w1l into th. wu
" tube before you inserted the rubber stopper into the can:
- 3. How do you think the recorded temperatules werec iclated (..
' the amount of solar energy received by the tin .an?

4. Thermometers have always been used as indicators of hLe..
energy. From your experience in this activity, wha. oth. .

form of energy could be measured by this thermoweter s

I

15
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GOING FURTHER v - \,

Use different i:tjl@:s and textures of paints op the can.

¢ - Extend the activity for one week, introducing variables
such as cloud cover, barametric gfessure and time of day

- ‘Do indoors, using different energy sS0Uruss (Lul caampla,
ultraviolet light, infrared, and white light,) X
= Plot data collected on graphs. , e

g

L
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© ). THE SOLAR - THERMWOMETER

' 3
Suggested. Grade Level and Discipline

7-9 Science
Earth Scilence

-

/ Backgrﬂuﬁdl}nf@;mg;ién
.=

C i . #The snlar thermometer 1s basically e mgﬂumetﬁ; cuonnécted to an air expansioan
tank (gallon cam). As the air in the Expansign tank is heated by the sun, the air will
expand and move through the CQﬁﬁEEE%ﬂgéﬁubE to fnrce the salad oil in the manometer' to
change level. By calibrating the level. of the salad oil with a conventional mercury or

alcohol. thermometer the apparatus can be used  to measure air temperatures. Conversely,
*the cooling of the air in the can should produce a reverse reaction.

P

-

The outside Ealaircf Eﬁe can (expansion tank) may have an effect on the time
it takes to achieve a.piven gémpetatu:e and the maximum temperature that can be attained.
It 1s possible to have salad oil forced out the open end of the tibe. -

J ) . . Z;?%%i,

! The - Ealar théfmamet&r is not parti;ularly pLELLlLﬂl as 8 mesauslug device.
ide B way to examine some

It is cumbersome and not very accurate.. It does, however, pr
basic scientific principles. Expansiun and &un;r;gtfﬂu! alT ph@ssure, aud the effe.t’ of
« dark surface on heat absorption are three a.e€as that can be explored using this devite.
] - h i

ﬂ;nlg et arbies dag Muloslals \
Add Sudan Stalno . .. L. ke oL, . PN Y
- Uase edfiply Jdicte. 1l 2d o o L2 4 Lo o Lo
< =
Uss aLLQﬂE tape Ly oo owae bl n a0t L L ' Loa s '
tap.. all the way a.ound b.ard
=
SUEEBsL Ly L dme ALloCHELL
thie lasas p=.a . 1. N
Ve wlase poadod Wb, A |
- Uue clasa pesloed oo samplet e bl
ins.ructi ns. M re .ime may be . 1i:. . .
extended. )
One class persa 0L aual, 18 aad . 0 .. IoJd.
\‘
7 2
b ]
A

O

FRIC ¢ g
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| \ oo T f S - o o«
' ° ) - ;r_,f:g » . £ f 5‘\ = . 1§E7 ’ - ' ‘y E \\
(.Lff‘“ . ik, . ' ; 'L . L
- . - : ' . 7
. Sugg esgta,dr Approach q - o ' N
'~ " Discusd heat and its ffects on matter. - : o Ve
* ) T : ‘
= "Review how a thermpefeter works. T

- g iﬁ&k

- * . k\Q

- Discuse the diagram and method nf ;Quatruf%ian -

= B - (

- Cti!nESEmEt the solar Ehémﬂmﬁﬁéti

- Diséuss Eh& pr@c\dure for calibration. Define cﬁh térm ﬁalibfatian
using exampleg, [Discusswth EEQdEﬁtF how they are golng to use the
thermnme:er :

L

- Prﬂvida students with actual hands-dn use of the solar thermometer
and collection of data. The best results occcur if done outside.

- Ans&ysia a}ﬂ int

%
Frét‘sgtinn of data collécted should follow the
. activity.gf . /

i

Typical Results _j . : ¢

¥ - k.?EE‘PEI‘QELi’I‘E readings will be higher wheh the €80 4. an direct
sunlight rather than in the shade.

- The greater the amount of fueulalleu, b bed glis o che aempems da L

temperature. ; -
~ Depending on dludeni .., . cLen o .. . _ N 75
glasg. "’
= Be cgreful when tase. ton, the . ‘ . o, /8.
o ' towel to hold tne tubing .nd (ubeie te 0. Ltk ne hiny o us
¢ glycesin or water
3 ‘
N
. Hoditicat tons
! 7 Clear plasti. (uis g, - . . ., . e e R TR L
! for the glass tubing 1n lh U tub.
-
Evaluation
~ -
. .= Check studeuts’ appéiocu: .ou o
- Check students’ answers tu ih e

Iy
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"~ 7" BUIDING A'SOLAR STIL =~
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INTRODUCTION

"Wacer, water 1s everywhere and if you wane yo.u Lild
just dig a hole in the ground and make yourself . stil.

7 lo many parts of the world water is an abundant and valuable
fural resource. Its presence in streams, lakes, rivers, oceans, pola.
caps, the atmosphere, and the ground, means that water is everywhere
arth. : ' :

Despite all of the water around us we still hear warnings and
complaints about water shortages. Such shortages can become severe
enough to capse crop failures during droughts and death to inexpericnced
travelers in.an arid region. If you were ever faced with the crisis of
thirst, in a_desert region, you might use simple steps to.survive.

/ R ’

In thiis accivity you will construct a still which uses s.1..

bnergy for its\%peraticﬂ.

Aruitoxt provided by Eic:




OBJECTIVES .. . . -
. it

‘At the cumpleticm E)f {his ggtiviﬁyg yéﬁ shm’ld Be

b bulld aﬂd UEE a4 simple sclar gtill,.”
Ta ¥ suggest passﬂ:l& ‘Practical applications for a sola: spill.
-0 uﬁderstand the ﬁ%incipie of distillation.

0 “ test for the prasencg of water. '

. i o .

EA
. Ei{} . ) .
SKILLS AND KNDWL GE YOU NEED )
- How a
aj = How to read a thermo
g How t6 g:a ! *, '
. = How to interpret data.
R
i ) | | \¥ ’
MATERIALS ‘
- Strong, flexible tiaua, w.oar prau. i L e
e.g., plastic, storm window c.vering.
g - Several fist size rugkal
-, Calibrated collecting can i cihes v 1 o
- Shovel. / s
- yiwé théfﬁﬁme&éxa ¢ 10YC to 110% sy L do,
- T'il;ning device (wilsewaloeh .. stupwateh)
- Piece Gflcardbgagd Lo cover 4 oI the th.
- Gfaﬁh paper. | # =
. . Graduated cylinder.
7&::}’ F , Cobalt chloride test pape.. . .ihel we..
" water.
y - Protractor

20
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METHOD
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A
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F ~ B
1
©
f =
R * ' L & 7
oard-coverst
Iha(mamaim‘ ! -

1 -

1. 7 big S.} hele sLn.;ut BUSW b b matte L s aad 3vs

+ be covered

by sheeting
x /48
e

the soil t. one oide. C.nter ‘the col.ecti. g ve.sel 12"t

ﬁatﬁam of the hole.

Place the piece of plaaﬁlu vver Lhe Lole alid Liiuwd,

one -edge with small 'rocks.

Plaaé~pne small rock in the ceutesr L the
over the collectjing vessel, and aliow the pldstic tou st.etch
to dt least a 34" angle frow the hori.ont.l.

prdata

[ SR

Vi

au, hor

+ Ak .

Seal the jedge of iLhe plastic with s0il aud smull Aqél .

Insertc (
g into the air chamber,

Place the other Lhermomeler uneas

ne thermometer under the plastic sheet with th. . .4

and posiiioned se that he u

the sul aL

thermemeter snould

et il wilebh vl Lab

covered by cardboard (as shown i. the diag,am),

so that the scale can be read.

Simultaneocusly record the Cempueisi.icu 1

a data table to record your results.

21

S d

and p..sit.ioned

PO e
the outside .thermometers at fwo-minute in, Ervaxa

TR I s
Lonsatr. ct



O

10.7

11,

: /
At.the end,of 20 minutes~’carefﬁily remove the plastic shield-
and retrieVe the calibrated collecting vessel. Pour intp the
graduated cylinder to check the arlginal-reading and reaard
tHe amcunt'aflb;ﬂd collected in ml. © . .

-

Check the liquid collected to deterﬁlne its ;daﬂtity, cahalt
chloride paper may be used.

Construct two graphs with time on the'x-axis and the temperaLure’
readings on the y-axis, uSLng the ,same scale
a. Have graph I represent ﬁpe Duts1de thgimﬂmeter reading vs.
) two minute intervals.
b. Have graph 11 represent the inside thermometer reading vs.
) two minute intervals. .

The hole should be filled in when the activity is complete.

LOOKING BACK

‘You have seen that it is possible to get waLer frow dry sotl

using a yvery simple technique. The evaporation and coudensation of wate:
using the sun is a very useful process for producing d1st1lled water. -

QUESTIONS

1.
2.

6.

e

Where did cLhe wate come: Lrom?
Why did ic¢ collect un the underoidee of the pia. Ul
Why did it drip into the cullecting vedael?

Compare graphs 1 and 1I. Arc they slwmilar .. Ll
Explain. - '

How did solar ;ué'lg; caAude (L 51111 Lo vpeiarcd

Liaw did the temperature diifer.unce intflusnce Lhe '

;gwater cullected?

GOING FURTHER

Aruitoxt provided by Eic:

Repeat the ﬁn.LiViL; e awas hiig s lie i, R , PN T
as a funttlcﬁ Gf tiwe .

Repeat the same activiiy with . Ch@Dge & tie w1 ol Ue 1
(Hint: a much deeper, narrowe. nole, o. u wid.r, sialiowe. I..:

N



' S = 17-5° >
= . FS o o= .
. - Discuss some practical uses for solar stills.
- Check for the purity of the water obtained.

- Check for bacteria.

4

o
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“x.  BUILDING A SOLAR STILL

Sugpested Grade Level an Discipline

7-9 Science

Earth Science

Outdoor Education

Descriptive Chemistry .

S5tills are used Lo purlfy ligulds fui va.liwus pres g mea thissrpgh o PILoCBo.
of evaporating and condensing liquids, non-velatile impurities can .. separated from
the liquids to make them usable .for desired activities.

501l always containe asvwe molsture although 10 4o Lien 1aica. .1 .
By digging a hole in the ground and covering the hole with a transparent mate.iai, t.
temperature in the hole will go up dramatically and the molsture from the soil wilig
vaporize. As rLhe watér touches the cooler undersurface of the plastic, 1t wili conden...
and run down the plastic to drip into the cdhtainer. This Ip a guud suivival technigue
to know as well as a demunstration of badic scientifi. princi,l.s.
{

!

Hinite wu wvaibe: lug Ha =iluls

A vallbiated cuncatae, i ad o e e [ TN

eiiminates the need tu pour the ater fi w the collee 4., . : ol
a graduated cylinde.

