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4 m . T - INTRODUCT ION
o ‘. : ] : ; . o ‘ . . -
. “»"‘ . ’ . ] . B
7 — o ,,;;, o { o . - Col : .
3 _Presgrving Food bySNallving is”a design for teaching science
principles and mathematics cqncepts through _a sequence of
;i*\éactffiﬂi'§$ggncentrating on weather; solar feod dryers
and nutrition. . 5 : P ] : .

’ ,

S~ 4 -
. .

, Part. I concentrates on -the.effect of the sun's energy on air
* ' and wateg: students learn about evaporation, condensation;

radiation; conduction and convection.

. Applying these concepfs to food drying, in Part II, students

. experiment_  to build the most affective solar food dryer féﬂ'
) " their locality. Emphasis -is placed on using’locally availa-!’
ble materials and making fhe hardware needed. . ° ’ SN

‘fn Part III, students use the food dryer they have built in

experiments demonstrating the effect of drying foods and

i the importance of using proper drying methods: _They then'
create balanced diets from the foods they have dried-and ‘
cogipile information about food drying for the people of their
community.. , I , ‘ S
R - ,, = s . -.
= The' three parts each begin with an intraduction and a diagram
P outlining, the major concepts covered. Congcepts are pre-
j\< sented;thggyghigiggpspgiiation,6f activities designed to
N Jkeep students actively 'involved and” focused. ~Background
7. informgtion is provided before each related group of
activities: ; . S :

A

Each - vity contains a brief,introduction; a list of mater-

j ials gffeeded;, instructions for what is to be done; questions
to agk the students while they are dcjyng the a ivities,

instructions on,what iWformation the Students should be

noting as they work, and suggestions for digﬁggiion. By .
Ome
1

the tiiddle.@f Part I,» when students haye be accustomed
to. the way the activities are organizeds instruttions”for
activities are somewHat less detailed. -
Scatterea tHroughout the manual are suggestions enclosed in
L boxes; these are recommended for furtHer .study “for students
A PO Ry S T e T T e T o cantion 1S als
_ who show particular interest: A reference section is dlso

provided, with an overall listing of materials and/or equip-

ﬁives;j

_ment needed for each activity, and suggestion§\§or alterna-
while Food Presérvation by Drying is designed as a fujl-year

ta et

classroom course bf.study, any of the activities can be :

-selected to enhance a standard- curricula, to rainforce

- \ _ .
: : : , -
, - ’ . i * R

F
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learning i in anotﬁen subject such as, agrlculture or heailth.

science, or.to encourage d1scuss1qn in an informal or adult

diterary setting.” Other ,ICE publications which might prove

usefil to teachers focusing classwork o communxty work-oT
food preservatlon include: Y

»

[] T hY
1. . How to Make Tools (#R 35)* oo q
2. Food Preservation Resource Packet (#PA?) S
3. sSmall Farm-Grain. Storage (#M-2) . 3 ' :
M.  Agricultural Mathematics for Peace Corps ¥olunteers .

, (HR 4) ] - :
5. Vlsual Aids (#HR2) : .

. 6.; Intensive 'Vegetable Gardening for Profit and self-

) Sufficiency (#R 25)

lee other IGE manuals, Food Preservatlon by-Drylng is des1gned

to .be ‘used. adgpréd; modifjed and reyvised and it is you, _ the

users in the eld; who know best hop relevant it is. ICE

Were your students able to use the ¢$pen- ended 1ack of:
. step- by step approach in developlng problem-s oivxng sk111s°

What charnges would you recomménd i matéfiaisg'aétiVitiés .
‘6{ sequencing of activities? d :

' Please send any co?ments’fyéu have to:
1

Information Cdllection and Exchange
’OPTC o . v .
Peage Corps ‘ ‘ B ~

806 Connecticut Avenue._ ) i , . s

- Washlngton b.C. 20525

*How ‘to Make Tools was preépared in conjunction wilh Food Preserva-
"tion by Drying and several 6f;its sections-have'been included in
‘the appendices-on pp. 191 to 213 . However, if yodr ‘studénts do
not have acceéss to tools such as saws,. hammers etc., Reprint 35
provides d1rect10ns for making aI\ the b351c(tools necessary to

build both amall and large dryers.

¥
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T C L :
= PART 1. WEATHER L

. .
- . - -

The act1v1ty lessons in this part provxde the basis for an

understanding of weather. This is done by looking at some

interactions of water and air with energy from the sun. .

Important -concepts ’'are learned during the study of these
interactions which’ prov1de a basis‘for de51gnlng and oper—

atlng food dryers effectlvely.

Part I is presented in two chapters., The first chapter incluc

act1v1t1es about water and its relation to weather. °‘The secor

chapter is concerned with .the Sun and its energy, ‘and includes

activities relating to conduction and _convection. In the

final- activities of this chapter, students build and test smal

devices that arg, in fact; simple models of food dryers. _The-

concepts learned in the act1v1t1es in this part are expanded

in Part I and applied to the construction and testing of

large food dryers. _Part IIX supplies the rationale for. pre-

_serving perlshable foods by showing that good nnutrition is

"sation; and how the -presence of the sun's energy’

possible throughout the year.

WEATHER N

suwn . . ' water

L T

solar, energy - water cycle

E condustion T L ~ *Physi
radiation 1 - guaporation .
heat absorption . convection . dehydration - :
X - - £ . -
- - .

?ﬁéinumber of weather ideas to include or emphasize is/ depen-

dent on the SC1enge skill level of the students and on what
they have studied previously. Thls part concentrates on what
could be called the' “‘microscopic view" of- weather; with emphai
sis on developing a ‘familiarity with evaporatlon ane conden-
affects thess
processes in nature: The "macroscoplc view", concerned with

“the. 1nfluence of oceans and mountain ranges on regional weathi

t

patterns, 1s somethlng that you can Intrdduce if the students
are unfamlllar with it. .



6 ‘ . ’ e

® , ,
} '
F part. : |
At the conclu51on of Part I, the studgnts WlkI be abile to: %
ii. - name the three varlables affecting the evaporatton
- of water. & = \

2. vaty the factors affectlng evaporatxbﬁ to Increase

or decredse the rate of evaporation:

‘3. make predlctlogs about a systeim of evaporation w?%n
one oOr more varlables are changed:

4. use controls in experImentIng, testing 6ﬂ1§«6ﬁé
* varlable at a time: .

¢

After. read1ng through Part I, you may see some areas that need

specidl dttention because yonr students lack approprlate pre-

B

paration. One §pproach is to proceed slowly through these areas,

including additional activities from other_sources. whefiever
you flnd that your students need additional work. Another ap-
proach is to precede this part w1th lessons on weighing, heat

dlspiacement etc:

~ To heilp you plan for materlals, 1n the Appendlces there ;s a .

chart showing everything needed in Part I. The chart lists

all the activities where each item 1is usad. From this chart;

you can quickly see which materials are often used; and which

'materlals are only needed for a feW act1v1t1es.r Aiternatlves

and abllltles are offered throughout the unit. Some&of the

act1v1t1es involve expandlng studies of solar devices such

as a solar Stlll The dlstliied water produced cojld be used

pPart III. ~
¥ oo
A number of the activities in- pPart I could be co;x’cted at

various times during the_ year as the Seasons change. This

would be useful if weather studies are to be emphasized: Also;

if some students are intérested iﬂ“weather,rthex could indep

pendently conduct the activities each seasQn.
; ]

K}



D T CHAPTER 1. WATER

.} - o ' ' ’

BACKGROUND INFORMATION ON EVAPORATIQON.

1

'The sun's emergy is useful to us in many ways. One of them

.7 ’is in the eyvaporation, transportation and condensation of

water. This is known as the water -cycle.

As water absorbs the sun's energy, it is warmed and evaporate

it fchangés -from liquid-to gaseous water vapor. The rate of
i ~evaporation depends on: . s

1. the temperatire of the water.’

A~

2.° “the area:-of water eXposed to air.
; 3. the abili£;>of'the air to hold more water vapor.

) o P S A
When other substances such as salt or dirt particles are dig-
solved or mixed with water, they are left behind when the _

water evaporates. Distillation is one process of purifying
water whereby water is causgd to evaporate, leaving behind
irities, and then cooled to condense the pure water. Rain

img then c er.
is essentially pure water that has evaporated from lakes;

oceans, soil, léaves of plants, etc. and has condensed in
~ \

N . the air high ab the earth.
L e ai ig ove be h

.
N

These concepts are developed in the activities: Some of the.

~devices used in these activities can be enlarged and;, uged
later during the fdbd,preservationf§gd7preparaﬁi6h actiwvities
You may want to expand the activities to develop.weather o
studies or follow the suggested sequence to lead more directy]

/ to the development of food dryers: If jthe science students =
have studied weather previously, you o ask them to summariz

their kriowledde during discussions. L &

; - =

. . . N S~ . s :

Activity I-1_EVAPORATION OF WAé%Rf‘ . .o o ¢
] ' ~ - 3 SN

o , . - B

This agtivity begins-th tudy of evaporation:. _Students ex-

plore what happens when water is #llowed to stany; exposed to
air wunder different conditions. .. The students discover or re-
affi¥m that water evaporates.at @ rate that can be varied by
ing the conditions in which the water is stored. : Surfac

; purity of the’ water, and temperature aré each varied

. separately. Each of four 'groups sets up a different evapora-

tion experiment. (You may want to alter thié,&;ragggmeqt:)
Containers of water are allowed to stand over a period of

several days. * The students observe them each day to determir

how much water .has evaporated. Throughout questioning and
Ct . ".’ 7:" .
- ’ E

. ; 15

L 3




the dlscusslons of the processL encourage reoofﬁ keeping

well ‘as writing descriptions of experiments. _ The-records/can

be used: during discussions and for future reference. Secon-

darliy, they provide practice in- Communication skllis.
A ' ‘ -

Measuring tHe volume of Water is requlred 1n th1s act1v1ty.

Xl 7

Students who do not have much experience with the manipula-

. tion of measuring -vessels may need an.extra class period_to

develop a concept of the hierarchy of measuring units. For
example, they could pour water from one container to another,

‘using a VarIety of containers, until they find :elatlonshlps
such. as: A € -7

>

-

b

15 bottle caps full = 1 small tomato tin

I

3 small-tomato tins } iéféé tin

Measuring units developed by the students may peimggeilmmedlate—

1y understandable than standard metric or English units:. Also,

it may be more practical i1f the suppiy of standard measuring

devices is llmlted Devgloping a system of measurement using

avallable contaaners and other maté?lals assures that each ;

for uai_y .

For bhesé experlments, the class should adopt a un1t of volume

for water that is an appropriate size to evaporate during a

few class periods. You should practice the activity for "Group
One" ahead of time so ydu can find out about how much water

to use. It varies a lot in different lo®adlities, depending

on -the humIdIty and on whether or not there is much movement

of the air near the surface of the water:

Many t1ns are needed for this act1v1ty. Ask your students””
to%begin _collecting tins now. Every size of tin will be use-
ful, including very. small tins. The tins will also be used
in many other activities. If each student brings'three tins,
there will be enough. R
- 7

= R » l
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Watef , ‘ ) ) S ' X X X X

Means for labeling the tj
.. paper; and cemgnt; ela

';éugat 7 o 7‘\§¢;' o | 1 x

Cookiitg oil o : | X

~ — L. P - .

Size Qf eacﬁfsubjgzzup ; ' 1 2 2 | 3| 3

L
ﬁ\

Tins afivﬁribug’éiiéé and dishes or trays | 6
Tins of the same size : i? 1a |7a | 2

Measuring 'spoons; cups; tins, bottle caps, ' ]

gt}_g;’-ia’swgéé’aéd to measure the amount of ., . . .
water you have found appropriate =~ - . .o X X X X

gfath ;
Small stones - -~ . . " 3
Rulers @étke& in ceﬁtimetgrs ' X X X
Paper o _ ' 6 1 1| 1

salt o ‘_ | x

Source of a smoky flame, sucp as a ,
candle or paraffin lamp B 1

Mat ches o | , ; X

Divide the students into four groups. However, if your clags

is large and your groups contain many students, make sub-
groups within each group. The recommended size of each sub-.
group is shown on the first line of the materials list. Eacl
sub-group shoiuld have between two and four members because

small sub-groups_ are better than large sub-groups. The ]
quantities of materials listed are what one sub-group needs.
Multiply by the number of sub-groups you have. '

Items shown with an "X" ‘can_ be shared by everyone or by sevel
sub-groups. G . : ) ~ '

a k4
-
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Procedure for Group One Choose several tins of dlfféreht di-=
ameters, and some dishes or trays. On a/piece of paper, trace
around the top of each container. Save these tracings because
they Qil} be used in Activity I-2. -Into each container, pour
one measure of water. With a ruler, measire the diameter of
-the container and write- it down. MeasuUre how many ceritinieters
deep the water is in each container.

Which qoq;aiher has the aeepest*water? ' ]

Which container has the shallowest water? . ; % ,

o

DOes each contalner have the same amount
of water? .

Which container hasrthe largest area 1n51de

the trac1ng on tHe paper?

Do you thInk there wiltl be any change in the

amouﬁts of water in these containers tomorrow?

dlsturbed ) -

Day 2 ‘
How deep is the water in each contalner today? R
‘Write down the mgasurements. ) |

:

Wthh contalqer do you think wili have the o

most water afte; another day?

which contaxner do you think w1ll have the -
least water after another day? ] - .

N

Proc°dure‘for Group Two Choose fcur tins of the same 51ze

"""" trace around the top of one of ther and

on a piece of paper,
save it for Activity I-2. In:the first tin, put one measure

of water. In the second tin, put one measire .of water. and a
quarter (4) measure of salt. Stir. In the‘thlrd put one
measure of water and a quarter measupre of sugar:JWSt;giwiln

the Pourth, put one measure of water and a guarter measure

Y%, cooking oil. Stir. Label the tins. Measugeihowrmany :
kcentlmeters deep the llquld 'is in each-tin: WrIFe these
measurements down-. ) : o . ‘ N
: ' !

v

Do, all the tins contain the same amount?
~  wWhich tin has the deepest liquid?,

Do any of the tins have thc same depth &f liquid?

Lo -

ERIC

Aruitoxt provided by Eic:



s

3

[y

[y
X

. s

Do you thlnk there will be ‘any change 1n the:

amounts’ of lxquld in these tins when we measure

*

’

‘Put_ the tlns in. a\shady place where they w1ll not be dist -
turbed..

Day -2 ;

Y

n

How deep is thérliquid in eachatln today°
Write down the measuremenEF .

Which tin do you think will have the most

'liquid.after another day° - . o s L

Whlch tin do you thInk w1ll have the“least _ ‘

llquld after another day° 8

- A " _ ;

Is there any dff}erence in the appearance Qof

the tin. that has salt dissolved in it and'the

y t1n with s&gar dlssolved in it? R .

uré for Group Three Choose four tIns of the—samé size.

On a. piece of paper; trace the open top of one of them to

‘gse in Activity I-2.. With a smoky flame;, cover the oltside

of two of the€ tins w1th soot.- Then pour one ‘measure of wate

in each of the four tins. :Measure how many centimeters deep

the liquid is 'in each tin: Wrxte.these,me surements down .

. %
Do all the tins contaxn the same amoun¥? _ ’ ¢

What,do,yourexpect 'will happen to the wijter
in the tins? - . N .

Plice one black and one shiny tin in sunlight and %ﬁe black

and one shiny tin in the shade. . Place the tins so they will

fiot be disturbed. .If they are likely to be disturbed out-.

doors during the night, bring in all the tins that are kept

in sunlxght indoors each night and put them in sunllght agail

each morning. ;
. .}
. bay 2 , L -

How deep‘is the liguid in each tin today? Write
doWh the measurements. : v .
Which tin do you thigk will have the most liquid

' after another day?

Which tin do you " thin Wéil-have the least liquid
) A

after another day?

. - DB any of the tins have the same depth of llqu1d°
{

o 7 -

. ) i,
k o’
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Procedure for GpaquEaup, Choose,_ two tins of the same size.

'Trace the top of one of them on paper to use in Activity I-2.

Cut’ twovround pleces cf~cloth about three times the height of

the tin from the same piece of cloth:. They ‘need not be}exactly

ent
kind of cloth -for its pair of tins if p )ssible. Make a hole

round:. ' Each sub-group.in, Group Four shpuld use a diffe

in the center of each cloth 1arge enou so the open Qnd of

a tin can fit into i#. Next, choose two trays or wide bowls.

that are severai céatimeters, deep. As support; put three

small stones, or a smeii short tin with a hole punched in its

bottom, into each bowl::. A tin will stand on this support.,

Put one ctoth over each tin so the open end of the tin comes’

out of the hole: With string; tie the cloth onto the tin

near the open top of the tin. )

Leave the other bowl dry Put each tin, with its cloth,:
into a bowl so it. Sﬁaﬁds orl the three stones or on %he short

tin: The cloth should drape into the bottom of-thé bowl:

Pour one measure of water into edch tirx.

tin — — i a .
_ string tythg ;
. cloth t&etin
clot—s ) '
> v
| { - <
measured
- zamownt of ,
Ay " vater ) s
A —1K - '
4
'L—A
— . - 7 -
— ’)' ~ ~ _

support Ciuss-sectional view

3

. Déiépﬁé&i&é view “i

S . DIAGRAM 1+ ;
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Measure how many ceﬁtimexers deep the water is in each tin.
Wri;e thesé meagyrements down. - : -
[ ¥

Does éach tip havé the same amount of water?

Do you thrpk ' ere will be any change in the améunts offs

wéEéf 1n thes tins wHen we ‘measure them tomorrow? *
« ° ~ A oo o ‘ 7 . .
f) - DPoes thetg}oth with its lower &dge in thef’ater become
! .wet all over? . . . : -4 oY ’ -

' ) .
.

Place both bowls and tips in a sunny location. ''Garry them

carefully indoors each”night and put them, in sanlight again

& each. morning if they\are likely to be dlsturbkd utdoors

2207 T4 _ - T T2 7T - -

during the night. Pour extra water into the wet bowl as it

is needed. té keep the edge of the cloth in water: Do not
.add watér ®o the tins-: . -

1 -
- ¢ . -

N

Ny

Write; down the measu ements. ¥ .
0

Is anythlng else ﬁlffereht between .the
water in the twa tins?
Have you any theories .about: ho#w the water - - .
in-the bowl charnges tHe rate of wdater loss?

- ¢ ‘ . ’ 4.

. r ' ' %
y s
~The first déy, the students will be occupied setfdng up the

equipment: ©On the last day. thére will be compariscon
"« discussion of results:.: During th'e intermediate days. only
genough time wtll be needed for the students to observé't
liquid in each container and write down their measuremer ts
and any other observations. They will do this until.all the
water is evaporated from most of the containers. During
these days, there will be time available to do Ssomething else
Witﬁ'thé stludents. Here are two Slggestions of what to do:

1. Have each group show theé others their eXperiments

- each day. This will give everyone a chance to know
<1 what each group is doing, and to make their own gues—
o 7), ses about the resulits of each group's experiments.
l;)’“J’ri If your class is Flready used to comparing.and dis-
4 * cussing their reslults, thi's alternative will work

out well. 1If the students @re not ready to exchange

information as outlined above, begin Activity I-2

L3

with whiEtever extra time you may have in these in-

termediate days:

AN A "~
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2. Begin Activity I-21 1In this activity., the students
make use of _the tracings they mgke the first-day of
the Sizes of the tins or other centaine rs.,,They fmndg?
‘the area of these tracings, and they also find the

. e area of other things. ’ -
- B T _ N
Note: The d1303éétbﬁ after hctzvzty I 2 uses the resu,ts got-

&ﬁr

-

~ - -

At the end f the act1v1ty,rhave each group report thelr fln%r

ings to ther lass: These. should 1nclude-

° 1. Amounts of llquld in each contalner or t1n eacb,day.
< X -
2. Comments about whlch predlctLons were' correct or n

i ® ; ; / ” -
i s o l/ N
3. Eacﬂ group s conclu51ons resultlng froﬁ thelr measure—
" . ments and other observatlons. - .

N L _ & o
uri%g the discussion, 1ntro§gce7tbeiterm*'eVaporatlon' after

he students have descrlbed the concept. ai

> where
¢ if

Thls act1v1ty provides a brlef ook at the concept of area which
» -is needed to understand that evaporatlon of a given volume ;of

water witl be more rapid if it is spread out more. _ The concépt
of area provides a measurable way of talking about how much of a
liquid is exposed to air. If the students have demonstrated an
understanding of area previously, such as in discussions during
Activity I-1, you can proceed directly to the next discussion
after doing Activity I-2A.
0
-

22
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Sub-group size: This activity
caz;pe done by each studentc

in vadually However you may

peratlvely in the sake subf
1 grb&ps férﬁed fdr ACtiVity I-1.
Grld paper with 1 cenrlm

Eer
squares. You can have sstu its
maké. this, or you can produce:
ﬁ it With a héctograph or
' cyclostylé or otheér ébpylng

. device.

The

Jdraw around it on the grid paper:

i

-ﬁghcils.
q lares on the qud paper - are L/Centlmeter on a 51de.
THeé arfea edch sguare covers is 17 square centimeter:

;Sampiés of the tins,
trays &nd dishes used
in the first activity.

Tracings. of tins, trays,

dishes from the flrst
act1v1ty

. L ]
Rulers mafﬁed«iﬁ cen-'
timgters.

’ R
-

_ T - I
Scissors or trazor blades:

5
.

N

Have ithe

1studtnts trace around the top of a contalner u:ed in the first

activity, or cut out a tracing from the' first actxvxty anq)

How many square.centimeggcs are inside the tracing? \
Yy s9g N

A goog approx1wat10n can be Made by first.counting all the‘
squarcs that are _ compLetely lns;de the *rac1ng llne

. srde tl llné

only partly 1ns1de the tracing.

Find the area of the open\tops of all
or dishes use? in the flrst actlvlt).
have trac1hgs """

the flrst act1v1ty
areas, starting w1th the largest

of approx1mat1rg the area accounted for by sguares that

Have the studeﬁts

then

éhd the

are

4

Ye sizes of tins, trays
ainers they used in

Students who do: not
.make a list of these\7;
he next- to the-larg- -~

est, and so on,with the{ last area on thef}rst be*ng the smal-

lest. Have,tnls
discussion later. Sl

’

At
o

list saved because it

¢111 be used 1n a

(3
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Further Studz

1:

¢ Its sides e

" the sz
“the

4.

eqlmate the area of a c1rc1e
circle. ; )
there: ore 1ts . . v

‘10 centimeter radius-
radlus—ts\lO cm;
diamef&r is\20 cm
around this|circle.

> Make

dﬂéﬁéﬂibf
me size as

diameter of ‘the
circle. The area -
. of the square 1is 20

cm by 20 cm, or ﬁOO .square cmmgﬂiﬁ

- Now. make -an estimate of

c1rc1e
be>

a; = 1

circte
prece of paper that has
Ehe squage drawn on 1t.

S T Squares 11 61rc1e

As squares in square
2
Compare tha aréa of

the circle you get

‘with your estimate .

"the exact formula for.a

a

circle can be written as:

(\.

N

Since D2

'ﬁ

with the exact formata:

s _prdilounccd "pie'.
which 15 close enough fo

. Make .a grld sheet out of .the

the area of
can also be written:

. .-a clilrcle
| ~
o

Lompare your estlmate of the area of the circle

Dr aw
Its

the;area oflithe

Some pOSSlble estimates couid

1

the clrcle ‘and
Your SqUares

‘Aa
A

RN
As =

A, =

ZA

A, =

=
Its value is about 3

r most practical use).

.

L 4

-

r

<
S -
; :
; :
¢
+
.
. N
1 - .
.
.
w
‘.
.. 3
g
.
il
.
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v Do o .
= L oo . N 3
- - U T o .-
~N 7 You can find the percentage difference -
.between your estimate and the exact
i area this way:

; T enus P - :
. 7| % oaige, = 12 area - formula area . ;,,
L D /7 formula area . -.

T L _ r

. if the answer is positive, your estimate

o K was: larger than the exact area; if . -

S ‘ negative, your estimate was smaller. If B |

' | your estimate was within 10% of the o

' . ‘exact area, it was an accurate enough A

- ¢ est imate for most purposes. : J
. . . A 7 \ , .

- . e

|\ Activity I-2B AREA I
. L o i t - . . B o
? Finging the area of parts of the human body is a way of devel-

opjng skills in estimating surface are€as.
Do | .

v

Materials
—_ % - : :
_éub;group,siié;VNSEﬁaéhés can Ggid paper with 1 centi-
work individually or in sub- meter sguares:

groups. S ;

Pencils
Have the students trace around their hands on 1 centimeter grid
paper.; Have them find the area enclosed in this outline and
use it’as a basis for estimating thie area of all the skin on
their hands. o _ - .

‘What is the area enclosed in your.tracing?

What “is your estimate fOr the area of ail the skin
on your hand?’ ! '

Have the students make a list that shows each' student's name

and the area of their tracing. Start with the smallest area,
then the next-to-the-smallest, so that the last name on the
List iIs the student whose tracing has the largest area._ Now
have the students add each person's estimate of theé ared of
211 the skin on their hand to this table.

\ .

4




| A

Estimatimg Total Hand Area ‘7

Area of tracing
of hand

Estimate of totatl

hand area

st of the estimates?

arby on the 1ist?

Which i_é more correct?
] -

surroundlng estimateg to decide whether it is more accurate

or ‘less accurate than the others:
://

;hlch‘estlmates seem accurate when compared to: the

The area of the_hand is approximately one hundredth of the

tatal skln area of the body:

Further”Study

~F

The body's area can be approximated also
by wrapping cylinders- of paper around the .
driis, legs ,trunk éhd head Theh

evaporatlve process: sweatlng -

I ot

-
ia

ERIC
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Discussion of Activities I-1 and I-2

<

»

‘ D1rect a- discussion in which studénts compare the Area of each

container's open top with the number of days it.took the water

to completely change to-vapor. - Use all the results for contain

ers. that were kept in the shade but not those that were put

‘discussion, the. -
ard and be filled

-in sunllght each day: As a way to focus th:ﬁ

' following table could be placed on the black

in- by students from each group: # Use .the 11st of areas which

‘was, prepared in Activity I-2A. This starts wlt’h the targest
area and ends 'with the smallest.

IR

Comparisqn of Area of Open Top to. Tlme ' N -
Necess4ry for Complete Evaporatlon B
o o - [ Nuomber of Number of '
Description-| ' Area of. days to of 1 What was) U
= . . cent imetiers | s
of , open {op completely s in each
BN it i déep:when .
container e . evaporate contaxner
N i : experxment:f ‘ :
: in the | started . . S
W — ; . -
»
B 2
~; - K - , ] +
; ’ ~ <
- " ~ - * .
. : ; . A
“ N -

Note that in th;s exper;ment the number of measures of water

put in each contalnen}was the same:

Do the results show. any’ relatlonshtp between area and ey

time. for the*water toaevaporate?r,_

»o.
If so, what is 1t:/ e
, i 4 - N - - \‘; ‘

If s0Oj what‘caseg dgn t seem to flt the relatlonshlp‘> o
. Does. the helght of the s1&es of the contaxner affect
the rate of. evaporat10n9 . : .

Are there any contaln rs where the area of the openr
"top ‘is larger or smak than the area of the diquid's
_surface° ' :

o o = - . o ’ -



Ner S P o S 77777-4“77777 Co
Eﬁﬁ‘ #f. §o, does this have any effect? - -
B - e K : 7 f
If water was not the only th;ng in the tin, _was; .
there any change in the rate of evaporation?

: .

B

Further Study

J

1. Make a graph of days to evaporate -
versus square centlmeters of he.ﬂ '

2. %o the-Group .One experlment again but .
~+ this time (&) put the same.depth of -|. .=
e water in-each contélner)tor (b) use
. " "tins of the same diametq® but with ¢
' different heights or (c) use tins -~ N
. i of various diameters but with the .
. R 4 - - e g S e, g— — .
- } same height, See how many days it
N . : - takes for the containers to become
empty. - Tabulate the results in a
similar way and discuss them.

[l
. .
A0,

BACKGROUND INFORMATION ON:BOILING

One way to increase the rate of evaporation is by/
- thé liguid. This was illustrated in Activity I-1}f where Group
.Three ang, Group Four put tins with water in sunlilght and found
that the water evaporated.fasterrrn the tin that was warmed
the most by the sun. The rapid disappearance of water: when
it is heated is part of the everyday experiences of drylng_

————— »

. ctlothes, ironing clothes and cooking food.

leating

3

'TIf enough heat is applied to water,rlt will reach a tempera—_
ture where further heating causes it to change to vapor.

As the water becomes warm, bubbles of air form on the inside

surface of the container:. This is air that was d1§§9;Yed

in the cool water. Therefore bubbles form as the water be-

comes warmer:.. Knowing that _air dissolves in water hélps in

understanding that water c5f>dlssolve in air, which is what

has been happening in the evaporation experiments you have

béen doing. (RealiZing that air is able to dissolve in water

also helps in understanding how fish can breathe without

coming to the surface of the water:) The idea that tempera-

- ture has an effect on how much of one substance can be dis- .

.solved 1n another will be worked W1th in future activities:

L 28
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When the water becomes guite hot, bubbles of water vapor are
formed where the water is§ in contact with the part of the
container that is béing heated by. the flre.» At. first, thé?
change to water again as they rige through the somewhat cooler
‘water near the surface. Sound comes from the contaLner, but
the bubbles of vapor are_ not. reachlng bhe air. If heat con-— .
tinues to be supplied;; all the quuld becomes hot enough so
the bubbles reach he -surface and the vapor Lﬁ?thgm mixes .
~_with .the air.+ Thls ppocess is called boiling., A

" < \.) ‘

_ Uy 4
- P e ;oo . .
Actzvzty I-3A. HFEA M&TER -2 - N ' ‘_i
In this a igsty,»a tin of water is placed over a f re and
heated, M ater becomés hot and bo;ls unt11¢no I quld is
left. i
A - o ) ) \/‘:/
Materials , P 77;(
Sub_group size: Two or three  Tins of varfous siges.
students. All the sub=groups
follow the same procedure. Alternate heat source:

" ){Burner and paraffin or

Heat source:. ’ ’ gas, and support for tins:

-Charcoal cooker and charcoal One for each sub group.

or three stones and firews od .
and a metal grating or other Watch or other timer such
support So tins'of various as' a pendulum made-from a
sizes can be put over the e hanging OE,é,EFEO% o§
fire. TwWo or three sub-=groups ?m about two meters long.
ThlS swings about forty-two

¢ can use each fire. ,jiiﬁi
’ times each minute. - All the

Tongs or cloth to lift tlns sub-~groups_ can use the same-
., on angd off the fire.- _ ' m%? -
;% ‘ Matches.: S ]

\

If the heat Souraci_; ;
or a flre JygUu - can- astume that the heat is bexng applled to

the entire *bottom of the tin: Each sub-group should maKe a

chart llke this to collect their results: . . .

5

- - -

Y-
™~
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- » -
. Ti‘me Requ1red to Heat -and- Change Water to -

3 I Vapor 1in Varlous Size Tins or Conta1ners . . -
D1am:5¢ 'Numbet of seconds Numiber of seconds Number of seconds _i
of t or swiﬁgs 'uiitil or swings with X{ 7| or, swings bo111ng :
in cm sound comes' from sound but not yet until water is 4

' tin b0111ng . gone 4
. — . . i
. 3 ]
1 —
K -
; _
J ‘ “

Choose severals tins with different diameters.: Measure the
diameter of egfh tin and write it on the chart. Estimate . -
the dlameter /5f the fire or harcoal burner. To be sure.the
assumptlon is true, all of the tins should have dlameters
ghaller’ than the hottest part of the f1re.v : )
-
P
If the heat source is a small{hot flame like a paraffin pres-
sure stove or a bunsén burner you can assume that all the

freaching the bottom of the tin:

~ Heat - sypplied by the flame he bottom of the ti
* Each.sub-group should make chart llke the one shown above
,to collect their. results. : oo R '

_Estlmate the diameter of the area heated by thj?burner."ehoose
‘severdl tins with dlfferent dlameters. 777777
tion is true,' @all of the tins should haveipottoms 1afber than

- the area heated by.the burner: Measure the diameter of each

. tin and write it on the.chart: : . .

-

In each tid, put the same amount of water that was used in
‘Act1V1ty I- L. Note time or start the pendulum swinging.
One person from each sub group should be watching the watch

how many, seconds or swjings of
oil until

the pendulum it takes for the water to heat up and/
it is ggne.

Put d tin on thé fIre.

Do you have any theory to expiain the d1fferences
2

in.time that you have measured?

Is the same améknt ff heat reaching the water in

each tin?

- .
e

.. Do you think the area’cf the bottom of the
ngo

affects the time it takes for all the.wate

N heat and change to va?or9

-
-
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Do Y?U'thihk the area of the SUfféCé of thg water
o affects the time it takes for all the water to heat

77 . and charnge to vapor”r

“can the;resulﬂE of ‘another sub- -group help yod/ /
Do you n‘ed to do another ﬁxperlmengrbefore ybu
. can beg@ure what affects the b0111ng time? o
At 'the end of this act1v1ty, there® Should be agreeﬁlnt that ]
wateér changes to vapor much faster when it is heated and Hoiled
than when it is kept at roon températuré. “If the students
have .become involved in this act1v1ty4 there may be argument
~as' to which Ekes more difference in How quigckly the water boils
" away: the diaméter of the WBottom o f the’tin, or the diameter
of the surface.of the 11qu1d ‘You may decide to do the same
act1v1ty again, using. containers with walls that are not_ ver-

t1ca1 Some. 90551b111t1es are frylng pans, teapots, Ehrlenme?er

the surface _of the liquid i3 much léss than the size of the

~bottom. . Information gained by _ using these contalners will
‘allow the arguments to be resolved .

<

Further Study _ N ; , L
/ — [\ ‘. -
B el .
A thermometer.hs ﬁéé'qsa wit E‘a range that includés 100° |
centigrade and whigh® ha% a heat-sensitive part that . i
can be put into water, N ' ' :

1
Heat some water over a burner or small fire As the. G
~water 1s heated; measure its téﬁpérﬁture very close.

to the bottom; in ‘the middle, and just below the surface.

Take these three measurement s ‘every two minutes, {about v .
84 sw1ngs of the pendulum) Make a mote on yo{f s o i .

out of the 11qu1d and (b) when bubbles begin reaChlng
the surface Stop taking measurements eight minutgs
aftér the water begins boiling. [ ‘ : - 7
o, TR - | 7
%éke a graph of temperature in degrees centigrade versus ' ) /
time in minutes. PNot the three fmedsurements- onighe N '
. same graph. Alse ma k the. times (a) and (b) on the
4 graph.

Report yolr resuit§ to the rest of the class.

Make sure the heat source does not séfLéég,Bn

CAUTION:
flre 1f you are using a glass thermometer, avoid

resting its bulb on the bottom of the conta;ner because L
the héat may crack the glass if you need Som8th1n§0- ~2? (i
lean it on while measuring the water temperature very

close to the bottom, put a pebbie in the container. ¢ »
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ActLthy 1-35 EE‘ATIIVG WATER, S

dan th1s act1V1ty, a. t1n of watercls placed over a; small fire
and heated -The water becomes hot enough to begln makﬁn% a
sound but not hot enough to bofil. The fire or the pos1tlon
of ‘the tin is Adjusted to keep the water th1s way. -

— . «
.

Materials

£

|2 The materlals @nd sub= groJ;s Use thge same amount of

‘ 'are the same-as in Act1V1ty water in:‘the tin &@s was

I-3A. : o .- = used before. 8 N
N & . N -

The time that it/takes for. the Wétér'td disépﬁéériéhOGld be
meagured using watch or by counting swings of the pendulum.
The depth of the water should be measured at regularsintervals
éuCh éé every fiVé mihﬁtéé éd thét if éll thé Water héézhbt

can be made of how mich more t1me it would have taken. (An
alternatlve*ilf th1s happens, 1s to cover the t1ns tlghtly

another daxﬂ)

fi
\\

. As soon as each sub gré;p hag the1r t1n on the f1re have
- someone in the sub-groups make a chart like this. It will

contain ®the results from this activity as well as some of the

results from previous activities_ ~ Be sure the students have

all their previous results on hahd the day you plan to dis-

cuss the resy ts of this activity.:

\

T1me Required for Water to Change to Vapor
. < in; Varlous Open Tins or Containers
e )
A i .
Diameter of | At room In the sun  With Wjth water
tin in cii. |temperature during water hot ~ boiling
' (Act. I-1) the day but not (Act. I-3A)
(Act. 1I-1) ~ boiling K
R (Act: 1-3B) o
¢ \ :
\. _ P
. .0 T :
w o :
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S

,'hfgég yourwateﬁ’ﬁa}phjn;e
ST
Y

sy

- v

e ,,;,;(, Ll
» Do you think thatx
-+ What evidence do yot

A
_Wha de - have that some of
"changed to vapor? j ' : .