Plastl., ateiw wialdow . .:L.—!;ihg Wesnd N Caem g

Pl it Lime ALd
One class pe oo . S 2l
|
Une class peslod 1. .#}é@gwg, aud .,
Gue uvlass poeled L., praphilig aud dia e, . [FON
i
Sugpested Appruach
ley on way ware .5, . . R :

Divide the clast iu. o g.oupe I Loal o1 fIv: (i,

‘[\‘.
=



} = - i '

Each student should help with an aspect of construction of th stilli
Divide the laﬂorghsa that the construction takes a minimal am f

time. - .
In order to compare results, each still must be similar to the other )
stills in cgnstruction and orientation. ) - 2

Compile the data from all the stills and discuss the trends Lhat seem
evident., A discussién of the ‘confrol of variables should be part of
this lesso )

) Izgi;all
= Sunny days close to the summpgr solstice will produce woest dramatic resulls.
Precautions -~
Comra s . ; . ¥
- Fill in the hole as soon as the ewpertment io Gunp lebed,
s . * )
= Make sure the Blapg uf the plastic cover tuwards center is greqﬁsr than 34
. ) If it is not, water will not drip into the collecting vessel. T o
Modifications
s - s
. If desired, this activity cau be done wilH o luige casdivusd Loa iR pia. .
of the hole. In this setup the «0il .ust Le molstened.
# = Anothe:r varfativn wight be (he .adicvion of Fuud wolunlug
and/or salt to the pan of wate.. Your students could th..,
observe the collection of fresh water from contuminated wa...
Evaluaticn -
- Have atudenrs Prepare all wapeslmwsdt tspors lucludlog Jdava prdpl.. A)A
responsgses to questions .
- Use a performance evaluativu bLased .o ubdeiolondiug tH€ . acas o e o
operation of a solar still.
Ea
References
- Solar Energy, li. Ausc..ila Sc.. k., .
o
#
pity) !
T - .

O
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) : N DRAFT ‘ ALIlvliY 18‘ .
'CLOUD COVERING AND ITS EFFECT ON AVAILABLE
INCIDENT SOLAR RADIATION o7

INTROOUCTION

Thié 1. oo i - i .
effeet hLAE t:lt:\ud VO E;iﬂ a0 Lo &g FYRE O YRR O DO ST o T [ oy 1
level. You will ubserve cloud cu.er, wab L) grim.te. agmng e
the da.a, ?L@t a graph aud det tmine he (. aulls of Lhe
obtained, !} ‘

inform ti.4

8

Y




‘METHOD
S

_horizontal,

g *
QBJECTIVES RN
Zq'; ’; At the enmpletien ef thie eetivityl yeu eheuld be able ‘to:
= ﬁ 1}@” ”Weperete e:eéleriﬁeter T
;h : xfijexv ;eenstruet a greph frem the d Ee f
R 5;§='Ffdraw inferences frem the daszF; ) g:  ;};:A' S
- S - demﬂnstrete en underetanding efAthe ‘effect of cloud’ ﬂ
SES P ':.se L eevering eq_the ev311§b1e ‘incident soler - radiation. . L
f? ‘:‘Qﬂ 7 - o ‘3 ’ s h 1@}‘AV co AifL B U - T
- SKILLS AND KnﬁWLEDGE YOUNEED oo
_ - ‘e‘Be eble to aeeuretely read a meter, ’
l - ~Xbeeerve,eﬂd eetimate eleud ggyer N ST ::y;i“fu
Sl Keep eeeurate end neat notes. ' o - -
o _éf"_iwﬁe able to ealculete pereenteges L;wﬂﬂ_”;Ahmw”4_W; o I
R ‘ o LT
HATERIALS T A SO
- - Selerlmeter : o T o
- Greph pepef end peneil ‘s . .

In order to have valid results you-'must take accurate data and

notes. Prepere a data sheet to include the following: n.
, observer'g name, the location, date, general cloud covering, D
* the time edach meter reading is teken the meter reed;nge, and
,the cloud cover between the sun. end the meter at. the moment
the reading is mede : . . P CL

Deta from one cless period will be sufflelent ;f the clouds.are
" Spaced so that both direct and overcast (indirect) sunlight are
observed. . Additional readings can be made over a longer period
for even better results.> The solarimeter should be located
away from shadows and bright objects. It may be best to have
the meter at or close to eye level. The solar cell must be

. The obeervef eheuld net 1nterfere with the light.



~1_i73;%'stin the meter readin s on the vertical scale and the- timé on
.- . : the horizontal scale plot the: data on graph paper. Determine -
o :the*relatianship between the clnud zﬁver and the meter readiﬂg,
LDDKING'BACK R T | |
: Uﬂing the data eallegted you‘s,fuld be able ta find a
relatianship betweeﬁ the incident ;adiatieﬁ measured and _the :laud COVer.
‘ GUESTIDNS e
"Q=1; What,is ‘the. maximum]teadiﬁg rEEnrded? -
_ 2. Whit was the ETtud cover at the time af the max1mum=feadiﬁg?
“iﬁ What was the lowést réading reenrded? | .
: -éi' What was the clpud cgvgr at the time af thé 1awest reading?
:3, _If heavy cluuds Esme in frant uf _the. sun, whgidiénft (wauldn P T
, the reading 8o to zero?
Lo 6T Calaulate the pezcenﬁage of time the sun was clear of elpuds
i;?;gz Gglculate one half-(SDZ) af the maximum readiﬁg B
8. 'QCalculate the percentage nf tlme the readings were belaw the a
e 50% 1evel ’ o , ~ ; e
gf ,'§¥ ‘ In general ‘what is the relatlaﬁship between clcud cover. an?
S e the amount of solar radiatinn striking yuur meter?
T ’10 - Do you feel that. there is enuugh available sunl;ght in your
'l - -area for solar use? - (DQ you hgve enaugh data to make a gaﬁd
_ estimate?) - o »
.11. Was. this type of day typical far your lotatlpn?
GQING FURTHER et o B e e .
» - Data may be ccllectéd over a langez periad Qf time = liké a
B ) :rfull day, week or more. : _ : _f
) = Keep,a regard of just the amount nf cloud ccve:ing for a long
e _ _period gf time to help determine the ava;lab;l;ty of sunlight, -
. ] . P

.
sa

28



A8k

Sae e o L - + ) oo oA e

' i%V Infarmatien may be available fnr yaur area- dn thé amgunt Qf

' -cloud covering for the year. Write your: state capital or, the
“fUniEédsSEEEEE*WEEEhEE*BBrEEEHfﬁfgsueh“iﬁfﬁrmﬂtiﬂﬁ. e

JREEdings can be’ taken eariier in the marniﬁg - and thrﬂugh

. _"the 'afternoon- to see. if thé .position .of the sun. has ‘an effeét .

on. ‘the radiation

:uféf."Data may algn be bbtained far diffe:ent times of the yeaf ta

if the values changé w1th thé seas

=
P d s
: e e e e 8 . e i e s et e o o e v i o e o b
L
- = et

.
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f.LDUD C VERING AND’ITS FFECT ON ’f‘

AVAIL-ABLE INCI ENT SOLAR RA‘DIATI‘D_N
'_Su igg;a}jﬁgd; Lgvel and Disciiline, ﬁ ) ;' T %@ o S N o
C 7ﬁ9 Saienne o A ;f:.
ool - ‘Earth Sc;xence, g ' ‘
, N . . . . - .
g . 'I'he use QE solar énergy as a dependahle enefgy gOUrce assumes that the sun's -
direet energ., s available for a ‘large percentage of the daylight hours over a period '
of years. Many fictora affect l:he .amount of ‘direct sunlight that rgaches the earth'* Lo
surfaee, -one Qf which is the extent- and duration of claud (‘;GVET. . _— S
o : TI,LiE ,,gtivity will inveEtig&te the effect Elgud ‘cover 'has nn incidenﬁ ’ .
solar enmergy. ' A solar cell will be used to perform the solar energy smeasurements.
""" .Cloud types and. the extent of cloud cover .are défined in several weather bureau _
- publications.’ 'Ihe _longer 4he time period for data collecgion the imore accurate will
. be Ehe :Lnferem:es that ::an? ma'de about the-eff’ect* af cloltds on incidéﬂf solar radiation.
- F: ‘ A set af sgmple dsta is incluﬂéd shnuld the weather gpnditiana not allgw
Ehe student to’ nhtain gnﬂd ata. Lo . ! S . :
— =
- = . A plgn for a simple sal&rimeter is gi\ren in the hardware section of this
- document. A photographic light meter could also: i_uged.
: S . - i T : “ @
i * Sug ested Time Allntmem; n .fk_., N S B ) - e . :
_;| . ‘ v e N : . . - R - & B . R
R = Oné. '1 B8 | ricﬂ to callect data.
~. ' One claaa pericd to graph dsta am‘] diseuss Ehe results. _ 4
Com= Divide thE EIEEE :Lm:n graups of two or three studenﬁs. .
- . Have ;each student prpEl‘E a data. sheet prior to SESfEiﬁg this activity.
¢ o . . \F‘, N o
o o Ihe:a«;tivity- should be done gutduo:s away f;nm obst uctions.
! ® & 5
!
e e _ S
iEEE L]
R : : SEL e
= L ' 3 . . s . - T i
o o 'wi“,‘,;“r/é,_}?_,; _k e . . .- BO . .

A FuiText provided by Eric -



- 1f'the day is completely overcast; ‘very few dqt& points will be’ , K
*-sufficient. ' The activity: should be continued for another class period, ° P
- however, when the sun is shining directly and the clouds are’ intermittent, .-

s

. Braphs to help answer the queations. . . - 7

“If ﬂﬂ‘lariﬁgéérs? or light.mé'ie#szgrf "%’_L_a;vaiiable in quaﬁtitj_}; one or .. AT
; ! »two. groups ‘can collect tle data f8t the class to use, - * .
y ,;’L'éfg}r.kégulgg B e :

. Meter Readin

g0

5 8 8

3

T T e o TIME T i - e
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Light meters may be substituted fnr salsrimetars. Be sure j?%y havg a =~ !ff

332312 thaE will read direct sunlight. K _ ’

: During this Tesson many quéstians can be asked by the teagher. .In. additinn,_ o
-gnough time is available to nbserve and" questign the students during 7 - :

_ - 'the experiment and graph woPk. Accuracy and neatness of the data along with
. the plotting of the: graph aud Ehe éalﬁulatigns may alsa be used to,

Eevaluste the gthdents,r : S < . B :
.”_i - . . = C -
.!‘. o . . : .
1 & ® [ =, - ! ?(
K . T2
. i ' . ]: ,
- L o .- = A
= 4 & ' :
A
. - 1 ’
. - i
# "‘\ *
.
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INTRQBUCTIGN oo o e '-; N

Th;s .energy traveis
ﬂnly a small portlﬂn

. : Ealar -energy is energy fadiated from. the 4
_thfaug spacé in all diregtions. The earth receives
‘finf th% energy, ‘mostly in the form of llghtf

o © © . How can we detect the . presence nf solar enérgy? ;
We.know that our skin and clothes feel warm when - we stand in-
We also know that our houses tend to be warmer an,sunny ‘days. " "Bd4t the key

.to detecting solar energy'is remembering that. energy 'is. defined as the

- ability to do work. One instrument that allows -us Eﬁ%"see" the work done.

by solar enérgy is called 'a radiometer. By using a radiometer similar to
* the one pictured above,. we. can detect the presence oflabsence of solar
Eﬂéig?; and we Qan détérminé when we have differerit: amounts® Df it.




19-2°

d !Z;ibe the appearange af a)paddlg typé radiameter Ty
1f§ihg pn:pg;E_Gf—thaitadiﬁmete* ;i;+i:5—=m»;¥.f'f
é' distinguish berfgen the presence and the_abséncéqufsuﬂé
' 1ight by means af the radigmeter o S
T . - Vc_% ,distinguigh between high and law IEVEIS af sunlight by
S . . use of the radiémeter _
"fﬁji"i“-;“.Q !ﬁ»dEmEﬂStrEtE that radigtign fram the sun caﬁ dg wark
| '_Gv“i davise a: déflnitlnn of salar energy | g
SKILLS AND KI}EDWLEDGE You NEED .
5 ! _?v=;R§f Haw to, fgllaw:diréctiﬂns ' .
. R : wﬂé} ;\‘
MATERIALS : o \
_Wmmﬂwww;m:+ Paddle Eype radxcmeter amwu,~~h~~~wm_wz“~~‘-»mm»u-!w~-u~~v~~u~sm~
- Squaﬁg pieces of cardbﬁard (or black canstfﬁstian'paper)
) A 30 cm on a side.