. How much time aid i #bke for halfof
, change to vapor? : o

— - . \ -
‘.7_ e 1 :;- e
your water to
RPCE
. VL-‘if'A . Nl N _; . ’_\-‘f ;
R R S e T AT
How ‘mug%tixme did 1€ € \)all of é/ou: v;ater to
t R . ;-. 2 o -

hange .‘;ﬁéaf? e j‘? : -

change J + :
o . 2 - L . g L.-: - 7" ,1( S | 7;‘1 .
e "',,7”.;,?1” L ‘7? _ D (\'/‘\; R B
Discussion of Activities I-34 and I-3B ;¢ | o . .

, 24 | -

4

Have the students fill in the parts of their charts .that need -
information from previous activities if they have.not already
dbne this. - Meanwhile, have a student mike a large chart on
the blackboard: Then have studénts from different sub-groups
gut some of ‘their information onto the chart on the blackboard:
When the chart.is filled with their .results, ask the studzgtst
questions. such as: ' e ’ -

- B
!

Which column referss to water that was kept at the’ . ;(
.coolést temperature? E - '
which water was hottest? - ‘
Whidh water was next-to-the-coolest?’

Does there seém to be a relationship between -
temperature and rate of evaporation?

time in which you
for the

€an you establish a range g
would expect water to_change to vapor,
conditions iln each column of *the char¥

A lot of discussion may arise if there are large diffeszences
of time within a column. For example, some of the tins kept
in sunlight may have evaporated in half a day while others -

took two or three.days. When the first activity was being.

done;, the students were not asked to measure the temperature.
However, some of the students may ‘have noticed differences of
temperature of the various tins kept in sunlight. Now that

the students have.more underdtanding of the relationship be-
tween temperature and ‘the rate of change of liguid water to.
water vapor; -some results which - /may have puzzled them .shoudd
becéme clear. - ;e | ' S

~

By.the end of this;aischssxgn,the-stuaEnts/sh£uid5gree that
increasing surface area tends to speed up evaporation and that
increasing témpéréturé»éléd,tends ;6”§p¢§d7gp”ey§p§;ati6h.

Also, decreasing either of these tends to make evaporation take
place more slowly. - - s -

e "' N : ‘v_' 33
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The follow1ng act1v1t1es concentrater
vapor to -ligquid water. 3

.

AcmﬂLQ#l4#L;C@HEM&&E@LDEJMﬂﬂLEﬁ@R»

see it, feel it or smell 1t’ This probiem exists with. water.

vapor when it is completely dissolved.in the air:. When

people see fog, or "steam!, coming from the spout of a tea

kettle, they aré looking at a mixture of tiny droplets of _

Miquid water mixed with air and with water vapor. It is the

' ; tiny droplets of liquid water that are visible: &As soon &8s

all ‘the tiny droplbrs Jgre d1§§01ved in the air,; nothing is
visible. ' /?“

'17 ) N
o S/ : - B

j"fﬁ this actlvity; “the §§§3éﬁ£é heat water to produce water

i’ vapotr. Theh, they collect some of the véfer on nearby Sur- } .

- ~ - . ¢ 3

feces. — _ A - .
, , | A ﬁp Co N .
o . & N s ' . :

- Mat®rials. . e R & ‘ :
. 6" Pl T
L N . Group
v | One | Two Thred Four|
. - l . -
Size of e{ﬁ sub- g;aaﬁ , ] 2 2 |2 | 2

.

Bottles or jars made of clear glass,
not colored glass

wi
(%N
A
- ‘ﬁ \\{‘

. Elastié bands dhat iaﬁ stretch o B

‘%round the bottles or jars : el 1 6 4 | : 1
_ R o i I L I
Water . X X x| x
Sﬂﬁiighr'v'.; s o RN B X |
P1eces of wjjl,, 7 per; black paper s ' g
" such as car iper; and.various <A
. other colors. 1nc1ud1ng metal - f011 S _ L
if avallable 3 4 1
Lids or caps,for bot;le(or, _]ag:,— - _ 2
’ or use plastrlc and e1ast1c ban o P 3 ¢ 2 e
- . ’ . L Tova . . -
Sc1ssors or blades to cut paper g,nd A
plastic’ ii’ h X X
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Mgterials (cont'd.) & .
.; - ﬁ‘% }...‘ “ ‘4') - ;‘ 3»21:

- — 7

-

\/gas that can produce a small flame.
A heating s and to support each E,“,‘, sy ‘ -
that s hedted by a:candie or burmer ¢ E . '

— (seg Appendix H for a procedure for ' | ' .-

‘"m ns heatlng stands from tins: ) : _ A 1

P )Mat Ches

Drinkiﬁggég;s s - . - T 4 4
# O . ' 1 .

Sma11 pxeqes of wood to support the ~ -, : 7 :

. : . K . —
Tins with sma11'eﬁ6ugh diameters to v ‘ g éﬁ
+«  fit 1n51de the drinking glasses. . o

Each tin should be taller than the glass

it is used with' | ; . - o 1$
> ro .

. Tips of various sizes T : | (" A
: lg ) o ' a 1 o] W ,
¥

Pidces of t;ransparengig;aggxc large . P
erough to cover the tops of the : .K[\
tins used by Group Fdur : R

Several nails of dffferent sizes for

mak ing round holes in tins (See

=TT . -

Appendix B for a procedure to make

a round hole in 3 tin:)

'Wﬁtch or'éiﬁef Eiﬁe;; » . 7 X X X - X’
: : i ~ . ik i

.

J S B . Y . 3¢ ’ )

iv;he the studentsi;ggo ur groups. Studentg should stay in
the same group for this activity and Activitig s ‘I-4B and 4C. \

For gach group,'these three activigies form a séries. In

discussions, each group will tell t ne rest of the class what <

.they are doing and the results they have gotten. - As was men-
_ tioned in Activity I-1, your class is probably large enough
- SO that each group contains two or more sub-groups. For
these three activities, most students may find it best to h@rk
ip pairs. Look at Actxvxtxes 42, 4B and 4C now.
7y :

\

Lo

Me o
3

.

Y

..

‘"

o
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;ou may have to adjust -how many sub-groups you have 1n”each

roup based on the materials needed. For example, if you

have many bottles,.but only eight heating.stands, and you

have thirty- six students, you could divide the. ciass as
follows:, :

1 ‘ .

ZL‘

| Number of students |Number of sub-groups
~ . @eroup oOne 10 f 7
Nl Grouwp Twe | 10 "
Ci-"éiiﬁ“ThEéé~ . 8
Group Four | ' 8 .

would have a héatlng stand, yet aili of th sub-groups

In thlS way, each sub- group in Group Thre

would have only two students each:

The quantltles shown in the materials Iist are *"hat ohé,éubi
group needs. Multlply by the number of sub-g¥oups you have.

Items shown with an "x" can be shared by the class or by
severdal sub- groups. .

Pppceduregfgrgﬁpaupcﬁne, Choose paper\%f different color for

each bottle used. Earh piece of paper will be attached to

a bottle with two or three elastic bands: The height of the

paper ‘should be about the same as the cylindrical part of _ —
the bottle. The width of the paper shoﬁrﬁ be about half the
circumference of the bottle:. 7

-

T;ghteﬁ the 1id. There should be . some drops of water on the
ins2de .of the bottile: . % : )

bo ydu think the air inside. the bottle contains a o
lot &f water vapor or very{llttle water vapor‘> ”

“
. Dry the outside of the bottle
- and attach a piece of paper to
the bottle. Put the bottle in
Sunllght shoald reach both the
paper and the part of the bottle
that is not covered by the paper. A
Takg note of the time So- you. DIAGRAM 2
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L4

.can look at the bottle after five mlnutes, and agaln after

ten and flfteen minutes. Do the‘jame thing for each bottle.

What -do ygu see 1ns1de the bdttle after five minutes?
Has it chan%ae any after .another five m:!:m:te:s'>

After fifteen minutes, take the bottle into the shade and
examine the part of the bottle that was not covered by the
paper. Then remove the paper and examine the part of the

bottle that was covered by the paper.

Is there _any dlfference betWeeg/ﬁﬁat is on the
inside of the walls of the bot¥le in different
places? : '
gCan you feel any sszerence in the temperature
'of various parts of the bottle? :
: &
Procedure for Group Two Shake ‘water in each bottle as is done
for Group One. _Then attach two pieces of paper to each bottle.
The pieces should be of dlfferent‘ clors such as red_ and green,

black and silver, light green and Adark green; etc. Each piece
of paper covers half the ‘cylindrical part of the R )
bottle,ras shown in Diagram 3. Sunlight N\

should styike each piece of. paper equally:. .
The Paper/will hgVle to be partially /
removed fo look ¥nside the bottle

~after fiNe minutes. ‘The position
of each pjlece of paper on the

bottle siould not be allowed to ~ -
change while this is belng done. DVFAGRAM 3

_,Procedure,for Groupsihrea ehoose a small tin and a- drlnk;gg_
glass that can fit over the end of the tin, as shown in the next
diagram. Cut a hole in the top of the tin. Cut a small

piece of wood so that it rests on the edges of the tin and

supports the glass.fiyeaspre a small amount of water andrput
it into the tin: Heat the water.with a small flame so the

water is hot but not boiting. If there is a breeze, have the

dpen part of the heatxng stand face away from the flow of

dir so the flame is disturbed as llttle as p0551Ble.

glass after fIVe m1nutes, ten mlgutes and fifteen minutes.
l

a1r 1ns1de the tin contalns a 1ot of
; little’ water vapor? v

Place the glass over the tin. Note the time and 1ook at the

Do you thlnk tha.

water v?por or veY)

Wwhat do you see /Ans



,,,,,,,,,,, 4

Do you thlnk there is any dIffereggeﬁbetween the

temperature of the glass and the temperature of
. -the tin? ) . ;

'J) . - . . o~ :
examlne the glass. again and remove

After £ffteen. minutes, examine the g
it from the tlﬁ.f Measure the amount of water ifi’ the tln.

.-

-

- Did
If sp, what percentage of the water changed to

Gapor and left the tin?

7l —— wood

¥

glass

1

I stand

———heatzng

ot rrar [N

-~ stand -

& bracran 1 o
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Procedure for Group Four Choose a tin that has a height a
bit greater than its diameter. Make a small hole in the

side of the tin about 1 centimeter below the top. " For -

this activity, the size of the tin is not important, and
the hole in the side does not need to be round. However,

- if you want be ready" for the next activitfy, use a tin_
that is large enough for a téa glass or very small tin to’
fit inside, and make the hole .as round as possible, just
large enough so the outer tube from a Bic pen can fit
tightly in 2§§' (A simple procedure for, making a round

.hole of this size is found in Appendix B.) Cut a strip of

_paper about 1 centimeter wide and a little longer than the.

. circuimference of the tin:. Attach it to the top edge .of the
‘tin with -an elastic band. The top edge of the paper should

"be a little higher than the top edge of the tin.

toD Medsure

‘a small amount of water and put it into the tin. Then put

‘a piece of transparent plastic over the open top of the
‘tin and hold 4t in place with an elastic band. The purpose
of the strip of paper is to prevent the tin from melting
the plastic when the tin is heated.: o i

P

DIAGRAM 5

plastic

A : —

paper

bands

bands

., -

edge of tin i ,
N S , Paper srip

*

heaﬁing
stand

small
: source of
heat

(Y

o
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Aruitoxt provided by Eic:
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- '
Hi-at  the water with a .mali flame unt 11 the waéfr Iz hot but
not boiling.  The heat should be adjus ted to keep the water

hof. but neot boxllhg throughout the aﬁtxv:ty. When the water

bercome:: hot, v note of thn time and look at the trqropcr;

et oplastie Lu se: 1f any change has occurred: Look at the
plastic aguain after five mxuutﬂe; ten minutes and fifteen
minutes; | ; .
, ’
a you think the air inside the tin corta:na a lot
o! wator vapor or very little water Vﬁy )
|
Whi.it d6570u ez 1nside the pias ic after fAve
mrpatesy : , o -
. , S
Hei it charnged any after ancther five minutee? - -

Ir, you thirk there 1z any differernce betweer the
terperature of the treropzrent plastis ! the
berperature of the tin?

nftcr fifteern minutcs, look ot the rlasztic sgear and rerwve
the heat . Tare the plestic off the tin. | The:s nmeessure
the anourt of watér ina the tir. -
o
i? Dia .z oe: 5brcul€ amourt of water lezve tne tin?
If o, whzt phrcentzeé of the wztg2r changes ©o R
Vernr ar.c left the tin?
If there 12 ercugh time, Zzch'group can-snow the sthers .
their @zgzriranz.  This will Zive Everycne & chanze to
know whet egrch group hEs. LE€&n cdoing.» HoweveEr, there zre
two more ral 2 zeotivites to LE donk pefcre the stydencs
will rzwe ercdgh niorrEztion for- 2 odisgussicorn in o whicn
they comgpzrz trheir rezultz end = ri2e WhzT Thnev nzve
learrnec zoout evagcorztig. zrni'co sE<ion.
E -
L
— — .);
.
B :
; z .
P
/
. N ’ v ' -
L iy [ )
pe . )
= 40



> - .
b . . -

-~ -

' Teaching Méthod Aztepﬁaziﬁéé' o " ‘
- . 1 . C

nutes. after starging the activity. Perhaps

within a ‘few m e
_enough water cbllected on -the drinking glass sg ©
e @ no effort

LIh_tEé las;uacz@vity} droplets of water formed on surfaces

that some

drops fell off the edge of- the glass. Howeveg
- ~wag made to collect the water that condensed. WIn this
activity, -the equipment is adapted so the condgnsed water
. ‘can be collected. L : -
. 4 Depending on your educational objectives, you haye a choice
l‘ of methods in this activity and the next activity

T. StudénttInvestigaiibﬁ;/ Tell thé students ‘that they
have a "design problem” to solve.. The design pro-
blem is to find ways to collect the water vapor that
is being produced: You should provide all of the

materials that are on the materials list and any-
thing else you have around that might be useful:
-This way of managing the class helps .the students
develop judgemént and self-confidence in applying
what they, are learning. It 'is a useful approach to

use when Students are not soon'facing external
examinations. Some classes enjoy a contest:

collects the most water? ;

Which group can produce the f1ame-powered device

that collects the most water?
Some. of the studénts will not be able to think. of anything
on their own. You can suggest that they try something
similar to what other students are preparing to do. You.
can also suggest one of the ideas shown in Activities I-4B

. and 4C, or ideas shown in the vdistillation” section of
‘“sciefice. texts; o

2. Guided Learning Continue with Activities I-4B an

4C as they are outlined here. This way of ‘managing

; the class reaches understanding of the science con-
T cepts more quickly than the student investigation

? methodfrand is best for students who are required to

} cover all the material in the syllabus because they:

. have to atteémpt an external examination at the. end,

< of tﬁ§WY§af'-H6Wévéf,,thi§ method is not as effective
in producing. people who can put what they have learnec

to practical use after they have Yeft school. This

is because directions jfor what to.do, and the pres- _

sure to do it, are being supplied by the teacher and

o the school. School leavers are left with little prac-

o tiec- tn dociding on their own projects, and then car-
rying them tkrough, which are skills valuable.in

s = applyiny knowledge in real situations.

.41



As much flexibility as possible for making decisions

- .. has been included in the dlrectxogs for making equip-

ment used in activities: Exact sizes are rareiy spe-

cified. Judgement is therefore necessary to.make

equipment with propoftIons sImllar to what is shown

in the diagrams, and learning experiences occur by

seeing whose equlpment works best and thinking about

why dlfferenees in size may have caused differences

in functlon. In these ways the gu1déd 1earn1ng method

: necessary while remaining acceptabie to stgdents
.teachers and admtnistrators.

@

ﬁ .

.

- ActunigﬁLABgleD&%MTﬂ%7OFEMTERIMPOR

If you use Method 1, the students will be occupled bu1ld1ng

and trying out the alternatives that they think of.
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§Eaaéa£§ to .get the1r deV1ces worklng Then there will be

some time when they have noth1ng to .do. During thls time,

you could have each group descrlbe Act1v1ty I-4A to the

rest of ‘the students. Another -thing yod’can do is to begin
Activity I-5 which is abaqut rqlatlve ‘humidity. That

.activity requires very little equipment. - Near the end of the

time available, they w11% see' how much water has;pollected

and will write down thelt méasurements.

I¢,
N hC 1

' o A - '_.’5, ) S \47
L - . . LT os
Materials ' ’ R I S
o - \ - o
: g Group \
SE ! . R BV _
SO R . |.09¢ |Two [Three [Four
AN e ) - - ]
* F;pe o('each ‘'sub-group¥ - 2 2 2 2
Jarg made of cleag(glass §9meiof \ 77 )
‘them must have.the same sxze mouths: : S S 2
ane . L // -
Eﬁastlc bands that één stretch . » 4 '
Kround the Jars ‘ ; 1 2 2
P e : - ,
% sunTight o X | X
i ) R
.. Pieces of paper of various cotors; or
Lo “'a smoky flame_or paint as used in "the 7 7
o last iéEiVLty ' 1 1
. i’ ,,3 ’..i B . R “ w0 ' '
e ', / :
s ;';, ' ;, \ ; ] <

9
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Aruitoxt provided by Eic:
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Mater%&Zs’(cont'dféf

\

o ; ' S ' ] N [
= , _ L . k\_ Group .
i e )
One | Twp |Three | Four
‘;o
Lids for the jars or use plastic ‘ '
and elastic bands =~ - 1 ’
_ : : 1
Absorbent cloth such as from an )
under$hirt or 51nglet or paper
whielt” 18" very absorbent T
. Tea glasses or small tiﬁs that -
wﬁgl ‘fit inside some of the other ro -
jars and t1ns : : . 1
‘Water : A' ‘ S X
Books or pieces Gf wood to use’ }
as a support 1 3
Sc1§sors or_ razor blades for cutting- paper, i - - -
cloth and plastic X X X X-
Tins with a round hbie in the side 1
. .8
Tins with a hole in the side, . %
where the hole need not be exactly round 1
Candles or burners, and heating stands K -
S a i Ty L 1 &1
as iused in the last activity sgf
Tops from sméll tlhs to make a stano 77777 | ] )
inside tins be1ng heated, or small stones -1 1.
Outer tube of Bic pen or hollow bamboo branch 1
Tins of various sizes E 1
Pieces of transparent plastic to cover tops PO ,
of tins t1 2
Small stones,; coins or washers to use as - b .
wéight at the center of ptastic pieces . 1
Matches ; X X
Watch or ctock ) X X X X
’ ﬁ"Z/ i
. ;
o~
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In this activity ea&h
slmllar to what they-us 4 V
the water vapor cOndeHEes into.
in a separate contalner.

droplets that are collected

Procedure for Group One A tea glass or a very small tin
is placed inside a jar. The cutside of the tea glass or
small tin is coated or palnted oipcovered with paper of
whatever color the students’ have4decided works best. A »
measured amount of water is placed inside the tea glass or
7 small tin. TKey a piece of very absorbent paper or cloth
‘s is placed so it sthcks to the inside wall of_ the glass or
32 tIn;77Cloth that\mdkés a good wick works well. One part
_,,inthe cloth os paper should be in the water. Another
. part of the cloth or paper should be under the part of .the
-glass or tin-'that will be heated the most by the sun. -
The students will place the tea glass or tin inside the jar

) and cover the jar with its 1id or with plastic held by an
elast}g band. The inside of the jar should be dry when this
is done. '~

i . .
i -
:? paint - e
; olored— : = :
‘paper -~ ’ NN \
outstde - { L 7
¢ N - ~ _ - i
VU eloth —— — A 7o\ == )
o W) =% F——srpport
water—— . —— Xz / 2
- \= : 5 : N
\ Cross-sectional view

| | . DIAGRAM §

. {&
. ‘— ;\.( .
WlthOUt Spllllng any of the water from the glass or small
tin, carefully place the jar in sunlight. Note the time.
Near the end of the time avallable, have the students;

examine the jar: : ) : P

pid any droplets of water collect on the inside
of the jar’ :

‘Did enough water collect to accumufate at the
bottom of the jar?

If so, what percentage of the water changed to
\ vapor and then condensed on the Jar°
: ;- 44 :
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Aruitoxt provided by Eic:

;thelr mouths, togethcr. Note,t
time avallab{e examine the jars.

o ) ) . 7\ ‘ 37
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St .

The students should record the amount of tlme the jar was i

sunilight and the amount of watér that collected in the jar,

if.it was enough to measiure. They should also note ‘any othe
details so they will be able to describe what happened

Procedure for Group Two Two jars are placed together so they

;form one contfainer. Their mouths must be about the same size;f

colored
coatzng on
outside of
this jar

.

DIAGRAM 7

, f
If theus hs are not, guite the same size, something such as
clay o cloth cageoi/stuffed into the gap. If only 4 few jars

are avallable, o ar and one tin can be: used.
L J

Prepare one of the jars or theé tin the same way that the tea
glass or spall tin was in_the Group One activity, with water:

and a wick inside, and caldréd,pépér or other coating outside.

. ]
Place the two jars, or Lhe jé{%@nd the tln, in sunllght with
he time. Near the end-of the

e

The Ues! —to ask and the measurements to make are the same
g c

as fog rOup One. N
Proccdupc For Group Three A tin with a measureé amount of water
is hcated w1th a small flame. Inside the §19WES,3 tea glass

or 'a tiny tin,. supported by a stand Th?,§§a§d can  be ;made )
from the top of ancther tin: It should have a somewhat smdller

dianieter than the tin it is placed in: Bend the edge _
top in threc places-as shown in Dlagram 8: Three sm

$ 1 stones
}HSIdC the tin can be used as a sLand atso: ’

! ‘  stand nmadeb f
: o {rom lid of\a

\ : DIAGIAM 8 tin with fhr\
/> ‘ ‘ cvdgues bent
downwards

; \lﬁ\' | 45 \ \ .

“the tin
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, . . .
Make a hole near the toﬁggf ‘the tln, It doesn 't have to be
round: 7§ttach a paper strip and a piece of pransparent: plas- .
tic to the tin, as was done in Group_ Four ig. Activity I-+4 -

At the center of the plaSth, put p in or mall stone so

that the plastlc is; lOWer at the cé te than elsewhere:

Act1v1ty I+4A.

7 ¢ small
. plaétic Z‘gt'one
" smatl 7
hoie Y, ]
, . N
téa glass
- ’ '
- ,
’ ) — stand
S v
. small ,
source of £
heating heat LI T
stand - 4 B
< ;
K]
Crosis” s&.ctional view ) ",/

DIAGRAM 6/ o

Heat the water with a small flame until fhe water is hot but

not boiling. The heat should be adjust#d to keep: the water

hot but riot b0111ng throughout the. activity. Wwhen the water .
becomes hot, take ggte of the time: )
Near the end of the time available, the students sﬁouid

record the time that the witer has been hot a3yl remove
the heat. )

E—jl . : . V/‘

Did any water collect in the tea_glass? o

~ -

How did it-qet there? - ST

\ "
What percentage of the water you started WI%Z (-
is now in the tea glass? -

b \ }

A
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what percen ge of the water you started with -remains
at ‘the bottdm of the t1n9

‘ R

Proéedure ior Group’ Four Sg@eﬂthxngsiareiagded to the equip-

‘ment that was nsed by th:siggpupign Activity I- 4ﬁ.7 The game

heating stand anég heat source.with a_:ygil flame is useds °
ro

¥

If the tin used the last time ha# a d hote,_ d ‘you ‘have

a tea glass or a %ery smail tin that_¢an fit ipsid it is

suitable for use in this activity. Make a stahd to SUpport

the tea glass, or use three small stones. Fit the ocuter tube

of a Bic pen iftc the hole in the side’ of the tin: A hollow

bamboo branch can alsoc be used, but it is not as good be-

cause ygu can'} see inside it:'’ The other end of the tube

passes through a hoie in a ‘piece of transparent plastic which

 is attached to theé top of another <tin"with an elastic band:
This hole should bé & little bit bigger than‘the tube so

that air ran escape from the tin.as the system is heated

and the &ir 1n51de it expands:

»

Put a’ measured amount of water in the tin on the heating stand.
Place the tea gl%és on its suppott inside the tin:. Attach the"

paper strip around the top edge of the€ tin with an elastic
band: The plastic should be a little loose in the @;@glefeo

a coin or a smal¥ stone will keep the middle lower than Ehe

elastic
band

Neddi tigaal
-in"'f@? { ~' |

Y
{ N —
J

- o j——l
Supg\QEt L

P SN U N

b - - ~— - 9 IR
Cross-sectrional view

' . DIARRAM 10

&
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Heat the water with a small flame unt:I\Lhe water ig ‘hot but
nat - boiling. The heat should be adjusted to keep the ‘water;
hot but not boiling throughout the activity. Note the tlmez
when the water becomes hot. Near the end of the time avail-
abie note the time and remeWt

o
&2
,,,‘\ '

bid:any watef collect in. the tea. glas gé

ey
5 [ I . .
Y@?& any dropiets form 1n51de the tube? - _—

o

Are " there anywﬁrOplets of water in the tin at - [(\‘

tin you heated?

How much water is in the tea gla s?'

Is” there a measurable amount of q? r in the
other tin? If so, how much water

is there? é;

Do these amounts add up to what you started with?

with Activity I-4C first. Tell the students to keep/g’od
records of their results so. that comparlsons can be Ta e in :
the dlSCUSSlon after Act1v1ty 1-4C. —— 3

raR

Unless the students _are eager to havq'a discu551on,rcovt1nue

~ s ! . -
C - LY

o/

FurtheryStudy . , L
.V ) 7 s 7 1] {
. 1. Ads some salt to the water.
; * .
® Taste the 11qu1d whlch has.

conderised after about ten
minutes to seefwhﬁth'r the
salt was pransferred
together with the watex
~ vapor.

— [ - - - (- 6 - — ,,”
T B 2. ‘Use vinegar iﬁsteadrdf water: - | e
-

7

. Taste the 11qu1d whlch has

4

I cornidenised after ab ﬁtiben o
\\J e minutes to see w ether anythirg

was transferred together with

the wiater vapor or not:

1
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Al - (
Ih this’ act1v1ty, Group One -and Group Two continue to §se sun-.

light as their source of heat while Group Three and Group Four -

uge somewhat larger flames than‘j7fore;

ACtlvttﬂ,I—4C CONDENSATfp; AR WATED UVADOB

{

<. Materials = = ; %-;’ / : ‘ —
) YooY ] ——— y
: éﬁl ) Group &(f
\ ] : : ;& - " Orie | Two [Three|Four |
%4 Size of each sub-group 2 2 2 2
Access to the 6utésdr§ o | x| X
\ T ' ' _
Shovels -qr other tools for digging o
holes 1% ground ‘ X;«\i X ‘
’ Trays gz/dlﬁhes able to hold§ater ‘ T 3-6
A Smoky flame for coatlng some qf . ]
" the trays or dishes with soot® - 7 X ¢
Smalliglass jars or drinking glasses 1 1
Sunlight X 1 X
Pieces of transparent pi;ﬁ;ic .
larger t'hin used before ) % 1 1 p /
Stones tolhold down the edges _
of the pléétic X5 X
S@bll Stones to use as weight at B
the centédr of plastic pieces -1 1
I ' % -
Water S X X X X
:+ Measuring spoons, bottle caps, i
rulers; etc. to measurg amounts of .
water Cd}lected \ X X X X
All of the materlals used in Actrvrty .
1-4B by Group Three and Group Four, .
‘except that the burners mg§§7n9w be hot _
enough to boil the water gentiy X | X
Watch or clock ‘ 4& X X
; £ L

- . . ¢
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7
Procedure fpr(hmup one Dig a shallow hole dlmost as large as

the piece of transparent plastlc.you Have. The darea of the

top of”the hole should be somewhat sSialler than & square
meter ‘but preferably more than & of a square meter., 1f.

-Sprinkle a ‘measured ‘amount. of water on the soil'at the bot-
tom of the hole. Put a glass or jar. at the center of the
. hole. Place the plastic over the hole. Use stones and

soil- to hold down the edges so air -.does not blow \under
the plastics Put a small stone on the plastic above the

~glass. The plastic should#ﬁe loose enough so the center is
lower than the edges. ! Note the time.. Near the erd of the
time available; note . -the time again.

v

\ ’ Cross sect‘onai v1ew*’ P x ]
. o PIAGRAM 11 - S . )
, ‘ 3 ) . R
Did any droplets fofﬁ'&ﬁ Ehe plast1c° '§ ’
. " }} Y
I§\there any - water 1n the gfass?
‘\&gi/If SO“&POW much waier IS\ln the—giass°l
. what percentagewoﬁ he water’ioﬁ sprlnkled
.3 - in the hole 19 now the giass°
' 2 p0551ble,-put the giass and the piastlc back and leave
it until. the sun is not shining ¢ ~j £ _anymore. Then measure ;.
the amdunt of water that has colig@ted in the glass agaln. ;ﬁ

-Broq Yor Groqp Two Prepar= X
' as uéed by Group One. Put sg #Ays or dishes into the
"hole. Use dishes of varioys,

. di Coat one dish with soot

if -you do not already have a a¢k™dish. Measure the same = »
amount of water that Group One s~r1nkled 1n wheir hole. Put

this water in the dishgs so each disMWthas an equal portlon
of the water. Place a’glass or jar at the center of the hole:
~ Put the plastic oyer the-hole. Use stones and soil to hold

down the edges of the plastic so air is not blown into the
hole by the wind. Put a. small gtone on the plastic above the

glasé; Be sure the plastic ‘s loose enough so the center is

.50

18
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much lower than the edges. Take note of the time. Near the
end of the. time availéb €, note the time again. 3
- S A - AN 2
- X AT NS = e é — =S \"'/ "z Y Rnt™ \
NN e -'ﬁj T o & \/ ’ \
T, = - s &
A \\__».__1— “iﬁ-—*’i
’ , C —sectlonai view . . .
- g a ,
o DIAGRAM 12
7 ,

v

Did any droplets form on the plastic?

Is there any water in thé,giésév

If so, how much *’qer is in the glass5

What percentage

the dishes is noy in the glass?

How much water remains in each dish?

S } . S } o

If possible, put the glass and the plastic b
- until the sun is not shining on it anymore.

amount of water in the # gl3ass again. Also m
h dlsh

of wdter, if any, remaining in ea

‘Procedure for Group ’I?zree All" the matelials are the\’g/e used ¥ '
in Activity I-4B,except the flame, which is larger.’ Heat the -
water until it beglns to boil and note the~t1me. AdJust the oA
flame to keep the water boiling throughout the act1v1ty,rbut '
be careful the BlC pen tube is not heated so much by heat
coming upigggt to the tin that it melts. Use the same amount
of water that you used in Act1v1ty I 4B Near the end of the
time available; note the time and remove the heat.

~~  How ﬁﬁéﬁ\WéEéf collected in the tea glass?

7 What f)éiiéﬁf;écjé is this of what you started with?

f

?How much water collected in the other tin?
)

Whét bétr ntage is thIS of what you started with?

How much water remaxns in the bottom of the tin
that was hﬁated° ;

51 =
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ERIC

Aruitoxt provided by Eic:

’

For the dIscuss10n tK

use the results they have gotten durlng these last three

What percentaoe do the three of

“add up ‘to? 3

act1v1t1es." They may also need to refer to their results-

from-some of the earlier activities.  Remind the students

to have aii of their records in class for the dlSCUSSlOﬂ.

al

P

Further Study. . . .~ . ]

1

2.

if you have a room wher Q w1ndows can be closed
s0 that there is very 1% ttle breeqe it 1s recom—
mended that some of the students do this" act1v1ty{ -

and report their results to thelrest of the class

Use the Group Four equ1pment byt With the second
tin standing on a dish, and thevend of the Bic

pen EuBe almost thChihg the side of this tin®

Pat the tim on the dish after the - . o 7

water IS _boiling; and’ k%ep it there'

for ten minutes: . Do thlS

three times: - (a) put
cool water in the second’
tin, (b) put| warm water
in 1t (c) plut very

hot water ig

QsAftér each ten minutes,
measure the amount of
water that has collected
in .the dish. Havq the
students discuss possible reasons for d{tferent,'
» amounts of condensed water. h

Use th'e'Crdijp Four 'e'q'uip'm'e'rit but aim the Bii:’pég
tube 1nto ‘'various other conta1ners such as a tea

kettle. Use edch containery for ten minutes. ~ Com |
pare the water collected ; the dlfferent contaln'r§

" In Chls act1v1ty the water shoqid be boxllng dur1ng
the ten ‘miniites. that each container is being tried.

4
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much lower than the é&éés. Take note of tze-time. Near the

end '0f the time aGailable, note the time again.

o, % \.p 7 79 N :‘ i/' 3 3
' & B ; &7, . -
- - s J < . N ) ,
= ——— 1 _
. & 3 . )
v / 4 0 7 )

; _ ,nmdhuzz. - f\ oo
bid any droplets form on the plastic? - .

Is there any water in the glass°
"If so; how much water is in the glass?

What percentage of the Water you put in

the dishes is now in the glass?

‘How much water remalns in each dlsh7

1f possxble, put the glass and the plastlc back and leave 1t
until the sun is not shlnlng cn it anymore. Then measure the

amount of water in the glass again:. Also measure the amount

of water, if any, remaining in each dish..

in Activity I-4B,except the fiame, which is larger: - Heat the

anédunszr(hmup Three Aii the materiais are the same used

" water until it begins to boil and note the time. ' Adjust the

‘flame to keep the water boiling throughout the gctivity, but

be careful the Bic pen tube is not heated so much by heat

coming up next to :the tin that it melts: Use the same amount

of water that ybh used 1n Act1v1ty i 48. Near the end of the

What percentage is this of what you started with? N
T O

How much water collécted in- the other tin?
-What percentage -is this of what you started with?

'How much Water,rémaing in the bdttom of the tin
that was heated? ¢y P
What percentage is tﬁ{; of what you started with?

{
£
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ERIC

Aruitoxt provided by Eic:

b4 B

v
What percentage do the three of these percentages

add up to° .

P

Dld the temperature of the second tin 'change

while water vapor was condensxng in it2

M y-/

For the discussion that follows; the students will need to

use the results they have gotten during these last three

activities. They may also need to refer to their results

‘from some of the earlier activities:. - Remind the students

to have all of their records in class for the discussion:

3 —
Further Study -

1. 1If you have a room where the windows can be closed

so that there is very littte breeze, it is recom—

mended that some of the students do this activity

- and report their results to the rest of the class:

- Use the Group Four equipment but with the second

tin standing on a dish,; and the end of the Bic

pen tube almost t0uchiné the side of .this tin:

‘

’ Put the tin on the dish after the
water 1s boiling; and keep it there
for ten minutes. Do this

thrée times: (a) put
¢b0l water in the second
tin; (b) put warm-water
- in it; (c) put very
’ hot Water in 1it.

After each ten iﬁihuteg,
measure the amount of
water that has collected
in the dlsh Have the

4Amounts of condensed water:

2. Use the Group Four equxpment but aim the Bic pen -

tube rnto various other contaxners such as a tea

kettle Use each contsainer for ten minotes: Com-

pd¥e the water cotiecte . in the different containers

tried. Feel the temperature of each container after

vapor has been coming into it for a few minutes:

In this actxvrty the water should be b0111ng during

N\ - ‘the ten minutes that each container is being tried.
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As a result of :doing the various aqt1v1t1esh and sharing the

results in the discussions, the students by now: -should feel.

o famlllar w1th a number of procedures and concepts.
‘ % . .

. The procedures 1Lclude measurlng liguids by volume, measurin
urfaces usxng st

urfaces uare' measure, measuring time, ndtieing dif-
erences in tempprature, measuring temperature (if ghermom—

- eters are availgble), computing rates of change, keeping

:records of resflts, making comparisons where dlfferences in

vquantltatlve results are important, ‘and making. predlctlons

- or decisions us1ng knowledge from prev1ous experlmental re-
“rsults. . oo , P ey

The concepts include evaporatlon, water vaporp condensatlon,

rates of change, the surk as a source of heat, and area: Als

cool, warm; hot and, b0111ng as they apply to water. .

For some students the procedures may also have included look

ing for suitdble equipment and bringing_ it to c¢lass, decidin

whlchiltems to use.from a supply of different 51zes7and shap

of tins, jars, p1eces of plastlc,,etc., adjustlng heat sourc

to maintain a certain rate of heating, using the sun as a

source of heat, improving ways of collecting heat from, the

‘sun, approximating the surface area of solid objects, maklng
graphs of results; using a pendulum as a timer, measuring._

temperature with a thermometdr, and cons1der1ng the flow of

heat in a system.

".'For some students the condépts may also have" Included evapor

ation as a way of reclaiming somethirg that is dissolved in

water (salt), evaporation as a way of coollng somethlng

(burlap refrlgerator) coniderisation as a way of heating some

thing; and distjillation as a way of obtalnrng pure water fro
water that has thlngs d1ssolved in it:

/

. -

Discussion of Activities I-44, 4B, anddC - o

As outlined in the summary, there is a core of procedures an

‘ concépts that all the students have been exposed to. Then

- there are additional procedures -and Concepts that some stu-
. . dents -have learned. The discussion should be a time when

students in each group strlve to explaln clearty to the rest

of the class what they did and what happened. It is also a

time forﬁstudents who did further activities:to tell the
class what they did.

You may decide that the students' results can be best compar

by using a chart similar to that available during the. last
discussion. Some of the students may be able to develop- the

necessary heéadings for such a chart; or you can deve10p one

S

(o g | ;1- | 55 J . .




or more charts based on your knowledge of what
have been doing. ‘

If the class understands exactly what happeﬁed in each

case, gquestions about similarities and differences in re-

. §ults should come up, and dlscussxon will be 1lively. = °

' HoWwever, Whlle a certain group is describxng anrexperi—,

ment, in order to clarify the situation for the rest of’

the class you may have to_ask all the questions that

s you asked thEm,durlng the activity. This helps to im-

prove the communications skliis of the students.

It is sufficient at this time for most of the stUééﬁtg to

kriow what happened in most of the activities. In the

discgussion at the end of Part I, the students should be_

able to make generalizations about the major c0ncepts tiiey

will haVe 'learned. o ) . » .
: ) : ) ' #
* . * . . *

6

BACKGROUND INFORMATIONEONARELﬁTIHEAHHMIEITY

- - R

The ab111ty of a1r to hold water vapor can vary. aiiot

throughout ‘the /day and night. This is because thg ¢ amount

. of water vapo that a given amount of air can hol "is re-

hilated to- ‘the temperature of the air:. For each 10 degrees

_centigrade that air is warmed,  its Ccapacity¥ to hold water

vapor increases by about. 166 percent Similarly, for. .

'-each 10 degrees cehtlgrade that air cools; its capacity

to hold water vapor is halved:.  If there is dew at night,

“the air is be1ng cooled to a “temperature. ‘where some of the-
water vapor 1t*h91§s7condenses onto plants and other obJects.
Atathat time, the air is saturated with water vapor, and the

relative humidity is 100 percent. .(Whgm the air is hold-

ing'all the water vapor it gam, its r lative humidity is

106 percent: Air contalning no ‘water vapor would have

a relatlve ‘humidity of O, percent ) e

¢

Consider 'a\dituation where the :daytime maximum tegggratgre

is 10 degrees centigrade higher than the minimum tempera-

ture at night; and where dew forms. at night. 'In-this sit-
uation, the capacity of the air to shold moisture is doubled

when the air is warmest, compared tp when it is coolest:

If no additional moisture_is added to the air as it heats;

-its reYative humidity would now be 50 percent However,

most of”the moisfure deposited at night as dew changes to
vapor again when the air. becomes warmer, so part of the*
capacity of theg air to»hold water vapor 1s used up. .There- -

__fore, the actual
ture in this €xample IS somewhat greater than 50 percent..

. -
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Now' consider another situation. At.certain.times of ygar in

some desert areas, the temperature goes down to about 5 de-

grees centlgrade at nlght and dew forms: The daytlme tem—\

perature rises to about 45 degrees centigrade:’ If no addltIM

al moisture is added to the air as it heats; its relative

humidity as the temperature rises woulad -be as shown in thls

chart:- o ) .- . - :
: e : ; : 5 . : -
‘Comparison of Temperature to Relative Huomidity L.
Temperature Relative ;Humidity
(degrees cent1grade) (percent) i
5 B 100
. 15 50 -
25 25 _ )
3s ) 12% ” ‘
45 5 R '
. —

ﬁowever,,most of th& m01sture dep051ted on the sand at nlght

as dew changes to vapor af&in when heated by the sun, so

part of the capac1ty of the air to hold water vapor is used

up. Therefore the actual relative humldlty in this situation

.at 45 degrees Centlgrade is somewhat more than 6% perceﬁt.

In both of tﬁeée egaggle;, the - reia%xv?'ﬂumldlty reaches 100
percent when the tefmperature becomes ‘coel.  The evidence tﬁat

the relative humIdIty reaches 100 percent is the dew,; which

forms when the air has more moisture .than it: can hold.: The

more the temperature rises in the daytime; the lower the

relative humldlty.

/

I1f dew forms in your locality at night; you can get an idea

.of what the minimum relative humidity could be :in the daytime

by measuriﬁé the usual high and low temperatures. ™ Early in

the morning the temperature is approximately the same as the

lowest it may have been during . the nlght. The high tempera-.

ture can be ﬁéa§uré3 araund mléday These temperatures shotuld

Pl

Eyagoratlonrls siow if the relative humldlty is near 100 per-
cent and faster if the relative humidity is low. Air that -

— L e e e

has éalned some extra water vapor’ by being in contact w1qp (

LI

[y
- . .

57 | T
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 the surface of water has higher relative humidity than it -

had before. If this air is mo¥ing away from the water and

is being replaced by drier air, evaporation is faster than

if the same air stays near the water for a long time. .
S . .
> u

\ZActivitj'I‘54jEm@aﬂauqaw AND TEMPERATURE -

\In this activity,; students ifivestigate what happens when
water evaporates without any, heat being applied: The
human body's ability to sense di fferences in temperature

is used to detect whether any change’of temperature takes
~ place. . »

Materials ) ) . )

ran ‘work individually or timing ;
in sub-groups. All the o e
students follow the same Water to fill the basins

prccedure: e T

’

Sub-group size: Students penduium or watch for

Sunlight or another way

A bowl or basin for each of warming the water

six to eight students ‘

) Faris* . /

Dip your hand in water that has been out in the sunlight.

Does it feel warm? Remove your hand from the water. Does
your hand feel warm ﬁbW?,,Swingiyoggfhaﬂa_érbund while it

'is still wet.. Does it still feel warm® When your hand _
dries, sw@ng it as you did before. oes it feel the same-g

as befores If you get both hands wet, hold one still and

move the other one around. Which hand feels warmer? If

you use a fan to move air. to your hand; does it dry faster
‘than when you don't fan it? How much time does each hand
take to dry? Which makes your hand dry more guickly:

fanning or swinging? Which makes ' your hand feel cooler?

- ACKGROUND < INFORMATION ‘ON HEAT FLOW DURING EVAPORATION AND CONDENSATION

w

After Activity I-3A, there is a Further Study which requires
a thermometer. If you were able to do this activity, you

saw that the temperature of yater does not rise above a cer-

_ tain level (sbméwhere,betgéff'éovdégrééégcen;;§§§§é and 100

degrees centigrade) when heat is supplied. Instead;; the>

water boils: Water vapor is produced very rapidly,, and it

requires a continuous” supply of heat. ' If you take saway the

‘heat,; the boiling stops. "If you put the heat. ck again,-
- the boiling resumes, but the temperature of the water stays

*




L4
A3

'49'

‘the same. = How can the temperature stay. the same when heat

§ 1is being supplied? One way to answer this gquestion is to

thiﬁ&@of the heat as being removed by something. It is

beIng remqved by the process, of making water vapor from
liquid water.

_ In Actxvxty I-4C, as done by Group f%ur, _the tln at the end

*of the Bic pen tube became warm. 2222 of the water vapor cons

densed on this tin. Hedt was being upplled to the tin by

the process of making. water from walter vapor. This is the

opposite of the sSituation JUSt discussed. When water con-—

denses it ddds heat to the materials it is in contact with:

S

If the relative humidity was close to 100 percent when . your
students were swinging their wet hands in the _air, they. would

have had, dxfflculty noticing any difference of temperature

between thelr wet hands and their dry hands. Withput any

evaporation, theére is no coollng taking place due go hav1ng

ﬂ a wet surface exposed. The lower the relative humiditywis,
theweasxer it is to notice the cooling, because mcdke evapora-
tion 1is.taking place. ‘When water evaporates it removes : at

from the materials it is 1n contact with.

clymate, a small guantity of

drlnking water is kept in aslré%tly porous clay pot.iisome
ogfthe water seeps through alls of .the pot, and evapor-
ates from its surface. The cooling effect of this’ ‘evapora-

tion ‘keeps the water in the pot notlceably cooler than water

kept in an ordinary container: In the same way, the human
body cools .itself by sweating: Spoiling of fresh foods may
_pe retarded by surrounding themgw1th wet ‘cloths- The water

IQFthe cloth evaporates, and cools the food a little bit.

brying of clothes is: usually done in whatever way is most

convenient and effectlve., Thus, they are put in sunlight in

clear weather, and often hung near a fire in damp,iralny

weather. TIf t¥Were are dry seasons and humid seasons 1in your

Qocality, it would be 1nterest1ng to compare the time. it.

takes. clothes to dry, if 'you keep 311 other-conditions the

samejs‘For example, haﬁé ‘the clothes away from sunlight or
fire, and where there is '‘ho breeze. The only remaining dlfn

ference is the relative humidity of the air. ;
i ) &

Acttvzty I-5B EVAPORAIIQNiﬁND TEMPERATURE . &

If you. have a, thermome er;- or if you can make a dev1ce that

" responds to fag;ly small changes in temperature and which is

‘get€ing wet; _do this activity. (See_Appen-—

-not destroyed

dix E for suggestions ‘on developln' these devices.) It en-

) larges upon Activity I-5A; angd pfOrl lhterestlngnresults
; to compare if you can dolit in. W ther and in wet wea-
ther. ‘ v i i
. ’ /

.‘(‘?7',

1
)




Materials - t

L

-

Water,

temperature setising devices ]
: . Cloth

Fans

This can be done as a demonstration if you.h;zgoJlione

" thermometer or by sub-groups if you have many thermometers

" or temperature sensing devices:

. Everyone follows the
same procedure. . - - ’ :

Hang the thermometer: in the shade or indoors and let it

adjust to the correct ;gmpér%tﬁré for a’ few minutes. -

What "is the reading? With a 'fan, dave air towagds the
thermomieter for -a couple of minuté€s. Dogs. the Mggmpera-
ture change?  Now wrap a small piece of Fet  cloth around

the bulb of the thermometer: Leave it alone for a few :
minutes. Is the temperature different from when there was
no cleth? If there is a difference, is the wet temperature
higheér or lower than the dry temperature? What is the. =
‘reading? Fan the wet cloth for>the same amount of time

you fanned the dry thermometer before. Does the-tempera- .
ture change? What does it read now? If it changed; fan the
wet thermometer again, until dits reading Stopg changing.

Compare the differences in tempkrature.

Discussion of Activities I-54 and I-5B

A - . T SR
After Activity I-5B has been completed, have the students

discuss their findings. They should compare these results
with what they found when they moved and fanned their wet.

and dry hands in Activity JI-5A. Also, Group Four should
remind the other studentsf¥of Activit ¥ I-1 whére tins con-
taindng water and.covered with cloth were placed in sunlight.

some pieces of cloth were wet, and some were dry. It should

riow be passible to understand what- took place in‘that activity.

’

Further Study

- If a wet-dry bulb humidity table
is available, some study of
humidity -can be dome. Relative
humidity should be measured at
various times of the day. It
would also be useful to measure |
it 'at various times of the year:
during dry months and during

S | wet month¥~ ;

A

N
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Discussion should correlate
humidity with how people feel;
as well as with what plants
are growing during different
periods. This study cguld’®e |
| -part of an expanded weather A~
L v studies program. _
B - ‘ - 3 o L}

< ’ * N | *

AcEivity I-6 COMPARISON OF WEIGHT AND YOLUME OF FRESH AND DRIED FOOD

Phissactivity usés concepts froh previous activities to study

how food dries. Equal arm balances or other means for weigh-
ing are ;néeded. Weighing is also done {n Activities II-1 and

2; g;g?j;wﬁiéa%urihg sulfur in: Part III: Also, when the result:
Qgiggg}—giz’é dryers are evaluated, the wet weights and dry
weights of the food dried will be reguired.

The Students may not be familiar With weighing. - They could

obtaifi practice by building equal arm balances; making a .

set of weights, and weighing various small gbjects. Ifyou
decide to have the students build‘gqual arm balances, « he
instructions in Appendix F can be used: Appendix G OWS Ways

?5 making improvised sets of weights. . ' ' D)

This activity alsc involves determining volume by displacement
of water. If some students do not know this method of find-_

ing volume, this activity can serve as an introduction.
. 'i . e .

- ’ -

Materials

‘piece of a large firm vegetable

such as potato or cassava

7> Straight sided jar at least 6
cm-in diameter

Equal arm balancg or other
device for compAring weights-

Cloth which air can circulate - ” ~ ,
through \ _ ' Example of _

o - - o equal arm balance
Tray, dish, orfpiece of paste- ) S
.board ~ ‘ DIAGRAM 13

Knife to cut potato ?*_~
. ; .
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Matertatsr(conf'ﬂ ) ':h
" Razor bladg or scissors X% String - :
cut paper . - ) I L -
- Water A
l om - AR
o Pencils
Ruler :
L N N -7 #;)
Each sg?fagég:' Phould have one /% K materials: gighing.
iyl e ’r't eria

'equ1pment cant

stu ents‘;g ‘follows,

.Cut three pi E*’
e

each cube. they weigh about the same? If [not; cut them

so that all three are the same size, 4 cm on a side w1th

‘equal weights: - G Lo s

b ¥ M 1.
of potato 1n cubez 4 cm

Cut one pxece ?%\half so. that you have two equal yieces.
How blg

How big, is each piece? Measure the half pxeces._.

»

is each edgq

' DIAGRAM . ﬁ

Cut one 4&4x4 piece into 4 equal pieces

so that e&fh piece measures
1x4x4. -

Y

DIAGRAM 15

asa side. wWeidl.



eigh each piece of potato on a balance.r Boes oner4x4x4 plece

e uai two 2x4x4 pleces° Does one§4x4x4 piec

_ » e BT -
— 7:_3- .. ) . . . - 15 ) .
~ X - o . . .
. » . - - . -

Fi1l a jar half full of water amd mark the water

Full of water a;%“aark the water ievel w1th

_ 3 stiting: ThHen put one .4x4dx4 piece of potato in the water, ‘and
.- mark the water ,level. emove the potato. . How many cm and nm
ME - did the wal riSé?' ; “
S~ o
Put one 2x4x4 plece of potato in the jar. HQWA@any n..and

mm did the Water: rise?  Put the other 2x4x4 piece in/ ﬁé water

; Pid the ‘water rise to the same level as with the 4%4x4 piece?

Remove the pieces from the water. Now put one 1lx4x4 piece in

- the:water and measure the watgr’ riset Then add anapher 1x4x4.
R#Does the water .rise the same amount?,, Add the thifd 1x4x4 and
measure the rise. Add the fourth p1e 3 oﬁ71x4x4.“ bo four
of .the smaii p;eces of potato dhange te

he water tevel the same
as Jne big piece (4x4x4)?

Area - oy
| E g J.
WIpe all the potz>o pleces dry. How many sides does the 4x4xl

wl

~ cube 3ve? DPut t}e cube on a grid sheet/and trace around eack
side. When you HWave traced arocund all_ he sides; cotnt
the sguares you have traced around. This is how many sg . am

the cube of potato has on its surface: If voy put the cubé

aéﬁﬁ on the table how many surfaces_can you s LthoutLllft—

.

int the sides on a 2x4x4 plece of r tato.» Trace around
surface of the piece on the grid papér., Count the num-

ber_of sq cm the surfaces of the piece coveffed. How many

sq cm are there on the sprface?i Wwhat: 1s ita area When the

2x4x4 piece is sitting on the tabie, w h the large surface ¢

Neﬁ,

upward. how many surfaces can you see without lifting the

piece? ‘ : _ . -

put the 4x4x4 piece and the two 2x4x4 pleces o the table W1tr

the large surfaces upward, Which has more area that you are
ableée to see? One 4x4x4 or two 2x4x4 p1eces°§k

In thé Samefway as With the “larger pieces, count the surfaces
e around each surface off each of

“Fount the number of sg cm of surface_
on all four lx4x4 pieceS. Also calculate. the number of sg cn

that,; are exposed to the air if the four- pleces are put separat

:‘y
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on the table. ’;* :
Stack tpe”ii4’4 pieces. &€ is the surface area exposed9 H//’
ove one pifce from the stack<and . At

1t on thejtable. How much more

were stacked? Remove another

piece from the jstack and put it

separately on the table. How

- much more area is exposed now?

i

' How can a 4x4x4 piece be .cut to

glve more surfageé\area than by ; ,
Uux 4x4 pieces? o g

DIAGRAM 16

4

.. Drying and S e Az © - , “
On a large 4y or dish'§§ pIece “of ﬁééteboard placeigge-
4x4x4 piece of potato. one 2x4x4, one 1x4x4, nd any others
you have decided to try. ~ Mgasure these new p eces you

know their sizes and weights. Put the tray in a place where:-
it will not be dlsturbegiignd'cover with cloth. 'Eeave it a
few days.. what do you think 1 happen to the pieces of . .

potato? ’ Will they all be the sane? Howa;ll the size and

surface area affect the changes‘>

’ Tédéhiﬁg Method Alternateues 7 . B

. < . K

i

while waltlng fo?ithe pieces of potato to dry, begin_ the

Dext activities. Activities I-7, IsgA, I-8B, and I- 8C
are_written as if everyone in hé;C1ﬁ g will be doing the

. same thing on a particular day. How yO

77777777 ver, yop may - decide to
haye cértdin studerlits build the devicas to be ueed 1n

Activities I- 8A and I-8B rlght away.
measuring angles. If you decide.to do

whether or not you want the. class tQ/.-

Activity I-9, the students Eake a #device to cond

fﬁ;g,'édfsidér now

Activi r I- 9. In

~ .using the hquiggigge sun spb that pure water can be ob
-tained from contaminated water. It is then operated a
various angles to find the angle at which the most water

" is. produced. However, it regquires woodworking s ill to

build thls”deygge, so you showld select students with this
Eflldlngiany devices. should
buld then do the other

in mind. Students who are not

‘begin w1th Activity I-7A; ant

act1v1t1es as éééﬁ as the devices are finished.f"
-

-’“*Note- If the students have trouble conceptualizing the

"o nneqtzon between area of grid paper and grea of potgto .
pgieces, cut the grid paper: out and pin zt on the facef of

the potato cubes.
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Discussion .of Activigy I-6 -

v

-/ thé&—that after they do some more

~

When the pieces of. potato have dried, have the students report
on their findings. = This should include the weight of each -
piece wet and dry,,how mueh time each piece took to dry, which

pieces dried and which pileces if any spoiled. The volume of

each dried piece should be approx1matéd and compared with the
VQlume of the pxece before drylng

1

ur1ng¥the reporting of flndlngs, you should note the extent

¢ which ‘the students apply any of the concepts they have been’

exposed ‘to so far.

WA .

At the end of the discussion, encourage the students to think

tivities, they will have.
§. Have the students make

'of4§uggestlons about how food dr¥f3§ may be done best. Tell

a changce to.try out their suggestil

"'a list of the suggestions they make now so they can be used

in later discussions. ? -

* * - . ’ *

AN
]
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The activities in this section emphasize the use of thHe sun's

hHeat energy: They begin with observations of surfaces heated
by tgdiatign from the sun. Attention to the use of black”
surfaces to absorb radiant heat is continued. The activities

also explore the angle of a surface relative to the sun, and
the effect of this angle on heat absorption. A familiarity
with the memsurement of angles is needed. This offers an op-
portunity to collaborate with a ﬁat? tealher. :
The studéents will construct a box for condensing wated, and
maximize the amount collected by controlling the angle between
the sun and thre black material at the back of the box. Finally

activities styidying how air moves when It is heated lead to

the constrict}on of food dryers in Part TI.

BACKGROUND INFORMATION ON ENERGY FROM THE SUN //_
L e R A A
The sun(conyinucusly gives off iarbe amounts of energy which
~travel through empty space as radiant energy. A small amount
of this energy reaches the earth,

1, and some is absorbed by the
atmosphere. The Sun's energy exists as:a continuous spectrum
of different kést of energy frqg;iééié waves to light, heat,
ultraviolet and x-rays. 2 )

on a cléar day, most of the sun's heat energy passes through
the atmosphere and is absorbed by the syrface of the:earth.
Dark coloréd materials absorb most of the heat

‘ sorb energy that
 Strikes them, while light colored materials reflect much of
the heat and light energy that strikes_them. ‘Energy that =~
strikes materials directly, perpendicular to their surface,
is the most concemtrated as it is spread over only a small .

area. Energy striking a surface obliguely is spread over a.
larger area and therefore 1less energy is absorbed per unif &f

area. The greatest absorption of radiant energy then is by

a dark colored surface that is at a right angle to the sdurce
of energy (sun): ‘ )

] S S e
Thése principles are used 1n devices which collect solar enerq

to make that energy usable to pecple. These devices can be

Used to gather heat ‘energy from the sun to cook, bake, dry,
heat water, distill water, produce electricity, produce steamy
atid do other useful things. . , -

| L L e : T el ol Ll Ll
Because the earth 4s-tilted, it receives more epgerygy on one

hHalf than on the other: During the mogths of September througl
March, the half of the earth south of the equator receives the

sun's encrgy more directly and is heated more than the North-

ern Hemisphere:. From March to September, the northern half

oOf the earth receives energy more directly and is heated more
- L

66
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than the Southern Hemisphere. . Uunequal heating of
the earth s surface leads to some areas becomlng warimer.

and oceans

This air expands due to warming and is pushed upWard by

heavier; cooler air: This rushing of cool air td repla -
lighter warm air 15 the wind. The energy in the wind dgﬁes

from the sun, and can be used to do:work.- . :

Heat, a kind of energy. moves from Something of higher temp-

erature to something of lower temperature in three ways:

R r'_,.

l: Conduction - heat moves from one substance to
another substance that is touching
the first substance.

-~

2. C€onvection - one fluid material heats and expands,
) causing it to rise. and carry heat tO
other areas.

3: Radiation « heat energy moving through space that
. ' is absorbed finally by a material:.
- At thHe conclusion of Part I; the students w111 be able to-

v

1. name the three ways that heat moves £ rom somethl ——
of hifwer temperature to somethlng of lower tepper-

ature’ . T

: 2: 'vary the factors affecting absorption of heat to
' - -increase or decrease the amount be1ng absorbed in

g systam“they have bullt

31  describe what happens-lm-hﬂ

~ by the sun, 'including; rad1atlon,-conductlon, and 7

convection 1n the1r descrxptlon S : ,:i'@;f
- _

Activity 7-7 RADIATION

Some materials that have sat in the sun absorb more heat and

feel hottér than other materials. Which materlals collect
the sun's heat efficiently?

Sub-group size: . Two or three l Smoky flame for

; students\ All the sub-groups Coatlggfgxies and tins
’ fotlow the same procedure. with soot; such as a
" ) candle or a paraffin
Lo . burner

67 S
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- Materials (cont'd.)

3 Clay tiles; bricks, or 2 Tins of the same size

blocks molded from soil . :

taken from termite mounds Matches

K'g .
7 Thermometer or other method - . Water
\K\f of measuring temperature ) S x i -
L (see Appendlx hk\ ’ white paint; cassava’'paste,
or whitewash '

\

Flat glass or clear plastic - .
- r other timer

°

If you have only one thermometer, one.

" among the sub-groups to make the temperaku

son can c1rcu1ate
re measurements.

Soil from termite mounds can be mixed with wWater and molded

into blocks if other clay tiles or bricks:are not available.

Each sub-group should have three tiles: . one that is coated

on one surface with soot from a candle flame; one that is

coated with whitewash. white paing or paste made fiom cas-

sava~or a sxmxlar food starch: and one that is Ieft un-

coated. . These tiles should be kept in a’ shady place for a.

few houfs before the activity, where their temperature w1ll

not have. been ralsed by exposure to sunlight:

Progedure for ALl Sub- Gr’oups ) : -

KU

Se§5the three t11es out in the sun w1th the colored surfaces

upwards: Take the temperature of the tiles when you .first,
put them out. After thirty minutes, take their temperature
again: Which tile ‘bgcanie the warmest°7”Wh11e measuring the

temperature, stand sB® the thermometer and the tile are in B
the shade of your .body. If the thermometer receives heat -
directly from the sun,,lt glvesfaffalse reading. Thermome—

ters should be stored inlthe shade because.it is possible for
them to ®ecome too hot-and break if the temperature readlng

goes beyond the maximum.

Further Study = . o _a\
Take the temperature of each block at ? C
ten minute intervals: Make a time vs.
L. temperature graph for heating of the
blotks.

: 7 ' : DL nEs

¥
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Aruitoxt provided by Eic:

e

i

Lo

White the biocks of clay are 1yxngvexposed to ‘the sun,

sub-group should gather two tins of the same size;

should be covered with scot from a candile;

éach’

One tin
one shouid be - -

left shiny. Fill -each tin to the top with water:and takqp .
‘the temperature of the water. Place the tins in the Sun ,
after five minutes take the temperatqre* /éecord the tempera-
ture in a table like thlS. K ) o o
s
; : “ .
L
N Water Tempjgature at Flve Mlﬁﬁte Intervals
0 5 e | 15 20 25 30
- 3 N [d
Shiny Tin + '- : R
Black Tin [~ =

'

Record the’ temperatures every flde minutes and wr1te them

in the table.r

Continue recordlng the temperature for thlrty

minutes. Leaye the tins in the sun and asure the tempera-
ture again afte“ tWo ‘hours and, if possible, 'after four hours:
What is the hig' L.e y reached?. Draw a graph trom
the temperature e table.

Time in Sanlight

~

“Water®Fempérature vs.-
~ N _ .
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AfEthhéE Study .

1: tay”several pleces of cloth out in the sun.

Some dark colors; somegllght colors.
;After a few minutes feel them:

5- Pput a band of dark cloth’ areund one armg Or 7
. leg: Put a band of light cloth around the
. other arm or lgg. Lie down in. the sunlight
for a shortstime.

Which colors abjs;o"r’b' the most heat?
Which colors are not good absorbers?

<« 'Which colors reflect the. most suntxght’
The - least sunllght? ST . QF

. (The reflection is judged by the brightness

o of the cloth when you look’ at it in . o
PR P suntlght) 8 _ 7 : L é;;]“b

L A

Sometlme gurxngrthe class perlod put- your hand 1A/sunii§ht

then put your hand peéhind'a piece of glass  or clear plas-

tic so that tHe sun shines. through the clear material onto

your hand ,Does your. hand feel warmer or cooler pehingd

the Clear mater1a15 Does the clear material stamr all the

sun's heat? Part.of it? Nome of it? -The air alsqgfsﬁw
""" stly clear on'a sunny ‘day. - Bo you thlnk the air ops

much of the sun'sg heat from -coming to you° Do clouds

stop-the sun's heat from reachxng you?

~

,,,,,, A

stcuss your results with the other sub- groups

* * *

. _ACﬁLUlLJ I—8A MEAYURING THE ANGLE OF SUNLIGHT

‘PIsScuss: At what time Of tﬁe day. 1s the sun hxghest in

the sky? -~ How high ddesxthe sun get? Does the sun get

higher in some eeasqns than ‘in othcrs° How can we measure
how high the sun gets Iﬁythe $ky° . - M

S A .A“'
" AN

sking at the cun.

dﬂuzct‘to muasurp the angle of

Udutioh: ‘“
You can use Lh( onZoan{
clovation of Lhe vum wa}out 7oolznq at it directly.

i .

o
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T
ry 'f':"f ‘
Y 6 pieces of wood, bamboo or .. 2 tins with both ends'
! reed . - ' cuti'out .
Newspaper or other large paper String _ L
Hammer = .J - - '~‘“u}  a Saw or knlfe-
A .
'f, Nalis or pegs and- a\drlll R ~Protrac€£
i ’
o, Heavy paper or cardboard f‘j' Heavier stBﬁeé, brlcks
) maklng a protﬁactorf . ]# or logs e

’'E

PO

he paper around two tins from.

:whlch both ends have been cut out.

You should be able to see down the

center of therroll:. Tie thé roll

with strlng to- keep ;t from

“p?unro]llng cut six pieces of
wood 10Q. ¢m longer than the roitl
of paper. Hammer a thin ‘nail

or peg 1nto one . plece of wood
o from the.end, then drive
the_nhail into a ‘second piece
~ of wood, also 2 cm_from the e T
wend. The pleces. "of wood should. ' " DIAGRAM 17
" . be- able to rotate. Nail a third ’ ’
‘piece of wood, to the other end ’ o
‘of the first® plece in the same way. . -l
;Nall the other three pleces of wWood together 1n the same
manner .. Make a copy of a protractor on. a piece of card-
board. NaLl the cardboard protractor to the middle of one

of these, as shown in Diagram 17. Make the straight edge
run at right #ngles to the piece of wood, with the 9p° ¢
mark centered on the piece of wood. Hammer @ small nail
into the protractor at the center of the straight. “édge
of the protractor:. ‘It should stick out about one "%
"Med to-

centimeter because a string with a weight wilt be

A .

1t as shown itn biagram 19. . oo
TJL th( roll of paper onto th( Lwo LLnt(L preccs of wooud
wah 4tr1nq as shown in Dldqrdm 18. Cut another piece ot

string an 1unf as the dlctdncc ‘from the protractor to the

5

v




» -~

_ A e g B
. - } B L [ -
e R ;.,., ‘ o 63
¢ . -

o

.

Tie a weight to the string,

1ail:

&nd of the -center piece dfiwooﬁg
and tie the other end onto the

device
. shqming
all} parts

bIAGRAM 18

Weight the lower legs down with stones; bricks or logs.
Move the front: legs in and out, aiming the stube toward the
sun until sunlight can be seen when your hand is held at

the bottom of the tube: Measure the angle of elevation

above the horizon by reading Wwhere the weighted string

CYevice
set up
for use

o

“DIAGRAM 19

Using this device, measurériﬁérahglé'dfxéhe,sun tﬁfég@ﬁdut*"

the day. Each sub-group should use. this device until

‘everyore is familtar with the measurement of angles. Alter-
nately, cach sub-group coéuld build one dévice., The device
__gan be used at different times of the year - seasons - for
weather studies: Y :
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7 Further Study

a unit on s;g

tube between %he pIeces of wood for
viewing the mogn and stars as partoof
ying the sk1e§7 The
used to measure the
elevation of heavenly bodxes

@

N : it

Actzvlﬁy,I—ﬁﬁ-éMEASURING THE: ANGﬁF OF SUNLIGHT 7 7\ )

Mate¥ials
Tiles or bricks used in|
Activity I-7

PO
‘A smoky flame
; 6

- Matches
‘Thermomete: s

Sqlare piéceés of cardboard
for making protractors
P14

sh T

« !

How to Make an Eleévation “Angleé>Measurin

4
IX
N

Stri'n'gi

Washers or bottletops for
weights h

‘pPieces of wood.a little

longer than one: side of
the sgudre cardboard

Protractors

¢ Device

Draw .a protractor on a square ple;\sof cardboard ;gtach a

piece of wood to the cardboard as shown in Diagram 20: The

nail at the ceénter of the stralght 51de of the protractor

should. Sthk out,
can swing freely f rom it.
a weight,

Hamiier a small hole in it using a nail.

e} the string with a welght at the end

If & bottletop is being used as

Adjust

the lenqth of the string so the weight does not reach the

edge of the cardboard in any position:

To use thls dcv1ce
againgt the surfdce whose angle
string crosses the
ber of degrees

wa

hold a st alght edge of the cardboard
%?,EO be measured.

edge of the protrdctor to show the num-
raway  froii the horizontal>the surface 1s

The

73
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ThlS 1s the elevatlon angle of the surface. For examp}e, >

if held under a table, the readlng/~hould be 0 degrees.:

If held. agalnst a wall, the readlng should be 90 degrees-:

Aftég;eggryone is -familiar w1th measurlng the elevatlon
of. the sun; the way the sun heats surfaces which atg

set "at different angles to the éunllght cdan be investi-
gated. . The results of Act1V1ty I-7 show that dark sur- -
faces absorb more heat..than light surfaces. Now,  blacken
ong surface of eagh¥ile with soot from a smoky flame:. -
Before puttlngwth\\tlles in sunlight, measure and record
their temperatures.- Bring ‘the: tiles out in the sunlight .
and tilt one so that it faces the. sun dlrectly. With_

" an elevation angle measuring device, measure the angle
“of the tilt. It should bé& at right angles to the sunlight.
.The elevation angle measuring device should show an angle FA
90 degrées different than the angle measurlng tube for 7t

f‘sunllght shows on its protractor.

Ai—ib’&h'e'r .tilé; Cari be 1ai'd flat‘ bri the _ground. How many
degrees from the horizontal is it? Stand one. tile .

: stralght up.- : Use rocks to hold it uprlght., How_

Sy ~many degrees:-from the horizontal is this tile? .Put - )
wfanother tile with its edge_ facing the sun. - How many f
“degrees is it’ from the tile which: faces the sunz?

w 1ch tile do‘yoﬁ}égpect to hea est'> hich one do you
--adﬁpect ¥o be. heahﬁd least? Afte veral ‘mi@utes; "7

: méaﬁf ﬁthe tembergtﬁre of the with a thermometer

or feél %hem Prentyou ghand. Wh1 tile is heated the most?
‘Alnmiost as much? Thé least? Is thlS What you expected?

How would you éxpldin this to another stdﬁent9 e

AP

M !

AtL101§y I BC MEASURING THE ANGLE OF,SUNLIGHI

-, - — -
1 ' Why ‘do surfaces fac1ng thé’sun dlrectiy heat better

than surfaces at an angle to the direct rays?

“ o ) * ~
Materials : ' Do ?‘, 2

1 cm grid paper Flat cawdboard rectahg” ar

7 7 s pieces e _ “

Angle %ﬁ?sur;ng tube o E . ,

. Tape ﬁﬂ*?‘ R o

Protractor cas ” Ka

<
7 Angle measug&ng dcv;iés

< e LA
A T
9, . . '

- " R




LY

s L
I Jr -
2 5 . .

Hold thi¥
___edge againat
 the surface

being measured

W

DIAGRM 20
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Procedure for ALl Sub-Groups

a

Tape a sheet of 1 cm grid paper to a board; book or other flat

rigid object:. 'Tilt the grid paper to face the sun directly f

at the angle measured by the angle measuring tube. Place &

recqangular piece of cardboard smaller than the grld paper

. over the grid paper. Tape. the: -cardboard along one edge so

that the edge lines up with' one grid line: Trace the card-

cm the cardboard covered. ‘Measuring with a protractor, l;ft

board outline onto the grid paper. count the number of square

the cardboard rectangle 20° from the grid paper and trat °the

edge of the shadow: Count the sguares that are 'inside th

line. 1d the shadow of the cardboard cover more Or. less,

grid paper than when the cardboard was fla ajiﬁld t,e card-
board tilted at 20° catch more or less su 7 -when
it ywdas flat. Measuring with a protractor, til ardboard

up jat .a 40 angle from the paper. . Trace around the Shadaw (]

edge.” Is the area covgged by _this shadow more or less than

20° angle? Tlit the cardboard at’ a 60° angie and trace

the shadow., How many sguare g of unllght does the cardboard,

~catch at a 60° angle? Do the same for 80°, then 90° Refer

“pback to the tiles. in Act1v1ty I-8B. Whlch tile was heated

most in the sunlight? phy did one heat more® than the o&her5

Discuss thHe results with the .other groups. How would you

éxp;ain‘thls to other students’- 5
« : ¥ - \

Further Study

Stand rn front of the cardboard and grld

paper so that the shadow of your ‘head-is

Lon the cardboard. You are 100k1ng now at
the cardboard from the same way the sun
does. Put the cardboard flat on the
grid paper. Have somebody else lift it
ap by a free edge. Which way do you see
more cardboard? Whlch way do you see

l1ess cardboard? Hdéw can you tilt the

¢

> the snrface” At which angle would the - .
’ cardboard heat best from the gbn7 Why? o

Report your flndiﬂgi to the class. ’ e

-

cardboard so that you do not see any of o~

b3
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Ex o L. [ % e

Activty 1.9 USING THE SUN- TO: PURIFY WLER

The precedlng act1V1t1es have shown the ré) tlonshlp be-
tween the angle at which the sun strikes a swyrface, the
color of ‘the surface, and the heating of the surface by

the sun's raye. >

The water condenses on a flat piece of glass that is he
less than the_ dark surface below it. Water runs down

glass surface which is sloped, and is collected in trough.
Water 4is fed 7sintoc the box by a tube leading from a container
of contaminated water. This device calls for a greater .
degree of woodworking Sklll thén previous act1v1t1es SO”e
of the construction coyld be done in the
collaboratlng w1th the Woodworking teac

s W
Y
;MaterLaZs o S - |
4 preces o wood - making _Clear plastlc or glass;
the sides >f the box, : making the top:
planed and sanded, sealed . N
if possible. ; ', Crack sealer: use what 1is
- ° L available: ., . /. -
Boards; making the bottom: ' w7 &;//
' . Black cloth, coverink the
Bamboo tube, about 2 cm . Bottom
diameter, 5 cm longer tham
the ﬁi&tﬁ of the box Earge tin and a piece. of a
: iarge tin
Nails .
Sé%
Hammer. . : . P
T - ' Drill ; 3
. Metal shears or chisel . . T
L , - Tape .
At . : o .
- F s
- N ( )
!