'A can’. large enaugh to f1t over. the,rad1ameter

: i Examine the radiometer carefully to see how it is constructed;
e “egpecially the paddles.

_.Place: the.radiometer.on a table. -in- sunlight. - Observe what
happens and record yaur observations.
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3, Use the cardboard pieeee to pertly shade the (radiemeter frem e
' "ff;theiEUﬁlight.' Qbeerve what- heppene and- feeerd yeuf ebeervetiﬂne. :

4. :Use the: eerdbeerd pieeee to. eemgletely shade the rediemeter e
e from- thes : heerxeewhﬁ :,eppeneTeend—reeefdﬂyeu: i

}’ebeetvetiene

- o 5."§Pleee the eeffee can over the rediemete: in the eunlight S
. -~ Leave the can over it for a few .minutes,.then remove it quickly.
*- _ -Observe the paddles the inetent yeu :emeve the can. Record o
ng ,yeur abeervetiens, e 7 o SR 3 i
.:j_.;, \,z;i,;.. '; tA‘.“\r e ,“j.:::_“; :;:7!> T , i‘ o
‘- LQQKING BACK Tl e e e T

o ... The. rediemeter is guet one - eimple 1netrument Wh;eh cdan deteet
the preeenee of ‘§olar energy. By the rdte at which its peddlee turn, it .
.can _give you some idea of the- emeunt of solar energy present The redie-.

5 nmter can ehaw thet ef;light is eﬁergy N s . ,

- QUESTIQNS

| 2;; Whet are the differences in th’_twe eidee ef eeeh peddle in '
. the tadiemeter? : -,.lf = C

3. What: heppened a) when the ‘radiometer was plaeed in the eunlight?'
. b) when it was partly shaded? ¢) when g#& was completely -
: eheded? d). when it was. jueeffémeved f£rom under the .can?

,é;jiiin whieh dlreetlen deee the: paddle wheel_epin defk e;dee o
- feeing ferwerd or light eidee facing ferwerd? o Lo

5. Unde;.whet light condition did ‘the fadiemeter peddlee spin the.
S feeteet? the sleweeqﬁgnet at ell? C ,

1e6i;-'Hew deee ‘the rediemeter deteet eeler energy?

7.° Hewldeee the rediemeter ehew thet eunllght is energy thet can . o
- do work? (Hidt Whet is werk?) : - o

8. °  Based on what yeu have learned_in thle eet1v1ty, write a
’defiﬁitiﬁh far ealer energy ' _ -

GGING FURTHER

- We have demenetreted that the fadlﬂmEtEE can do werk But:we

o have no idea how this work is done. By recalling the differences
in the two sides of each paddle, can_you explain what causes the
peddle to turn in the sunlight? L

e How-do- yeu thlnk the- redlemeter would-work-if-the-inside -was-— — -~ - -
: ,5 perfeeﬁ vacuum? o
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;1jéa§h§gjinféfﬁstién Sheeg_fj,ri =7“M 'sl‘f,. ﬂ;':’f' T AR

——D-oIf Hea ,.;.,: S
‘ ‘The radiameter is a Eimplé instrument which illuétrates Elearly that gunlight

is a form of energy. It can also be used to. cnmpate rnughly vstiuus ;ntﬂnsities of 1ight ,i'.

by the rate ‘of ratatian ﬂf ita paddles.»

. " H o P F

' ﬁA' o The agmaaphere inside the’ :adigﬁgtet is a partial vaeuum, g0 the ait mﬂlecu13§

left ingide the radiometer are able to move about much more [freely than those ‘outside. .

" Each’ paddi¢ ‘has ‘a 1ight-galared gide and a dark colored side. <The light colored side-

does not absotb.as much solar energy and it is clearly the Eonler side,-and the dark side
"i8 the warmer ‘'side. When the air molecules strike the dark sidg, they take on a great ..
deal of. energy: and bounce away at- al ‘high’ gpeed. The result is’that the paddle wheel

‘begins to move as the faster mnlezules "kick away" from the dark sides af ‘the paddle it;;;#jm;m‘
S Whgelii“_ SV — S b e -

;i‘w Ihe greate: the 1ight intensit?; the more EnEfgy there is tg be absarbed :
by the dark colored’sides to "heat" them. up. Thus, the air molecules bounce away’ faster
.as ;he light intensity increases, msking ;he radiameter -paddles turn faster.

Ihe dark sides of the padﬂles are actually absarbing infr§rad tadiatiﬂn,

: causing thé surface mnlgcules to store heat by their increased kinetic energy. This

ingreﬂsad kinetic energy.is transferred to.the air mnleculeg when they*strike the" dark
aidgs af the pgddles and causes the "“kicking away" effect.

]
*

" ) Hints on Gatherin Haterials ) ‘ ;
L ;,E : Hgve gardbﬂafd squarés prEﬁcut. :, - . . : ‘.2
= SEQdEﬂEP,Eaﬂ bring in ggffee :ans! _ ,}? f H
?kggggestéd iém;;a11@t§ég£§;‘ a-ﬁvu_'> '! | j L i
e 10t0 2 class iaériﬁds; éépéﬂ«i’;ﬁgjﬁn whether "quéstions are ‘answered. 1nuf
: out of class, and depending upon the amount of class discussion,
| o ’ R 4 | ] B} - o .

Q

ERIC”

Aruitoxt provided by Eic:

ot g -be- done a8 8 ‘lab activity: with'a ' pair 6f Btudéntd working with a

radiametér,
SR RIS




. }’If :gdimte:a are: :I.n short gupply, this’ cmild be dane as. a teacher
:demanatfazion, wi:hiatudent snawering queatiﬁns. T N i _,.;‘.

= =

K Ihis activitywsafveg aa a ggad glemeatary 1ntrndugtinn to salar Energy,
o as it effec :VEly demanatrates Euﬂlight as a form of. Ene:gy. .

O

Aruitoxt provided by Eic:

Evaluation

K

- References -

ERIC -

s .

z

" slowest with the least,’ When the coffé

O b N
The radinmEEEf will rntate fssteat ﬁiqﬁ the highest intensity nf sunlight

meter_shnuld_ng;_be rotating at all. . ')

.

The rﬁdzamstgr i8 - ngzaate zngtrumgnl whzah shauZd not . be drappgd tzppgd,

- ghaken or otherwise misiised. - Since ‘the radiometer is a vacuum-pae eked
‘inatrument, it 1s rgagmwgndéd that etudents:wear safety glasses when' ‘uging

T

ik, . If the radiometeér were to be a&eidéﬂtﬂlly braken; thts mauld eliminate
.{“thg dﬂﬂgé? to ths syés of fiyzng gZ&gs. - _ R _

Hnd;fiaazi,ns

C =

gh'the effectiveness of

; - the activity with young students may be reduced when they do-not agtually
) uge sala: energy as.their saurce of light. . &

%

) . . . L DU L e
Ce T e . ‘ - . ; CE T
: o . el

Jsa;isfactary mannef?

P H B - . B - . o,

s

EaIle:t student answers to queatinns. Have they been answered in a o

5 -

Eas the student tried: EDING FURTHER? Is his. explaﬁatinn reasnnable?

Dbserve the studEﬂt" ability to follow. writﬁen ditectipns and the manner}.rf

in which he handles the radiameter_ Is ‘he following saf§§y precautions?

5

‘-
The Rﬁdz@meter Wﬁ&t thss it Wbrk? (Wit d r Electronics,: Iﬂc.,
: PO Box 662 Wheaton, Illinois, ED 187. .

'Nl\ ‘I'“'

: If it is impractical to da this activity in sunlight, 260=wstt incandgscenz ”:”wv_;
- lampeuith- reflectors can be substituted, alt g



ACTIVITY 207" -

L E- ool

o : LT i U .
il ‘fuels decreases sol %Eergy has . become
ernatate energy source. ‘The use of solar
sun's energy and converting it into useful
gy:is being done constantly by the métErialsakg
11-as‘o here. You can feel this eéffect while getting”
“into a ‘closed car on a . day. - But while we have so much of the sun's .~ -
‘energy reachi: e ea e must -ask ourselves if solar epergy can be. .
T eoncentratéd -enough t@gbgcgmeés-pfaétiealfalternative,tgrgéyea a portion
of the alternative to fdssil fuels. o

. _ As oiir
mare and more. popu.
-‘energy involves .coll
sheat. This’conve
f on. earth as we,

£ enet

R SN
;—?;7 I

T Thiéfécﬁiéigyﬁﬁill‘help to answer this question by comparing thé
- tempepature  changes -and heat added to air and water under different
~conditions’ ‘o v i s oo e e e e e e s e i e

. 7




| DBJECTWES
n ; l\ At thE

" -

e o - fudgé if salaf energy can be ”é d a5
ST _ -féésil fuela.-_iff_ : : :

ERI

Aruitoxt provided by Eic:



A"iq:"tamacl. L ',_’;Vf%(fQLI.ECTGRr . COLLECTOR = ™ ¢ . 7
USTORAGE ™~ | i CSTORAGE: . . - T

SR CQNTRQL STGRAEEQ use
e "‘Eneng”EDllEC ed B
K _ suﬁ= The & § __E:ansparént tap..._".;ga -
LI CDLLECTGR STQRAE ‘£ used to store. the heat Eﬁergy
Wi - : cgllécte%‘§ Vhe solar cgllegtor.hzi i . X
CﬁLLECTDR = u%ed to” :Qllect theﬁsun 5 e ergy and tc if;" - e
. transfer' th;s energ}' :mto useful h jat. } X q ; '
el Placé the EQllECtOI so it faces“tbe sun at’ all times« Place SO
- “zhe béaRE'. f water in the sun. w1th Ehe thermametir inc’
2. ) 4 bl prav1ded fECQfd the t;me ?nder "aatual tlmé"
:’Sf' v iirecord the temperaturé of the fitst o

T temparature" cqllector alr R T

;é‘" .

i . A
* =1

fer the water from
fiometer read ling in = ‘s
;th varlable under

.’Véi :JRun the drlll pump fo, Eéﬁands to transi
" -the collector to"the pump. . Take -the .the
the collector storage, atd recoxd. the. foy

‘collector waﬁer temperature“ , Ve
“Leaventhe last two cglumns blaﬂk for cc_”ufiﬁg "Ealoties“g v ,
IhlE will be done by. the entire class. . o '

Répeat th’i Eroca@ure_e éry 5 j SN e

T . ] . L2 @
‘g ) -"; o ;! =
— e e i I M o e et
E N e M
Q ‘." . , . r . _:-D)_' . . . . - ) - . = w .

5 - . i
rullurmunnm: . - B - e - i
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20-4
7. Plot on the same graph, the temperature of the four
fluids at 15 minute intervals.

~ 8. Using the formula: Heat, in calories = temperature change x mass
' of water find the calories of heat added to the collector water
and to the outside control water at 15 minute intervals.

9. - Using another sheet of graph paper, plot on the same graph, .
the heat added to the two masses of water. .

LOOKING BACK ' .

We know cufksﬁpp1y7of~£@ssil fuels is limited and an

. energy’ source must be found. The use of solar energy is one of several

alternatives available today.. Solar energy will be used only if it is
demonstrated to be practical. The data you have collected will allow you
to decide for yourself whether solar energy can be used as an alternative
to fossil fuels. : - ’

QUESTIONS ' . S | W
1. Which of the four variables had the greatest change in
temperature? ' :

2, Which variable had the least change-iﬁ‘tem?eraturé?~

Which liquid gained the most heat?
g )

At’what time did we receive the maximum amouni ot energy?

a .

Does the celsius temperature of the collgctor w

a8 temperature which we could use in the home fo

- N

?athing?

2
3
i
3., ater represent
r heatling or

AN

i

‘1
"

GOING FURTHER

- Would the slant or the collector, be different during vtler times

of the-year? A

: # = =%

= What épggestians do you have for impiuving the ;tsghxguhj i
the collector (design changes)?