@
. /‘
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i I & ﬁ ©

The pottom of the box may be made

.z )
Va L

sealed boards or it may Dbe covered W1th7plast1c ereetlng y
nailed tightly to seal the bottom. Over this so dark t;'

cloth lF nailed. A hole is- bored in one side at fhe upper /\
end for' the bamboo trough. The tube is cut in hglf to serve -~
as a trough for water to enter the stily: Smail holes are S~

bored iy the bamboo trough so the water
the cloth. Water i the supply t1n drlps
into the trough. ,r’ e inside of the
box hold the bambod ' ¥rough in place. The collector trough
for fresh water at the lower end.is made from metal from

a large tin. It is cut with metal shears apd bent to form
a V - ghaped channel. It is nailed td the-lower end of the
box with the metal set tlghtly againsf the wood so that

no leakage will occur betweén metal .afid wood. «&he end of
the metal trough may be set tightly afainst the wood, or
it may have a . piece of metal soldered over the end to fog%

a water- tlght end.

111 drip down onto_

\through a tiny hole

The other end 1s open for pure Water to drip into a con- //

tainer for -collection. The metal trough passes through a

hole bored in thé side of the box. A smaltl hole 'is bo ed

in thé lower end of the box, below the metal trough, fo& ;

extra Contamyhated water to run out . 77When alit the parts -
are installed, ,glass cut to size or clear plastic sheeting
slightly larger than .the to'*” 7the box is fastened onto

the box. The plastic can pe nailed over the edges:. Glass

‘can be set on top with smfll blocks of wood nailed on the

sides of the box, projec ing UE to keep the glass from

sliding «off.- Then thne gl“ss may- be taped to keep it sealed

Sée addltlonal Dlagram 23:

; bzt oo
" tl‘ulid"l

[Ny
(((((((

Cross-Sectional view
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BAEKCRQHNDAINEQRMAIIQN GN CGNDUCTION AND CONVECTION . .
s - ) ‘

Energy reaches ‘us from the sun by radlatlon. éy now, the

students have used this source of heat energy a _number of

t1mes. ¥n the last sewveral activities,; the students learned

that to collect radiant heat energy effectively,; . its dlrectlon

has to be taken into account: They also found that dark

colored surfaces absorb radiated heat better than Ilght .
colored surfaces. :

Heat energy is often transferred from one substance to another;

by conduction. If the two substances are touching each other

and have different temperatures the cooler substance w1ll

become warmer as it receives heat from the hotter substance.

A table becoming warm beneath a teacup is an example of heat

- being transferred because substances are in contact with each

“6ther. The tea warms the cup by touching it. The cup Warms

the table by touchlng it. Movement of. heat by conduction 1is
studied in Act1v1ty I 10. )

5

If one: of the substances anolved in transfer of heat. 1555

liguid or @ gds, movement within the liquid or gas takes place
while its temperature chéngesiiWThls movement; which is called

convection, is studied using air as the gas that moves, in
Activities I-11A and I 1iB. °

Activity I-10 CONDUCTION. < 5

In thlS activity, the students use the?

dlfferences in temperature to study conductlon. , L
) waruﬂo B}

-~ N i -
Tins Table or floor not in sun-
S llght
Sources of heat such as
charcoa}l burner or flame. Stones

Watch or other timer

Heat the stones on the charcoal burner or flame: _ White this ‘
is belng done, everyone should note if the tins- and”table feel -
warm or cool. One or two hot stones are put in each tin, and 7

rhe tins are placed on the table or floor, and not moved.
After about 5 minutes, fcel the tins and the table;underneath

tt: Arc they warmer or cooler than before? - &Are the stones

warmer or cooler ! sefore? Where has heat movad in this

activity? 4

’
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Zeaching ching Method zithémai%aes

activ1ty concernlng convectlon E£7 )

Dependzn on how your class is workzng, you have a chozce of

two alteéPrnatives for . teachzng convection. -

R 2 o

f"il. Have the sub grdups 1n?each group do the experlment

. S -outlined for them here. If by now thea tudents are
= - able to communlcate effectlvely with each other when
£ ) each group explains to the rest of the class what

they have béen doxng, thlS procedure w1ll work well

2. If you feel that communlcatlon between groups has
net beeo effectlve 1t is suggested 1nstead that

successive days

“Activity I-11A CONVECTION

~

‘In thlS act1v1ty, how heat is transfe;red by convection is
studied, 'and a device is built that could functlon as a
small food dryer uslgg air heated By the sun.

Mfzbz;;r*ials . . \) A; . ) /\ ) ' . . et

; - N Group. . |-
S 7777 T . ; One |[Two |Three | Four

Students in sach sub group . ] I D
éi‘e'jcés of papér,abdut 20 cm by 25 cm - i e i _
Elastic bands -or éttﬂiﬁ-é,' S o 2 J ] i

: Thin wire o Tl DR I I E
Sﬁiai;i stones, IR ;-;, R '; S S S s g |
,Seurce of heat 3ucH as é charc oas 'é.t‘ ';‘.":?,ﬂ -t- ~ ..

) burner or f].re : . : ;_@‘. X ] X X |-




D AR e ) ) r:~ ] : " 7
Materigls (cont'd.) . ¢ = °* 7 % " L e .
. R . ..n i_’z;. 2 R -~ 6t6up , . .
One |Two .|Three |[Four -
o S ) o e
Scissors or blades to cut paper 1 1 |1 .1 1 1
S(inng or bxraxded cotton \that 5 S 1 . T
produces smoke when glowBQg LT Cf 1 L1 1
"5%,“_‘ . : SN 7 ) . " DN L ) . -
\}To't charcoal T L . 15;'-:?.-
} 'Stnall boxes- made of paper, pasteboard e )
; 10T wood or tub%s made fromr per 1.
Stéﬁds ﬁédé £ v t1n'Iids ta port )
hot -charcoal / Py 1
a T L e #e ‘
Candle o L o vl x| N
Common p;ngl_:.%w e R 7 | 8 20 B :
Small boxes made af paper.or ) ' o
pasteboard witH. opeggop © . ) - ; 1 -
. : R ) " 5‘ 3 - »
Black ink or paint ' . ~ 1 /
. o ) - e
Transparent plastic " 1
o R - & G B ‘
Matehes PR ' X ) X : S
W o , 1 i R
' .Pendulum or watch. - B X ' A
Iy A - &; . ; - - ]
,,,L,,‘,,l o 7 *a C o
Procedure for Group Oﬁe o . :
T % ' . Lol
’ & " —
Mgke a tube from paper about 6 to 8 centlmeters 197§1ame§er hd
and about 20 centimeters in length. The wall of the tube
should haj§e a thickness of not more than 2 or 3- Fayers of.
“paper be 1ISe _in this activity .the students will feel the
: temperature 'of the air inside the tube. Tie the tube to-
& gether with several elastic bands or pieces of string. h

“the roof. of the tube by a thin wire. Make thé roof strong-

. enough .to support the wire, but thlgieggggh so the tempera—
. ture of the air inside can be felt through the paper. Fold-

_A small stone that has been heated in a fire will hang from

1ng a piéCe of paper tw1ce is, one way to make a. su1table roof.
o co PR o : . : :
v d 1
. - . i . . o R . . ) ) . .
- : L oA . ~ Sl
- h} / . - Ny Lo ‘ . 8 4 : - ’ . - N - - ' "7, . )
. . S i o - .



“*:Atfach a thinp piece or wire -
the small stone. Measures -

ugh addxtional fength of

‘ [
Lot

about. half way down. the: tiibe.
Pit the stone with the wire at—
tached on the fire. It should
bécome as hot as* possible. ilace

1

e | o -

v . - the tube irf*as Pittile breeze as

sl e | possibles tattach the eld of the
' Jisj wire to he genter A }“”‘roof. Ve
sy Ly , Lowér the stone intes tube. *
‘ J ' until 'toofnresb' 8y the end .
S - ' of Ehe tuhe..-The roofwmust be
B , i -gflat agdirgst on the end of the

are no holes
of the tube .-

ol ‘ “tube o thatighew
. i~ i ' for aIr to passy 4§

'?After about two mlnutes wfeel the

" tube at the bottom; the. mlddle, RQV
the top, and on the rgpﬁ; ~Write ‘

)

down whether the tube feeis cool;

- ' ' warm, or hot iH7&ach of ‘these:
' places: “Were you surprised by

- the temperature of the tube indy =7

s any of. these piaces° Repeat the

. » . . .
activity eryone - L R T
did not h hance . e - . g”?“

” .-to feel t

if there are’ any d? -~ ‘9 ot
. gutes abopt what - p#g€fs of |~ - s

the tube- re cooler or - S

warmer. - 3 - . . :

'Now cut a smal1 ,opening, at .4

',the'top and: bottogiof the - P~
tube Each .opening should L E

be about 1 ,square. cenfimeter. - : C

Heat the sténe: - bxght one end
of a piece of strIng or bralded

duces smoke but not a great amount

of hot air: : . : o ;

L

'p$ the stone in the "tube. Hold . % R ,

the smoking end of the string at NG A . -
g . .

thé bottom opening in the tube,
and then a3t the top openlng in

LB

DIAGRAM 25 .

“the tube: Try putting it just : , 7
inside each opening, and just D ‘
outside each opening. Watch:
' what the smoke does. The way
: 3 o "
) 85 s '




‘Note: ff;'

placing the hot stone with a. piece of hot charaso®

©moving? Make a diagram showing ‘how-the air Llows.
d@f@ﬁé'dq@ny this in a bpeesze, it may be impossible .

- i.i'.-...& — = = — — o s e -t - P 4
to see the émoke. Try using q,Zargéﬁ-éburbe‘afgﬁgnke”gﬂdmne—A
th a.piece of hot t. .Take pre--
cautions for fire bacause the charcoal may bpn® the tubes
4 L R P - S A S

1 ta

‘ . o _ . N 7’77 o ‘;\,:- L - . e ot e
Proceduve for Group Two.' Da the same experiment as is, dong by.Group.

. you can make ‘tubes; from paper 2a

. of‘air by,holding a piece of smoking strip}y near each ‘liples -
.Which way does 'the air> flow? Make .a difpgfam showing how the .

One . except use a box. If it peses a difficulty ‘to #ake boxes,
r d flatten one side as in pia-

gran 26. : Have the -tube lying, horizontally, and Clg&eLgfrjﬁéﬁﬁ,
ends of the tube sifillar to the way :the roof is used by Group

one. Make two holes;? ane directly ahove the peat source{ the
second near the;other end of the -box or tube. Use a hotistone; ;
hot charcoal, or. a candle as:source-of he€dt. Test the flow = ..+,

a¥r flows. ... . Ca R

e ) ;;42 .

A

DIAGRAM 26

e

 hole :
directly .
above

heat source

source of
heat ~ .-

© table ——=

] CRRNREE N

i
Cross—-sectional view P
: i

' ‘ ' % DracRam 27

86 - -
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Procedure for Gwoun'”hﬁﬁé

Put abou@ flve hot stonesth the ground
paper enclqﬁure over .t
which parts of the pgper get warm

about®’

of the encdYsure.

string.

~of the enclosur‘.,
does the: a;r f-'low'>

flowsp

pdpéi
" hot
stones

quarehceptlmeters eg

‘:/ ;fi

PrOLedure fbv Grove ['our4

If a themmometerkls available, measure

m‘ box’ W1th bla'V lnk
‘gnowith- pins o m =

esunllgpt a few minu
smoking string.
~wh&n_one .end is
"should be ‘done wnere there is as litt1e
Then put” the poy;
the top edge of one of: the sides.

sropped up,

Test for

s  CRIAGRAM 28
? .

horlzontai again;

air leaV1ng the pox:s

B 5 iﬁéidé
surface=

black .

v A

and
em as shown in BPiagr{m 28. Feel ;

o'

place a% -

Make several holes

alqng the bottom edges

ow of air usxng a smoking.
Then 3 ke sevéral similar holes near the top.

SRR Cross- sectlona} v1ew

each end
m . 2§
or palnt.
Jhe-top of the: box.

in tempegpdture between the atr entering

nqu
Coat the. bottom of the

Attach- tranSparenb~plast1c
— Leave this in the
~fdir . flow using a,
Test it when the bo L‘ﬁ'horlzontal and

as shown 1n, ‘Diagram 30.
“breeze as possible:
and .make a hole ato.
Test the flow again:
the dlfference
the ‘box and the

DIAGRAM 29

N

————
Cross—-sectional view

87

,Test for air f Tow aga:n Whlcg way
Make a dlagram showxng how the‘alr”

éugpaﬁt

the bottolﬁbf

This

I
;#\

N



- Cross-sect’

braGRAM 31 % . o ¢ =

. . L
i 3 R = o S
. ~ . . N . -y . : *
B - - . . _— A I 3 . : o
v,,«._,-, K- - i . L
. e

i o i P
.After each g£QUp has Leported Its‘xesults to,the rest of the

students, TCOntlnue with the next: act1v1ty which coscludes
part I. - \ - iy Lol

s

7
: Actf‘m,f.y_I_lla CONVECTTON

In thls &Ci;VIty ati sub- groups neegmﬁhe same materlals that

were used H Group Four' in Activity I- “11A. The students have
}earned that air warmed by a source of heat inside a box tends
to flow out of the becx if there are two holes’in the box, and
one hole is hIgher up’ than the other hole. They haveralso’

learned that a surface. absorbs the most energy from the sun

if it is at an angle of 90% with the sunlight. In addition,

R

they have been told that for. each 10 deégree centigrade ral

in ttmperatu w-the relatlve humldlty of . alr 1s,ha15éa*

S
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In this actfvity,:the students build boxes -that have tfans—

parent tops. You should ancouragé -them to produce what they

think are the most des1rable vonditigns inside the box for

food drying. They should de51gn their boxes with following
questions -in mind: * i .

PR -
*.

QLHCW can thlS box make the most effectxve use . of

the sun? - _ A . o . %%

How much temperature rise is ‘best?

How much air flow lS ‘best?

How can Ways to adJust these’ be bu11t into the
*design of the box? xﬁj - ;

»

: TheSe boxes can’ be used to dry pieces of food ‘in Act1v1ty

 —*¥I%1. which concerns flndxng tHe percentage of water in
" various’ klnds of. food: :

L . .
SUM J ad . . -~ : T e
. M ) .,

M
4
L2

e procedures include u51ng,smoke to detect air flow

iedsturing the direcdtion ‘of ‘1ight, . measuring, elevatlon ' -
ig welght .and &5 -

- ..angles of surfaces, computlng ratios
timating ratios of voLume.-_
These concepts 1nclude relat;ve humldlty, surface-to- volume

ratio; radiation; conductlon,—monvectlon measurlugayglume

by displacement, evaporation as a means of coollhg,*and
radlatlon being d1rect10nal.(u W{, .

. »

,For some students, the procedures may also have 1ncluded
. measuring relative, humldlby and deiionlng a systﬁm where

-«

everything cannot be maximized ‘and l@n ef fectiva balanﬁe

4

must be sought.

- N — C
d For some students,tﬁ§¢20ncepts may aisag haveU; 1cluded
contras€ed with absorptlon, ‘and cons;deratloh of

L1

refléctia orptic
- a situatiBn where two or more yarlabiengust be taken 1nto
Y < account s1multaneously. - ® ,-g. ’
The students have’ now been exposcd to ail e eoncepts ﬁéces—
n@ “and opératlag

sacy to. part1c1pate knowledgeablyuxn bu
food dryers. .

=i

o
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TIf your tegching is de51gned

‘ing methods may be appropriate for you situation:-

- 4
L) R N X
Vg ¢ - ) .. . : _
' - 79 : ' ?
- .
If you are ‘teaching a class which w1ll‘eventuallgigace an_ w

external examination; it will be worthwhile to look, at thej
Syllabus to see how questions are framed that relate to each
concept- the students have learned in Part I. If. there are

gaps in the students" knowledge, you can teach lessons in-
terspersed in Part II, so that there will be no confusion
abqut the termxnoiogy.or calculatlons your partlcular Syiianus

requxrqs. o e PR .

.fhere afe'§evefa1 ways 85 which' you can assess how much and

nat yotr students have learned. One or more "of the follow-

Rl Sty ezt i

1t§“g§éEéﬁ't6 the way students describe their work and éﬁ?
g~ “

6§§éfﬁiéé participate in. dlscuiagon. g - g
A | -

'1gnedﬁthéifv562éé and

25 Observe the way they ha’ﬁ’ ¢
. their food dryers in Pailgy;

* *5? : .
¢ @
. 3:“ Note their answers to speci _
,‘;h‘.?- K that You pose’ v o _.0 . - ’k e ,y .

T ¥

é:Cai out conies only,d{u.
‘ dﬁf* however,

these informal methods,ma& - C PR P
written examinations of khow rggi}gig qu1fé
thep.those exams can serve: N 7;gentxfy' -&as 1n thgﬁ
stndenmamw1ll need additio i f9ruction. e ;
TR o v : m ,‘U“
% v R B - . E ) o . . ;' . . Di
- . . ey v IR - .
o . - % A
"u , : - (*:;'?
O 7
: { e
' BT g o o
- 4 & -
: ", REEER T - .
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' - % : i
[
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o -;.,;, ‘ » PART .II. FOOD DRYERS = . S
> * : - .‘.1’
‘hlb part _ developb and applles the concepts learned ‘ln T
Part I. It contains activities concerned thh food drying,
and activities constructing food dryers.
k. - FOOD DRYERS ~ o
. ;:()7.,-1/ . P ternaLi
R drijers ] . dryera
ivrezs ?ﬁ*; st ’ e urenent
construcet ton i ) . congs truct Lov
% — —
, Y
" ) heat g
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‘ je - wet and dry ’
weight. - wet arzd dry
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T e .. ' areg ;;pet-rqna" dry }«:
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. Lol o 8 air moverent, - e el '
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‘ Note ! \()‘Hzcr Lg foﬁ"‘f?elated work are
; - t ﬁi;jjbrfomr.f ry. Ty T i &
_ e _ ¢?f
Y . B )
- Chapter 3. bé‘g%“%f@ S’fﬂ , E
' " water cOmtejt Of Fopds. s FOl . ¢
_ are mgegasured, expandipglog h-e food drying act1v1ty in
..Chapter- 1. Heat, ait moqgh it and the angle of sunlight;
~which were 1ntroducé3 in Chhpter 2, are explored further
as ;students build and”§e§§jrma;}7@9§§;§79f food dryers: o
. Asj the, students improve the effectiveness of their small
y will determine which of

“« —=2==

queg By .modifying them, t

“ s ,thel da%lgns work most effecﬁlveiy.

L S

T D
‘(:J in Ghapter 4, various designs f dryers are presented= u_x\th ‘%
some buxidxng suggb;ﬂtxons. These drvers covf. a range. of

{ ‘desi S ysing:a variety of mat@rla'l - They c"‘ ‘he modlfled

5. _‘;’L a number of ways to suit_the lotal materlals ngd limate, -y

g in accordance with what ¢he stn.?ﬁent’ Y w1th their 7
gma ryers.. ﬁoweve§ %udehgﬁ me :
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class works on Bnother aspect_¢r ano Her. dryer., The Qw

classes could then bu1ld the l rge drf ?‘3 collaborikt V¢ly
=7 cessary calcu—'

sctricity is avallggl a veryi}gexpen51ve
. encouraging the nce students to apply

Dryers us1ng h,m
introduced. ik
model -can be J
concepts in &§§ frnative situation:. Also, the students' can
test and compigifdlie results of drying foods with s . dryers ¢
to the results ¥ alternative dryers (coal, paraffIn)'ln

order to determlne the advantages of various dryers.

- & -
4‘5"- ) K

éﬂfilsmaii and large dryers can be bui%t with tools the

st#@fents have made: If the students have not made tools. or.

do not have access to tools; you may want to precede some of
the activities with tool building (see Reprint 35%) - If each-

gpoup of stgdents has a set of tools; the problem-solvirg

Getting the Commmnity iﬁféréégéd
- -
To irncrease the llkellhood of thermethods and 'skills being’

generalized, try to 1nvolve the community ds you ands«the: ;-

7students gather materials for the act1v1t1es. (Some item:s

“may be donateg also. Are dry mild;”bulgar wheat;, and ot
dry staples axailable 1githe lggai area°) Would-a loca
\ restaurant ownger give food to the science class in exch

for,dried afg
‘the menu an

items? wou

Z Thal

durlng the seasan’. of shortage;” thus 1m'

~saving money on purchases of expens1ve

‘exchange fqr“h wing some ‘of it dried? Are there int ernatlonal
,agencxes or businesses "in the area? _Would they,dohate food-
; or money for food for the project? What could the science

v

/ Presentlng the food drylng progect ds'a potentlai communlty

service increases thé likelihood of assistance, and provides

~a link to the community for increased education:-

v -

L ~ hﬂ .
Advantages of Food Dryzng/and4$g£ggkﬁpyep&

Preserving food by dry\ng a!iows for putritioils. meals e¥®¥n in

the season of shortage.r Besides this obvious advantagé?‘there

'

= are other reasons for preserving food by . drylng- - :

A

: Peace Cbrps_ICE publitatidﬁ #sti Hdﬁ tb‘Méké Tools . -!
. . - \'7 7777 L .
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1. Drylng preserves_the vitamin, mlneral"”fgteinf',
. and fiber content of food moyetihan  A@#hods which
expose 1t to extremes in temberﬁiﬁMI 3 p.ee pp\i62 &74)
“ : .@

smatler than its orlgagal size. .The flavor is
therefore more concentrated. Eaten dry, the

fiavor ard nutrients atre much more concentrated.

3: Drying costs less than free71ng and cannIng.

- -

4. 'Dry foods requlre very llttle storage space.

' . 5. Dry_ foods when kept dry will remain edIble in-_

o C nitely. Mold and Bacteria can grow only where
= : .there is water. S-S N

ST . - Lo

‘Selar dryers oFfer further advantages
a1, Solar dryors can mazntaln high enough temperatures
to eliminate the possibility of mold or bacterial
-spoilage: (See p: 122) Spoilage is_common with ,
SN opers drying methaods,; espec1ally in. humld cllmates.
- Also, if the solar dryer can reach a temperature. of
55° €'~further pasteurization is not needed. This
saves time and effort. .(See pp. f§5 l7l 2) - -
o 7 - N . ‘ o
RET Solar'energy is free and readlly avaliabie.- - o

x.." i PRI

L 4l

. : ,,: o & ) .fj St
,_W R o~ Food in solar dryers 1srprotected frgm dirt and .
: animals. : —a:r ,1h - :
Ty
4. -Any inséets glready+in the “food will be killed or

"drlven Off by the high temperature in the dryer.

5. Tha'rlse in temperature;inside the dryer reduces

theﬁrelatlve ‘humidity. The moisture in the food ' o
is ‘carried off by the heated air moving around the. « 2 .
food; - Asv & result, food can be dried fasth\gn a &

solar dryer’ than outs1de” ] :

. — z N, \
Q&yxxsﬂ &:L,> R 04 Y ' '
e . . -

?heistudents will learn to 1den€1fy aﬁd manIpulateathe ' =

‘ _variables - 1nvolved 1n foodﬁﬁrylngv o } . /
v v PRRE . ] e ' Lo -i’r;“ o ‘
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{fliscussion, activities and the building
Bhrge food dryers.
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‘CHAPTER 3. PREPARING FOR FOOD DRYING -

Aétivity II-1 WATER CONTENT OF FOODS ' S RN

(see 1ntr0§uctlon to II-2, p.91 ). In Chapter 1, “the stu-
dents begar a pretlmlnary investigation of the wategfggntent;“ )
of food. -In this activity, students weigh various foods = :

wet and dry-and calcu ”te the water content* The ‘students

d in the evaporatlon activities

to complete the activity:. They will

to reduce thx"
begin also tg

dater when

nrmatlon about food types to use

rge food dryers are Buxit and

tested. . B
e ~ e . E
7Each sub- grouo of . students shouid have a_ balance to use for R i'
,';teietudxes.* As 'discusséd - in Appendix G, it is also'a _ . L
' useful learnlng expérlence to AGevelop one/s own sx%$em of :
measures. , : o Y ? 1 . S
N o ' W ) - F
. By cdmparing the wet welght and ary wﬁlg the students can, -
calculate the percentage of water in foo'“ﬁ;‘ - . : ";;ﬂiﬁé
' ‘ _ =" SO - g

RES

&3

*  See Appendlx F for Instructlons on how to de51gn an

et NS -

equal arm balances. e A A L - ;-




. o . ™ »
Formula: .. o o o
Eiﬁél ﬁi‘y Wé1ght: % 100 = Food cgntent nutr1ents = 'p
First Wet Weight ~ .- " and flber é'ri'd some water
] ’ T : N .4
| o S e otar eonbant s o .
o . 100% - F = WE‘teF,,?,o,?te“t’ remov;?l = .
. . . by drying
# , .
’ ) 7- .; . ‘f . 1
. Example: 3y
R +
1 boftlecap _ ;55" A S :
% bottiecaps .x.}OO - 25% Food Content:_ \g _
100% - 25% = 75%7ﬁater;ébn§%pt i, K

T

. The students also can compare he volume oﬂ food pleces wet
K and dry. For some food 1tems,,thls Woiuld be an approximation.
For example, mango slices can-be put ‘in a straight sided jar
--and the volume of'a ¢ylinder can be calculated for the space
the wet slices occupy and %he space the,; dry 'pieces occupy -

For other food items whlch can be cut -in geometric shapes,

such as potato or melon, the volume can be calculated dIrectly 7&

051ng grid sheets may fac1lltate this measurement* / LN
V. e .
‘ 7“ ‘ "
' I‘ :{7 ¥ ¥ 3
- Further Study o
. e | - P .
'If math is to be emphaslzed 7erj§:ou1jege ypg;igtudents
to calculate the volumes of their food pieces using
S the following formulas: ) I -
) '7 K ":'g ' '7”1'-77777 "777757
Cube - v=s"~ . . €ylinder V=TNr’h ]
’ S=One dimensien,K . ;- =3 : : ..
) = , 2+ - . r=radius ; .
. Rectangular - , . "‘he1ghta
‘ « Prism V=ldw =~ Do 3
: o Tlengen o gpol e’
i . d=desth s P , 3
;i . s i Wldth K - ' ‘ V'Vt . -
- . A . ’,ﬁal - ~
- body T
£ .
) B o
VV‘-‘ . N ) iv,! e -
A ' v '~ o0
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As a guideiline; drled fru1t and vegetables havq 1/6 —\1/3
the volume and around 10 T 20% the water of tpelr or1g1nal

fresh state -, ,
. PO

Have soap . and ba51ns adallable and enconrage everyone to Wwash
their ;hands-before handling food’ tHave  the student’s .cledn
the food also before preparlng it for drying. Encourage;

sanltary condltlons during the activities. Some discussgon

of the réasons for sanltatlon may :be developed as the students,'

work on their experlmentsli Note aiso the pre- drylng pro-

'cedures |utlined 1n Chapte £
o

. -
]

- Mﬂ@rudsf ) - N , T
T s - D ‘ | C . L.
3 Yegetabie. potato cassava, Equal arm balancexo# .
J carrot; ceiery S other device for conm
. - -  paring weights
-, . Fruit: bananas mango,melon. °
e v ) -t Bqttlecaps, §1ns or simi=
" Cereallor™ seed: : bean, rice, :1ar items to be used as
sorghum . L B weiéhts
’ ) RrOtéin* fish %theese ' ' One small dish or piece of
: ) i - pasteboard for each plece/”
s : (Use food 1tems avallabie. ‘of food to be dried
Although i¥ Jsiusef&& to.test R v ,
R a varietv of foods 'to compare @] cm grid sheet
the watér contents and drying
o t1mesfﬁ;t is not necessary to Straight sxded Jar to .cal-
- have one of each food to test) cllate approximate volume
n s
. Raéof or sxmllar'cuttlng tool Striné ’
ES RN P B . X
Water © .- - Lo o Ruler. e s. B
Basin; bowl or 'bucket - Soap L L <
> : Cloth: chéésecloth gauze,
. * nylon tulle

P -
’ \*v

Each sub group shpuld haVe one set df matérials. Weighiné‘

equipment and basins can be shared.’* Direct the students’

'k

as follows or hand out work sheets. . S

‘After washing your hands, take one igod sample. Check to see

thHal: your sgb group has a variety -of fqod samplés. £Lut the ~
clean, food wample so that y an measure and dry it. Food* .
~for sampllng 1outd be’ gatheréE when ripe. Pieces should

be sélected Wnich hive no cracks, bruises of rotten spots.-

Bad spots should be cut out. (See pp. 175 177)

s o ! . .
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) 'Flrst;‘measpre the cut piece: . What is its area? What is its

volume? Record thlS 1nformatlon.

Next select a dish or pasteboard pieéce, weigh it and .record

tHe weight* Place the cut food piece on the dish and weigh

them" togetherfr Record the result: : 1

Place the food plece and board or dish in a warm plase and

cover it with'a piece of cloth. . Note the time and location:
Leave it for a number of hours br until the next day. Then

- weigh it (food and dish) and record the weight. _ Walfgagain
- for somé time and weigh it and record weight. . Continue to
walt we;gh ahd record untll ther& ig no change .in the’ Welght
What is”happenlng?i Why is there no more change in we1ght°

/‘, : -
Next measure the %ood p1ece. What is 1ts area'> What is 1ts'
voldme°‘ How does this volume compare Wlth the: first volume?

What fractlon or percentage of the flrst volume is- the flnai

volume‘> i :

s

€ompare the flrst welght of the food with the final wexght

of the food: - What fraction or percentage of the first weight -

is the final wexght° How .much water has evaporated from the
food? What percentage is: the water content of the food.sam-
ple? How does this food cohpare with the other foods? ‘"How
iong did¥it take to rea-h a final weight? _How does the time
compare w1th the other.foods? Hgowi long did it take to reach
a final: we1ght° How does the- time compare w th the other
foods? With the same food dried in a different locatlon'>

, : : <

‘Report ;your findingsﬁto thé,rest,of the students. Some Of.
the results can be presSented in the form of a graph.

L4

[

tige drying - \u i
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Actzd@ty fI»& SMALL SOLAR FOOD DRYERS : =" ; a
\ .o - - »

In thls act1v1ty,/students begln to apply the concepts - lear

& i,

ned
£h

and information gathered in Part I. This actlv1ty ilnks'

the last act1V1tﬁ,of part I, Act1v1ty 'd-11, where the stud¢nts

discuss and desic rn food dryers. You. can do this aCtIVlty

before, durlng or after: Act1v1ty IIJ¢ dependlng on ;thef areas

of student 1ntereBt and what is most convenient forgy u.

v

2

oL .
- T ~ r
' . . .
¢ .
. F X - . ' ~

b f ) _ ~ .
Tins and pieces of metal Aluminum <fo0il or  aluminum
. from tins paint ? ’ ;
. - : [ : .
‘Black paint; soot or blaéki "Cotton géuZé,;nylon tulle,
cloth g mocqulto netting
° % Wood ) ¥ Nails
1l - ",,,, 77—7777777 . i; - .- " - ‘ ﬁ/f* - - -
Pastdboard or\wood ‘boxés Glass or plasth

igy Paste or cemen

*. .adhesive P for d;g}ng tests’] prefer-
L , i : _ ably’ one that ‘does not
Thermomegﬁrs T - : spoll readlly. < '
(Angle measuring device). ™  Soap o -
B : ] } , - F
Equal arm balances or ' Basins, bowls or buckets
other dev1ces for weigh- e ' '
ing , .. s Rulers -
Razor bladss, Knives, . _ Hammers, saws,- .chisels;
glass éuttér’ _ ! drill, ‘etc. -

1 P

Each’ sub- —group _ should have access to enough materlais to

‘build, test and mopdify their - food- dryers until they are

satlsfled w1th thP results. Th1s act1V1ty,”as others, ~

PR

tudents have determlned whxch models .work most efflclently

and effectlvely in the local environment: Encourage the

use and modlflcatlon of the designs the students developed
in Activity I-11: e

,;.

Have

the bu"laihé. Ask the students to build a small dey;ce to
dry food: Let the students know that after they have bu1lt
and tested the small models; the class will bulld one or

160 - l

-

¢ Por btheﬁ ‘One type of " food to<§lice.

~
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will dry food the- fastest. .

.
-

- Let the groupsxyork 1ndependently Whlle the students are

bulldlng the S@all models, move from group to group to ask

*quéstlons' Asﬁ\questlorb about the design and how it takes
these vanhk Leg.into” con51derat10n°

-

more 1afgé dryers. 1 Ask - the students. to flnd out which design

a .

How is* &héwalr around the food heated?

_What Way Wlll the air move through?
¥ : ' - S _
~ - What w uid be the best location for that model? .3

[y
Will qusture gather inside? -

\2 N
What'woufﬁ happe . to tHe dev1ce on(a Wihé§ day?

What surface ‘coldlor w1ll w0rk best? _ :
'b . '7 i c‘
Where wxll the food be placed?

Can the modei ngle be changed°
_ :.,,'f/:
Some models built’ by students are dlacramr°4 below:
) .
transparent

"m\ Q
y i

giass or

transparent
pZasth;

. ' DIAGRAM 33

- 101
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HaVe ane type of.food available for cutting and drying. %/
As each sub-group finishes building its small model, ¥
including ttays or shelves . (p:96) for the food, have v

g these students prepare some food for-drying.. Encourage N

the studen¥® to wash their hands before handling<he . l
food. Ask the students to keep records on their ex- :
periments. " .

What size were the pieces? i . m
£ - S R e - B
( " What time of day did you begin® to dry .the food pieces?
-t ]’

Y

What was the weather like? ‘
where did you place the dryer?
: liow was the dryer placed? ‘

what did the fcqa ﬁiecesfweigh QéE? What area?

Volume? - Lo :

How much did the food change s it dried?

pid thé,ggying goffaéé oF Siow at first? oOr was

the drying rate consistent the whole time?
S > :

;ﬁow-iong did the drying take2 - <
_ What was the dry %éight? Area? Volume?

Ask the stufents to observe all khe models being built
and discuss their aés%ggs_éna ideasg between the groups. ~ . <
. e g . I S .!1
o)  After the drying test§/,haveﬁeachrgrodéiggpgrt on their A
“design and the results to the,cla§§éi:§f9g this discus- L
sion should come ideas for modificdtiion of domé of the -

' dryer models. These will then be testeds Eyentually, § -

the students should agree ,on which designs work best.

’ Then have the students work on the designs of one or v
more large dryers. At this point, there mAy be some

collaboration with th& math .8nd woodworking classes.

: Collaborating on dfferent aspects Sf ghe same problem

Adr,préject,inyo;§§§ using tipe allocated to differemk.

subjects~which areé often taudht by differenf teachers.

outcomes are often ,ghhanced. ~
. »

. : : . e
- N o oo T

Wheén circumstances favor this afwangement, léarning



N ' ?" ' v
The _ studentsﬁngg;know what has to be done to food to dry it.

L

They also know how to make *the many. deCL51ons negessary to®
%ﬁég}ldian effective dryer, and how to test and aBjust antil
gqoo .

a results are gotten N 3

The next act;y;gngill be building large dryers Build the
designs the students have determined are best sulted for. thﬁit
a

local environment and materials available, or have them ad

can be. intrgduced,; if desired; while the bu1ld1ng is going

a de51gn frgm Chapter 4. Alternate heat souroces. for drylng

on -or afteno_ the students have built and tested thé sun heated
dryers fe. g,,paraffxn coatl) .

v '4;7
. i
. }1(' = e
.
.
. H
; -
A, ; _ °
_ _ ) -
¢ - { .
.
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" night or if it ;hould rain: | S

A

s P A e arter thev’
* _The d¥yers ;gé;ented here are samples %o use afterthé??

\

. trays are sturdier and can be washed and reused more

i o " S0LAR DRYERS .-

M

. CHAPTER 4. BUILDING FOOD DRY

< - v : -~ L7

studénts have experimgnted'with small models. Some may-mot'
be appropriate for your -local situation. All of .thep can be=’
modified considerably. Seme designs can be used with the
sun's heat; or with alternate heat sources.  Some of thef %
dryers ‘can be. adapted for indoor use -whichgmay be useful ik
- fhere is a long wet season. All of the 8E§éfs can reach .
temperatures around 45 degrees centigrade and can there- ' -

fore also be used to incubate yogurty sour creanmp~and other

cultured miYk products. Another modificatijon to consider:

Can a dryer be used as a chick incubator?

. :;' * - . . . { A
Food drying trays can be built with a variety of materiafﬁ;
(See "Food Preservation Resource Packet":) The general -

design is a wooden or metal frame with cloth,/ yretting, .
woven wood strips or woven bamboo attached, ' THere must be

hb&les for ventilation: Woven wood; bamboo_or balirng @lire

;;§YS;§§§éﬁg;§5”51§th.' Rubbing the trays with a smaji |
amournit*of cooking oil keeps the food pieges from sticking
and makes cleahing easier. Don't use a material such as

' aluminum; coppef~or fiberglass which ¢an contaminate the -

‘food: ~-Ggherally eack 20 square detimeters of tray accommo-
rdates about one.kilogram.of raw food. It is best to keep

the size of the trays small enough to, carry easily. This
way, food can be washed'and cut and placed ‘on the trays
indoors and then cirried outdoors and put in_the dryer.’

‘Alsd, the.food laden trays canm pe moved easily indoors at
’ -

- . - A —— %

Y

. . it
. ) L

1
~

—- . . . T R = I _ 777775”77
Three very different dryers are describeq in this sectiop.

Each drdyer has certain advantages. The students have

weighed the factors affecting dryeg,opefatiqg{iﬁhﬁﬁé;166&3 N
. envirdgmeilit as they bdilt and tested the model, dryegs. ,§§39
1€ el ¢

-f They can theréfore develop a design appgg@giaté to

s

5

catity and the materials available, using the designs shown
here as a resolrce for additional ideas. #All the dryers are

heated by solar radiation and operate with convection curtents_

of air. The food is enclosed and is protected from dirt .and

pests. All the dryers reach temperatures_in thé& optimum

. drying range: 40°C. to 60°C: Some dryer® can reach this

rarge even on overcast days in ‘the_colder climates.

4

-4

.
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Location of; the dryer should be chosén based on needs, i.e: ;. - .-

"expdsure €g,maximum sun; ,little wind, enough for ventila-«

~ . o N . .l .
1 < . .

0iL DRUM SOLAR DRYER . o
. i ”

€ion but not cooling. j - (// 4 o

. As the sinlight changes direction throughout the day. th@s.

dryer with its curved surface Has about-the same area availa-
ble to collegy'solar energy. 'Once the dryer has wanmed up;,
the heated air Woves across the food jnside at a fairly con- )

stant teniperature as long as the.sum continues to shipe on it.
- p e n - | s .

The sun heats the drum.- The air outsjide the drum is warmed

by touching the drum,” before it flows into the drum. Two . ,
layers of plastic,insulate this air from the.cooler air outside.

This minig?ng unnecessary loss dbf heat.

A CAZIN ITAGRAM 34

Below: Cross-gection of dryer
shoawing how the air flows in:
. the. bottom, aroundrbetween”
. the’ plastic and the drum; in
‘ through the holes in the drum,
" .and out the ends near theé top.

0L Drum
_ Solar Dryer

/ ..Cross-sectional view i

- 10



ﬁ\\; beégusegthe food may get too hot and cook.

.

o ! g 5‘ . /’ ?7 Yoo .
LS . . ' : ' -

Insidé’ the drum theé jheated air flows past the food and e

- gains moisture, It also gains.'some additional heat by

' thrpugh the vent gt

.y e

dowble _ o s

touching the inside of.thg- drum: Then it leaves the dryer
‘ the todp-of. 'each wooden end. However,
the? food should. not receive much radiaticn from:the drum

,,,,,,,,, i

. . = ] T .
. . S N

o . . "

plastic

drion=\_ ) :

black L - : i
outside; \ . :
giite or
Qlzeninum
inside'~_

air inlét
vent in
bottom

h : : DIAGRAM 35 _ to
between et i . : ’ support
drum and : ' ‘ . o~ drim
bottom_z~ - : ) "r\7 ¥

side K . , B
. ~ . ' ' SN N
*h. Make one dF these. o : v
*B.  Cut two of 'these. /
*C.  Make two of these. . . :
“ ) o . ' . » %
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, ~
RS .
Awpragk surgagaiahsorpg radiation best; and is -also the best
;surface to radiate heat: - - ' . -

- o
-
~

of it is reflected away:. A light colored surface 1s:also the
poorest - surface to radiate heat * ; < N L
; o
This is“the reason why the 1n51de of the dr&m is supposed to
b painted _a light color.- In your locallty, it may not: mat~
.ter, but if you don't paint it and the food cooks instead of
s drying, you should then palnt 1t
¢

-Materials . .
\ . . . - -

011 um,_

o
Trays (See the first page
. of Chapter 4)
Chlsel and hammer or.meldlng,
'torch ) i

Wood for ffamé

'Clear plastlc

B

- -cloth for pad under drum

Black' paint or SOmethlng
_ ~fsimilar . e

- &

/ Alumipum paint or white=
wash

Hxnges for door

Paint sthinner . y paint brush
‘Tacks or Wry smill hails Net or wire to cover
. L ‘ - vents ) ’
‘ Nails or pegs , ,
. T ' - . Pegs, woodrstrxps and -
saw . . i smali biocks .
N : : : ; 3 . S
Hammer
- * 'j . ) -
. i L]
‘ IR
- /
o , R 3
n o : ;- ' ) ) \ R i

% o ) : k

o - R

how *b absorb it moséaeffectiveiy None of these activities

‘deal’with how you design a heat source. Therefore; thegre has

been no information given about what sort Of source. radlates

heat €ffectively; and what radlates heat pcorly.

TR Lo ;/

‘

\\
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B’c)'t;h '("nd;} Of :
rpmovcd and
three hoZes
are eut in
ove side as
vhown here

praGRAH 36 s LA

’
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(See diagram ) Read through compieteiy

1: C€Eut the top and bottom {the ends) ‘out of the _ - T
. ©0il drum, using a hammer and chisel or-+a weld- -
: ing torch. Cut a rectangular_piece from each : . é%
area on the side of the drum bBetween the ridges *
as_shown above. : : ﬁ
1 El .
2. Paint or coat the ocutstde black on all ‘surfaces
that sunlight will reach. Paint the inside with
alumlnum »aint or whitewash.

3. Measure and cut pieces of wood to make the ends,
the bottom, and the 51des )

o 4. Make the ends. * Near the top of each end is one |

- vent opening, which should be covergd with nét-

txhg or cloth:  In one_ end is a door whlch is

dryer easily: Hinge the door. i

: 5. To support ‘the drum; attach’ blocks of wood to
> the inside surface of each WOoden end. . )
o o - 7 J
. 6. To proyvide a place to fasten the inner layer//

. of plastic, attach curved strips of wood, or
— small blocks of- wood, (at least 2 cm W1de) to
.the inside the drum to hold the trays/

iR 8. Nail the cloth paid onto the bottg@’ Its pur-

pose is to prevent air from flowing between the

- drum and the bdttom.. .\\\

. ) 1158
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. ' 9. Attach the ends. to the bottom, legving sufficient
. : space above the. ground. for air to enter freely.
The bottom should be @ short distance below the -
- .blocks or strips that will support yhe drum;
the cloth pad to fit firmly against the drum.
7

11. On the bottom air vent side, beginning where
thé bottom is attached té the ends; attach a
layér of nlastic to the inside of the curved

L strips or blocks on.the ends. Let it h'ang down
ori the side that is not cut away for the air

’ .vent. Pull the plastic smooth and attach it.
to the edgé of the bottom.. Nail the side

. piege_on this side only to the bottom. These  *
o * nails pass through the plastic you have just
- attached to the bottom. Also nail it to the
- ends.» 5
12: Place the other side piece in position. The
. inner pilastic is now between the side and the
bottom: Nail this side to the ends only:
(Most pf the bottom is cut away on this side
for the air intake).? ,
13. Pull thé plastic smooth a@nd attach it to the sidé.
~ 14. Attach the outer plastic sheet to the.ends and
C . to the sides. .:Plug any. leaks.
15. Position the dryer to take best advantage of
the sunlight for as many hours of the day. as
possible: - e

<« Lo . .- . o,
: B . . . - s i

T

MUD WALL SOLAR DRYER

- This dryer was developed in Tanzamia. It is built.in a per-

manent location so care must be taken %o determine the best

direction to position the dryer, and to locate it where,it :
wjll not be disturbed. It could be built on the schodl grounds
or somewhere in the town or village so that community residents

couid use :dit. Except for not being movable; this dryeg has
alt the advantages of other solar @nyéfs; making it mo ef- |
ficient and effective tham open air drying’ and much cheaper

than drying with alternative heat sources. It also costs very
Tittle to build, and uses building skills that most people have:

PO £ B




. fplastic_ BRI B - y IR -
sleeve : . : ' : !

. .on
: tmangular
: fmmw -
G
& :
- , .
_wood frame
or reed
P ?—,vents
’ 7 o DIAGRAM 37 s .
: ; )
M&tertals . 3 i
- !
Plastlg sleeve - alt 'dimen- Cclay soil or termite
sions for the dryer must - ‘hill soil or some siwi- ,
match the plastlg steeve so lar materxci
» that the cover firs on the

. walls. One .stgmdard size has Wood or bamboo poles as
a c1rcumfef§gg§”pf about 240 cm long as the dryer
and can be gotten:{n any length. _ , .

7 L : Boards to cut for end
Nails , L pieces for sleeve top
string : o , Reeds, strips or twigs '
Bamboo éunhq the widfWof the Charcoal pbW@éf . é
dryer f{cut ventilation holes) 77777 .

; Wood posts about 50
Lime or cément or Ccow dung cm long
. Hammer®™ : _ o Sand paper or something
Ty - - ‘simi‘lar -
Knife o '
,,,,, saw

Measurlng tape or meter stick - ) i o

Hoe | 3
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Mud “Wall Dryer Construction

N

~ -
- hd - '

y -

:! The wood ‘freme for the plastic sleeve is built first
so’that’

the o-her construction can be matched to the

plastlc sleeve roof.

.- A:

' cut the end boards in triangular shapes
that will fit in the.plastiC,slééve.

‘'nail the poles into these holes. -

-

\ Roll the &xc

\t&ghtly

DIAGRAM 38 3 . |
; ) g;

Sand down all the Eaﬁaﬁ’éagés dn the

frame so that the sleeve will fit over &

- the frame WIthout tearing.

Siip the pglastic sleeve over. the frame. T
ss plasth on the ends a-
poles. Draw the rolls up

yainst the ends and ?e them

round wo

&

securely
N

2. The dryer walls are bullt¢hext to match the dlﬁeESIons
of the plastic sleeve roof. .

A.

B

'

Clear and level the srte for- the dryer.

'Mark out -the dImenSIons u51ng pegs drlven

in the egrth and string drawn begtween the

pegs: The corner angles should be 90

A ,
= 11
: ‘. ﬁ . o
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‘The plastic si
outer 'edge of
will not run o
‘big hotes for

(o)

" at 25 cm inter
about 25 cm Ee

.D. Put the poles._
aligned and al
should be abou

s o

E. Tie or nail tw
poles at two o
grbUhd.‘ This

F. Mix the clay o
& sfiooth mud.
between the 1li

* completely ove

4

~

eéeve roof should overlap the
the walls; b§'3”to,5,cmis§7réih
ff the roof onto the walls.

. 5 " o .
the poles at’ the corners and ,
vals. The hbles‘should.?é;r &
ep. . T B

in the holes so that they are
1 the same height, which

t 25 cm above groﬁﬁé’iéﬁéi.

igs or reeds connecting the
r tbree levels above the

makes a sturdy frame. : ;
rl ggmilar substance to make -
_Pack this inside the spaces
nking reeds. Smooth the mud

r the inside dnd outside oI §

the frame to make smooth walls. -

5y -

G. fert the hen
to side wall'w
at'50 cm inter
ished; the foo
tubes above th
circuljtion.

H: Around the top
half circles £
- the rest of th
and leveél so-t
will sit secur

I. &fter the mud
over the outsi
cow dung:

J. Mix charcoal p

sticky substan
and the bottom
paste.

Build trays to hold t
wide enough to be sup
Instructions fbr maki
of Chapter 4. "After
.placed in the dryer,

be tied down to pegs

boo tube vents from side wall
hile the mud is wet: Set them
vals. When the dryer is fin-
d trays can”sit on the'bamboo’
e ground to assure good air

edge of the wall, carve out’

or exhaust vents. Make sure
e top edge of the_ wall is smooth

hatythe plastic sleeve roof
ely on'it.

has dried completely, plaster’
de walls with lime, cément or

owder with mud or some other .

of the dryer with this black

he food: The trays should be
ported by the bamboo tubes.

ng trays are. on _the first pdge

‘the trays with fgod have been_

the roof is set on top and can

to secure it against the wind:*

112

ce and plaster the inside walls
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COLD FRAME CABINET SSOLAR DRYER/ v RS

d
4" 4 . . N B . 5

This. rectangular shaped dryer has a’roof angled to catch the -
optimum solar radiation. The students experimented with this'.

_angle in Part I. Genegally, it can be approyimated if’ one
*’knows the latitude of the arBa: 7 / -

’

\" . ‘ . .

.Latitude 7 Roof Angle with Horizontal
. : ’ —
o . ) - ~o

10 Ny o ;‘66 :
200 | N A,
- 30° s° )
“o° s S
v - — ’; > 2 o -'.,74.6 . - ~
Rl 50° D S 35° . 1¥; . )

P —
7

N

i - ’ -
The double. layer glass or. plastic framed roof is hinged ana
the food trays: are put in" the dryer from the top.
The cabinet should be at least three times as long as it is ;|
wide to minimize shading from the-sides. | S .

The ‘double cabinet walls and bottom are insulated with about

5 cm of thickness between inside and outside walls. Wood
shavings, sawdust, dry organic matter; . animal hairs and other
similar things can be used for insulation. The double walls
and bottom are sealed tightly after insulating. '

L o s T T
The inside is coated with black to absorb heat.

The dryer is set on legs: There are holes along the front

edge of the:bottom; and along the top of the side and back

walls. Convection currents or air move in through the bot-
tom, pass by the food; and out the top.

%,

.

*A different way of constructing this type of dryer is de-
scribed on pages 71 to 82 of the Dryer Models sSection of
csmall Farm Grain Storage, pubtished jointly by VITA and
the Peace Corps. : -

i
» -
-

113




Braces are

trays on.*

If math is to be emphasized, trigonometry can be used t

attached

.-
~ B

to the inside of the dryer to put the

' DIAGRAM: 39

»

calculate the dimensions:of the end pieces once the optimum

angle with the horizontal

has been determined:

~_ C DIAGRAM 40

S | . \
7. ———————————— /A!

*Instructions for building.an insulated dryer S}mi}Er to this,

containing many helpful construction ‘techniques, aﬂi found

on pages. 59 to
Grain Storeace,

7?5 of the Dryer —=
sublished jointly by VITA and the Peace Corps.

Models section of Smill Farm

J

»
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ABC is a rlght trlangle. Angle X 1s known, ‘it is the angle

for optlmum solar heating. Angle z is' 90°. . .

: -4
Angle vy = ;90° - Angle X’ .
L3 - - -
\ Iﬁgiframed glass or plastic size is Known : Therefore,; the
hypotenusé‘TG) wouid be known.{' : = ’ o
: 3 Since: : - A : i

~ 1 . - oe ’ _ = .

: . B - - g ,

S}n Y =¢C -4
LA ’ :
.. Gesy =g . >

{ Then: - ’ ' o

o — Csiny =8 % - .ot
: ‘ % i - :1 j - &C’ \
- j,‘ Ccos y =A. v -

» gt 2 72" 72' ) - - J * N
Also\ Jeifice A B = C°, any side dimehsion ggq befcalcuig;gd o
fr'm he equatlon For example,  if B =.16 and C = 18, then;

16 + A% = 182 = -
a2 = 18?2 - 162 , "
&% < 68 .
A = 8.25

-As with tHe mud wall solar. éryér, it is good to Mart with glass
+ or plastic and; frame the double layer. Then with the known
dimensions of the lid, the other dimensions can be calcfilated.

The%glass or plastlc may be avallable only 1n¢certaln widths.

.The length of the 1lid, and therefore the cablnet needs to be

three tlmes the width or more: -
' P
. .
2 .. 'Wc" . ;/“ \-'j . .
B > -~ - -
Ll Y LN N LT _*
Glass or clear pilastic: C Black ﬁalnt or.charcoal
o ¥ paste .
Natls ) PO ]
3 L ;
7 Hinges

,.

‘od boards for 1ns1de and
outs1de walls and bbottom

Wood pieces for legs and’.
frame and braces for tray

A

Hammer 2 B
Saw

9




Materials (cont'd:)

fnsulating material such Drill

L3

as sawdust, animal hair L. -
rags, lint, rice husks . Short piecesof‘kamboo or -

L , - Jther tubes to keep insula-
- Wood strips or tape to #Xion from plugging the vent

. coVer the edge:of:the _ ‘hples in the .sides and bottom

iHSUlétiEgjmaterial s .

-

As you consider thgse designs for dryers; keep in mind that
the students arz likely to think bf,usefglimééifiCétrbns,qf
materials as well as design;, in,producing a dryer suitable
“for your locality-:. ,
_ e ! ) o S . R
After the large dryers are ready, proceed with' the lessons

treatment and preparation of foogd, for dryimg in Part IIX

5egin preserving usable quantities of fobd by drying-

ALTERNATE DRYER
~1s

2]

CABINET DRYER ,
. , N
This .dryer is the most complicated design and .requires more

‘evoodworking skill than the other dryers. It c8n be adapted

3

for use with several heat sources and So, can be used indoors

during the wet season. This may be viewed as an advangage.

It “can use electricity from a hot plate or similar source,
or a paraffin heater, or a ‘coal purner, “or a solar plate
collector similar to fhe device pbuilt in Activity I-11B, to

supply warm air. The heat source is below the cabinet and

convection caues the heated air to move through the trays

carrying the maisture from the food out through the top. __
It is possible to collaborate With”thqiyqodW6rkihq”CLass7to
build this dryer:. Note: Discuss dangers of paraffin and
coal. - .

3

§\
-

.,



for venting

walls can be

wood or bamboo =

or woven reed
~= i v,

heat “wourece:
charcoal ,
» electricity

/

o

ERIC

Aruitoxt provided by Eic:

* |

DIAGRAL 42
*

-4

117

The cabinet

is diagrammed

below: :

»
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- Materials
n . . - . - - .
) Wood ‘ . ; * saw - 7
00¢ ‘ ; Saw )
~ A - @ « o l
: . _ L '
“..Hammer ' ’ Ruler ) -

¢4 cmjto hold shelves’ back, doors and top (or
R o . bamsoo or reed mats)
d pieces about 4 cm by L

Za
0

« 4 cm EOY the frame . Trays that can slidé into
7 T ~+ Y the cabinet S
. Hinges; and latches for the -~ < '
. doors ) Nails .
e o 7 B B : Sl L ”77,,7,7!7
. You can adjust the dimensions to fit the @aterxa;sravallable.

Generally;, the cabinet dryer is about 2% to 3 times as tall

~as it is wide. Also, if other dryers are being huilt; it is

a.good idea to make a standard Size tray that will fitjall

the dryers; this consideration—alspg affects the choikg of
, dimensions. The trays should be l#ss deep than the drger to

allow ¥for circlilation of the warmed air so-that the ME1s -

ture is lifted from the food and carried out.

The walls of #he cabinet can be congtructed with wide pieces [ (7,

of Wood or cah be built with .a numbdr of thin strips: fit’

tightly together and sealed or lined with plagtic: Split’

bamboo Strips, woven bamboo or reed/mats can be used as.

walls if lined well with plastic &Ad nailed to a wood frame.
. S e ‘

Ag With other

Am,gryéfs; Gheck the temperature with a thermome-
ter placed on

od on % tray or hanging from a tray. Adjust the
~ heat source or the sliding top as indicated by the tempera-
tdre: . ‘ o )

SOLAR CABINET DRYER , | S s
The cabinet dryer can also be used outdoors, since the food
. is protected from dirt, insects; rodents and birds. By at-
-taching a solar platé collector to the base., the air can
be warmed using the sun's heat. The device used in Activity
I-11B is a sfmple solar p diatic

' _solar plpte collector. Solar radiation
passes through the clear dlass or plastic and is absorbed

by the black surface: Ajr moving through the collector is
heated and moves up out of the collector by convection. They;
solar plate collector shown below gses black coated carruga:(
ted metal to dbsorb the radiation._ _The heat. is then trans-,
ferred to the air inside which is. touching the metal. This
collector has a double panel of glass or plastic to insulate

the warm air'inside. If only one thickness of glass or __
plastic is ueed. the air inside can lose much heat by touching

118 -

N

- 8 L - . Ll
" Wopd strips about 2 gm by Wide wood pieces for sides,

=




110 : '

¥ 3 . :
b U S T s _ ST
the transparent material which 1is cooled by the air.outside.

In this collector, the air passes on both sides of the  heated,
fietal, as ‘shown in the diagram. . [
— - v E I
’ Tké golar platée colléctor is attached te the cabinet with pegs
or Scfews. The angle of the collector should be the angle
.+ that’pesulted in the best heating in the experiments in Rart I.
¢ I you make 4ts connéction to thée cabinet flexible, the col-

lector ican be .raised or lowered at the base to adjust for the
optimum -angle. . - ’ ce '
. - &- .. - ! - -

-t - v

“ P |
B

u“

f‘ o
e

~ [
L

UL
g\

e

- - - < ) Cross—-sectional view ZL _
P ~

bottom 7 7

black / ) / o . 27/, '

surface o

gt } ;
glass ‘ & :
or , ’ P . ) .
p‘_a{_st?,c' / - )
: ; .
= : -.

7 7 | DIAGRAM 43 S



- your locality,
arated, this dryer may

}

b Y

LYGHT BULB DRYER

It is simpte and ipexpensive to build. . I% could also be ,
kept in the ciassroom and used for pastéurizihg,fobd,wn;gh ;

hak been- dri&d in the

pasteurizing temperatures.
of 55% to 60% Cc. after-heating for a,
dryer was adapted from an Organicxgg'

zine design.)
. - )

Materidls

v

£
0

50 watt light Balb

cardboard or wood to make .

“~—

two boxes

Aluminum £
paint RS

Hamner
~Metal C
Qf"pox or a cb
fits the box.

JLight srcket
i plug
goP1U9

4
)

\
A

\

Y

paint the -bottom et
cement black cloth to the bottom or coygr the .-.. | ’
bottom with soot. - ) ‘ . Co

Line the inside,of box with alumi
. One could use other shiny substange

‘I1f crops mature and spoil.during a

.

oil or aluminum

shéet cut, to "fit top "

, base, cord and

N4

Cloudy time of year in

-

and electricity is available or can be gen-- j
be uggkful. , < '

s R
T -

in solar dryers that do not reach .
This smalfl dryer reaches a rangg
for a %eriod of time: (This
dening & Farming maga-

«

r

L4

: Small nails

Knife :or scis®ors
. > - .

"screwdriver
o Lisaw . : %
i - N 3 -
~ ‘Ghisel -

al
|

*-

A - -
pY  Black paint and-  °

,  cloth and cement or e
a smoky iflame for -
coating the bottom of ‘-
the metal sheet with .-,
Sooly. - : o

okie sheet that brush gr black

¥

of thepnetal sheet black, or

\m /paint. - .
=5*to linme the

box: , fhe.object is to créate reflective 'sur- e

-

faceg to* focus the. light and heat on the plack . - _

bottom of the métal sheet which: absorbs the heat. i

»~

Notch the box or  cut a small opening at the base . . ¢

" of the box to pass the.eledtridgal cord through.

v

“to the electricity.source. : -
‘. . ) . -

s

o



— N Y

o T S ' . o Lo

> '+ 4. .sét thé bulb, socket and base in tpe bottom of the
N 7 box. - ‘ ) : ' -

fe

5. Make hgles in the metal sheet and place it onstop |

6f the 565(; ’ N z

R e oL S S
.. 6. Make a pasteboard Or wood box with no pottom which:
is almost-as large 3s the tray. It should have
-, holes .along the lower edges of three sides. The top
R shquld be adjustable to control the flow offair . ’,,‘
- leaving the box. . ~ oy ‘ 0
D P ' e e food
Covag that - '
allows air &
flow but

ri
[y
e
f
)
Ql
«

“‘away from food.s

‘
N :

DHAGRAN 44

—

One 50 watt bulb: is adequate for'15 to 20 square decimeters
of tray: If a larger area is set up for drying, .use six 50

watt bulbs for each square meter of area. fhe depth can vary
 considerably; with the bulb placed 20_to 23 centimeters below
“ tie sheet; the.dryer will heat from 20°  to 30° C’ within .
: "hour. After four hours, the temperature will be between
5° and 60° C.

[S)[e]]
o

Rub_ghé éhéét\(gra§),1ightiyfw;§57§ii before putting food ™
slieés on it. ' Each 20 square decimeters of tray space holds
.abgut one kilogram of raw food. Drying timz averages from

8 to 12 hours. This mav vary with the relative humidity..
Place the top box on the dryer. If the dryer is used in a o

breezy location, make sure that the top box 1s'placed over,
‘the tray so the sidz ~ith no holes is faciaJd ttie breeze to
prevent the fiow of gir from being too rapid. Have the stu-

dents experiment to ’see how controlling tlie flow of air over
the tray affects the urying rate. If there is concern about
insects or dirt, cheesecloth can be draped over the upper box,

covering the air holes.

The cost of using this dryer can be calculaced using the
. following formuia: o

)

watts _ cnergy b ocar hour Dor

- 3 ‘égy cost per hour per
. = L DER OEER
7”999f““fprlf = gquare decimeter of
square decimeters - irying area
of drying space

drying area

r o

12
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4 [

For example in the Un1ted States,relectrlcxty costs about

S cents a kllowatt 'hour, so using this dryer for 12 hours

costs about 3 cents. This dryer activity can be tied to
other electricity studles. Encoufage your students. to

cofiipare this dryer's effectlveneis and cost with other -
dryers they build. )

- - - “

The students: now have the training and, if théy have built

Hne or more iarge dryers,; .the equipment to preserve sig-

nificant amounts of food by drying. °

.

7utr1t10n to realize that 1nclud1hg a r1ety of foodsrln.

one ' s- diet 1s worth maklng an effort., There are also reﬁer—

i\
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" NUTRITION

’

S S , b *Chemistry
Dipestion Tests i S 7 Storage  Biology

AT

Vitamins & Minerals.

_ Diet .
Balancing Foods
Year Round

" This part scan be presented as food is being driéd and stored:
A number of lessons will evolve as students test the dif-

ferent dryers. Some, vegetables and fruit may spoil as stu-,
"dents run tests and learn.the mcsggp:cdgggigg drying methods.

. When this occurs, lessons on spoilage from mold and bacteria
can be introduced as well as lessons reinforcfng the use of
preservation and pasteurization methods: Theg decomposition
of food by mold and bacteria .is similar to tHe digestive
‘prodess in humans. ' As simple food ‘tests and digestion tests
are being run, students ocen._also test spoiled foods “and note
differences between fresh; spoiled and dried foods. Thiss

;i&ﬁ will emphasize the value of drying and preserving foods.as
" well as increase the students' awareness of the . digestive pro-

cess. : i ‘o 7 —
oL . S [

The sequence of chapters presentéd is a suggestion. It is

best to sequence the chapters as students. bring up  issues,\” - .

questions and concerns. Lesgons on preservation and spoil--
age and decomposition may precede or follow simple food

tests based on the students' questions. In this section,
food drying tests are presented before simple food tests

. only as a suggestion for follwoing upon the equipment con-
- structed in Part II. : '
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“the lessons. It is-yQur ChOIjé to ‘interject various pieces
o

§

B CHAPTER 5. FOOD DRYING TESTS . A,

C . < - -
{ _
-

BACKGROUND INFORMATION ON MOLD ‘AND BACTERIA

In this{;ériés of,léSSons; students learn more about the
impact of mold and bacteria on the preservation of. foods.
This is important in studying food preservation byldrylng )
‘because bacteria and molds are found in foods. By in-
gesting foods contamlnated with mold and bacteria, we can
become ﬂﬂfected so ,we need to preserve food3\£ree of mold
and bacterla.‘ (p.- 178 )

These lessons show the behav1or of mold and bacteria under

different conditions and thereby reinforce the preservation

and storage methods necessary to avoid the contamination and

sp01lage of foods. A lesson also shows the digestive pro-

cess. of mold and bacteria and thus emphasizes what will be

1&rned in the food test and digestion test lessons-:

. The discussion of mold and bacteria is offered to._ 3981St

the teacher in facilitating lessons and directing ‘Student

research: It is not ﬁecessary to include all the detail in

—

of informatiom in the discuss

t n after the activities. You
may want to discuss_food storage in assoc1atlon with th1s
chapter: {See, p. 178 .) ° i

-

‘BACTERIA . £
—_— T :
Bacterla are con51dered plants prlmarlly for ciassrfzcatxon,

though many scientists would prefer EQ,PQt them in a class

Separate from plants and animals: ~ BacterIa have the follow-
ing characteristics: ‘ D e .
1: *small size; micro-organism.

- 1

. 3. Rigid deil wall.

4. Reproductlon- primarily binary fission; some
@ produce spores. ’

% ¢+ 5. Able to obtain food in a soluble form.

\

6. No chlorophyll.



o 3 StaphyiOcoccus, which caﬁses/&nfectlons on the skin

& ~and in the respiratory tract. . -
/é. Dipléébééﬁé pneumoniae, which causes §ﬁéﬁﬁbﬁﬁa. -

3. sSalmonella typhi, which causes typhoid fever and is

spread thrbqu contaminated water, milk and food. ’
4. Rhizobium, whi¢h is the nitrogen fixing bacteria
on _ *gﬁméé' roots and is guite necessary and bene-
.fi€i1al for. plant growth.
P
‘Bacterla sources for the lessons 1nclude decaylng fruit and
the dirt under fingernails. oo
,,,,, o . 5 /iﬁh o
Tb§£§,§£§,@§ﬁi,§?§é§ of mold; they are classified by their
reproductjve processes. Molds have the following general
'characterlstlcs~ ; : :
i bMuitxcellular. w'{ :
2. Majority of moldsgsgé composed of many thread like
‘ . filaments (exceptlon - Slime Molds) .
, 3. Filaments are thin walled. ?’/ . \ta %
4. Repréduction: asexual or sexual; most molgs have
P both cycles. Each mold produc§§7§7grglt1ng body
,/  where spores are formed. The spores are thick walled:
5. ..Ability to obtain food in a soluble form:
‘JB:"ﬁ6 chlorophyll:
.. M . '
Some. examplés of mold are: & el
. . _ o L [ _.
1. - Rhizopus' ngrléaﬁs, the "bread mold. It is a.soft,
white,. cottony mass with black. spore cases. It grows
on moist bread, raw sweet potatoes, .and other starchy
foods. - . -
. i ) - ‘
2. Penicilli\i grpws commonly on citrus fruits, forming

blue-green spots onh the fruit. It is used to make

the antibigtic Pén1c1111n and is also used in cheese
production. e

R T
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3. Asperglllus appears reddish or black,depeg@;qg
on what it grows on; ‘it is similatr.to Penicil-
. livm and is very comninon. s :
. 4. 'Neurospora grog§ in bread, on fruit and on L
7 grains. It 1s\red In culture, it has produced
4 a number of_enzymes 1nclud1ng Llpase and Trypsln. %
- ~ ‘ 'l‘ —
I AP Molg canebe foggg or Qrodugg@f@ogithe 1§§§655 on moist bread,

citrus® fruits and/or by plac1ng q§ad flies in stadnant wateT.

C e »_

- . °

- - s
3 - ~
» .

MOﬁﬂMﬂ_BAﬁTER:TA
]

' Mold and bacteria differ in the flrst four characterlstlcs

1xsted above,; but have other characteristics in common.
Aeﬁmegt;oned both mold and bacteria:contain no chlorophyll
and both are able to obta1n food ln a soluble form. Alsol

or hlgh temperatures or when mo1sture is low. Thése fac—
tors are very important when con51der1ng the preservation of

foods and will be studied in this chapter. Although bacteria

and mold differ. in some ways, the factors important in a dis- .

cussion of food preservation are common to both. For this

reason, they will be studied together: Learning the ad- ‘o

vantages of preserving food by drying and employing good -

'drylng protedures Wlll be the outcome of. these 1essons,'c

-

The follog;ggiglagram on t effect of temperature‘on mold
and bacteria. growth is eoffered to.'facilitate discussion
while the students prepare materia¥s and during. the tests.
’ It is best that the students discoyer the ‘relationships
through' the activities; presenting this diagram before the
act1v1t1es might inhibit some problem solV1nq; e -

— Ly

t

:
. i .
, k4 .
w0
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‘At 115°to 120°C,
.under pressure,

NN .

w1th7§§edm
even the
hatrdiest spores are killed

in 15 to 20 mlnutes.i'
L
a '

Most mold and bacterla are

killed rapidly at. LOU C (212 F)

N
o

No mold orabacter1a grow in’
the range of 60° tv 105° C,

can syrvive.

- but amere51stent spores
S

e

- % .

Our body temperature is 37°C:

Most common mold and bacter;a

grow best at temperatures in
the range of 18° to 36° C:

;) \

S Pl

Z/

Nc mold or bacterIa grow at
temgeratures below -5°€,; but

most spores can SHI’VIVe..’

L

\
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. 128

\



udents- wi . nﬁe
9;§§BE£9§§§L

preég;vatlgn and bfi as they bécome 1nvolved .
in the preparatlon of’mater;als for this ¢ apter.j Check i

in the local area fo resources. Would the >cal ‘meat i* ~—h=%
f1 =0

market butcher be willinggto ‘donate, anes°; ‘or would .
he be w11t’ng to trade bohes in return. for

1e fat thatI ;
is rendered while making gel§k1n°‘ Could “farmert who = . &
slaughters an animal use some of thé gelatinm? The used -
of gelatlg;can be agsecondary obJectlve léy giﬁ in- this’
series of lessons. : i -

o~ |
Agar, which is similar to gelatin, may be available. ) ,
It is made with seaweed from the East Indies: It has’ N
some advantages over gelatln, one being a hlgher melting :
polnt Gelatin can be' used for these studies, though, '

ahd may bewgasier tgﬁsecure or produce. - < (u;
f

'Whlle the students are 1nvclved in the preparatxon o

materials, concepts learned in other lessons (solutlons a f}(;

colloids, : characterlstlcs of fat; measurement, evapora—

tloh) can be relnforced through questlonlng and dlscus—
sion. . . ‘

7

_ CULTURE o S . :
Materials )
. Animal bones (uncooked or, boiled)  Water
N e e
. Scple 1 . %{/} Pot ' o
Progedure R . '
: i

] -

o

1.. Crush the bonés'to small pieces: -

2. Put the bone pieces in a pot; cover with <
water and boil for 15 ninutes: fo .

3. Céol. Skim off the fat. (The fat can be used )

5. ..6rind the bores. to pcwder4 &elgh.