- 'Could we have collectefl more energy by uslug a Jdiffe.cu .
How would we calculate the heat added using a 1iquid oth.t
than water? (Hint: Look up specific heat in the library

- What are some things that ¢ould cagse the collecta, air ang
collector water storage temperarure t. be different:
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+ Teacher Information Sheet
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i ol - e - 5
- SOLAR ENERG Y - HO w :N E_L,L DOE S. IT WORK?

'

Suggested Grade Level and Discipline . L

8-9. Science .
Earth Science , ’ 2

£

B

gﬁggi&gfgggd Information
T : .
B B »’Tﬁé”salaf‘gallgct@r is. & simple device which allows solar radiation to penetrate
the glazing material (transparent surface) and strike the absgrber (auto heater core).
This energy heats the absorber and the heat from the absorber is transferred to the
fluid (water). The fluid is then transferred to the area of desired heating. 1In addition
to allowing the solar radiation to penetrate, the glazing traps most of the long wave
infrared radiation, keeping it inside the collector to be transferred by the fluid.
The glazing is usually thermopane for better insulatfion against conducted heat lost.
- . .

The common follectors are either’ flat plate collectors using water or. flat
plate collectors using air as the collecting and transferring fluids. The collector
diagrammed in this unit is more of a concentrating flat plate collector using water as
the fluid. ‘The object of a concentrating collector 1s to collect the solar radiation ou
a large surface and focus it opto a smaller surface.

Though Bolar engfgy is much falked about, there 1s still some skepticism
-~ 'about it serving as a via¥le alternative to our. present -day energy sources.
A
This activity is desigued to gilve the student a 1.0k aL sulas =ueig, . bia g L
points and its shortcomings. It should also make the student wore aware vl liturature
concerning solar energy and aid him in interpreting the literature in a critical way.

i
-
Hints on Gathering Materials
- The materials needed include: auiv heater . ore tab8..bes ) clyrofoaw sueul.: .

. plywood, aluminum flashing, glazing materfal (plastic, glass,or plexiglass),
ﬁf 2 auto heaters or washer hoses, 3 small styrofoam plcnic containers, variable
- speed drill, variable, speed drill pump, 4 standard laboratory thermometers.
I orrabl
» ] 1
- The materials should be collected over a long peried vt uime Ly Lol oueden. .
and teacher. .
- . The Ebsﬂrbéﬂ:— :(héétéi tele) can be puschased Fluw 40 a’E\Lg wieshi. g yaod Lo
.relatively low price '

> R 2
- Bll other materials can be Pusclased Liciw & Liaeddi on L owi .. s L. ves 3 e .erdes a
the school or home.

A siyrofoam contalner us@d Lo sianey .. . . . oo, L . o
collector constructiow.

P I

ERIC ! s

i e R



Suggested Time Allotment

= One day to collect data.
- ‘Three to four days for doing heat problems, graphing, and discussion of

results.

Suggested Approach

&

7
- The conatruction of the collector pictured in,this unit was done in the
following manner:

a. Plywood was placed around a styrofoam container for stronger comstruction.
The styrofoam was used as insulation.

. |4+—stYrROFOAM

— ~=—PLYWOOD

b. Aluminum was folded in a manner to serve as a reflectur for coacentratiou
of the sun's energy.

N ! ﬁ ALUMINUM

— - . EY

w. The heater core was placed om tup of Lhe alumdawh L ce.v. as b
ahsorber.

-~ == —HEATER CORE

d. - The eotire inside gggﬁpaiﬁtéd flat blauk saCupl Lha oo tie i, L
surface. (Cover with newspaper during painting )

e, Double pane glazing was placed oo rop.

- Set up a schedule of your wore advanced v WOTe 4alecicait s _r . . am
- class to monitor the collectioun during the day.

- faasuce equal amounts of water and add to the comtiol Blosupge =od e
collector storage before class.
ﬁ
15 minutes before the end of your Lisas ,2li0d  1anl 4.0 s .
and the collector with ali compon.nts o.tside .o begl. the vpe svizia

EI{I(; V. ‘

Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:

- Iypical Results

HEAT [kCl)

. Explain the operation to the entire class and allow the monitors to begin
work. ' . !

¥
5

Your school day can proceed as usual with the last 10 or 15 minutes being

set aside to take the class outside to view the collection and to gain
information about its operation. :

The data cellected by the monitoring students should be copied and distributed

to all students for graphing and discuassion.

A péssible follow-up to this ac’;;i\rity ééuld be a field trip to some agency
using solar energy for heating, or bringing in Tesourcepersons to discuss
solar energy as an alternative energy source.

3

. =
£y

Students should quickly realize that the temperature of the water and air
inside the collector increases more: rapidly than the water and air not in
the collegtor. .

The collector air temperature should be higher than the water temperature.
& ; = . £
The outgide air temperature may be higher than the outside water temperature.

The dgta< table and graphs shown below give actual student results for
this activity. : . o

HEAT CHANGES
I kilocalorie (kCal)=1000calories

Collector Water : . -

£¥

QOutside Wate, .

“

44 .
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TEMPERATURE CHANGES

Collector Air Temperature

u i Collector Water Temperature
g =
% =
= | Outside Water Temperature
20 4 ..
T i . R . . -f
10 e — Y
| ErE—— Qutside Air Temperature )

9.30 10:00 10:30 1100 1130 NOOH 12:30 1:00 1:30 2o 3
o ALTUAL TIME ) - *
i e
- Any cime an eleccrical Jdevice is used outeide A BRoch hasaid ehay st
Be sure proper gﬁ’uuﬂdlrzg ingtructions are followed unt avoid set.lng wp
the experiment in damp areas. !
- If'glass ie used for ylazing u safety hasard McdYy saidt.
Modifications
= The collector can be wade with traveio.. . .. . coblag wader L oopy :

=]
£
r
[~
T
E

o

e
aluminum plate serving as the absorber, ..r any ther variaci.
the same priﬂcipla

- Various mat:erials can be used for glazing and luauialloa. Ao ..
they must have the basic characteristics tor the function they sa.ve.

to conduct the experiment on partly cloudy days as

45

ERIC

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

5 Minute

intervals

Actual

time

. Duteide
air temp.
°c

Collector
Eirazémgg
c

Collector
H,O temp.
25

700 m{g HZD

Calories
added
outaide
HZD

Calories
added
collector

.0
Hz,

—
|

oo
YRS

W ZH WD

46

20 9:45 9 44 23
25 9:50 9 45 23
30 9:55 9 47 23
35 10:00 9 46 23
40 10:05 9 46 23
45 10:10 9 47 23
50 10:15 9 48 23
55 10:20 9 49 23
60 10:25 9 50 24
65 10:30 10 50 25
70 10:35 10 50 23
13 10:40 10 50 24
80 10:45 10 Y49 24
85 10:50 10 48 25
90 10:55 10 48 25
95 1100 Lo 49 25
100 11:05 10 49 25
105 11:10 52 25
110 10 51 25
115 10 52 25
120 10 52 25 \
125 11 53 26
130 11 51 26
135 11 51 25
140 11:45 11 5l 26
145 11:50 11 52 25
150 11.55 11 53 26
155 12:00 12 55 26
160 12:05 12 56 26
165 12:10 12 55 26




20-10

170, 12:05 12 54 26 38
175 12:20 12 53 23 38
180, 12:25 12 54 27 39
1857  12:30 13 55 27 8
190 12:35 13 55 27 38
195 12:40 13 54 26 | 38
200 12:45 13 54 26 38
265 12:50 13 53 27 36
210 12:55 13 53 27 36
— = = l —— — = —— — — ——=
215 1500 13 53 26 36
220 1:05 13 53 28 36
225 ,1:10 13 52 27 39
230 1:15 13 52 27 39
235 1:20 - 13 52 28 40
240 1:25 13 52 27 39
— _ _ ‘-, e _ [— —

Ca 1
+21:35
1

1:30

1:40

14

14

14

145
:+50
155

Ml

14
14
14

QU
:05
:10

Pt ool

:20.
125

B3 B

2:30
2:35
2:40

Z:45
2:50
3:00
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 THE EARTH'S ENERGY BUDGET

yau w111 set up e
inid-latitudes over .a period of time, From this madel a

may be inferred concerning insolation patterns and tEmpEEstu;a

[
-
-

Q

Aruitoxt provided by Eic:
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OBJECTIVES
At the completion of this activity, you should be able to:

o  describe similarities and differences between the earth
and the model.

n]
n‘
\D\
=}
o
rt
H
c
'l
L
m
Ww
[ad
%;
=
]
E‘
£
B
o
m
~
s
w

insolation per
month. :

o construct a graph showing the maximum temperature per
month. ' , ) )

o show the relationship between the two graphs.

[w]

identify patterns of annual maximum and minimum temperatures.

0  relate maximun and minimum temperatures to maximum and
minimum duration of insolation.

SKILLS AND KNOWLEDGE YOU NEED
- Be ableAté read a metric ruler Q; meter stick.
- Be able to measufe.;alumeg in moles.

- Be able to time.

MATERIALS
- Plastic columm kits
- Riﬁé stand and clamp (.,
- Catech basins.
- 12-1000 ml. beakers i a.a
- Crayon.
- Funnel.
- Time plece wiih second sweey
- Rubber hose.
- Adjustable clanp
Graduated cylinde.

- Water.
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e
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e
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[ ———FLASTIC COLUMN e
PMARKED TH ML) - i

[———CRAYOM RIHG

13 tm, H

L

= b - CAF WITH
SMALL HOLE ,.f

ADJUSTAME CLAMP

- METHOD

1. Read through entire dire!
activity.

ons first befoure yuu stazl (.

i

2. Set up the plastic column, ring stand, catch bLuchel oo sliows
in the diagram above,

3. Measure up 15cm from the bottom of the column and wa.k o
ev

T
ring around the tube at this 1

el with a crayon.

4. Adjust the clamp on the rubber:hose so that the Tate of Ll..,
is about 600ml/min. or so the level of the water falls rrom
.the tdp of the column to the ring in 50 to 60 seconds.

L%, ]
€
B

he ‘hose and fill the plastle . vlimw: o (1o 1ouea

b

h ;

g. As you release the hose, add th. w.ter from . ea.
g

o
re o
1] U
A1
H o

-

i 50
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Aruitoxt provided by Eic:
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BEAKER
ONTH .
JANUARY 22
FEBRUARY 23 -
MARCH 23 R
APRIL 23

May 23 # 5

“JUNE 23 278 .
Jury 23 Y

AUGUST 22 T8

SEPTEMBER 22 9

OCTOBER 22 10

NOVEMBER 22 11 §
DECEMBER 22 12 R

. AL

NOTE: THE ABOVE VALLES FOR THE
WERE OBTAINED BY MULTIPLYING BY
NUMBER OF HOURS OF DAYLAGHT AT
THE GIVEN DATES. :

(APPROX, HRS.)

13

AMOUNT OF

475
525
600
650
725
750
725
650
600
525
475
425

9 /2.
10172
7y

14 172

15

n1/2.

13 |

10, 172, ‘

9 1/2
8 1/2 ar

"SLQME OF WATER
50 THE APPROXIMATE
420N LATITUDE FOR

Using the crayon, quickly mark
water reaches in che plascie ¢
number .

At the end of one minute, add
marking off maximum water leve
Proceed as above for all beake
minute.

(ih ml) the voluwes of
column tor each beaner

- 10, Measure

plastic

month and the volume of water

LOOKING BACK

In this wodel Lhe awowt ob W
the amount of insoclation present for the
water in the column is representativ. of
month, From this activity you should be
the amount of insclation and the maximum'

N

B N

off the maximum level the
olumn and indicate the Leake.

=

the Qaﬁ;ér from beakes -ﬂ._gé,ﬂlu
1 and beaker number.

rs, adding a uew beaher wveiy
5

/
the marimuw waler Joucr. 3L

and record .n data table

in the beake. vs.

On the same graph, graph the maximum watesr level va (He
the wont

alsr 11, canl, bkea.besr - -y -
montt.. The .aximum height

the ma..mum tempera.ure fo. t.
able to see a relationship Lelus
temperacrure for a particul.r area




 DATA TABLE

MONTH

REPRESENTED -

. VOLUME OF .- .
WATER 1? THE BEAKER

HAXIMUM LEVEL DF
WATE? IN 'COLUMN °
M

I
-
1+

"

ilpif;
2
3
4
5

= e O 00 N ON
—

JANUARY
FEBRUARY
MARCH
APRIL
MAY )
JUNE - }
JULY

o AGUST
"iwgSEPTEMBER
'ZECTDBER
NOVEMBER .

DECEMBER

7

-
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%A o)
e L b
R i
e .
-
L
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e
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I
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QUESTIDNS i . - ’
1. tion of insolation
2. At What time Qf cha year is the duratlon of 1ﬁsclatlcﬁ at
© a mdximum; 'at a mlnlmum?
3. How does the time Df maximum surface temperature compare
with the time of’ maxlmum duration of lnsolatlon for the wmodel?
4, How is the dgratlan of insolation related o the various
seasons?
5. - What does the one mlnute waltlng,perlod represent for your
' ‘model? ‘ .
T 6. For yguf model, “what does ‘the water flowing out of the bot tom
- of thé -tube represent? ‘
7. 'Des:rlbe the ways in which the model is &nalagaua Lo the

earth and the ways in which it is not.

;

G@me FURTHER ...

1”_;32 ?V;FWHEW wauld the dula&i@ﬂ af. iﬁaalaLLuu during the ytar Le
affected by ‘an increase in latltude?

- The teacher may wish LhE StudEth LS« this sa;uzl Lot

e by 3
savaral years.

®

Q . . . . . et ’ : i R )

Aruitoxt provided by Eic:
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[ ¥
EARTH’S ENERGY BUDGET

' ggestéd Grade 7Lg%éifaéd4pisgipline :

" Earth Scierce !
Physics .

5 Bagggfaqu Infafmaﬁinn}

4

: ed from the sun at a given place
in % glven time. - This energy is transferred into heat en 1iergy which we see as
témperature changes as the amount of Insolation changes. Where you live and the time
of year it is, will determine the temperatures for the northern middle latitudes.
Insolation is at itg maximum in June and minimum in December. The maximum temperatures
however, are reached sometime after the maximum insolation. The minimum temperatures
are reached sometime after minirum insolation. C

Insolation is thg amount of energy receiv
to
an

H;ggsVggiéj,éér;nghﬁg;égia;g* E :
. B N T -
- 'Ha; rials ‘ghou 1 be gvgilgb;a in most eaxth science clasacvoms . -
* - - Suggested Time Allotment > !
L '_“Q'; < Ome period to do agEiV;Ey.,Jd fecord data, \

- . OUne period to make graphs and discusgs resui..

; et a

Suggested Appiouch

.f'!‘ o =  Have basi. O T N S SN L ek
¥ : i N
% bDivide studentsd 1uL small sivaps Oug Lo mark, . TR
EEE‘L }
o
= F Explain to studeunts that the AMOUNL wl waiel Lo sach beabe. o . o .. 4
used to represent Lhe am.unt of ins.la.ion f.r .hat wonth.
2 -
¢ E pl L te studencs thdt the maslmus hefpht of wate: 1o o1, Lo e
- epresentacive of - Ehe maximum temperature for (hat m.nti, .
Typical Resulgs
- SEUﬂElALﬁ sh.uld e.h.lly
a minimun in December.
L4 .Students should easlly so. 1o0 .. ,A.,Ll\[n L
time after maximum ins.lat.on a d that m;ngm% tea, e atlu £ ot .l
somiecime after minimum insalacion
AP .
. B
' 'S
¥ Z) 1
“ 8
éist§ '.—'? "
- "'g i o Wt
Q = . W " i o . T e

E MC ‘i_‘ . @ .
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: Eé“a;a';s to éhéek 'éZZ squiiﬁméni: to make oure it is _ proy
B‘g surs te: chsek the rcztg ;:_f‘ flgm . NN )

’ Hnd:lf:lcatimlgf ‘ S o
’ — . : * o R B

T e may be diffi:ult to- sd_jugt the :Face of flow Fo 600ml/min. Another ™ e
T mathod is ‘tb time.the water, level from full, to the ring (15cm.above the -1 *' 41
: “ “‘bottom.) When, the flowis adjusted correctly,. the lavel t:akes ,about - o ]

SD—EG 5egnnda, to’ Eall f:c:m the top to- the r‘.[ng.

e The Eeacher ma[;?r wiﬁl‘g to experiment and dévelap his own tima t.able am{
”-_Arai;e t:f flow R A

: A .
s s :
e, 3 =

. students' datal sheets, BT © e T

students'. answers to 'questions. \ R : .

'k students' graphs., ., . L. E e

. _ 3 i e §,.

L e = Iﬂugsﬂgatzng the Earth, (Earth Scieﬁce Curriculum Pta_jegﬁ Haughtcm
S v Mifflin, Bmstan);,algss gPE. 158*1613 .

Teod *
H ) - iy R N i
e Y K N
. s
3 .
. . &
# - f
= . - . ! L = : e Y
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L
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¥
= R 3 5, T # L
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/ e'#:_ - 2 A 5 .
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“INTRODUCTION. * |

‘Large gmounts. of & iéht*gaséetﬁraugh ﬁhe'aEEQSPEEfe and hit .. - -
This light is absorbed by the earth's , . ‘¥ . .

the earth's gurféice every day. t.is
~--+surface -and- urned “into héat waves whHichi#ve "longer wavelengths.' ' These
heat waves are called infrared rays. ‘Iheglﬂnger_wavelength-infrgged rays
- cannot . easily pass back shrough the 'atmosphere into space' bécausércertain. ¥
substances like carbon dioxide and water imn the atmosphere absorb them. - o
‘When"this heat energy is prevented .[from escaping back into gfiace, the. * -

.. "greenhause effeét" occurs.
e e b s v e, ;,ji.,..;.. »4«;- S e b e . )

R In this*activity you will be investi
s effeet”, - L —

R e e smemes emhe s feme e cm © a e emmia b wmaaeesaitoanie e . g ome e s Paes o o e
# i

N B
. —

. i e !
gating the "greenhouse

f . Y

i

l .o ' , . y R 56 . Y . e
LS : .
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QBJECTIVES B A VP IRITE A DERS 5
At the campletign of this agtivity yau shculd be able ta

&fa-,f{canattuct -a. Eimple apparatug to shaw the greenhause effect. J

SR - 15'makehsame comparisnns between yaur apparatus and the
' - earth. . ) L

G .

':'fo fggllgft ‘data frﬁm the:mameter readings aﬂd fecard them in :
- : table, ) :

Jii o . represent yhux results in the fgrm Qf a 1ing graph

SKILLS AND KNQWLEDGE vuu NEEB R CRE

v Haw tﬂ raad a thefmsmeter ' ' o

“ - 1'f P How to- g:aph data using im@lé liﬁe gfgph_ |

5 - ';;,1-‘Knaw what 1is meant by waveiéngghslés uéeﬁ.in ﬁhéiINTRDEUC%IDN.

B ‘( - . : . : . ' A

!HTTERLALS\ , : . ' ‘
---1-standard labufatury thérmﬂmetéf (-10% (tﬂlionc)*

1
\l\ i

* .1 clear plastic shoe box with cover. | f
- ‘;,Qﬁtdga;:feflectcr;flﬂ@d'lamp, and mounting stand.
_,_, . Sa!il\_aan:d w&téf‘. ‘» -—.‘:J, e i, S N .- s . e PP

Jw$gén;!flﬂfCaﬁﬂbaardiaupp%iggén_whigh%ﬁgw1eah the thermometet..

4 R

o
N3

L

B




7

- 22-3

'iéﬁﬁgElaéé about Zémlaf sail in the bettum nf thé clear plastic bax
' :Thoréughly-mcistén the snil with water ;

- 2., Cut out a piace of eardbnard 80 that when inserted in the box, ;;fA
s © it will divide ‘the box in half ‘The cardbaard shﬂuld not quite
- reach the top of the box. - v (

o .17 le— CLEAR PLASTIC BOX.,
S CRRREE TR . ) : :
|
1

%“:CARDBGARD suppanf -

__Q:U Lgag ghe thefmameter against ‘the cardbgard suppgrt with the ”N;“m"w*;;

’nd up. N ~ -

a 4. " Put the box and lamp in a part of the room where the effects
~" - .of direct sunlight, héating and cgcliﬁg systems and drafts
will be reduced. .

¢ 7« © 5, Put the 1amp dlfectly Dver the thermometer bulb at a distance
P ~ of about 25cm. Put the 1lid on the box. - _ .»
o . SIDEVIEW - -
: : T A S

o - BULB. OF THERMOMETER -
- CLEAR PLASTIC BOX ™ e _—

u
TR

o o THERMOMETER
CARDBOARD SUPPORT S

_ " - MOISTENED DIRT
6. Record the thermgmeter reading far 0 minutes on the data table
-for. the envered bax R e ‘ S , .

;‘;;,

7:%““Turﬂ nn the light

‘8. " Record in your data” table the temperature évery mlnute for a
tﬁtal of 15 minutes & ‘
- : . : e

e
A . i
k] . B ) !’f :

S|
o




9, At the end of 15 minutes ufn off t;he 1ight,. Yemove’ the lid end
I ellmi the thermemeter t;e T I:urn to raem temperature. -

{f '!Repeat the preeedu::e with “:'l;he meejzered bex end reeerd ell yem;
emperatures’ in the dete table R , . :

";?'T”V d “and’ uncowv 5ed bex on- T
v greph Uee different eelcrs to represent eeth one. cgmpare Ta

LGQKINGBACK

: “It is peeeible to’ trap inceming ght end ehange it ‘to heet.
: The trepping of this heat energy under a cove in .18 referred to as the::
"greenhouse effect". On earth the greenhotise .ef %,et is ereated.between
: the' atmosphere. w’hieh may act as @ blanket-to:keép-the heat in,.and the -

.éarth's surface. Consider in this activity: that the bex with no. lid on

"« =
3

EUEgﬂﬂNS .*_]-'m~f,fe"l'- 3=;i L - R
» 1.0 In whieh bex did the tempereture riee the meet? T

2. Explein hew thie eetivity ehewa the greenheuee effeet. -

"ff'3§;' Hew deee thie eetivity relete te the gfeeﬁheuee effect on
v the - plenet earth itself. a) What part of the box represents ~
4 . -the earth's surface? b) Whet part of the box - represeﬁts ‘the |

-fneefth 8 atmeephere?

GDING FURTHER o o
= Haw eeuld eir pellutentg dieturb ‘the greenheuee effeet?
= Deeeribe ,'.experiment thet yeu eeuld de to see how different

Geuld the greenheuse effeet evef be hefmfulT

RN : VUse a book 6n solar eqergy to find out the parts of a solar
A . panel. How is the greenhouse effect related to the panel's
L -eenstruetien? ' o . :
: - ©  In wilt ways ;e thisﬁaetlvity different from the gfeenheﬁse
i . effect on the edrth? . S
. & :’s” _:._v

|
[

*—'“’*it represeﬁte ‘the"eafth witlrne etmeephefe'* T ey
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* UNCOVERED ‘TEMPERATURE °C -
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E | N _ :
" .. Teacher Information' Sheet - -
. . ‘;:‘ - ’ L S ) : 7‘7; -‘-‘=b
T THE GREEN
‘1 §Egg_3 ed G:ade Level and Biscigline= : )
.jHidﬂl Sghanl Sciance - . 2 :
Earth Science ’ ;
' =Grad 9'3 General Science -
Lﬂ'nd'lnfnfmatién . "
. g The Eﬂfth ‘réceives ene y:) avel - ‘the ‘sun. These waves. =,
" make up part of the electromagneti 2 §'' PEEEtum inclg es v"ible light which
ranges from red 1ighz with long wajq ngt’ fght wiEE shartE' lengths.