6. The water should équal/%*lo times the weight
of. the bonés. °"Add more water if neCessary

: -+ ‘“to obtain this proportlon.
. , N
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7. Return bone powder to che ﬁot:

8. Boil until evaporated to % the volume. The

Voo resultant Yiquid is gelatin:

,® 9. Pour ge;atln into étefile dishes for the mold
@acterxa studies or keep gelatin warm while
- t addItlons are prepared for the activities.
s
¥ : AﬁTERNATIVE CULTURE )

if gelat%n cannot be produced potato, cassava, cooked eqg
white; or_ margarine can be sliced and put in dishes with lids
and ste{}éyzed The - test results with thls procedure, though,
are not definitive. It may be useful to™have both types
of iﬁlture dishes »repared and used, especially if the stu-
- dentsg_ seem unsure about the resultsr\ 5
"\ ’0 7"{ -« Ly . -

_ canfbe ‘made with well cooked cerea .
D ‘dishes or small jars, cove s erxlxze.,,m
)% , o b .
If each groyp of students ;gns the fﬁi& series of 'tésts, you
.will need 18-24 culture dishes total for each group. .This ‘

rad N
.

may be. .difficult: it IS p0551ble to run a test/act1v1ty,- w

record and discuss results and ‘then clean, prepare and.
sterilize the 2ishes for the next test.: With this procedure,
. you will need 2 or 3 dishes for each group. Alternately,
- you can asgign one test/act1v1ty to eth group of students
and have them conduct the tests 51multaneously. Thls Would
requlie 18-24 olshes ‘total for the class (4 6 tests)

- Jéé'f o N

'ro ERIL&ZE OR PASTEURIZE o

‘4,

Sterlllzlng, he kllllng of m1croorganlsms iS'dohé,b§ pia;.ﬂ

/Zlng the item (dishk, stick) 'in an oven,; heater; or dryer at -

; temperature of 45°- 50° €:;for one-hour. . This is suffi-,
. c1ent;t975;}l most mold and bacteria, éxcept the'spore’f”
1ng acteria which requ1re~h1gher temperatures. ’ Many spores

higher temperaturef and will sprout when placed~1n
otabile condltlons. : :

»

Pasteurlzlng.ls a modlf*Zd partlal sterlllzatlon recommended

. for sun driert Food§ that
: .. enough temperatu for tHe léngth of time needef to kill

microorganisms (mbld and bacteria, pp- 172, 174Y¥. The p’rj_

may not have been kept at a high

' cegs is modified sc that the food 1§7got cookbd'and the
loss of nutrients jis mlnlmlzedii During the mold and bac-
" teria lessbns, it would be usgfu§ to emphasize the simi-
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t&on methods._ . i %
; : N } Ty s
j{_}

,‘.11, e o B ! ! *\
)8terilization in an Open R ' S

4

<

.Oven or dryer able to heat to 70°= 80" cC. S

> PTocedure - . L
5 , Heat items if oven at 70° - 80° C. for 10 - 15 min-
. v‘ ‘U ’ = - . o - %
! ) I - . \
- o . ' : ‘ r z o
iﬁeriﬁ?a%ﬁﬂLb94§2@ﬂ: ' “ ;
° . r
Anotheriggegi;}gigg procedire uses steam and, thug, reaches .
"higher temperatures and kills more molds and bacteria than
~ the other procedure: = [ - S i
k Mueﬂuds ' SN ; . {;
4 ? -
Item&y}o be sterlllzed : Wat‘[ _
. ’ »
Source of heat o Large pot or can wit .
: rack or platform ffﬁ
Lid to pot or can . . o a '
) ~ - - J y
lﬁwcedu@ ; 7 o 2(
N :Put 5 cm ofswater in the pot and place a faéklér: ; -
~ platform above the-'water. The dishes7jars ¢o be -
o ster;;;gedirf _put on the rack in the pot. ‘Bring : {
the water tojthe boiling point 3 gSteam 11 be vis= .
S ;b;eiie capifg\from the cover. Boil ffy}twenty
-0 minutes. Remh¥™from the heat source €o cool. - .
\‘\\\J - Keep the po ‘{er' d while cooling. [ I _ \
T s

'..1

There are ‘many Ways to adagg/avallable materlals for

pasteurlzln Some models of food’ )
- dryers can reach temperatures sufficient for pas- J.
teurization and partial sterilization and can be used

- S to prepare culture dishes for the mold anhd bacteria

studies. It is useful to have another alternatxve,

- . 1Tt 1s userul to ndve atlorhiel d =%

' preferable a steam sterilizer. Students can compare -

7:‘}%*5 results in the dlshes/Jars sterilized with the differ—

ent procdedures; this 1ncreases the oppoq;unltles
for learning. e, s

A S I T
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— metal or glass cover

large metal bowl or
can_

anludé rack or pZat-

corrugate wztl’ oles

T pqiched can b used)\gi

-

charcoal burnerﬁnpzt
or stove

\,;

1 3

DIAGRAM 46 . - Y

wlwhzﬁwwﬁwxm%@w,

~

Transfer néedles are used to tnﬁasfer mold or bacte;lgii
from their source po a sterilized dish or 3ar. Each time

this is done, the, student should sterilize the needle by

heating the end of it in a flame before using the needle

to transfer agalﬁ., ThlS tran@fer ‘tp a sterilNzed dish ?s e

called ptanting. : : 7
e N 7 oL
Materials o
; ‘ ,(\' Soft wood twigs or bra’fhes about the size of
] penc1ls _ :
i’ . R ‘-? '
; Sewing needles R
R o -
Procedure

T AL VL - - o
Pushtheneedigf;nto the end of the wood leaving

}he needle eye about 3 cm from.the end:

ER— —— wood o

/ . — ) —,.'néé'cjfet'
¥ . . $ iﬁ?@ﬁﬂ44f » | : '
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Activity ITT -51. PRELIMINARY INVESTIGATION OF MOLD AND BACTERIA

4
In this actlsltyL students w111 obserVe some phy51cai charac-

teristics of mold and bacteria. This prellmlnapy investigation

is particularly important if the students have not discovered

mold and bacteria durlng other food lessons and activities.

Materials . N
= , e

Sdwurce of bacteria and mold (see pp. 119-320 )

v
Hahd lens ‘ E} o ¢
o P

Z%ba%ﬁﬁg

mold and bacterlé. During the dfscussion, cover such questions
‘as: : S S

Have the students observe and rﬁjbrd what they have noted about

it look like? . ;

What does
Whers is i% found? T .
: ; . »
Have you sgén it other places? 7

o L - =
Are t¥e symples different? How? -

larger?
khey grow? ' .
What is needed? o o .

The preliminary dlscu551on should brlng out somne questlons—to

test. Sequence the test lessons according to the questions

the students raise. If the students diséuss the need for water

for mold and bacteria growth begin with this study. If the

concern is focused on the type of fo d mold and bacteria grow _

on; bdgin with that study. Ask the students how they can check

how bacteria and mold grow. Fgr example: How can we.test

wh ther water is needed for mold or acteria to grow? Ha

the students discusg and-develop plans to. answer the question.
Let the students -begin the tests/éEEiVItIes. -

_students
1d and

{ties outilne the kinds of te

The folkowing actiyities ou
e of the basic questlons abo

can pe¥form.for some of the ,
pacteria. The students can;gai” more if they de51'”

'procedures ‘themselves; it is n

to the questlons presented here. .

-

the test
cessary to limit the sg%dgi:

L)

- N



128

-

#

—

- <

Actzvzty 1;}22 DO MOLD AND BACTERIA DIGEST COMPLEX FOODs?

"
In th1s7act1v1ty, students w1ll d1scover that mold and bac-
teria themiselves: dlgest many of the fpods which we eat.
This will reinforce the concept that foods must be :pre-
vented from being contaminated by mold or bacteria. An ex-
ample of a chart: for students to use in recording their

observat i$ns fdr th and the following activities is

',found after Act1v1ty III-6.

Haterials -
Sources of mold and béétérié_
Sterlllzéa culture d1shes : \\’//
Pieces of proteln; carbohydrate and fat

Transfer needles ~ - ; //

Procedure

1. Transfer mold and, bacterla to sterlllzed dishes;

a ) each containing a dlffereht food type{_

':; Eabei the dxskes accordxng tg fopd type,*,,:

(18 35 C ) for'

2. or 3 days.,

- ' - — =
4. _Observe the ‘various d1shes _Are there differences
* < previous size?t Aré‘théré differences from one

food type &o another? What changes have occurred

-

to the orlglnal foods?
:fReeff7 ydur observations and ‘sonclusions.

*i

* .. T
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Activity III.3 DO MOLD AND BACTERIA NEED WATHR TO GROW?

In' this activity, the necessxty for“water for bacteria and mold

growt® is investigated: This is done by planting bacteria in

wet and dry cultures and ohservxng the differences over a bé;lda

of a few days-:

Matcrials C
Sources of mold or bacteria . | | ' .
Gelatin in sterile dishes |
Light bulb dryer or other solar dryer with cover
Dry cereal or dried food in sterile dish

* ' Cooked cereal or fresh food in sterile dish X

. ] o e
Transfer needle

Procedure

i: Plant mold and bacteria in some gelatin disheés. Place
half the samples on a light bulb dryer CGvered With

ered samples in a warm, dark place. Check all the

‘dishes after a few days. Note.the differences and
record the results.

open dishes WLth a box or bowl, Place the other cov-

®

2{]'Place a spoonful of dry cereal or a few pieces of

~dried food in a sterile dish Wlth tid:

3,; Place a. éboonful of cooked cereal or a few pleces of .

fresh, food (same kind as dried) in a sterile dish
with 1lid.
_ I J
4. Plant each dish with mold or bacteria. °
5. put the dishes in a dark warm place for a few days.
6. Check them. What has happéned?  How do the dishes
differ? A ,

‘e
v

7. What can you conclude,gloht the results?
“ - ) : /

IS

al
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fetivity III4_ D0 MOLD
In thlsWag§EV1ty, students will study the effects of llght
aﬁd darkness on mold and bacteria.
Matertals - 5
. Culture dishes : T F

Source of mold and bacteria

¥ 7 B i @;
—~—cy Transfer needles -

>

Procedure -
1. plant some dishes with mold or bacteria:

2. Place some of the dishes in a 11ght place such

as by a window.
'3. bplace the other dishes in a dark place.

4. After a few days, check the dishes. Observe:
- thé results and record your findings. -

* * ! L)
i N
Actzvzéy III=5 DO MOLD AND BACTERIA GROW BEST IH COLD WARM OR
HQLBLME$9

In this activity, students Investlgate whether mold and -

bacteria grow best in cold, warm or -hot places.

T ; - ) ’%
) - M’ £ 7l t’ ei 7:7 71- lil i’ 87 . - R ’ ¢
T | - \\ ]
Culture dishes with covers. - Dryer or oven.
Source of moYd and bacteria Transfer needles
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Proccdiad N
froc dian>
. 1. P? ht @ishes ‘as in the other tests and cover with
‘1ids. - : .
‘2. iEiaée one in a very . cold place such as iﬁ a’ concrete i,
IR floor in a well shaded corner.
3. Place oné in a warm place. ’
> 4. Place one dish'in a hot place such as.a ddy
oven.
; _ S o . . - - &
5: CheCR.thé dishes after a few days- Record ybur
_fihdings. -
i N )
* * - * .l//
In th£§7agt%v1ty, ét@@éﬁté wiltl dgegover what effect direct
suntight has on the growth fﬂbacterla and moild.
! 777 -
Materials R
- el -
Culture dishes _ S L
’ - - - - . a
Source of mold and bacteria
Transfer needles
2 L . o . —
Direct sudlight
P; li’ LR 7
- N
: i: Put mold or bacteria 1in two sterile dishes.
»
2. Piace one of the dishes in open sunllght for several’
' hours. ¢
3. Place the other dish 1n/b warm dark place.
; 3
4= After a few hours, .remove the first dish from the .
; sun ard place it w1th the other dish. . 7
5. ‘Check them after a few days. Record your findings: R
.57 - - R
7'. - 7’0’1.
’ . ) 137
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Have the studénts prepare charts such as the on the fol-

lowing page. If the class has been divided into groups,;

with each group doing a different gpthlty, have a table

Wwritten on the blackboard, so that each group can record

and share the results of its activity. Have the students

discuss the differences they have noted and what these
results mean for food storage. :

What - food sources did the mold prefer?
WHaE.sdufééé did the bacteria prefer?

What, condltlons siowed~orustopped the growth of
mold and bacteria? : oL o o

What conditions were necessary for bactéria and.
mptd to.survive?
~ -

What wouid you want to do to make food less appealing

to- mold and bacteria? .
" What does drylng food in a solar dryer do that makes
food last longer? o J

Although llght and. temperature a‘ fect the growth of bac- /
ter1a, the amount of moisture is the significant differ-
enice. ' Lack of moisture alone is sufficient to prevent

the growth of mold and bacterlat This should be empha-

A ]

sized as.it might not be deflnltlve from the tests and it

1s the maJor advantage of preserving food by drylng.

£ - e
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MoLb - |  BACTERIA

Protein

Carbohydrate _ A
~ Iodine ' e

wet™ - |
'(dagk place)” |

Bey food

Wet food
cl i’

window 7 ‘
{not direct
light)

Shade

Direct

sunlight

Cold

Warm i

Hot
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"TTON\ON_ FOOD TYPES

- S
In this chapte

Sugar, Starch, \Proteln and Fat.

Several of the tests in this sgaptér are -used by chemists
to analyze chemicals:. Chemis#s look at. feel, smell and
taste substances as part of preliminary analys1s., By

working w1th the groups; you.can encourage Students to

You may want to perform the tests by yourSélf be forehand
tp become acqualnted with the results. This also gives you-
the opportunity to develop directive questlons to ask the
students as they experiment. You can also anticipate op-

portunities to ré-emphasize thlngs learned in other lessons-

for example, evaporation and dehydration while students
conduct ®@st 5, or solubility if basic chemistry lessons
have been sHt earlier. , .

the students will:

1. ledrn the basic food- types. Sugar, " Protein,
: StarcH and Fat by experlmenting and observing
differences: : Qg
¢ 2. develop record keeping skills as _demonstrated by
the charts and tables produced after the food
tests have been’ conducted.

3. keep diet records to- learn/what types of food
‘they Consume._ Diet records, discussion and
observation of animals will dlrect students to
the need for balaricéd diets. Measurement ofr
5 this learning can be done by hav1ng the students
prepare menus or diets that contain the basic |
food types.-

Thé aCtivitiei gre used to 1dent1fy the basic food types.

PROPERITES_OF_SUGAR
) s
1: : Sugar is soluble. (Test 1). Simple sugars are

absorbed in the human body by direct d1ffus10n

Pigestion, or chcm}cal breakdown is not necessary

2. Sugar turns brown when mixed with iodine (TéSt 2).

140




% N
3. Sugar has a sweet taste (Test 1).
4. When burned; sugar turns black and g1Ves off water vapor. -
" This is because it corntains carbon and water (Test 4).
The presence of carbon and water indicate that sugar is w
a carbohydrate. It is a 51m§ie carbohydraté. Because
it is absorbed in the body directly ({soluble), it is
separafted from other carbohydrates. (starches) which
require' degestive reactions, startlng in the mouth with'
the action of the enzyme, ptyalin, in the saliva.

PROPERTIRS OF STARCH ' /-

“1. Starch is soluble.
2. Iodine turns blue When mixed With starch® (Test 2).

3. Whén burned, starch turns black and gives off water

vapor (Test 4). This is bécause starch,; like sugar;
is a carbohydrate.
; ,

’_Pﬂﬁﬂ#%?ﬁS&ﬁ'f?OTﬁfﬁ

1. Proteins; such as_those in _meat, fish and egg whites,
are large chemical compounds and require a series of
digestive reactions to beé broken down to amino acids

. which are absorbed. and used by the human body.

_ \ '
2. Prdteid is ncf ﬁ%raf soluble . (Test ). o

- }t .
3 Proteln beglns to break down in the presence of hydra-

,g; chloric &Scid (Test 5): This is what occurs in the
/ stomach: ;-
o ) ' - ﬁx

S OF FAT : ]

-

i. -Fats,; such as palm 011 or margarlne, are iarg? Che%;éal
compounds . . ’ S ' f

~

2. Fats-are not water soluble (Test 1).

3. Fats are the only food type that change paper{ leaving

a Smear on the paper, Which a%pears transiucent when
held up to a light’ (Test 3).: \\ 7

.-

r
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'theh,fs'the chermical tests are in progress.

, T
. 137 7~
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. > T v -

There are several tests that students c@n perform in order
to observe differences between the fouribasic food types:

Protein, Fat, Starch and Sugar- * The food tests will take
2 or B.class periods. 1If students are interested and con-

tinue to test food items, this ‘part of the unit could be
extended. :

T

You can divide thd ¢lass into groups. {Each group can run

one or two of the tests and report to tne. rest of the class
Alternately, each dgroup can run all the tests and compare

their results- w*th other groups _ "
- . > . o

The written dlrectlons for each test can be handed out to

each group. This can ‘save time and allow the teacher more .

tlmePfSB questlohlhg as the activities are in progress.

‘»,

Choose food 1tems that are locailily avaitabile, but try to get

at least one sample from each food type. The food samples

can be cut ahead of\txme or the students can cut or chop

,pIeces ﬁrom the items as they perform the tests.

rs ¢an be spread on the desks or tables toggr'tect
£ > \4\77
Have the stusents use only a small ‘amount of food for each
Lest. While testing is going on; you mlght gquestion the

‘students about mixing or keeping the food items separate.

Emphas1ze the importance of control in science experimentsq -

Have the studernts practlce using. grass. reed droppers cr B1c

- pen droppers as adaccuracy with these takeés tr1aliand error.

The dlagram below shows how the grass regd dropper is heild:

Gﬁgé
Reed
Dropper

+

DIAGRAM 47 L I
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There should be.an area of the room set aside
rinsing used equipment such as jars and caps. .
water are also essential for students who accile ,
on their skin.- They must wash the area liberally witH Soap .
- apd water:. The soap will neutralize the acid. _ . R I
. : 7 :
t%;,skudents.

4 washing and v &

/The soap and , -
ently. gety HCI

‘- - - - -
Following are the directions to bs given to the skudents:
. You may want to circulate among the groups. questioning the .

students about Eheif process. -'How did you crush the food .
sample?" fWhat‘happeﬁéd,tb,thé,tice_when you put iodine on

_it?" Does ithe sample smell..different now?" The questioning
shoulfl direct the students toward observing the difference. . -
between foods, thg éﬁahgéS'that;pékefplacegw;ng'qgeéﬁiéhing

-also_can reinforce _problem solving skills and the scientific

method. ~ T o : ; :
iy, BN N [

| Ackipify L7I-7 BOQD TEST 1 : .7 o —

. o E 20 2% S S ‘ ; = "

P >

[ R
This activity tests theeffect of water on food samples..

X

'Y

ooz ; : W : )
Materials ' oy . ‘t' N o
small jars |

Water

.» - . . . -, - B
N . L P . N

Procedure s '

i piaceae [ T Y TR .
i. Place food sdmple’in a small jar:'[ If solid, crush _
it. Fill jar %.fﬂkigwith“water; Mix._-@hat happéns? . —
” h e £
/small anount of food. What does it\gaste of

Sweet, sour, bitter or no taste? -7 .

| 4y 2.0 Taste
‘ - like?

k

ctivity III-8 FOOD TEST 2 &, f\\

- L}

!H‘)
LA h
. ”\3}<
*
%* |
W

-~
L 4
¥

»Ip this activity studeats will test to seeywhat effect iodine g
has on the food samples. A

A)
3

&




B~ ‘

<L Bic pen dropper == . ' . )

"‘1w
" {
& ,
a
R
-
!

Bottle caps . Water, {

Iodine (see p. 197)

Grass reed dropper or . - %

o

-

Proce duze | -
. = s

1. Place small food sample in a clean bg&tt

If solid, crush it first. Add a few
2. Add a few drops of iodine to the sample. Do }
naggtaste this :“iodinea?é POISON. What happens?

0]

N

* .‘;\ . %* -

Activity. III=9 FOOD TEST 3 ; - . -

Students will test to see if the food samples haverany
effect on paper. % i
. g

. Materials . o
Y X

Samples of gé%f food type Brown paper

.
!
/

Procedure

1. on a small piece of biowN papefr; place a food
sample. If solid, crush INg_JWipe off extra
food, leaving a spot on the paper:
7‘7 o V 7 o 777777. '77 _ 77

5. 'Set this aside and check it later. -What

happens? Hold the paper up to the light. - S

[}

what do you observe? ~

. N
1]

* i * *

- j© e

<
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- Acbivity III-10 FOOD TEST 4

In this activity, stud
acid (HCl) on the food samples.

o
- [
Materials . K :

Hydrochloric acid*

(see p. 197) _ '°

N

Water . (
Cahdle or burner ¢ gg

students will t

. TN
{
¥

Here, students Wlll observe the effect of heat on the food
samples. - - } o
S Joo
e S 3/
 Materials vx s
B . _ < _ - 3 _ _ _ - oo ool . g
' Food samples / . Bamboo tweezers (see Appendix A) . ;
T a N L t
Bottlg caps - Candle
Piece of glass -
,\p i 7:::, .
. fsf N . 7§% .
Procedure . o - B
e R - S P
1. " Place a smailtl amount of food in'g clean bottle cap:
€rush it if necessary. '
s ) _ 3
2. Using bamboo tweezers;, hold the bottle cap over a
s flame of a candle. Trim the wick to get a small L
flame with no smoke. Wh11e|d01ng thls, hold a '
piece of glass over ‘it. What happens” Continue g ’
heating it. _Whatf h’ép’p’én;, - , o B
1 * % :%i; ' *
’ , ";w _ - 4;
flotivity IIT-11 FOOD TEST5 : &

Food samples
small jark ’ g )
Tin labelled ACID’ | \
- - ) = . . <

*If the ac1d appears concentrated,,as evxdence@




:’f\compounds.r In the futefB\fess:
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f 4

Procedure . - , )
X

and cover with water.

2. Mi% the solution thoroughly.

3. Heat slowly overia candle or burner. Record
what happens: ‘ : 7

4 Carefullyy add a few drops of tCl t§jthe food

 sam>l>. Rééﬁra what Happens.

“Important: f€Z is an aéid and can burn your hand

When fznzshed empty the mixture into the tzn '

marked ACIc. . Put the jar or test tube in¥o the

basin/bucket wzth scap and water Wash.

During the next science perlod trie groups éah report 3

ggitgexr findings by developlng a chart on the black-

board: 7 .

. TESTS , T, v

. o o & - [ _ I R R
Food Types Water ‘Qj:liri'e . Paper, \ Heat HCI | Jf P

= —— - - ) _— e —— ___—p V - "
Sugar e ' ' S

= : T

e _ O. '
Starch . B e . e —— g_’ - _
A 3 f
?;rwi R Y e P ]
N ye ’ L. . : B
Fat [ Y. i . i 4 - % —

~§§§é,£ﬁé'$tpdé&té digcuss. the ,results:. Why do certain foods
reaét to dﬁly sbme,e“ thefte§§s° Direct the  discussion to |
""" reactions: 'Introduce the food type terms

. Protéih Fat Votarch and Sugtgibﬂave the students deveiop llsts
r

of‘foods 1n the four groups: out oy referrlggito th
,sults that sugars are

t results vary beca'

9

bofydrates as are ,starche:

e oﬁﬂt“e size of the chemical

/\this dlfference will be

" e

”Th’

v

'fts and activxtles. Hava,

clarified through diggs
the materlals ready ;
* come up in the discussiond.

the studénts test the food itermiss#n g

If there'ls‘ﬁome confllct have’
stion. Discuss the
basic uses Of the ?ood types. Carboggdrates and Frats. prodlce
eriergy., while Proteins build and rgpalr ‘tissues as well as
provxde needed subsLances in the body: {Refer to " Food Prtser~

vation Resourcn rhmct "y

¢ . - .
- Y . . . A} .
S B T . .
= - S 1 2 : N
: .

<!
:.'.&;1_

ZIN)

-

\

[
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.each day for the n@xt

eek. A diet' record form is found in

v ﬁ

What types of food do they,K eat each day? A -

Ask the studenbs to w7éte down what they eat (their diets) v

Chapter 7.

How much of 7?63 food type? -

What season

’

Do they €at

foods at other times of the year?

. Lz :,i,”e;ﬂ;”” L AN
‘What are thé’differences in dIet ‘throughout the year?

,Whyv what foods are avallabie in each season9

- E

If the students are flnlshed w1th the food tests at this poxnt
proceed with the’ 1esfons on digestion and nutrition including
the need for vitaming and mlnerals. aWhen the students have

their diet records r ady, use the reporfs on diets to develop

a discussion on nutrjtioms and the need/for well-rdunded diets.

DIAGRAM 48

o
[¥aN
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v |
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CHAPTER 7. DIGESTION

Thlsigbagteg;ggg befpresentedﬂln 6 ' A_iéssons dépehdeht E
on what concepts" 1 choose. to inclfidé.and the interest® - -
he scxence students.

For -.example; if the students ‘have nrot studled solutlons,

colloids and suspen51ons you may want to set Up materi=z , w
als and activities for the students to determine the dif- v
gerences. This activity could precede the food,test,les—‘
sohs. ~This ‘is appiopriété at the. beginning of'digestion

is 1mportan; in d1gest10n (hydroly51s) This act1V1ty

‘'would involve sainples of substances: sugar, gelatlnr
(protein); starch and 011 (fat). These samples would be

mixed with water. Each mixture is-shakewf and allowed to

stand for about 5 minutes. /P’ students then record the

results and discuss their f£% dlngs.liThe format of . the
food test lessons can be used for thls act1v1ty. P

\

Through the activities and dlSCUSSlJnS, the studehts will

‘owing concepts and

develop an understanding of the fs%

be able to applv them to their dam™y.lives:
1. Digestion is the chemical change of. foods into
particles that can be absorbed hy the body cells.
2. Fats, Drotelns qnd)carbohydrates must ke d1gested
to make possiblg their absorption and entry into
‘the body cells. Fats, proteins and .carbohydrates

all contain Carbon (C), Hydrogen (H), and Oxygen

(0) used|to produce energy. Prote%ns}also contain
Nltroge'r(N) sulfur (S), and onspho\us (P) used

, ' .to prod¥ce chemical substances, essentis I to tife.: .
é& Proteins are uUsed to build and repdir bo y tis-

sues. We are about 20% proteLn by welgh The

body depernds on proteins to produce .enzynmes; ‘hor-

‘mones and hempglobln. In addefOn, protelns are

used to regulate body fluids:

n 1nsuff1c1ent

’ amourit 'of protein in the diet causes klu1ds to
build up in parts of the body. This gs_ why chipd= i

ren with .protein deficiencies {(Kwashioy kor) haye

dlstended stomachs

-

3. Hydrofy51s is the bnéaklng dOWn of a chrmxcal
compound by comblnlhg it with water (H20 e~

4~ An enzyme is; a c%talyst that. speeds the hy'ro'y'
of feods. Theé general éﬁ””tlon for a dlgestlvc
equation is: ,

-’

[N

fone, |
|
?0

4ﬂ
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Iat + water _llEEEE; fatty acids - glycerlne

3 roteinase; .
. Protein + water P S amino acids i

T - carboh d1 '

Carbqhydratg + water J ra“f‘gluc‘.ose E

Glands produce the digestive’ julced such as sai;va

gastric juice, pancreatxc Juxce nd inte txnai Juxce.

These dxgestxve juices contain enzymes.

move through the allmentary canal which €onsists of
five main parts: mouth and pharynx; esophogus; stomach,
small intestine and large: intestine.

7. Water, vitamins, simple .sugars and minerals (inorganic
salts) are taken in the body by direct diffusion;
diGéétibh ié not necessary.: .

tions and clar1fy1ng students' research

)

e,
[3o]
()

.nu‘
g




145

» - COMPOSITION OF SOME FOODS

(Adapted from

l’ 7(’ x’r )’ I”) -

3
Protein

i

of Cheitistry, Lange ed. )

Vitamin

C

D

Avocado

2 |

++

.01

Y

i

+

Banana

.04

216

sprouted

+

———

| _Beans_"(506ya)

Beans

aina) |

.07

01|

sﬁroagg%»

.___Beans (lean)

.02 ]

+++

Butter

6 ;05 103

i V“'( a’bbage

Cheese

.93

++

Chicken -

3 .01

Coconut

.06

+I

Corn Starch |

. Dates

.07

13 |

.07

+++

Eggs .
__Egg (whites] 12 i .01 | o1l

13

+++

++

Egg (yolk)

15|

i

_Flour (white) 11 1 |75  |.02].09] -
Flour """Oh&at; .| 14 2 |72 l.03|.22 7 |55 i
Getatin | 9] sl ]

¢ Lamb 20 13 o t:o1l:22 + i
— — e " - -

. Lard 100 ] + B O

“a

. 77:'7&::‘:,;_.;

Abbreviations

ni

Ca
,

Fe
Blank

O

ERIC

Aruitoxt provided by Eic:

‘Caleium
~
Phosphorus
Lron
space
1

=

¥

++

+++

150

vitamin present

= no appreciable amount of substance

good soirce of vitamin

excellent source of vitamin
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, S % s | %

FOOD- o 4 Protein| Fat {Carbo.| Ca | P
Lemon 1 1] 1 |9 | .04 :02
‘Milk e . .. i .10 4+

el
N asC
>
w
gl
| } ") it
. 3 "
3 wll |

e
[N

+++ T ——

4 o +

VW
-
w,
.
-
N

' Noodles .
Margar ine IR ET N DO = S
olive Oil o 100 .| - - gl A Co 1'7 ol NP i —— -

[P v

_.Onions. - 2 “1-- 9 | .03/ .05 + |++ | ++ (IR N

-

oo

U
+
+

Otéﬁgé; I SRV TN § i1 | .08 .02 - R T

‘parsley o : L 1.0z o

' Peanuts

26 39 -| 24 .07 a0 | 4 [++

Peppers (green) 2 S s .03 ek
Pineapple | 14 .02 .03 oo feras By
", Pork o 17 31 1 so1 + | ¥ [

W

7l;oLaJ;o;7, 3 . 20 .61 06| - o+ [ |4+ ) :
| 23 02| ' '

Rice ' 2

. sardines : 23 20 | .o3l.26
" Spinach ) [ S 3 .07 J07] .

O
—
1.
+
"*\
/
+

+++

__Squash 1 1 9 ;| .02 ++

sugar : |
Tomato ' 1 4 | 01| .03 PO g e : o

.05 P o e

Turnips | 1: 8’ | .06
Watercress 1 )4 | 220 e tid el

wWhitefish 23 7 " .02| .26 |+

L

Activity . 7-1& D

>

In this activity, students will begin to understand the diges-

tive reactign, the breaking down of food for absorption, as
they solve the introductory problem and discuss their solutions. .
‘(A written assignment can be used also to measure the students’

knowledge of digestion:)

O

ERIC

Aruitoxt provided by Eic:
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'
L. Materials '
. Box - closed with-holes cut.out on all sides
s o o o ) o = o
Large dirt clod or piece of termite hill ‘ These must
o be Zarger
Large plece of ca Sé va or other fibrous root than the
) N - L o . Jnotes
-~Large plece of wood = block, cylinder, pyramid {in the
- shape . j;]b'o':c '

. DIAGRAM 29 , .
r<£’ . "

. . Have one eet of materlals for each group or team of students:
.~ Set the task and have each: team work: on the’ problem collective-
. ly and then share’ Be¥r results. An alternative to thlsiyould

: be to have one set of materials and dlrect guestions to the

'total class, although there is generally less problem—soivxng
w1ﬂh this approach. 3 :

T8

The box is completely enclosed the walls have small round

holes. These holes carnnot Re made larger.- How can the dirt,.

root and wood be moved into thé box°

lee the prob1em and let the groups work on solutlons. Whiie

';the groyps are working you can move Frdm group to group and

’tlons TO stlmuiate probiem—solv1ag. <

t sotution (s) have you come up w1th7

“

boes that soiutlon require work (energy)’J

éWhat steps are 1nvolved in the solut10n°

4 . ) “ Y a

_',\/ T
S 1s2 ¢
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o e _ L A
‘What is doing the worj(? '

What arrangement or change in the m&terials is necessary

to get them in the box? , ¢ _ ¢
P

Are other materxais (substances) needed to change the

ob_]t—:*cts'> . ‘ L

: reports from the groups.

“

Again, ask directive questlons durlng the reports and discus-
sion. Some dJgroups will offer breaklng/cuttlng up the Mmater-

ials 'as the solution. Others may offer dlssolv;ng substances ’

with water as another solution. D1scuss these different solu-

tions, empha5121ng that dlfferent agents (knlfe, water) are

required. ' Through the dlscuss1on bring out that this pro-

cess . is llke digestion in the human body: Food must be broken

down mechanically and chemlcally by hydroiysxs and enzyme action
i order to be absorbed by body ceilils in much the same way as._

the objects had to be broken down, using such things as a knife
and‘waﬁer,,ln order to be put ;nithe box. Someone may,offer'
the -use of chemlcals as a solution to the problem._ _Ask how .

the chemical is used: Does it go in the box as well as the

material? Deveiop the use of enzymes for. dlgestlon from this

response.iiﬁnzymes are cat lysts/agents that speed up hydroly—
sis. If :the probiem—solv1ng and discussion demomstrate that
students understand the process; the general food equatuon

can be presented.

FOOD + WATER —% FOOD PARTS . - ,_;— .

'I

The terms: hydrolysis, enzyme, catalyst digestlon can be inx

troduced as the students generate definitions out of the problem—

‘solving. . . : S0z

’

Noie The next series of activities involve digestive reactions

of the basic food types. Some of the activities require mater-

ials that may not be easily available. These can be eliminated

without losing continuity aZthoug)ﬁhey do serve as reinforckrs.
of th: concepts. The teacher may wish'to tell the students
what. the pesults of those activities would be.

-
J
Q |

-&

ooy
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Activity III-13 DIGESTION OF CARBOHYDRATES ;
s :

Through experimentatigpn, the students will learn that diges-

tion of carbohydrates“begins in the mouth. Mechanical (chew-
ing) and chemical (ptyalin in saliva) breakdown 1is necegssary
for hydrolysis of carbohydrates. Starches are broken Wown

to simple sugars. The equation for this process is:
v ) » v

wf . . [ salid e
Carbohydrates + water _EEXEELE> simple sugar ' z N

hE

Materials

Starch Raw potato _ i

Cooked potato . ‘Wax :

crackprs, tortilla or . Iodine (Indicator of stgrch
‘bread T : :
Beriedict's solution* - o S
(Indicator of sugar) . - - €andles or burners

Food samples ‘rom food tests

The first step in these activities is to have the students

test the food samples/ used in Chapter ' 6 with Benedict's __
.solution to determin& what it ipdicates. The solution changes

to a yellow-red color in the presénce of simple sugars.

- If you are not able to get Benedict's solution, you can
proceed with the other ezercises reinfgreing the students'
observations of changes in the preseiice of stareh.** "Through

diScussion, you can develop the concept of starch break-

dgwn Eé.sdgaf.

;ﬁ'

#_ See note about specialized sources on page 197.°

+* Tt has besn jucgested to us that easily observable -

changes can take place by saliva actiovn alone on- certain
"substances: Pieaié let us know what results you dis-
cover. - B : T

:

|

(97

4
e
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A. WHAT DOES BENEDICT'S SOLUTION TEST?*

N

Take a small food sample of protein,. fat, sugar and starch;

if solid, crush it and mix each sample with a Iittle water

in a Jar or test tube. Heat the mixtures,; then add a few

drops of’Benedict's solution to each jar. What happens?

Record any chande in color. 7 , o 4
DiscuSStheresuitS:Whenthesgﬂé;ntshavedetermined '
what Benedict's solution indicatds, proceed to the other

activities. H
' +
B. - DOES SALIVA CHANGE BENEDICT'S SOLUTION?

-

Have the students work in small groups. Each group member
chews a different food sample for a few minutes; ahd collects
§5liva‘in a jar or test tube. Have ohe student in each * -
group chew a small piece of wax and collect sallva. After

"the saliva is collected, direct the students to add abmut S
1 teaspoon (5 ml or cc ) of Benedlct s solutlon Heat,i

 Ask groups of studants to arrange elght jars containing .

the materials list=< below:. Suggest that the stugents

find a way to be #ble to 1dent1fy the contents of the jars
(tabel;. code, recbra). .