Ultraviolet fays are invisible j '&yi‘

g
_ubsgances Re)i ﬂhgi'§
diate thisf

msy be gbsorbed Ey¥
These ﬂbjects ‘then

,,eﬁland surface.

v+ .0n' &’ plobal aver

K ect causes Egﬁpé
"fram =19 C‘aﬁ Ehe‘tgp aE th

'fthe surface of ﬁy

s out

apen&i in winéér 1eﬁ sﬁnligﬁt

flcggl gfgenhnuses retain heat,
callec:érs heat ﬁﬁm&ﬁtii ke :

;ld aisa Hnrk well

-glass r_'qver E‘

1 effect can be extended to- everyday i
: hen the sun shines through the winﬂaws,

W and theBe
: _ ] ie a ive ynu ‘a suntsn, Having
lﬂnger wavelengchs Ehan hE vig' red: ht 1 ed /5. hgs%wagemchevrayg_wwﬂ -

[

. - " AdC oukd: ur-refleétar ‘Lam ‘ut in a socket and then attached to a ging gﬁag A ,
o '-f*”Shﬂul  work well. A lsmp—that ‘throws a lot Gf heat is necessary, for good - S
2 ' fESulEE ,n ! ‘ %* . " i
' e ‘ i
c o : Y
i N : . e %
. £
it = Fey *: . : . e f:u‘.‘\ e
. IR .%
\‘l . - : ] E‘ V .;.-'- RN F'. : ‘. o 1 ’ \ v\'\

ERIC : SR
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Aruitoxt provided by Eic:

'Qﬁe glaés pEEiad to’
: ape:trum, and sgt ¢

the experimen&;

i*lain the Experiment

Aigﬁe elass periad to dis:usa the resultsiL ';

spdnsibilities 1in the’ sctivityi
: spegttum, and sllaw students ;ﬂ set up thEif equipment

discugs the

:”Gne to twu clssg periads ta camplete the activi;y. Lo

TIHE (HIHUTES)

Ll

:&;w . .

AN

62

: .‘,Lv

etrumagﬁetic

Disﬁuss ﬁhe e;Ettrnmagnét;g :



u dn not havg encugh Eime have some gr_ pE- of st,dents do the
ment without the 1id and some do it witl Ehe EQVEf. Then compare the
suchi‘as white cloth or

try other kinds of covering

- Students.may w -t
o oy

sun as the heat source.

.to. detefmine how.well they can
) represent it on a graph.
) - Check the answers to the questions.
‘References
! Solar Energy, William W. Eaton, (Washington: Department of Energy), 1976
pp. 48/ .
o i o o Evem-
‘ 63
o ) oo
I

LRIC



Where is the sun found L}
Does the position R

Th;s activity w1ll glvexyou a chance to measure the sun's
pg51t1an and obtain data which is yseful in solar energy design. If we
are going to use solar eﬁérgy to -heat our homes, then'we need to kncw
o samething abaut thé sun's" position thro bughout” the whole year. T

e e L OU-WL L L construct a- -very- simple-device- ‘that: will ‘help.you -
measure the angle that the sun's rays make with the ground. You will
compare your data with data other members of the class have collected at
different times during the year. You will also.compare your data with
publlshéd solar position data. :

Aruitoxt provided by Eic:



i?émeasufe the angle thgt Ehg'ggn glfayg ;akg
~ground at’any- tihe of dayl .

- 0. ~ -use published’ salar pasitlaﬁ tables £ fiﬁdj, '
. altitude aid_as;muth at ariy g;vangtimé*andil;:

a bgard &Elng a bubble level. " s

B ‘f g - 1] B -
e fead aﬁd use’ a. magnétl co mpass. . . .
r N % s i . . . . L . ! - . P
R : gtaph daﬁa.- SR : A L

N N

'
Ll

Lot
"
-

MATERIALS o I LA .
A small peg baard. ' o

- 3/8 inch wagd dcwels! - » : - - o
,,,,, : AR '?1‘@,4 s i . . . AR T e i A

JA magﬁétl; éampass ‘ 7
“A bubble level. |

:;é A tlock ér‘watch o C _ Y

2 Paper, peﬁcil stra ﬁ edge, and a protractor.

2 ,-, A ot ) ’ - B}

LA

ERIC
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o

. Place a.piece of paper on.the board by pushing it™
~ the. dowel: oW o T _

¥ . -
a4 - i ,

[

Locate e mid-point of one long edge of the pogboard and place the |

dowel ik the hole 6 rows in from the mid-point. ,
‘édwn over

£ —
Eg ey

- Remove the paper from the board. Draw two 'lines on the paper, '

‘each passing through the center of the hole. One line should
~;~bewparallel?tc'the.léng”sideréf'tﬁé'paﬁéf}'the”btﬁéf‘éhﬁuid U

- be parallel to pé '

Dar 7 the short side of the paper. .In other wogpds,
these two lines -are perpéndicular (at.'right .angles ox 90) -

ito edch other. " Mark the ends N-S, E-W (as shown.in the sketch)

ta‘shgw the ‘compass directions to use im lining the board.

~--5et-the board in-a horizontal-position where it will receive

the:direct rays of the sun most of the 'day. Align the board

_with the compass; as shown in Figure 1.. Use. the.bubble. level .

to check that the board is level. Level it if needed. (Note:
Your instructor may sugggst(align;ngﬁthe board in a different

way).



‘ﬁ'~'un the pgper shuwingAthE pasitianfh
-0 mark thepend of the shadaw

b stuEEﬁts in’ all classes will’ hava to mEkE‘:LX’.
g dgta.;‘Recurd the time ahd aate fgr ‘each’

B T S ’_', i ‘i‘
© i w% [ . S : A o
n Qf the Ehadaw yau will want tﬂ measuﬂe twa ',gﬁ

\lhe first is" the ‘an 1e between the shadaw(s) QD thé;paper e
. and!the slanting side (H) ofithe triangle as shawa in. the -
t;SkEtch belcw.' This angle is called -the altltude cf the i

7Qh 4a separate sheeﬁ uf paper draw a rlght angle trlangle
such.that the vertical side is equal to the dowel Height
' and’ the horizontal side is equal to the. EhadQW'lEhgth’ v
~Draw”line - (H) and medsure angle 1. .Record: date, time,

: ftitude cf the sun-in dégreés on the d;agram

- . &
e seéund angl“’télls us- ‘how much -east or:w st -of the-

_i:lisnllne the aun lSLg Th s’anglé is called,t,e E%lmuth i




“lwc.n\“: _. '_:

g F‘» e l\*
S . .Sun's ATtitude . .| - Su o
_in degrees - -’ |
) : N N R g -
\ oo -’: . ;| i 2 EN s ’»._‘ P" .
STy s ey
. o - - = . »,,ﬁ-'; s - : .
9. Since the Sﬂlar energy désigner needs this: klnd ag.lnfarmatlan
+ ' for the.whole year, tables haye ‘been, Earefully Ppreparec e
o scientists. Cnmpafe your ‘data with: ‘that in published tables _
'available. from the weatlier bureau. Why are the tables arranged .
‘ by latxtude? What .is ;the. approximate lat;tude where ygu 11ve?

'.3

“
i
-
s
4
= 1]
¥ i
a
2 o s
e g £ .
i ¥ i
Py ;
3
B
¢ 5
.
-

3*(inngther worda

plﬁ the sketch DnD
_\appregidately 30 W..

: %‘

REARS
. CE.
s - -
A ..
: Y
L]
N T

Prepare a data table far the sun" ﬁ pasitlan
fqllgwing 1ﬁfarmati ng:" .

st of.

‘many,

degrees east.
he aglmuth might.b

=

. &

£

P

3

‘TabTes ¢an' be'

- Im: lude t:héif‘

Heasuré anglg 2 and recara ic directly on the appsratusg

1f the actual: Bpsiﬁicn of the sun.is .west" ‘of “the N

_ the shaddw- falls to the eg

'_1ine) then ‘the: agimuth .angle 'is; recorded. a8 §0. legre

' If.the sun is east of the -N=8. line iheﬁ the Ezlmuﬁh
ded ‘as a certain number ﬁf

Examplé
the previmus page .

: The p§51tlon of" the sun in the sky is 1mpartant in salar energy
ﬂ‘d251gn “-This ~can; ba: ‘determined with simple’ ‘equipments
prapafed Sﬁ that the pasltign can- be predlﬁfgé for any time or place i
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L1
5 N B ’
QUESTIONS ) " ”’
= * © . B
- i ? _ N : 5
1. Aﬁi what time of day is the sun’'s shadow shoviest? What dgus
this mean? ., # . W :
‘o \ ) -g:‘é"
2. Are the sun's shadows longer in summer or winter? yd -
. . | -
3. It usually seems B1der early #m the morning than al noon,
' it is colder in winter than in summer. How are tiggse factg
related to what you ha je just learned? o
. % "
_ N f * '
GOING FURTHER - .
H
- Lf you wanted vv coelieol the vt wneesd LLOW chie . Lo

iakaa
would you position a solar coullector? Would its pod *&"tlun L.

the same in winter a. summer? & :
Since most sular o lleCluis see Liancd (L T T .,Ji whad L
position would yuu suggest they be se. at? . hould Eﬁk; fac.
N, S, E or W—Whay anglé with the ground .. you think would
be best? (Hint. Whan are you likely tosnesd the most heat?

£ : s s

How could yuu us. the jousiilon ol the swe fu Jdosladng tho

windews in your h.me so you ge. tie msst rencfit of the su

t doeo Lhe deodpgs L oL L L I T T by o
rpy re.eiv. d by tie indo s #n ou. home? d

in laudscapliug, yous Liwe | Lo ..!Aa;,; CTeé. Lo .dsed o oa
to help keep youy house 2.,0le. in s.mmeir Lul warm.: .o wioles
What kind of tre£s would you use in what pus.tion?
Ualué data un solas pouslilon, mahe . odw io ol l.lu% [T
of a house with windows showlug ho. (he sun s rayg- ould en.
at different times of thLe year  Sh.w how ‘ciauges windows
roof overhang, ete would affecc they amouut of di.ég. sun
light energy received. . .
Lo

You might want Lo —aps. ;.,ga.;;?\.gL caeadb Lo e Tof
to show the efrec. of windaw size positvion and lucaii n aw
well as roof overhang on the am;:-u.;(iuf ener, , re.eived i hi
the interior (1nside§ &i the house ®

s

U ..

¥
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THE suw's posTTION IN THE SKY .-

a

Suggested GfadEnLEvel and

_73? Science ] _ -
" Earth Scilence <8 ! T y
_ & ” :
A 1% 3 . ® si
Background Informhtion )
L ‘ :") i .
% - . Perhaps the most fundamedtal information needed by ilie aulas wuwigy

® éxpériménﬁer is solar position and Intensity data. The appanut,guéitiau of the a...
changes throughout,the day asya result af the earth' 8 rotatiom about its axls. Tlhe ...
appe,ars to risaaeach day 111 ‘a generally Easterﬁ direttinn and sets in a ptherally weate..

U geari the exact
pa ;h that the sun. app&arsvtﬂ Eaké‘:haﬂges. Thia is a rean;t of Eha tauz that the carth'.
r@EaEiﬂnal ax¥s ‘titled 23%° with respect to a line drawn perpendicular to the plane of

the earth'’ gy0rb about the %un. Only twice a year®then, around March 21 (che® vernal

&
equinox) and Sé’tamber 23 (the autumnal equinox), does the sun appear to tiseé directly
at the eaat point andl set directlgmat the west point. The sun reaches the lowest puind

&
{(at noon) 1a the- southern sky DEI:EEEE; 22 (winter sols.®ce) anu‘the hi}FhEEL pulut June .i

x (aunmer agla;f;e) &
® 1 a3
E” E as E .
' . % # -
A
B " (;3 Am
j.ai _ ’ \Q‘!
: ) " :
»
&
S, La ok n AR PIHE. o g BG g,
~ fiy-1
Loudisss  Yne, whdah ii quit, a.miiar to the Eﬂhdtuf.gi\ 8Y .. 4y R ST . .
cm efirth, makgs use of the gelggzislﬂaphE;E' with atar pﬂsitin, g.méﬁred WLt
"right ascension" aud~declination. "‘Generally, howeyer’, the wore E Gror atd boot.
system; similag to that used by névisaturé $% surveyors, is used ;Fuxking o tn .t

solar energy field  The posieion of the®sun ;%ﬁa;x ibed 4 ter o uf ts & Ittrude Cougi-
and 1Es azimuth (angle). ~ - *

The altltudes L (b2 cub 1o l._\; cadifed L ¥ ;__.51\ [ b g he L. :;7 Lo
vbae.rver'a “1ine of slght to fhe sun ania the ‘hordlz.n .the horsz Lta. plage ot the oba o
The azimuth measuremetit .Beu by gol.r esergy worker. isa 51igh§l§ %liferém tuan  hat’. 0
by aurveyors. Thé azimuth Is the angle measured Het.een the N-8 line aud the po. Jaciion '
of Ehe lin& of Eight ontoe che hnr;znntal plans The aﬁgle i JEAE@ beiweea Lhe 5

or

gight 1o ghe sufl
The azimuth will r.h;étefgfe tiE a measurement iu dgg;ggg k (Au the movatug) L uf deg. agB

W (in the afternoon). (In the surveyor's sayslem, all neasulewenl. of agdn.th gr e -
~made by measuring the angle clockw L5e frum the {i horizen peint anl cun have he valy.s
from 0° to 3600), 5 ' -
#
& -
4
. Y
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In this discussion, the directfons referred to are Lhe geographical rathel
than the magngﬁic compass directions. Since, the north magnetic pole does not CuETespoun.
with the trué or geographical .pole, correctipns to compass r eadings must be made to
torrect for the magnetic declination at any.given locality., The magnetic declination is
the angle between the ‘direction the compass needle points and true north; values for
‘magnetic ¢Eclinatian can be found on lncal topographical ma

maps or in tables in most

=

At 12 o'clock nuon, sun time, the sun would be located sumcwhdic ai.

imaginary line that passes through the N-5 points and your zenith. However, 1
gun time daes not carrespnﬁd to lE [+ Elagk Etandard time. For this reason, (he
(24311

o g_ uich
Eime) Carfggtlgp can be madg for local time as EQllGWg. k.

There are 24 time zones extending arcund cne easth. hoao.
extend over 3609, Eagh time zone covers app.oximat.ly 15
'raf longitude (360v = 24). This means that 19 of longiiude

- correspgnds; to a tlme difference of 4 minutes.

;o \ 3 ou
1Y - 1 nur. = 60 winutes Lhetefu.e, 1 = T4

. = mlouleS = 4 w2
- ey & 15 N

Lgﬂgll‘;udé is mﬂ*aauréd H;él.\#éfd frow Lhe pzim; werldian o ufas;lwiiih, L
Therefore, 1ang;tuﬁes of DD, 159, 30°, 45° 60 75 etc. correspiead to the cearer
ach time zgne.' The olnter of Ehé EasLarn Limg zone 1s tie meridian .ith a tongitude
nof 75 Add or sybtract 4 minutes to the time ror every «degree of lougitude that you
eagt or west of the center of your timé zune.
" K

QE

t

o Examplg" Yuu; clock Teads U L'Cl & cwable.s wtBa L - L. )
is 80 . This is 5 west ot Ehe 75th meriuian whe.e Lt 18 actually 10 o' . ock.  Subii ..
5 degtées % 4 minutes/degree = 20 minutes. I is 9.40 s, time at your l.ocali | Lhe

sun will not be angyaur meridan until 10:20 a.m. (clock time). Foi'ven, precice
‘measurements an additional correction can be applied to correéc. for the ract tha.
sun is sometimes ahead of c;atk time Ly a few minutes and other times behind c¢loc. ti

This correction, known as the "equation of time", can amount to a. much &s 16 .inute.
at cergain times,of year. Graphs or gurté;tiun tables can be fuund in mest college

astron Emg textbooks under "Equation of Time". This vartation 1ls caused by the ecce....
of hE earth's orbit and the ﬂhliquitg of thé eclipeic, the annual path o f cthe wune Lu L
asky. . L :

- - 4
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- In this activity, the board must be oriented in some ditettiﬁ1

In general,

the atudenﬁs gppear- to be able to handle magnetic north-to-true north corrections more

readily than those Anvolving solar time-clock time.

Perhaps the simplieat procedure is

to have students merely align the boards in a magnetic nbrth-scuth’ direction.

After all,

lot deseriptions and building orientations are likely to be done in terms of magneti.

scompass bearings; but be prepared to tackle the inevicable question,
position tables are given in teoime

shadow lie morth-south at 12 o'clock noon?" Most solar
of solar time and dngular measurements from true south;

published data unless these references are used.

_on Gétheriﬁg Materials

- All materlals neceasary are likaly .

e

"Why doesn't the

student data will not agree with

did, avanaa s

= Peg board stands dre cOMbou lu Mauy slas.iuuns wilh holcs
3/8" dowel (8ise oot eritical) Have extra d.wels on ha.d

- Solar insolacion data are availavle from your neare.t Unlled o4 .oo.
Weather Bureau Brfice.

Suppeatsd liwe Allutinout

Tw. days.

1o

a Liay ;
dat. 26 pe.. .,

b Day Two: £a.tuding

YlammiatoA 2hhiasath
Wark A
[N L s b [ . s
dat  wu & sem., munl. y bdasis . i
of tLe | r.ject
f pfratettenl oo ff .151 [ Lo f N 1
ti.las addicti wal da a Tida wu s Aol
vrile.tation wf . he Jdsca ahe ta vala ah. s
time aud Lroe 1w 8 TFlentacti.n
A
Y
L
Ang . .
degree: 1., and.ony,  pay 1k . :
the buva d initiali, a8 well o . 80 we sy

=

sltudect s will Lo aiaco 1 0 0 W oLa

¥

[y T
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i ' . 23-10
= - The aymmetry of morning and afternoon readings will become apparent. -
= S5tudent data will agree closely enough-with published data to make this
meaningful to the students.
%
-Precautions
- AT NO TIME SHOULD THE STUDENTS LOOK DIRECTLY AT THE SUN. This could cause
agerious injury to their eyes. .
. ..
- Some students may wish to examine sundial theory and constructlon as an
offahoot of this work. = ’

&

'tied ocut with students possessiug a khowleduo ui

trigonometry, then thé-solutions of angles using trigonomecric functious
instead of measurement by protractor would be appropriate. -

Evaluation
- Can ‘the studeul sst up the apperatus aud vhialu cocudm,ble 4., 3
= '1a this data organl.ed iu such a way that it vau be used b, L'{'IE PEaa
the classes?
4
= Cail Lhe Studeuts L%}sééxéibl amd wewn pabllabied o dae eoduao., s b
L
References
l";‘iﬂéigégg 2 Aadlien oy BT L, v, L e . u
TR
Sular Enelgy baler lincfts Lhwwae Huilua (Roda, o P wua 2 owan. o oa )
pp.129.
£
B
. 4
¥ PN
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DRAF T - ACTIV‘ITY 24

VAmnou OF THE SUN'S INTENSTY -

INTRODUCTION | s g
N ‘é‘ l N . , & o .

, The chief sauf%g of ekt “dn the eaict .. (hLe suh As fu. & §i

we know the syn emits enetgy at a néarly consta. ( ‘ate. Tpe quanti.y o .
energy that rikes the earth is known as the sulg: Eons carft The g

‘intensity o¢ffsolar radiation falling on any portion of the edith's wu.ta .

however, is¥npr: caﬁstane Iﬁ’this agt1v1§y you will be invesgigating the?

relatiansh;p ﬂf;@he sﬁn 8 ;ntens&t?‘ta‘gts pasléion in the sky ., R
&,

Q
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OBJECTIVES

At the completion of this activity you should be able to:
% use the model apparatus to determine light
inr;ensity at various positions

‘0 ﬂcmpafe thEchrkings of the apparatus to the
way thé radiation from the sun actually strikes

2 “the earth.

e S datermlné at what position the intensity is
IR < maximum .and at what position it is minimum.
“i

SK":LS AND KNDWLEDGE YOU NEED
-, = How to- cnllect récord -and gfaph data

l\

. e ;
5 .+ =+ How tq .compute mathematical values ysing a orurpglé
pfapaftlnni s
. ) . ?Pi}fr
. 'MATERIALS . ~ & ' ¥
e .- A glfg};iéf p;ece of }fi&gta 3/4 b ply.
* & , d E :

LR A 11$hc saufne (tlééhllﬁht et )

4
A pi@tfé;tgf b

A, u i I L
= . & - doA i
. L= A flVa:EDDt leﬁ vh vl /e pach . . wa
p"«_- . rELECEIlQ&l L ond Qit Aust DE s.épéﬂ jr[ 4 5.ohl i 1
‘ 7 - ‘l f _;“f-’
ﬂ'__'»}., I‘wcw 3- fL}uL pl i:&aiié oL L ¥=1 o4, w

F@ur wacd zélawa

%

* - Three l[

™
3

iﬂ&’l ,L'f_)\nui figa + . . st ltg ot

H
a1

.\.

Lo QT\E plﬂszﬁlﬁ:l QL:A\.L!]I’] E e ) dslifs

?

' . Dne éixsiﬁzh plece orfp . : .
N ' purehased at a plumbi?g supply h usey £
Ty : R

Y

)Graph paper Pt

E

¥

n

5 e

b = iecé gf‘aardbpa;ﬂ Epx pd e
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S,éElst:iricul Conduit

L
Protractor

%

Wing Nuts with I+"

N J Angle Iron Corner Braces
Stove Bolt . — g

Wood Screws

4"—%"Plywood (27" Diameter) ___~"

= ] . E i
' . “Graph Papar
METHOD 3
o

k. Obtain the apparatus from your teachei.

2, Using the graph paper supplied tov you by your Lea..
Qtrapg: the graph paper to fit the configuration of the
‘*ciréle as shown in the diagram above.

=

3. Set the eglevation of the glide bar at ¥0° aud set (L.
light source at position 1 marked on .he var. Be sur
to tighten the wing nuts and attach the colliwato. to
the light source.

’ . .l

4. With the bar at 90° and the light at pooiloa. | Lian
light on. Count and record the numb2r of sq.ac.s (t.

7/ the nearest whole square) the light covers at positioun |
Record in the data sheet.

5. Keeping the bar at 90° and the light aC pueltlen 1 (..
the light on. Count and record the number of squares
the light covers at the other positions marked on the bLa
Be.sure to orient the light so that it strikes the ceuter
of the cirele. - ’ ' : s

6. Cﬁaﬂgé the elevation of the bar to 42° and repeat Lue
procedures #4 and #5.

7. Change the elevation of the bar v 23% aud LBRESAL peous b
ft4 and 5. ' )
L

ERIC . 76

£
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8. Using the following relationship compute-the intensity of th
light for ‘each light setting marked on *the bar.

[

IUMBER OF SQUARE! { AT TH OS] T,
NUMBER OF S?UARES VERED AT THE OTHER POSITIONS

£ 9. Graph the fgllow1ng relationships:

a. Light p051tlon vs. number of Squa:es covered.
b. Light position vs. intensity.