1. '2 jars with 5 ﬁi of%water and ‘a small piece of P
"§? _ ‘ raw potato n each. ‘
- " 2. 2 jars wii 5 ml ‘of water and a small piece of
' »3Caco ih each. ;

3. ;2 jgrs wich 5 ml of water, 10 ml of saliva and
: a small pizce of raw potato in each. ’ .
' _2;,4. jars with S mi of water, 10 ml of saliva and 7
T Y v -d.small piece of cooked: potato in each. - '—fgﬁ
Test one‘Jar of each sample (1- 4) with. iodine. '’

What are thp results’> Do the samples vary? Does the pre-

Jg sence of saliva l@ke ? drlfference'> . -

o

. FO S
{1-4) stand for 15 minutes. .Add 10

LéE the other samples wutes. Add |
ml ”9§7§epedIct*s solution to each jar and heat each jar
for thirty siﬁonds., What happensﬁ Record any changes ;

y

) o ’ [ A
*Please let us know if vou find any 1n dbator derived from
locally available mdterlags that can;F -ussa instead of

Benedict's solution .
- 155




that occur in each: jar.

As the students are experlmentlng, ‘move from group
to group to question them:. 1In addition to the

questlons in the above paragraphs, you may wish to
discuss the use of controls with E?em.

Have the students repgrtitheyr f£i
ing d chart on the blackboard: Burlng the discus-

sion, introduce. the equatlon that describes the

action the students observed Introduce the term,;.

Ptyalin; the enzyme in saliva that begIns .digestion

of carbohydrates to sugars by speedxng up hydroly—
515 of carbohydrates: )

C— Carbohydrates + water %Sﬁééf* .

-

D. 'ANOTHER TEST - HOW DOES PTYALIN WORK?

Have the students test pieces of cracker, bread .or

tortilla with iodine. By this point, the"students
may be familiar with the food type. Ask the stu-

dents what type of food the cracker. bread or tor- -
Stilla samoles sre. 'If the students know this, begin

the activity at the next step ; .
N

Chew a piece of cracker, bread Or tortilla for a

minute. Take the chewedfcrackeriggtiand put some
of it 1nfqgewdlsh and some in another. Add a few
drops of iodine to one dIshﬁiiﬁdd a few drops of

Benedict's sclution to the other dish: What happens?

What can you concilude about sailva°

il
* * @2 *
i e v
- ! N ] -y i
‘Activity ITI-14 DIGESTION OF FATS -
-~ -
These activities émpk sl°e emuls1fy1ng fats Here you can

encourage«thlnklne about increases in surface area:. Why is
physical or mechanical breakdown of food necessary’ ‘What

are tHe advarntages? Why is mixing food and water 1mportant°

.Can _enzymes react with food more readily if the food is in

{:
idings by develop-
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The chemical tests for fats,‘fatty acidsand/glycerine.

are complxcated and involvé solutions ané‘equ1pment not
readxiy available. Focusing on ému151f1catlon as well as
comparing the reactions of different foods -should give the :

students an understandlng of dlgesthn and the rudlments

of- nutrition. . R o
- . A(_’.
Yoo s . 3 | N :
Matertials \ :
.  Water Hydrochloric acid*
[/ _ Vinegay’ Jars s
‘%011  Soap IR
2 %
'?f\ GumﬁAcac1a Bucket/basxn _
f//’ A551gn groups of students the following problems.
,,,,,, - .
}> 1. Put equal amounts of water and oil (about
§Qim17) in @ small jar.- What happens°
Mix ‘them. What happens" gWhat sizesgfe .
the drops? \a - i
2. Add an eQUal “amount of yinéga;. Mig or ﬁ
shake. What happens? What size are the
drops? ‘
3. 1In another jar, add egual amountsrof water ~
B} ‘and oil. Add some gum acacia. What happens?
* Mix and note the dhange. Note size of drops.
4. In another jar, add equaibﬁﬁ:ﬁﬁts of water
and oil. Add about i°¢ 7' f hydrochloric ﬁk
) ‘actd. Mix carefully: any change.
. N
As students discuss their findings,: rein e’ the concepts
I ™ of hydroly51s and the advantages of ‘mechani&at-and chemical
- breakdown of foods:. Introduce the équatibn for the digestion.
« of fats: You may want to include some explanatlon of fatty-
acids and giycerxne and how the body uses these substanCes.
»

N A ] w
* * T %

N LN

*It has been st} je

that. 1. papaya leaves can be
miX§§7W£§H egr] wh: ead of HCl; 2. lemon juice
.-or vinegar can substittte for HCl. We would llke to “hear

what you aIscover w1t§ these substltutes.
e 157 - :
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Acttvtty III71& DIGESTION OF P, TEINSX%

As‘wlth'fats, ‘a serles of 7teps are.necessaerEb break down ] .
to amiino acids. jmust replenlsh our supply of ) ‘F

i3dl amino acids dail Aecause the body does not store

'flno ac1ds, llke fats and carbohydrates, can be stored

.’g:.r the‘producthn of horq?nes and- e:jymes.

The equat17

Protein \.* ter
s SERCI

XIy

The aCtIVItT‘ firs f \protein breakq wn
as OCCursJIn ‘the stomach: Further breakdo ﬁ 6ééufs in t _
small intestines. . : . . . "
. : ' -
-
I S ~a * :
Materials = !

lHydrpchlorlc ac1d

\ ) . r
Egg whites (b01led) or *%atrd
. f 7; U - . i
Pep51n R 5 > . N
r Ll
Fresh plneapple or juice Candles or burners
. sgueezed from papaya leaves f
\ ~
Bﬁhﬁdﬁm 7
—sy a smail amoeunt of mi (aboUt éé mi 5 in two
alli jars. Add 15 ml of hydrochlorlc acid to one
j8r. Add 15 ml of vinegar to the other jar. What -
happens? Why? Do the same . hangés%occur-in both -
y jars?? WhY? o
students‘

/7 ‘Thls activity takes 1-2 days to complete.
~can proceed with other activities, checklng” he results

‘i\at of this activity durlng the next lesson.

Set up four jars (test tubes) with pieceé of egg white.

Add one of the following to each jar of” egg white. .

(Meat can also be used)

. S~

-7 : a. Water'- 5. ml 77777 -

\ b. Pepsin sdlution - (1g pepsin; 50 mt H;0; °©

and a few drops of "HCL.

Water - 15 ml and a few drops of HCIL.
Pepsin - 15 mi and a few drops of aCl.

Qi
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A1

Observe

Wh;ghwjar showed- the most cﬁéhgé?’f
What can you conc¢lude about pepsin?

Where in %he body ,do these chemlcal reactions.
take place? - > L o
SHow did saliva reacgl/}th egg whlte in the garlier
e per1ments° Y

D'rlng the aiscuss1on of the results,; introduce *

€ equatiok™ for protein digestign. -Emphasize

ydrolys1s and enzyme action in the stomaéh.

fresh: pineapple juice .to one jar: - Boiil an'equal
.amournt of juice’ and add it to the other, jar.

5 ‘Allow the mixtureg to set for-48 hoursi;'Observev
>%§% ' : and record the r uits: What can yéﬁ onclude

3.Set Up 2 jars with egg white pieces. Adas 5 mi

about pineapple juice?/ ”rwas one j&r of juice

boiled? (This expgri

leaves. They contain the,‘

St extracted from, papaya
' i egg .white or meat pleces

samerpiantienzyme. .0

- di can be wrapped in équhed pépé?a leaves and gllowed
~ to set:) : : v : i
‘. a i 2 * - ) '.* : . .
{ : Yy ) é .
\ - - _ ; ,
_ ro. [
; hotivity T1I=16 ANATOMY OF DIGHSTIVE SYSTEM g o
Students dlssect fresh fish to obsegyi 'tife digestive system

//_’)//4311mentary canal). This activity c#&n be\used to summarize
— the findings in the other exercises; keying the chemical
reactidns. to Mhe various parts of. the system. _ )
. :
After the fish have been dxssectedj‘they can be cleaned and

prepared and put in-one bf the food dryers!

-—

N L -

Materials _. Sr
Fish; frogs or td:—;d's Krnives or%.cngle dge razors
I - _ 4
Newspapers for ,desks or Food dryer

tables

,The students<c an work 1nd1v1dually or In paIrs. Direct .the

“t
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. ; .i -
"students to cut the f£jisih from the moiith to tiie anal area;
U tazking 'care not to cufj &My organs. Trace the alimentary .
¢, ~canal - ,je.mouthW”th esoplagus, he ‘Stomach and . the in-j{{f =«
testines \to the anus. . Can you find the liver and galt blad—
der? - Moy fromiggoggwto group Eo check \progress. Compare
what you find with theﬂirS"ram below. \\‘
[ ot
HUMAN DIGESTIVE SYSTEM
mouth
salivary
gZanda i
tiven S . { N N ) g_f Ei stomach “
gall . (1 =L - . pancreas
bladder ‘
. ‘ small
large tntestines
tntestines R i
*“*anw{
v
- '_\
‘ "! . 7\-
. - 6 ‘ L § o g ) .
© At thls p01nt you may wan '”W'frlze the dlgestlve system
activities or have the- \ SilSh for drying
- (refer to, Part II). POl w1ng a;;«further udies on V1tam;ns
-and m;nege%s which gﬂveuthe stu#nts more to womk with on their
diet records: fn fact, fthe diet records can be used as-the

‘focus for the summary dlscussion.

6n the. follow1ng pages are vitamin and mineral; charts to_ use
for the lessons. Also, at;ample of- adIetreF;rd form which

the studernts can use at thg end of thIs study, follows;t

charts.

F i

N
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Aruitoxt provided by Eic:

A

A

T/ eomplex and take long term efforts.

*health auxiliary for example.

-

Further Study

T ;4 > ;'; B
Vitamins and Mlneralﬁf —‘:jé

These

léssons involve the transfer of information.
As such they may be scheduled at a number of points in
the nutrition studies. |They supplement the digestion

and other nutrition activities. ' They can be introduced

‘@&h the ‘summary discussions. The students can supplement
their diet records and meal planning work with this

7 e If the school has
+ a. poultry farm, students ﬁitﬁ‘high degreé
fay study v.tamin and/or minéral needsAn poultry as an

independent special study. A~ T

7;Kctivftie5/studyingbviﬁamin‘aﬁd‘mineraL-needs.are‘

| Another supplementary agtivity could be a field trip
:?I97§:§0§31 healtn center including discussion with

center staff{ a physician, public health nurse or

This may bz especially
useful- in.areas where there is a recognized deficiency
that can be overcome with a change in diet. Alternately,
a health practitioner can be invited to the school as

a guest spealar or you may want to ~oordinate a com-
minity workstiop with the 'local health facility staff; =
having the science students help with the planning and
presentation. :

Repifodicing the charts that follcw on a hectograph or

sigfilar device may be useful. .

¥

Joad |
N
M |
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sample for Diet Record

(Becord sheets can be veproduced on hectographs or copy machines )

» &

<

Daily Foqbd

Name
# Date

fntake

MEALS

PROTEIN

CARBO
HYDRATES

'FAT

VITAMIN

MINERAL

Breakfast *%t:

Lunch 7
N ’ -
i \/\ : 4
< L
N L 7 - R

Dinner

Snacks

-
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ERIC

Aruitoxt provided by Eic:

MINERALS
Mineral Fanct jon . Source
" AN
Calcium | Good bone and tooth develop- ;ﬁiik; cheese, egg yolk, dried
ment . Preventsiggggets if "beans; green vegetables and
vitamin D ;gkpregegt Impor- nuts; ]
tant in blood clottIng and t
muscle aCtIOH : o ‘ o
Phos- Gééd Bdﬁe and tooth develop— Cheese; chocolate egg yolk,
pherus ment and nervous tissue. dried beéﬁé peas;- peanuts;
whole wheat flour, soybean
. «flour and seafood.
Iron Making hemoglobin in red Liver; heart and kidney,
o ""blood cells. raisins,; dried apricots,
~ ) peas ; 11ma beans; whole wheat
AN flbu+ oafls; spinach; ontons,
cabbage, bulgdr-wheat. o
Iodine }Productlon of thyrox1n. _éeéfébaé, iodized salt, and
; ~ - | vegetables grown in soil
»

containing fbdih€>k)df—_“

Some waters, frdit and _vege-

Flourine | Good teath and eye tissue
“ o » tgo]:es grown in soil conta1n-
Lnu flourine:
Sodium -Esgeut*al to 51663 plasma i Salt baking soda, spinach,
’ lymou and body”tlssu N ’ bbage and tomato.

L ALls lﬁestlon ‘}{ ..L”L55 . : :
Chlor- Same 4s sédiuﬁ}v Sy Salt; 1eccucé splnacnf’cab—
ine o ' R bave,_bananas, beans; corn

- ! i and seafood.
sul fur ~Mak11g body proteims Eggs, cabbage, fish, meat,

corn, cheese and beans. ’
Magne- Tissue building, mainly Gieeqs., cabbage, tomato,
sium teetti, bone and muscles. lemon, banana, pineapple,—

wheat, rice and barley.

d tissue tone:

Potato, Spinach beans ,

tomato; lime and lemon

in carrying oXygen
ldngs to cells.

Watercress, parsley,; egg
yolk and some ;jouts.

. ;- K 163
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?ifﬁﬁiﬁé CoL ’ ;

__Vitamin Function _ : Source
: . gaintaihs a moist covering. Green, ‘leafy vegetéblés,
“ln eyes, respiratory sys- yellow vegetables, liver,
tem, digestive system and butter and eggs. ’
5 urinat gsystem. ‘Prevents | - .
/ ’ ’ nighg lindness !
"Bi Prevents .beriberi. ‘K égg§, peas; beans;
iTHiéﬁiﬁ; nervous system healtly. ednut butter, meats and
Promotes good appetyte o.ie-gralin Or enriched
and good. d1oest1on \ ereals -
the body use carbohyd z
32 K;?Ps iyéé and skin healthy Eggg;lpéfﬁé éﬁ§§§§17§ééfé 7 }
S (Ribo- keéeps up general body re- 13@?1”}1ver broccol1ﬁﬁm}lk;
fFlavia) sistance to disease; pro- ;splnﬁgh””fresh green peas;
. motes health of netvous and _green vegetables.
, . system. . J s -~ 4.
- f . P~ .
T j - e T > ’ M .
Nigcin Prevents peliegra,; keeps Milk,; lean meats, téﬁétb; '
lsk1n hcalthy ﬁfétects . ~'gEééﬁ peas; fish,; begns
-health cf nervous systen, many leafy Végétableo ggé
stimulates appetite. liver, fish, ﬁﬁts who La-
‘ grain ceruals
Bié Prevents pernicious ane- Liver; green vegetables X
mia. Keeps number of red
blood cells at a -normal ;
_ level. s
T;, ,, K. JE
Prevents scurvy: Kéeps | Fresh vegetables; fresh
(Ascorblc blood vessels healthy. ~ 1 citrus fruits éﬁd tomatoes.
Acid) Contributes  to éééa bone i .
¥ and teeth formatIon : )
Bg Essential for hemoglobin ' Grains, seeds, IEgumes
formation; metabp}ism ] liver; milk and egg yoitk: |~ ;
(Pyri- of amino agids: Absence -
d?x1n) impairs growth ’ A&
E Absence causes sterility. Vegetable oils; lettuce; Y
(Toco~ in e¢ither sex. Influernce beans, rice,rgogqiimeat R
pherols) growth and hea11ng meat , -mIlk and eggs:- - |
K~ Promotes po*wwl blood Green vegetables, toiatoes ;
coagulat1on — vegetable oils and egg yolk

¥

3
Ty
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ERIC

Aruitoxt provided by Eic:



" CHAPTER 8. sfPRESER¥A¥£@N—IREATMENTS

- N ' Pl

7 « S

There are four steps in the preservatlon of foog'by drying:

~the pre-drying treatment, tWe drying, the post-drying treat-

ment, and the* storage. _ Thefactdal drylng of: the food was

studied in Part II. (See pf87) This chapter addresses the

remaining three steps of the preservation process.:
b

BACKGROUND INFdRMATION OR PRE;DRXING;IREAIMENTS

Fru1ts, vegetables, meat and flSh are treated before drylngA

to preserve nutrients and the natural color’ and to slow the .

erizyme "action that breaks down the food: If the students

‘RA Ve studled digestlon (Ghapter 7),; they will be aware of

tHe action of enzymes: : Otherwise; you may want_ to use

’ examples of food teft out in the open to show the. breakdown

that sccurs.: Choose some food item that is not obv1ously

overgrown with microérganisms. Comparing._a jUSt ripe mango T

.to .one that has fallen jand begun to &iscolor and soften

should tllustrate enzyme action. The various treatmentrmeth— -

odS‘slow this process down. Tr: tlng vegetables by blanch-

“:fact loosens thé tiss {cs and the drying 1is quicker:

fods prevents the loss of nutrients. .Vitamins &;
;*of the B's adre, broken down by llght ‘and oxygen.
V1tanxn C;lS destroyed by heat. There will be some loss

Ny preserving method but some of the treatments will

mlnlmIZe the loss. ' . . ~

A F L
Y rature range of the dryer has an effect on _the

preservation of color and nutrients as was mentloned in the .
food drying ectlon. The temperature of the "dryer, the

o éﬁbtllty ‘treatment: substances; the humidity of the

T j; Sand tH§7§Y3113h$i1t2 of storage contalners need to pe o
: % 3 % en ‘into accotm‘t?;..a‘:si 213, 1 3 Agr ire -food for drying.
T I"ls possfble; A vedlaad in dryersiwithout

] shgdetraat] X $ before drying. -
There is; howevgﬁ{ 1;f'g'ﬁﬁ$¢ ;If drylng w1thout %%

o §;%* Pre-drying tre
%. '’ 6€° ¢ , enzyme
T

vrid.

6 S, can be stopped -hmklng
,§£ long-term storage. If iR
(o]

. the v&gmtable: fﬁ&‘l—étﬁ&'ﬁ
! the: tegﬁaratures-arc ‘Kepf. 4
Do perlods, RMpwevery food, Lardfctuy
' i'-ls a_ hﬂq@%ﬁos of nut “E%J‘m
: i ﬁ..(,p&

! ﬁ f o MRS : ”
. ‘%%Lhdﬁh ﬂf_ l"' ML ahd store many foods without
v- . ‘w}w ?I:e:utm(t, jt .sEjI: " - ;_f\yﬁr‘ng, thC‘ VaflOUb tfhdt,mem 5 aro
'“ ' "iﬁr&?tntu& T R

2a P

an 60° ¢ for tong

cook qnd scorch, and there”

%ht~studcnta more options;. ‘Therc

TR S w1d and, expertyg do not agree
I - oo ! s
/r '-\‘ u : .
L sl e N _ K . -~
T v TS
. L2
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on the amount of treatment. substance to use; the iehgth of -
time .of the treatment or. the preparatlon of the food type for

dryxﬁg.\ Th;s is due _to the fact that mah? factors are 1nvolved

in, the drying of food. Also, the exgerts emphaslze dlfferent

results,; some want to minimize nutrg?nt loss while.others _

want to extenad storage life. During the lessons when the stu— =

demts are preparing food for the dryers,; 1it is important tor

emphas1ze the factors affectlng food preservatlon“and the pur-
p0se of different methods

~—— e
Factors affectlng food preservatlon by drylng can be sgmmarf
ized as,the following: (Se€ "Food Preservation Resource
Packet"). ‘ ‘
1. size of food pieces ‘ e
2 temperature of dryer . .
3 m01stﬁrc content of food . &
4. hhmidity ,
5.. alrrmovement a ' !
¥ e, in dryer *
) = in surzbundlngs R
6. treatment method usea 1 o J/
7. type of storage contalners avallable

8. type of food - fru1t vegetable, meat, or flsn

The major . reasons for tréaEIng foods before drylng them cg
be summarlzed as the-foglowing: o 3,

-

1. preserve natural color R » e

: L
2. preserve nutrients
3. stop decomposition (enzyme action)

4: make drying seven

2
-

5. iéxtéhd storage life .. 7' ‘ RN
Bchn the food drylng lessop?£w1th types of .food thatig% hot
need treatment befor€ drylnqm, anons and peppers. can- be used.
Encourage fhe students tos keep*rQCOrds. How was the foaqd cut?
(Sce p. 89, pp. 175 - 177)* HowW thigk wére the plecesferow
much did the food weigh be§oré drying? What size? (Refer

to food drying activity,- Chapper”B) “

'jw

i

: . . -
4 . . . . 2
IEELE B - e )
L . I m wr X.
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Led

?» cal area. Have thngroups

AS the lessons proceed introduce the various treatment

methods: Start ‘with the less compiex processes such as
bianchIng and adding an anti-oxidant; and move on to the
more complex processes, such as sulfering and salting.
. ThIs can onlty be done if there is a type of food avallable
' for each of the treatment processes. If this is not the
case, plan the lessons .around the foods that are avallable
to dry:. This may change the.sequence of treatment pre-
sentations? - The important "thing, though, is§ to encourage
the students_ to teit dlfferent proceduresg keep thorough
récords and learn “hqw-to we;gh the factors involved in
drying and storlng end’develop methods useful for the lo-
?I students experiment w1th
reatments. With t orough record

different preparatiol

keeplng, by the&,’;}é’n Wep g Eabook the studeqtsv‘ hould»have e

=T ;? gp*ﬁroduce a table %ystl g - fodal adh
e

foods and the mosﬁ”_ ¢tive preservatloa téchnlqﬁe for
each food.. You~ mékﬁw int to reproducg:copies joffthe local

X

food preservatlontﬁ@b es for- the~gtud 7gts bb‘take to their “%E;

villaggs and for . community re§;dents who mayﬁhave been in-.
wvolved or are\&nterested Another<maa tﬂ share this in-
formatlon with= ~the cbmmunlty wouldﬁ%@ at the school open

house: Have orouosiofﬁstgdents demonstx pe the: steps in o
food preservatlon using the equipment the sc1ence lass {es) 7 ‘e
has built. Of coufée, special communlty&workshop could be
offered as wel o g ] s

ExpianatIon o¥ egch of the treatments follow along with;
tabies of some fruits and vegetables to help you get
started and .to facilitate planning the sequence of lessons
for treatment, drV1ng and storlng. ¢

‘The information,ln thls sectlon was developed on the farm; ;.
@ . 3n classes and in the kltchen The book, Putting Food By'

-and the Organic Sarden —and Farming magarine-and the report
from the !'FoowPreservation and Storzye" workebop in

T'anzania were «disc used to, develop tnis sectlon

s

LN

Al

C PRE-DRYING TREATHENTS

i

AN!LLXLMUUb : ﬁ;?&

T : . Cq

Somo Loods, wrtn exposed to the air, Qx1d14e ﬁ%ickiy,,turn!
1ric) brown: 1his cspecially 'is true of light codlored fruit.
ant t-oxidants are acids that prevent cxidation. wASLOfblC

acid* (Vitamin U) 1s the most éffective anti- oym ant .

#Lemon juice contains both citric ;'i'Cri'(l ;ih"(] 1c.cnrh1(‘ acid and caFbe ¢
used as dan o anti-oxidant . It is much weaker th,m dscorbic acid and
P9 not as coffectivd.  Sprinkle the dsqicezed lemon juice on thie cut
bi((k.; as discribed previously,

¢
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A.large pot, bowl or basin can be used for blanching. Put

e T e 164 .
v . --‘ \

It is water soluble. The Solution is sprinkled ap the fruit

as it is being sliced for the drying trays. Turnipg the ,
pieces over a number of times while slicing and spyinkling £
will assure a sufficient coating of ascorbic acid/ The nu-

trient ' value of the fruit is improved also by adding.wvitamin

C. .Ope cup of solution wili treat Pabout 5 quarts of qut fruit.

Water . Séﬁfbé\éf heat

L3

-

Ascorbic acid Food to be tgpated

Procedure ' Y

Boil water for 20 minutes and cool it before preparing the
solution. TIf is important to usg pure water while preparing
food for drying as water borne migroorganisms  can cause much
food spoilage. The proportion for™gixing the solution is 45
ml of ascorbic acid crystals to 240 of pure

1. of pure water.

BLANCHING , f.% ,
Vegetables contain enzymes which cause decomposition while

drying if not destroyed by heat first. Blanching, exposing
vegetables to full steam (100° C  See pp. 175 - 177) stops -
enzyme action and protects the natural color. Also, because

enzyme action is Stopped, nutrients are preserved.
. u . *

Materials
Water : " Ppot, bowl or basin
Cover for pot : N . Source of heat ' )@

Wire rack, bamboo, or Tin or flat rock
reed bdsket or clean cloth

& N~

Food to be treated
about S5 cm of water in the pot. The cleaned and cut vege-

tables can be placed in a wire rack; a bamboo or reed bas- "
ket or a piece of clean ctoth tied loosely. -

.

Lo \ | | 1i;g K
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The rack is placed in thes pot :above the water when there is
full steam. A 1lid or cover is piut on the pot. Blanching
time varies for the type of vegetable; thicker or denser
veégetables are blanched for a longer period of time than
leaty vegetables. It may be hecessary‘to put a tin or a
fldt rock in thHe oot so that the rack or basket sits above

L the water. 1If a cloth is used, knot it around a stick
g that can rest on the top edge ‘o€ the pot to keep: the eﬁoth
~ 3. out of,the water. » K
= .

them on a ciean cioth to s

hem up the extra moisture and-
then arrange tnem Qon dryI g trays. Blanching times are
listed on the Zaot ) ,end of tinis, sectlon. Exper-
iment with local vedgt
tha tables as. » guic

SULFURING

Sulfurlnq frul 5 before alr or sun drylng slowsﬁ@QWn enzyme
action and preserves the fruits' color. Itipgotects vitamins
Aﬁdnd C. Lt alaso protects against insects and moid;, atthough
if a closed dryer (sush as a solar dryer) rs used; rnsccts
are not a problem. Alsoc, as mentioncd cartier;, 1f . the

temperature in the dryer is high enough; mold and bacteria
growth dre thlblted As with other tLtatment mcthev}, <

169
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_sulfuring is an ‘extra assurance that the dried food will keep

" for longer periods of t1me angd wxll be nutritious and palatable.:

LY

fo A 7 ‘ '.i-

/ |

Sulfite Soak

* 17&1 z 1’: Ver lr! zr.;z 7! -z"s L N . - .
S " " i 7
- .'W'v,,, _ . - . [ T
Pure'Wéter ‘ ,Sulfite substances (see below) _
3
'Food to be treated Bowl or basin
This ;treatment involves preparlng ‘a solut;ggjzvlh any ??

rumber of sulfite compounds., The food pieces are then

7 soaked in the solution fqer 15 to 30 minutes: Suifite R
'Qaubstances that can be usedvare'

'.”sodlum sulflte ' . 7 ' o ".z

.. sodiui bisulfite

N

JSOdlum\metgpisulflte

. A// 4 ¢ X °
ae?iutgoni;eheases sﬁifﬁr i§} de 1nto the food:W The t}

i
general raﬁiﬁﬁ or thp solution is |one liter of water to

“,about 10 ml of sul te. The specific proportions for - —-

d;éiﬁient types of food are. listed in the tables. There- .

_are.some probiema with sulfite soadk that make. it less
effectlve than using sulfur dioxide’ fumeg, although it is

an -easier process. = The soaklng results in an uneven pene-

tration of food. The food cz: become wateriogge@wwhlch

. extends the drying time cons derably. , Also, there is a
ioss of water soluble nutrients while- the food is being’

" soaked. _ ‘ .
. “ - ' i :; x A ‘ ~

Sulfur Diowide Pumes Sy

A

A7
~

Materials B o ; o J:
w’ P h *
Food‘%g be ‘treated Woodeh box cqvered w1th heavy

paper otﬁpasteboard box '
ubllmed sul fur 7 ¥
. Dish A ; ig;_

Drylng trays S ‘

1 - T T "

yu
T
<L




'Food is sulfiured by being enclosed in an area fIiled with

sul fur dlox1de fumes. The fumes penetrate the food
pieces. This treatmeg;,}s done outdoors as the fumes

irritate the eyes and the breathing passages: Sulfur

“is burned in a dish under the box after the drying

trays loaded with food are stacked and piace wunder

the box. Sublimed sulfur or refined suifur @Sold in

cake form with wick for fumIgaeIng “Puiidings) can be

used:. Sulfur melts at 1152 ¢© “and’the proporthn to ¢

.use is 12 ml for each kilogram of cut. fr:ét »-Experi-
in a shal-

ment- with the burning sulfur: (& thin laye

- low dish ma¥ burn more eveniy han a thicker layer.;
The 'sulfur burns to a-brown syrup that{expels the
fumes: | TIme the sulfuring-after the sWfur has burned
and tge a1r‘vedﬁs have been closed:off. -When the sul-

m

furing is finished; generally after 30 mlnutes for small ;'

sltices and 60 minutes for larger oleces, unload the ~
sulfur box by openlng it away from you and on_ the lee- .
] ward side if it is a w1ndy day. _ By checking. the wind.
first and lifting the box-away from you, you can avoid
having the fumes blow in your direction. Yqu may wdnt,
to distuss this wWith the students before sulfuring
while they construct the box. It may be useful to b

a small bit of sulfur beforehand to observe the changes
and plan cue sulfur treatment.; Tt may be an opportunlty
to review change of State codncepts. Also, the concept

of convection can be reviewed and applied to the de51gn'
"of the box A sample of a sulfur box is diagrammed be-

low:

-

covered
wooderate
or R

pastg Foard
box g%

“*tﬁégs ralsed
about 10 cm

above group

with space

 between and

~about 15 om,
elearance

p~ i——-sﬁljﬁﬁ {ﬂ

to uzw of SE
f[%l/q : hp
i T )

arp Dot -
Cor byl
. A

\/‘I,,;v'\ Lt )

-, : ) - ‘ DIAGRAM 62




Sulfurlng?steps-

.ij Welgh food;and calculate the amount of sulfur needed.

box can get ‘complicated: : -

-

2: Sulfur the samé type of food: mixing ggpas in the

e —

ffu? ;3: Put trays on rocks or wood blocks and stack trays

with about 8 cm between each tray and 10-15 cm

ciearance from the ground and above the trays:

C,S.l nght %he sulfur and let it burn to brown syrup.

6. Bchk the air vents;. the cut at the bottom of the (
boxX and the small hole at the top on the opposite
) side of the box.: _

-

7. .Time the sulfuring after the sulfur has burned and

.\ . the vents are blécked. \3. . i

%. After the sulfuring, remove the trays of food, taking
care to avoid the. sulfur dioxide fumes.

~

|

9. Arrange trays in a food‘°dryer: o

SALTING ' ST

‘and therefore requlre extra steps to dry and preserve. Salt-
ing meat and fish discourages the growth of microorganisms,
-preserves the color and speeds up the drying process.:  Protein
foods also must be stored in_a cool place, around 4° C , to
avoid spoilage. Pickling_salt is used for salting or making
brine,- a salt solution. It is coarse salt that has not been
refined and no iodine has been added. Iodine will discolor
some foods. Co

sy R ~

Materials 7 : ‘
" Food to be treated Dryer ‘\

Brine

_ ‘t-:;..

&
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s
i
K

not,keep as long as salted,meat.w Use only lean meat :
Fatty meat spoils too readily. Cut the meat into <
strlps lenathw1se of the grain. The strips should
""" and a thickness of a little

more than 1 cm The strips are lung on the drying
frame. Trays made of woven wire, bamboo or grass

reéd can e used, hanging the meat strips over the

cross piecss. The dryer should have a termperature
range around 49° C: The meat strips will be brittile

_“when dry. The dry meat weighs about % the weight of
' fresh raw ncat:

~,
e
L
<
)
Ll
£
-
o
't
=
e}
-
l\)
m

Sa&ted meat cansalso be prepere@ﬁay makxi

Y using approximately 1 iiﬁefrof salt to 5% 1% exs 'of
' pure watex. The meat i5 cut as described above‘and
then soaked in. the brine foril» - 2 days. The meat’

is removed then from the brine, wiped dry with a clean

ciloth and arranged ir%a dryer. When brittle and at
1ea§ 4 tae weight of the raw meat, the strips are
removed, ecsoled and stored in air tight contalqers ,
in a cool clace. The cooler illistrated.below can be
used to store dry meat and flSh A model of thlS

"device was studied in Activity I= 1. see also Rct1v1t1es

I-5A and T—JA_, 4

 _food is hung

~ inside or put
— e o on trays-in

> LT S jars, plastic

A o . : bags or tins
L~ ' N '%!;‘* J
S i ey =
* soaked = AT 2
burlap el
hahgs in - £5 L. -
water [l W A
~N \ oy =3 ;
. - - ,_At ﬁ: . A 77* B
'brzz 7 R '1“’, T pen weave -
. poneng H 17 oet | 'L?- } B grass/bambooﬂuood
. raises 7y ~T N W27 AL/
container NSRG4 NS /4 .
above _ 237, = _ wold
T ~ = water in ¢ —
e e Sa— otL dim ¢

DIAGRAN L
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Fish

- *

_ that: can be covered with cloth
_tree’work well.
" =Y

o !

- lime.)

Materials

e~
Food to

Pickling sale
The process for drying fish
ing meat, but if fresh fish

part of the year, it may be

in the science ciass:
tein. Adding a little

teins, such as bean

increases the protein value

Fish has to be dried in the
cook fish;

Use fresh, lean rish. Split the\fish
The head can be) removed. .

internal organs.

organs Cah,?é‘ccmpdsted for

Fish_
fisH- able |
grains or nuts and seeds greatly

even -at 'a temperature as

the~school garden.

Knife

K

Dryer

is more complicated thad dr
is readily available

useful to learn the process
is an excellent solurce of pro-_
to dishes with vegetable pre=

of the dish. d
Direct sunlight will
s low as 23° C. Frames .

laced under a large shade . P

shade.

N fish and clean out the
(The head and
Add some .

fresh-fish -

pemove: B

\ .. head /v o~
e ? o ,

R
“.an
T gut

DIAGRAM 54
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171 ' s .

of salt fgor each,kg of flSh The salted fish

oni trays flesh side up. The trays are place
the shade for 1 - 2 weeéks. Each nlght the
bripought indoors. Press" the racks or frames to squeeze oUt

extra brine. After 1= 2 weeks fish

The split fish is coated wi ;ckllng &1t. one half kg 2
is arranged; §

on frames 1n

he fIsh i%

fish can be p1nched

drylng. When the fleshy part of th‘

ligying no i gnt, it is dry.. The §ried fish can be cut
ipto pieces ‘4 aput irn dir tight containers and stored in :
a cool plébé.'

Thése treatments are extra assurance that mold and DBacteria :&?
are kllled 'and that the food has dried evenly befor¢g storing. '
Whether these treatments adare necessary degengs on the tempera—

ture of the .dryer, the length -and thoroughness of»the drylng//
and the amount of humidity in the air: - v

»

N T TONT, - : ©
CONDITIONING ' *

opportunIty to complete the dry—

veh't s growth of mold: Food is_ conditioned

to check for thorou  drying: If the food is airYor sun dried,

it is possible that{the dryness of some of the pieces may vary .

1f .the food is store€ immediately and one piece stil} has some
moisture, the whole btch can spoil in the storage container.

on the other hand, if the weather is humid, théydrled fruit T N
can- take up m01sture from the air while’ belngjéondltloned ’-E

Matertals - . -

+
Dried faaa 7 Large container

. To condition, place coo& dried food in a large open tontalnér

'=soch as a crock or enpmel bowl- or basin and put it 1n aVWdrm -
dry room with good air c1rculatlon.j Stir, the food in the con-
tainer two times a day for 10 - 14 dayegf Again, if .it is

-t T el

ﬁumid- it may be better to cool and dr Sit the food pIeces N

The factors involved .in pasteurlzlng and_ canstIonIng should .
be discussed with the students. Ask questlons that mak@ the &
Students weigh the, factors, and develop methods that solve the
problems in the local cnv1ronment Ask the students

.
-

”
4
[T
~3

9z




Why are high temperatures importagﬁ in food dryers?
_ . 1
‘%%?%Whatwould happen to dried food if the weather is
humid? .

The following tables outline the preparation; treatment

and drying-for some fruit and vegetables: Use them as
a guideline and encourage students to develop pracesses

for lpcal foods:. A suggested sequence to include all

the treitment methods in _the lessons is to start with

onions (no treatment) and proceed with greens such as
tamdala, mustard or bok choy (blanching) and a fruit
like bananas (anti-oxidant coating), then mangos or _.
dpricots f(sulfuring) and fi ~ef or &
like. cod;: titapia op—<ongo
food that is avaifable. \I
ble seasonally, ¥he nfitrik
foods can be reinforced.

nish with beef or a lean fish

altimg) . Of course, choose

icking foods that are availa-

¥® advantage of having dried
. 8 ¢

)

>

N

*

PASTEURIZING

‘pasteurizing is the partial sterilization of food to kill

“microorganisms without causing & chemical change in the- food

that is a loss of nutrients. Some sexperts recommend pas-
teurizing for.aiw¥and sun driedt foods. The drying #gime
may not have been long enough to kill mold and bacteria:
others. find that if a dryer is kept at 57° ¢ for one hour

_éﬁffiéiéhtlgﬁtd avoid spoilage.