LOOKING BACK: ‘ .,

The altitude and the seasonal pdth of the sun are two Lmport

factors that determine the amount of-insolation striking the ear.h at a
given point. Other factors such as number of cloudy days, duration of
insolatien, and atmospheric pollution also affect the total amount of
insolation received by the eafth at a given point. f;*
QUESTIONS
1. At what light setting was Lhe luleuslity the Lot i W
2. At Wha; light setting were the 5ngLa;L Ol < o E o gaafes
covered? Why!?
3. At what bar elevation weic thie giealowt subal 1 oy wl 5.,
. covered by the light? Why? ,
\fi‘ Usi ing your graplh, descildlbe (Lo relaclan hiip L Cweo.. L.
position or the light and inteasity.
e
5 Using your graphL, des.ribe the relatlouship Lobooo.. 4.

elevation of the bar and the light's intens.ty

6. What comparisuis cau you wake belweeinn this actl 10 a.d
real world?

A

GOING FURTHER

- Would chauging ttie Jdiade oo .t . ceghi e
intensity striking a given joi. t? Iry i.

=~ If the beam of light were closer .L, the boaid =~ .uiu (hat . M-
any effect on intensity? Try using collimato.. of d. ffer.unt

lengths.

(N

A ruiToxt provided by eric [N
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. 24~6
Teacher Information Sheet

f

VARIATION OF -THE SUN'S INTEN’SITY

t
:

ww

" 7=9 Science - . R
Earth Science . .
Solar Science

Background Infatﬁati n

- The ea fh is warmed by thg ingolation it receives. Even though Lhe auu
emits A constant amount of Eﬁergy (2 calories/centimeter square/minute or 42y BTU/s

) square fcnﬂlhuur), Ehe intensity of the solar radiation falling on any partinn of the

arth's au:face Ls not constant.

. There are two reasons why the ‘radigtion fallin ng on a herizonta 1 surtace

vsries with the ‘elevation of the sun. Firat, when the Bun is low on the horizon, its- ‘
radlation passes through a thicker layer of the atmosphere than when the sun is overhead.

‘Becondly, when the sun is low in the sky, its radiant energy is spread over a larger ares
of the earth's surface than when it is high, so that the radiation per unit area is less.

v * The average insclation per unit area ‘fa 1ling on the carcth's surfa
is greateat at the equator and smallest at the poles. This 1s due to the angle at which tue
sun strikes the earth. As a result of sthis distribution of insolation, the average annual
temperature of the earth's surface and the air nedr the ground decreases from tche C
to the poles.

ce each yea.

This ai:tivil;)’ ahould serve as Lho load acflvily to luveatlgatlonas el otldy

‘to solar energy. A basic understanding of the factocrs_that affect the intensicy of the

gun at a given polint on thE earth's surface makes it possible fuf us Lo collect gpd mak.
efficientc use of the sun's enérgy

Hints od Gathering Materiais 3

b, s
- Several weeks befure che Slosudiy 15 planicd, pusclase watévials o .dey .
seek help from the industrial arts teacher {o putting ihe appara. us
together.

Build seveirwl [TIPPRN TR

suggested Time Allotmens

= Two to fuu:r

7Y




.Suggested Approach

i Z%%‘,
= Have séver§1 models built in advance. See the diagram f&r model gpecifications.
-.. Divide the class intc several groups. Have each group experiment with )
different bar Elevatians to simulate int sit y at different latitudes. w o
',"f, ¥
) = The various career opportunities in the field of saiar energy could be
. explored by:
i 1. 'Researching, literature pertaining to solar energy.
- 2. Guest speakers brﬂught into the classroom.
7 3. Obtaining hand-out material from the Department of Euergy o:
your State Energy Office,
i
Typical Resudts
. = Once the data has been collected, recorded, and graphed, the toly utug
relationships should be in evidence: }
Y -
1 As the altitude of Lhe light luiicades Lhe afea civeted Ly the
light Jdecreases,
£, As the area covered incicases Lh; inteusity de.  casea
3. As latitude 1nctesgss intensity decreases.
Preva.. . iu
"t Coe gy et st of il beghe .
ligh: we. tke. the sum. sput on the bourd.
Modlia.
1 Chg b s Y JP e T Y T T i " i
atm spheri. ¢ ndicio.s .re not condu {ve' £t . lis o4 o d va thie ad
will serve i1he same pu;gg, "
B
lhe vlfculgry buard Laa ,‘ Moedel 0 2lay . Ll O T S ¥ VAN O TR ¥} .
s€4_ 008 - M
sitlece oo 0, AL . . S : %
= Check o stuient’'s respuus & Lo que (lons “
: /
- Deterwmiie the atility of 1 he siudeas to cin.. 1.
real world.
I ¢
. i
Fi
Uy
= 4
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. The fg‘z;cwthr of grEéniplgﬁ_ﬁé, Fhéiheaﬁﬁj’i‘;;g?ui chie é;mggugfg and,
indeed, life. 6n earth would not be, possible without energy'from the sun.

- Today we hear more and more about harnessing solar energy so it can he

used directly by man to produce electricity, to,run machines and to héac

" “and ‘cool’ oW D ‘lding‘sﬁlitis, becoming more and 'mdte important to under-

- stand golarfenergy.

4

3

o ’%! In thiy activity you will learn about some, of the charatteristicvs”
of ra&’t;ant;,éﬂer‘gy;\ S ¥ C S

13

Qac
m‘ "
?- "

U« WHAT IS'SOLAR ENERGY? < .



T 15"§hé types af radiant gnergy in.the eiectrgmagn :{
s SPEEEEUE ff@m shortest wavelengths ta the- 1Dﬁgést'

- 'explain haw radiant E”'rgy in the elgctremagne, ,sééctrﬁﬁ~ =~
“ffis used” By maﬂ or” ‘how. t'affeets mﬂﬁ.‘j'”“ SR

v 3 . ) f
-Alist the t?pés of solaf réﬁlant energy that reach the”
 surface of the ea:th Ve L . A,gk- e

'"Enﬂstfu:t a graph that shgws the dlstrlbut;gn Df 1ncaﬁ;ﬁg g,
5913: radlaﬁiaﬂq o v A . o ‘ . PO
L f)i .

T . 3

. — - . 3 . ] .
‘wHa »tQ use--8cience- Iéféféﬁﬂégbﬂﬂks -£0- locate -information on -/ i

W .80 ar energy L:ol:vic:-s.vg .

. (I -How tﬂ use a pris@ ggéatﬂoscgpe

_ , ,radiametér and laboratory .
;;fhgrmometErk' . T

‘ C s _ . ) Y Ve A . oo - L . s i:,

MATERIALS f | R

. - 9 . . fa
= R £ d
. - l~therﬁmmeter w1th the bulb pggnted black. 5
L= 1 pflsm, o '1@ : ‘ . " .
gl - 1 spectras ope.. # T e o - . 4
-, I light’socket wlth a 300 watt standard "incandescentbulb and |-
e cxoo--.a- 300-watt: 1nfraréd bulb T e PR
& . oY L
) .= 1A£lugregcent light séurce - L .?,"‘ . &
= - 1 Jar ‘of Water (each group mugt,have a Jar the same 51§E 9]
7 = . M . ¥ L * u .
- " N e ; ,"H iw . .
g : ﬂiﬁx ) ) ! 2
. " e I}’ )
° # ]
- - - ,‘.“ - §
e 83 SO \
. L * ot ) . . % = - L. . A ' : . 4
?" O TR ' e ie = g 5.,“,,- ceomr PR DI e L . ‘,‘F
Q B v S ' - o _ e :
EMC \ PR 3( o - e “ﬁ:ﬁ ' RN .o
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(U el o Dipeet sunlight thréugh a prism fonto a,éheetibfnﬁapéja
\%' C:§g° ‘..a labeled diagram tafdesaéibe what you obserye. - -
2. 'Use reference bocks to.read about%the visible spectrum. Next - -
-+ Lo.your first diagram make another labeled diagram'to show - " ‘o

Draw -

o

ll,%he_ﬁisiblﬁ‘é?egtiuﬁ shown in your reference book.

o ;- - . o % SR S

3. Point your gpéctroscope to the ' side.of the sun .and draw a = - L

~ " labeléd diagram of what yot observe . - NEVER LOOK DIRECTLY . - g
. - AT THE SUN EVEN.THROUGH -A SPECFROSCOPE. Point your spectroscope
=& 7 - toward ‘a fluorescent light and draw 'a labeled diagram of what -you -

e . observe. | C L T Lo ceet et

"'a.’ 'Place-.a black bulb thermometer on the.lab.counter and .

- hold a 30Q:watt incandescent lamp’ .5m direc®ly above .-

. theYplack bulb for 5 miﬁutgsi Record he temperature. .

[ =

. Allow the €

he thermometer t

~_then repeat the same procedure using a 300 watt infrared
1b.:- Record the temperature at the end of 5 minutes. :

5. ~Use re grépée}hgéks«tgzlécate-a graph showing the intensity: -
and type.of+*solar tradiation that reaches the earth gnd~ =~ = =
L récﬁfd.Ehé.inf@rmation*in‘ygur»nat%Pogkg,Flagglg copy of the #

i : 7"+ -graph in‘your notebook.

L

=

SE ,The story of selar energy begins when the nuclei of 4 hydrogen
‘atoms join. to form a helium atom’within the core of the sun. . Thé enormous
ypamount of energy. released by. the nucdear fusion reaction heats~elements
the :surface of-the sun: These elements give off the differeﬁt’%brms

- g

o#:.radiant energy_ found in the electromagnegic spectrum. .
e sgﬁe-@f;thé:ﬁarmfulrsa%gff:adiatién is absorbed by -the earths
atmosphere before reaching thé earth's: surface.. Ultraviolet, visible
,wlight and infrared radiation eventually reach the eartli's surface. u
R L . et . Lo, o . - ) . -
The next chapter ifi'the solar energy; story.concerns itself with.

““Tﬁﬁét“ﬁaﬁﬁéﬁg”tégﬁhé*sﬁl%f”energy'aﬁzé it~ reaches the earth.

R -._‘-é 4% . - =%

a . - a

1. " What. evidence.-have you Seen that suggests sunlight contains

ff’"f*”é;:“f’ﬂifféf%ﬁt”ﬁ?ﬁéé“éfffé@iéﬁt-Eﬁérgy?'

-

-

"”2;*5433é§fibé’wayé?in”iggihisgur“Eﬁé"ﬂiagraES"aEE”alikeg’:Shéulﬂf e
‘ they be about ‘theSlame?¥ Lt - e ;

3 ' Caméére the ,\éblar pattemn of \suﬂlightfang- the jfluoréseenﬁ
~ 1light. How are they different? Do all light sources give
off the same type of radiant energy? ’

eturn to room temperature and. : .. .. . .



: >

.=;Refér to yaur graph - The d;stributlnn of the sﬁh s ene:gy

.. reaching the éarth lS abaut 51 in the il _ regian

. 40% 4n the . .. ' .
~ regian. - o

7 : . . - W
. Réad furt, r to- find aut haw the-sun praduges its energy

Rése:f’ ;.b31ng canHucted to use. here on eafth the.’same energy-,
produging process, fusion, that takes place on the ‘sun. . What
_are thel test develgpments in fus;cn research? -

P
"

]

§ , . &

DR
;o
.
"



. 7*9 Science R o RS
- .. Earth Science Ve SRR
- Ph}’sical Science S .

. : " . : e s A

g round ihfarmatianf

- Some’ background infnrmatiﬁn abaut hc:w r,adi,

: sun is apprnpﬂg:e..-_‘.: B . - e N
oE The - Euﬁ is msde “dp af avery 1arge amount c:f diffez:ent gas ‘
‘up- 25 percent of, the sun's mass; hydrogen gas makes wup. 74. percent; one 3‘.\&1?2211; is ﬂade
-up of small amounts of all the other known chemical elements. *“fhe weight of all the
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