(50lar dryers can reach this range); the fgod is pasteurxzed

Materials

pos

L2 R

bried food oven B {B
Source of heat Rocks ' ;

\cthod for pasteurizing is to-expose dried food to a

fature of 80° C. This can be done in an oven gr the
contfiiner used for btanching can be put on a flat ﬁZCR or .

brick that is set #h hot coals. The dried food is layered -

(2% cm layé&ts) on rocks in the oven or blanching pot. .
Fruit is pasteurized for 15 minutes; vegetabtes for 10
minutes. :

Tas

ff‘:‘*
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S N 4'ﬁi
B - N 1 ‘SUMMARY OF TEMPERATURE FACTORS
THAT AFFECT THE PRESERVATION

ANﬁ\DRYING OF FOODS

Blanch ~ full steam - at 100°C
- (212 F) Boil water to sterilize
o for t;eatment solutions 20 minutes:

.’ ; 7
Pasteurlze frult for 15 m1nutes

and yegetables ten m1nutes at
~80° C. —

-

P g e
Over 60 €, food WIL} coodk,; scorch
and lose nutr:ents e

g " o
R Food kept in dryer at 57° C _for ' .-
Q one hour is pasteurlzed saff1c1ent1y.
) The .range of 45° C to 60° C is 7’
s good for drylng fbbd qu1ck1y with
. - little loss of, nutrjents and golor
©  and protectldﬁ from m1cro§m§@ﬁlsms
and enzyme action. 7
¢
4 ) Fish will cook in djrect sunllght
LY «%A even in the 20° C to 30 °.C range.

@éiéﬁwégowﬁliﬁ a humid climate,;
food can sport on the drying trays.

16° 669 ) -
- . - « ;
io©° 500 = P .
. Store,drled meat and fish at 5 c_
. R 11 or below, h proteln fedds spoil
4° 40° 7 r more easily t an other- fqus.
-1° 300 14
60 L 3
-6 20 - —
- ] 7 .
~120 1009 q1
h
-18° 0° 111 <
2230 -100 - : w
,,,,, | E v
20 _2()() : [
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Note:

in a sardine tin,; helding -t

angle. The holes are cutting e
shpeds will dry faster than slices.
cut up very fine with a knife also

v h : ‘ ;

- - ;) ’ 71‘ oL N o -
For foods that need ?hpeakging (see pp.175-177)  _ :
a food shredder can be made by pounding nail holes : -
in a -the nail at_ a 30° - 40° =
dges that shred food:

: Food can be

to make shreds.

\
v
®
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PREPARKTION TREATMENl AND DRY TEST OF SOME FRUIT AND VEGETABLES

, ‘ ‘ R ) ‘
Fo0 PREPARKEibN; AN%i-éXibANT,. - BLANCH SUFUR | DRY fEST NOTES -
.- [ i L ' 4 ) .

%
¢

#pricots o Halve ang' " | o e |

remove pit . I5 wnites | fune 2 Rours | leatherj; .

_ : i P | pleces fall | ¢ LY

L R 4 | apatt wher! |

Y O . §qieezed to- -
| gether,

Figs Cut'in half, | 20 minutds | if light, leathery, |
L R E fume 1n sticgy but
. | A I 30 minutes - | do gt stick

| | | . e toge%%er

N
,

beas Core and. ' | coat with | 5 minutes fune 10 moisture
slice 6 s’ [ascordic | or 1 hour when cut jand ;

sl 3
acid , .| squeezed,

s?k i

s | belamd ot | | leathery  §.
(rige) | slice 3 6 """ | : | and tough. q

-G LT - T

pnanas | Peel i | | 4 ninutes | dip in sodium | brittle can be pounded
(unripe) | slice 6-8.m¥ 1 metabisulfite , into flour;

solution _
| Geft1) | e

G Beelamd et L8| Jeathery,  |-can be
slice bmn /| C e ! tough . stewed, -

© 1 ,sl1ce ) cm AR o tough " o .
| cubes . ? g j; | ' g ' . { B
"1 Do Co ' o , <

fangos | Peel and slice | coat | ° T o
" 7| 36 m or shred | I

Melon « | Peel and EER | leathery,

e
=




T 1 ﬁi’ f s ’ ' S L N
FOOD - | PREPARARONE - | ANTI oxmm\lf *. BLANCH SUEFUR " "DRY TEST JOTES
. , R A . | o —
(= N . . "‘1 ! o Jl:’ o ‘ . : . i
Carrots, | Slice 6am -7 = & 15-20 Hinates | brittle . R
Uabbage | Stred o | 10 minutes | & . |ridges towgh; |
| ' ' o edges biitftl'«e""

=

brittte * Many vegetables "
S e be dried |/
v |without bianch- N

Ing ‘if the temp

o |brictle - |of the dper §s)-
. \hIgh enough

| Mushzdons | Separate caps |
| mdstens, |0
G |dnm |

Ckea, |Slice M6m | )
| Teave seeds: |

I : They won't keEp ,
A — p— g + a5 iong Ap- |
Cor * | Shuck; remove | - transParent ; pndaf + 69 monthg

kernals after , and\ard . |in coptainers.

water blanch

Draln. Cd’Ol - | - i L a

v

| Onfon ¢ 73| Peel and sllee ‘ ‘ ot Tad
0 6 am strips. o N

or rings _. § 0
‘. : . VVL. 7 . = P T
i . brittle  sgiey hotyy;

Pép";ié'réi;' b I o ‘
o I v f ' ‘ a . V_I_‘_'.‘w;:«"‘ o ﬁ ' L ‘6 seeds
R A nﬁld remove

Wt
| : v i,
N S ¥ Lo é,f L TI seéq}e” “Can be
. O I N i v poumde,’ﬂ’to make
' S . v N S - .| paprika, -
i ool ‘ > ' l —e U.‘ p P N _-@*
- . . s . R ] v T
Creens: Cu’t 'u"rilfozm. Moo 0y 1 minetes g :
| o size, Spllt A 5
stetis if thick AN *
[ ) . , o ) o "o S
Ky, 3 é‘,* . 1 ) \ v
4 - ‘ ® _/ ¢ '
3 , | “? ______
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N BV R C e R 46? - iai
— T wo Sl el
FOOD | PREPARATION . |AVTIAGXIDANT | BLANCH §ouFuR | DRY TEST NOTES '

tn -

Sweet 133&@__§ie;eé ;fﬁ“ \ 30 minutes - |brittle
Botato 4| ob shrge | F| o |vhole ‘ - I I
i W/ . ¢ : '

-

—

borato/ | slice 3bam |¢ - 7, |20 ainutes ritpE
Cassava | or shred " | peeled e o B S
| ‘ ‘.-“ B ‘gg

ey F:;_“F
- 1is
o
r

warered | ¢ | A
R Wy

i L
A \ "

'

10 minutes - {vrittte; ¥ |store some for.
: § . 2 F T S Pl b
byeak clean g |next grouing

D) season. "

1 . - _
| Beans: ‘Remove from
liha; | pod” j " | , |
shell, etc Lo

Z,

black eye SR , ol

4. . ) . . » .
o

Gelery ‘| Slice stalks | b |6 minates | - |brittle |dry leaves and |~
C 6 m S R N Y stalks on ¥ |
i ER separate trays;l
, o R , leaves dry
1 (I o o Y . | faater.”

. ) ot 3 -
-3 -— s b
. v . o ] AT ‘.; \

» i & — s .‘
¢ ! s _ AN S
V ‘\J‘ ‘ ; d |3 . , e .
s ¥ Ly A VO o @
r ) v !
' 3 ¥ . W
e 7y [
; : ‘ ] I)l'&' "k' . ‘ [ B
¥ ‘ . . ;
: ’ i~
L ,‘ s
LK . )
; L " T
- ‘s ] K o
g ¢ "W
' —
«"-j"“{j-': . ; . .
NEAE \
e
{
, .
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.+ FOOD STORAGE *

o0
Food storage methods can be cov@red in the.lessons in Chapter
5. The key to safe storage is to kees Fhe moisture content
to a minimum: ¥f this is_ done, other problems; such as insect
or vermin invasions, ~can be . avoided:. Tae reasons for pasteur-
izing, §§d§ggﬁ§fé$éfVétiVéé§ahd using aigtight cornitainers
shoulgk be emphasized. - C ‘
. s . A
Sonie examples of food storage- containers:

: %

58. Basket
. lined
with
plaétic

. or
s ‘coated
with
melted

. wax.’

57. Ay kind of tins .
with Lids. T p

60, Ceramic potgzand bowls
and gourds;.: Lo

R A

’Aij? — R~
\ - ' ?; .
. Y R

- ; i R :
DIAGRAMS o. = 60 . 5  w.™" Coat - e
e Bai® oo - o B q%f



4 baskets, ceramic pots or gourds,.

3 1id or seal can be made by dipping a piece of cloth in =~ &

meltéd wax (use candle stubs from other, lessons) and quigkly .
.tying it over the top of the container. : @ ‘
Lessons on storage can be conducted in much.the same manner
as some of the other lessons by having groups of students

work together to design and test various storage containers.

It may be a good.ides to initially store small amounts of.
foods «in the various containers until the effectiveness. of
':éthe contaip

érs -is .estabjished by the students' testsg. Keep-
ing mojsture’ out of the“storage containers is ‘the most im- .
“:portant® factor to develop. : _ : ~ :

%

Removing @0 - 90% of the moisture from foods concentrates thg 5

sweetndss (fruit sugar) in fruits and the nutrients in all_ . o
fccds;ﬁan@xSIhge;fbbds,réhYdfétertoj9G;ﬁ f their original » ~ 0

size. dried foods can be more nytritious than fresh foods.> ",
G W , ' - s :
3+ Dry fpod_ glso conserves Storégé%a’ce; h
- - ".,; " 4 i - ; ‘

5 S
. e
™y

o . Bramples: =~ » A
S T L s _
. ° . - < . "..' -

O
- )

< dried carrots CoFa R

[ F

1 kg fresh carrots i
e e L
- N

‘8 kg potatoes ¥ [t :

o '“@5‘* T e
drt potatoes =~ . ¢ a A
ST SN T IR

A e SeTrn: AL S :
g dried onmiors: e

© w7 12 kg onions

N1 kg fré&ek fruit .

200 g dried fruit LR .

” - e . A -
. o oz -
N « & T ey a v .

M ‘Special Note on Food Storage .- ' R Y

Beung and other seeds can be protected from weevils and other insects by
putting a doied hot pepper or a dry bay lawrel %eaf in each storage coR: .
Linomof beans) peas or other dried seeds including those stored for
the next grogoag $eason.. R o ‘ . ‘

o > .

bay lawwel and other medivinal or culinady herbs should bé dried in a
dark, dry; cool place. Light and heat will cause the loss of the herb's
ot ile bils and, therefore, their flavor or medicinal value.* See
the food preservation materials in this packet.

4

iraf'aaaitiogal informationf see Small Farm Grain Storage;

published jQintly by VITA and the Peace Corpsg
¢ | » RoE

-
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N &

’meal plannin& tﬁat the students began at the end of t
nutrltlon st dl%?.. :

Fay

- 4 2 A’_,‘ . ./ - . . ) ",
'lhls flnal cha,p ¥ can be tled to the diet record wori and q
€

Soiiie math Cdn bcffﬁbluded as Students calculate the portions
of protein, fat and carbohy@;gﬁc in’ the meal plans. Also,

converting Qé,?b?thh“ of fresh 1ngredlents in local reeipes
to dried foc involves some math. ’ .w

After this work the students may want to prepare a balanced

mcal wade from dried foods for the school. It .nay be bene -

ficial to invite the community pcople who have been anOIV(dI
Thrs-can help to transfer some of the skills and methods tO« i
the general population. : o

® -

L

@cmumn INEORMAT LO ON :ig_iéiiﬂii{iﬁ LON

RchydquLon ‘s the opposite of dehydration: it is the pro-
C(,s of adding purc water to dtLed food. -Dried foods absorb
water and rehydratoe to about 90% their orLglnal spee. Qu er
Sdlly, 1 Ky S ofgdrd ed fomﬁ w11t cqual 2 -"2% kg of foqd' qu'
ti@ﬁ%hubvd* Dricd food can bo rchydrdted and then pregacais -
i recipes as Jfresh food or 1hkcan bec added to reciptsa
sotbing ll(nlLd jJnd cooking in on¢ process. For -exdniple ¥
driad vvqn:Jbln;,<dn be uddtd to soup stock without ruhy—

dxdtlnq boforoh#d. : o - .

e : B
* RN Vdrlvtv of rchydrating methods are useg nutrltlonrat%
. As with food drying methods, d number o app roaches work
ﬁ{ " equally well;. depending on tadte and lqcal food preparation

methods . - The variety. of methods possible lends 1itseif toa |

testing by thg students to davolop acceptable methods fors
the local erJpna.j‘ S

I : )
Soni¢ generdl cuidekines and methods will be nffcered here to

dcvelop the problen solvineg rcechydration dLLlJltl(a with the

Students. e
Some oxpertb fieel the proportion. of 1 pdrt tgod . to 2 parta )
liquid is adcquatc for all rehydration. | Ggn¥® liy,»Watrr

is used; but fruit juices and stocks can be used as well.

, * Fruit P2 liquid (waten)® , S
3 . = be sureto lse pure watcér with fouads. ~o

Vegetable ™ 1 @ 2 boxlln" watgg\ﬁ .
- cover . ahd walt 5 mInut(s then‘cook

°

ERI

Aruitoxt provided by Eic:
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i ; ¥

j Beans, such as eoybcans,,a:e covered with water and soaked

n

Mpthicr cxports suggest a 1 : 3 ratlo for dried Védétabies
Agdlin, this depends somewhat on taste:
B & R

overniqht arnid then cookeéd for 1 - 2 hours in.fresh water. .

I'he bulkier fOOdb Wwill takeé up morc water. You may ask the
rstudents to refex to the figures they recorded in .the water
content activity (ActLv1ty II-1) to figure how much water
different Zfoods niay qbborb when rehydrated

food toudh* 7Thlb seems to be dependent though on the type
of food ahd how it is prepared. These experts pour b01llng

water over the dried food and cover and cook at low tempera-
tures. 'They adjust the water level whlle cooking the food,

addlnq jalst. cnough water f0p(§he food to rehydrate and cook
w1thout*qettlnq tough or soggy -

Aa mentloned 1n the Lreatmentﬂcharts in Chapter 8, dfied foods

, ' be mixed, added to boiling
water and- LOOKGd low for soups;, ;porrlﬁges or sauceés. A miX; .
©ot¥ high proteln caerhydrate gnid fat dried food powder can /ﬁ?;
be used for prClal f%od for ba iestand. young children. A Ly
hl proteln food powderican—be adde@,to,sauces and other A
a1y e to sUpplément the- protelgalhtéké if 1€ is* low in,a

1part1cular reggon . 1k powder
Aabﬁééébean or groundnut powder, could be

but ‘others, ‘g

used as -wall: w " . h;u . B ! A
P .. ‘ { ) .
Drted- food h by o it to bé‘éﬁten*n%w -can be put in a bowl w1th o
I @ﬁ mten — |
_\nouqh botith é@rtogtf ér;w A lid lS put on the bowl and o
the food“scpaks ‘%or sevcr: . ;ﬂours i .
-Fhe concept of bala'ied é%éﬂ% ‘can be expanded and reinforced
~during thesé activities. T"e Students can return to the . <
dlet records they began affer the food and digestion tests '
{p) 157) At this point, ygu_may introduce the need for »
. %ver portions of proteln, fat and carbohydrate in the dally EATIN
‘diet. "' N ‘ "
x "’ ’ -

‘B.

The follow1ng chart deplcts thz delly proteln,,fat an
hvdrfte needs of ad&lescents %Sd aﬁults S
' Y - . .
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9 - - [ :
i Yy N .
1 Daily Protein, Fat and Carbohydrate Néeds in Grams,
_pahe ey
| Person's - | Person's TreTih Fat | Carbo-
Wt. in lbs.|Wt. in kgs |WiEREARimal hydrates
oo : .. 4 KASE .\
Growing 100 45.5 100 ;. 80 90 380
0 54.5° 120 96 100 440
-i..'i"““ I - B D 7
54.5 60 a8 | 80 330
- 63.5 70 56 )gn\\» 380

_ > )

- . »

_of body weight of plant: protein
.88 ¢ /xg of animal protein

. Adults need about 1.1 g /kg
{(grains, legumeés, nuts) or abolt
(meat, fiéh éqﬁs, milk Chéééé ycgurt) each _day. GrdWihg
people, children an heed 15 - 2 times as mu
protein per pound of body welght each 4day. The fat and car-
bohydrate nee::c are approximations. ZLxc=ss protein in the ' .

therefore

body-will be converted tc carbohydratesz
altering the cafoohydrate intake need.

for energy..

r

You may want to psg average gggures for sach need based on

average age .and weight ‘©of thé science students inga classi

The chart,

or a portlon of the chart of average flgures

given to the staaents

Activity®

/17

"

ANALYSIEN OF DIETE

.‘3.'.-

- v

Using the’

of protein,
-=may want_to past .
on the blackboard.

ac

_dilet records,

and.carbohydrate they

a conversion table or noté some conversions
Ask the students tc egplain the procedure.

the Stuaénts can calciuXate the amount
~onsune in a day.- You

Some math. review moy be needed.

After the stucd
Durinyg the reports,

reports.

eAts have flnlshed thelr

calculatlons, ask for
brimg out tae need for the food

v s types and itamins and minerals in tne diet:”

Why 'do we need~proteln°

What do c

Are there

-

'ZJ

- ,,y.dr: - R ,,,,,,,:'7 ,.,,

Why do we hnse® green vegetables?

srotein

]

o

provide?

foods that can bs addédwq%-imprové

- the diet? P
189 ..
. i -



auces or cooked rice to-Tncrease. the;?mopnt~
the diet. Sesame seeds; bulgar wheai

[ 3 : .
éor ‘example, milk powder; nuts o

cooked with rIce tf. xxce is a common par® ’_\vﬁﬁdiet.
% ) & _ .
G . e
* kafn * \'p‘
S »
Activity III-18 MEAL PLANNING T
o S S . e T .
.At theée end of the discussion, ask the.students to begin to
plan nutritious meals starting with local recipes. This
can be done in. the class or as a task dow€side the class. If
the class is made up of people with dlfferent traditions and
dlets, divide the cldss intorgpboups so that all the varlous
dlets areizons1dered . »
: - B - BT
> ~r * - . MRt " * L3 * .
s - ° b 3
Activity II7-19 REHYDRATION A
: . -
. Materials . ' ) R ' T ;
LT ) . - - . : ) R » .
o Drieé.fééas - :use small portions for the géstg. Ll
o !' B o o s ‘e ’ S e L . T
Bowls or” pots with 1ids - some tins may be used for T
L cooking.. R : 7 ol
<R e - . f e
S Burners, chazcoal p’btﬁ or fire pits; S i
’ Pure water (boiled 2Q minutes)-« S
55 % : >
g.Mortar and Pestle, poundlng stones or SImliar utensxi :
-Convers1on table and food portIon need chartr
o . :
.+ Milk powder, if avaiiabie for spebial powder, mixes. LT
.ZSt;;rlng, mezng toals = wood; metal,; plasgib ' -7
Basin | 7o . N : ' \
g,'g R s Loa ¢
Soap CREE ey .
i Cloths ] £ s e " B
[ E L . L L .. ? : CX ool
o = et ] :‘Q ’ . ; . | W,‘;
3 BN Waterﬂ‘ 7 - - . | : iﬂ~‘
5;2/ T Measur;ng spdbfsf,piastlc caps Or somethlng smeiar 7
) \ for - meagurlng small amounts.' : : . - .

V_
T - Re

\\
P
o)
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‘ Direct the students to experlment with small portions-of .
dried food to discover the best way to rehydrate_a partxcuiar
food either for cooking or eating raw. Groups: of students
cag work together: with” gne type of food per group. or éach
group can test all the types available. Encourage record
keeping. 4 .

How much water did you use?
- Was it boiling or cold?
How did you aecide on the amount of water to use? ;
: P
(Did the student rgmemﬁér the water content act;v1ty .
results and app them to these tests?) N

S How much dried gk d did you use?

- I (Eﬁéaafégé us it ,only spoonfuls for the tests.)’ ' \\Q\

‘.. . How long aid ;W&také for the,food to soak up the watér?3

bid you cook tfilfood? _How iaﬁgg ‘What temperature -
ratige? Ldﬁ°{gﬁed1um° High (b0111ng)°

b - Through questlonlngw alert the students to the varxabies

- involved : L
o 3; Do ‘ R
Water - amount and temperature - ;
o 7 : Rn“ . ,/' , “ . j’ o . R M-
. - gFood - amo! \Wint and - type. 4 R . o ,
| - -
) Time - soaklng and cooklng*

w D
X

After the testlng, have the groups report thelr flndlngsbf

i The igudents can deveiop a chart such as the one  that follows,

ori ‘#Marge paper or the blackboard out
prédess that works best for each type of dried food. This

f . 1nformat1on w1ii be used again. It can also be. complled

with the food drving methods develored earller. =

rge paper or the blackboard Sutlining the rehydratlon

[

.

v

41
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. - A~
Aﬁéﬁﬁg of | Ambunt of Water + Time Time ' [
Food Water Temperature Soaking Cook1ng .
% .
— : ;
— o : _
I} ] i
Yk o -
O S s S
~ l* - * N . .1;'; - v ," _7'7".
At this point, you may want to have the s ﬁaents complle all% :“;f;g
,‘thelf resultsr into tables, g oes. i ASS1gn the L B
varioue. parts ,of the study to. each groqﬁyoﬁ students.~ have
-, edch group glve a flnalﬁreport.‘f
3 .- ' - ~ _ .
_;gftbege arefcogylng mach;ges or h@ctographs‘f lable,tthe %
sciernce - students could PE?§995,§,b°°kie§,9n 4 g, spreserv-
,Ing and preparlngitocai Toods for baiagcegiggtrﬁtious meals
i ithe year round evéh‘an the*sEason of%ghortageﬂg‘ ’
f B v : X A .
v‘*;: ,v<%' 1 ' a, ) i AT ) v‘\' ; . ‘% ,m
Act}uzty I11- 20 _ PREPARATION OF POW/DERS' FROM DRIEQ‘QZL’OODS ’ -
x - ¢ - ¢
1rect groups of Students to pound rlous‘klnds of drled -
ne lee a
) % L
\7 [N g ) . ,f";,
'”71 a balénced nutrl—'. 4
2}:~Whaﬁﬁ@;x oﬁigowgegsvwouid mage”a sauce’ t;cou?ﬁdW S
*~ be seryed with rice (wheat; noodles;  ca¥¥gva: . %
L :&.potatoes) to make a nutrxtxoué meaiz - SR A v
7 0 e 'y ki
3 3; What' mlx of -powders would maRe a soup orﬁporrldge g T
<. that 1s complete (hutrltlousf° ER N
. PRI S o
' e v > . ; = ’-
- ) s ' ‘ . - ) ;‘ o
N T Lo 15}2 -
— - R 1] .. ‘ . . A
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.

and conversion tablesgposted. che review ‘of’ ratlos
may be needed to get Started. k”the students to use
small pbrtions.. .Later_when, rec% es é&e’dewﬁloped the

amounts can be 1ntreasld to usaE e portions fér meals.

. Vl ﬁ )
.w:ﬁh“mxlk powder aVaIlable somd mixes. may be easler to o
- develop. ' Having dxied ‘commotfly used herbs also! may facili-

taté developxng sduce rec1pes. Also, liaving some cooked
rice or: sxmxlar ood in theg ‘¢class may be uéeful for tastlng

the samples of new sauces belnd devel?ped ; ;

¢

The steps 1nvolved in thlS act1v1ty are.v é?;ﬁ .
o l. ,Calculate the. portlons of fodﬂ types Leeded for a
balanced mpeal (1/3 of dally nee 2d). .. °

é. DéC[dé..h ch’ ivailable powders flt each £§§e.
- X - 3" ,l-

snd mlx?samples from each.type.

ple if necessary.

.. 8 ‘;ﬁiaccentable record the recipe-increasing the,
* . ' pertigwsTto normal amounts for a meal.

" )
While the studcats are worklng, move Irom grcup to group

to duestion them. How d1d you calculate the portIohs to

use? .Do childrazii need tHe same portipns of food types as
adults° What did you Rave -t@ consider? Use this activity

"set to.question and review the nut/;txon concepts from-_

.earlier lessons.. As® the students “to gather and record.

local recipes. For various dishes. Using their dehydgzation

and. rehydratiou records and results; have the students

cornivert local racipes to t@e appropfiate portions using
drled foods. : : .

-

Us1ng the results of the—various activities,' have the

students plan; prepare and give a meal at school for the
other tugents. : Invite 1nterested cominunity residents as
~well.,;Iffs9me neoplte have donated food or time to the

prOJECt 1ncluae them also. ¢ &

Lo
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» In Part

7 1 Part III,

tion og
‘order fe)

the students have 1ﬁvest1gated and learned wh
it is 1mportapt to preserve foods y drying.-
learned_enough about basic nutritic

88 .

v ) .
I. and Part II, "‘the students learned thé basic construc-

solar dryers and the 5c1ent1f1c princ1ples needed in
design and undefstand how solar dryers work.

ot
They have also ,
cn on for them to be able to s
* plan well balanced meals the entzre yearr ¢ . .
. R - 4 » ke -
RS ) {, : -
) }/”\\\ . A
% : - ;
. K J ; ; Q‘ k
: %y . ¢ X .
S - . A i
§ - N .
N i e /
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% "
MATERIAES CROSS - REFERENCE, LIST
'HOW TO MAKE A ROUND HOLE IN' A TIN

CONVERSIONS BETWEEN METRIC BRITISH
AND AMERICAN WEIGHTS 'AND MEASURES

DIFFERENCES BETWEEN BRITISH AND I

. 'AMERICAN TERMINOLOGY

H,

DETECTING CHANGES IN TEMPERATQRE
WITHOUT A THERMOMETER
MAKING AN EQUAL ARM* BALANCE
MAKING A SET OF WEIGHTS
A HEATING STAND MADE FROM-A TIN
FY
‘ N a
P ) .
' -y o
i
'i"-; B I d - N
i t
: % ;
V {
. o r /
. ; @‘ﬁ, ; .
\} .f f ‘ T
ot 3 13 "’ " )
s . -
- 195
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APPENDIX -&.‘ . MATERIALS CROSS-REFERENCE LISFT St
‘ Y . 7 . .{ - 'ry.l.i 777 \
- oy ’ ~
A llSt of all tha.equlpment'énd materlals needed tofd@f T ) \

here. The list is divided into-eate
assist you in the practlcél tasks of locating and’sEorIng
these th;ngs > Thé .categories are as follows:

- the activities in "Preserving Food b Drying" is presented
gorles intended to

.. ) Y
o Items used without modlglcation Whlch can be ob—
-tained free or purchased lqcally..J :

Items cut from a larger piece, or that aeed to be

modified slightly,: and which cansbe 65t51ned free « .. e

>

‘or purchased locally. (“I o N

- % Sofme effort or sklll to bgild

Equlpment obtélned from_Speciallzed sources.

Avallablj&xesourc S. /-_7 & . o 'é ' :

4 P -

¥

- Colored materlals.
P - E 7 B . . [
Heat;sources us1ng fuel. h :

i .

'Where approprlate, the 1tems in a category are divided accord—

ing to whether or; not they requ1re special care ;n $toring. .

Items in each list are in the grder of their first use in the’
book. Negxt to: each

item are listed all of the activities’ — ¥
throughout the book where it is needed: By looking through

this list, you can seé'what materials and equipment are.fre- ./ .

- quehthy needed whet id\ needed occasionally, and what is T
" needed only once or tWIce. Thus, you gan make decisions °:

about what items to acc ulate, what items to borrow when
needdd,; -‘amd what &ctivi %E y u may hdve to modlfz_or omlt

due to lack of materia equipment

Alternatlves are suggested for many. of the items. Any. of the

- alternatives should work in all of the activities tisted for

the partlcular item. Many of the materials can be collected

by v *lstudents. Involving your ‘students’ finding materials*

has valie because they learn what materials are available

= loecally, and their resourcefulnesS'and‘probiem solving

abilities increase as they learn to substitute other materials
for those suggested here. We are anxious to know about




, - ) . .

any successful ma‘k tals'snbst}guggog§fyou and your students
make. Returrning PCV t

/T s are urged to write Program Designs for

Educators at: Chevrons and PDE, P.O:. Box 235; Jamaica Plain,
Boston, Massachg§etts 02130 U:S:.A.

3 - o
(JMost of the acsivities do not require tools; but as the stu-
~dents makaegthe ransition from learning how. dryexrs work to
‘designing 'an'T uildlngfghem (Activities I-11B and II-2)- the
importance o hév@gg tools suddenly increases. We recommend
making your own tools. As part of the framework of this
‘manual, “'How to Make' Toois“ was created by Per Chrlstlansen

and Bernard ruﬁfédéki as a companion piece.

—_—

,

!

ITEM: Usr‘fn wﬁubi?r MODIFICAT ION WHICH CAN BE OBTAINED-
A OR PURCHASED LOCALLY -

’

| \ﬁ . { .
‘ Fraglle or Damaged iF Sto d Wet:

Dishes .or emall urays abie to hold water I-1, 1=4C I i

C . Rulers marﬁed in cgnttmetef% | I:is I—éé,fi—é,;ii—i,
P . 11-2; p.126
Scissors or razot bladés 2 . ZA IP#A I -4B, I-4C,
: - . 1—6, I-114, I- 113
Watch pgiclock or other tlmer for ' I—&A 1-4B; I- 4C -7,
measuring relat1ve1y long perlods of t;me I1-10, p:.122-5
Jars . -7 1-&a, 14c,'111-7, I1I-11,
. o ' . III-13, III-14, I1I-15
O S . - , S
Bott les : , ¢ : I
P . . - 7 o
Elastic bands ? ) % . | 1744, 1-4B; I-11A
. S - 7J i 3 : ' ' o
i ﬁfiﬁkiﬁg glasses ’ o 1-4A, 1-4C -
] ' . L -
, Jars with certain size requr?éﬁéﬁt 1=4B, I-6, II-1
Tea glasses or very smafl tins ° 1I-4B, I-4C
wc Basins, large bowils or buckets - 1-54, II-1, II-2, III-14,
v | p. 166, I11-18
' Trays or dishes or pieces of pasteboard . I-6, II-1
; S0
Glgz tiles or brlcks, or blocﬁe molded I-7, I-8B
from adhesive material such as soil -
taken from termite mounds ~
Protractor - .i-84; 1-8B; I- “8c
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s ‘' - .
e | o j .7
< . ‘Common pins ) : : ‘I-}lAi I-118 ‘Si/
Cooking pots or large-tins - . pp. 122-6 163 .
< . M . .
s i gy ! = S - \
__ Culture dishes : : p.122,; TI11-2, III-3, |
© ) ; . III-4; III-5, II®-6
7Séﬁihﬁiéédl to use as.transfer * p-126 ; 11142, ;iii—3;
needles ' P - JIEI-4; IIISS T
- L ‘ N . ) ) x 5 w i
o _ , . ¢ , e
Not Fragile: ' - 7 . ~
: e ' , . 3 ’ L
Tins of various S].Zes o < 1-1; I-3A; I-3B; I-4A; I-4
. . ' - - : I-4C; I-10; II-2; III-11;
P ' ; I11-20
Tins of the same size ) * I-1, I-7
= 2 .
Small stomes . . I-1, 1-4B, I-4C, i- 10,
. T ) ) i I-11A, p. 163 ~° ~
Measur:ng sgggnfgziguggi,it;gg bottle- - 'I-1, I-4C; p: 125, III-13
-caps,; etc: for measuring smali xmounts 11114, III-15, III-18
: 1 of llqu}d or powder €p:-8) R ‘e
A / Lids or caps for bottles or _]ar;, or I-4A, 1I- 4By III~8; III-10
' use plastic and elast].c bands e N ‘
. ; ‘
Tins with-a certain size requirement r-aa ;
! Several nails of different sizes 1=44
’ - - P
- ’ Shb\'}'els or other too,ls for dlgglng 7 I-4Cc -~ ] o
. - Vo ‘A
& holes in the ground . { A . : »
i . , L R
: L Bricks or similaf size stomes ; ' I-4C, ;I—.,ﬁgx ’
; : S ' . T N
. . Nails gp'egs I s i—SA, I-9, 1I1-2" .-
. . i} ;; v ° ; ;‘ ) ey
' - Tins with both ends cut out e .‘ »I-8A I : ;5‘/ e
- Le s, 17 \ o ' ‘;-'p ) . '
. Small nails;@brads or tacks ¥ I-8B ‘é .
. . - E’ * ) R a _ & e .
. . Ldrge tins® (, b P 3 o R
. ; ~ T Tl
¢ Boeclét'o'p”a or other objects haV1ng . II-1, 1I-2
uniform weight; to be used as weights: : ) <
. ;
a v
Pieces of metal from large tlns, or p. 125; p:163 -
dj shes, to use as covers . , ) . * \
; , . I N 5 ]
— ’ ) r, ‘ ; -
Y, - ; 198 N v ,7,'7 )
' : . a T :
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; L A o . . . e </
o féEMS CUT FRouqxJguunmLJLuumﬁjﬁRerﬁAIuNEﬁb TO BE ”j}».:;\
M0DlE1EDengcuTLzTeauﬁewuiﬁﬁecAn BE OBTAINED FREE LT
OR_PURCHASED LOCALLY i v .

red Wet:. . S ,
P ~ , ‘ o - 3.
O Rioth ‘ : . U T
loth ) s : - I-d,; I-5B; p. 161; 'IjII—18
Paper oth;er than usuatl notebook - . I-1, I-4A; I- 1lA 1II- 9
3 - ; ' I11-16 X .;"
T R S : : L e L
v Meang for labelling, such as paper I-1; III-2; III-13,.IT1I-15
. and cement ;>@lastic bands or tape ‘ ’ -
g N ,
. N K ) .. U A S
string = | : I-3a, I-3B, I-54; I-6,
: 1-8A; I-8B, II-1"- - .
Cloth which air can circulate through,  * 1-6, II-1, II-2 7
R such as cheesecloth gauze or nylon ) :
tulle : - o -t - 7 '
Thip transparent pldstic, smAll pieces  I-4&, I-4B; I-4C B
. _ - - - 5 , < .
o R . R o . R r . .
Absprbent cloth such as from an I-4B R )
PR »7
’ ’ 5
I-43 "
. YNt ) ;
e e e s eae s e N ["71 ::?" - E g/—f f" --
Thin transparent pla§tfc; larger pieg:ies"* IS4G I—11A I—1lB 11-:-2
3 e 1 - - - N
‘ Hand-held fans; or bl"’ 1eaves,{ plemi’ ) I-5A
of newspaper; etc to use as fans ’: " -
" -~ f‘ A - - - - 7, B ,,,'
Flat glass or clea/t plastlc and . P I-2, 1-9, IIT&; IT3-10 4.
tool to cut it . . - - ' *
B -~ _f - : . o .
such- as straight tree branches, - 1-8A '
; broom handlés, or narryw boards
‘ﬁeﬁépéper or other -large pieces of paper I-84; III-7, I11-8; I1I-9;
: ‘ o ‘ IrI-10, III-11
Pasteboard or heavy Dagegivqgt}{a g I:éA,' 1-8B:
mooth surface. on, ﬁt: least ohe side .
. D ; _ A
; pasteboard P | 1-8C
;L tapey ey 1-8¢, 1-9
. Ve o [ - ) 7'737 7 . R
- .. Thin wire , - . I-11A o -
o : Lo
N * .
) ! - ¢
.7&; . .' ,,‘,_7
! , - :157£1: v
) - ¢
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. N . . - R 7 - :
? -J . ' \; , i
a S , o PR T o e
- ~Str1 g or braided cotton that produces 4}5ilﬁ;;l—11B o,
. e when glowing . : ' '
. Small boxes made of paper or pasteboard 53 I-11A; I-11B;
- ‘7\ . . o “ III-12
- )
Pieces_ of soft wood about Eﬁéjéiié ) - p. 126 .
’ of a penc11 5 — . : : *
I. H »

ot Fragile: ._ o ; | A
:}DQ-‘I—QA, I;ég:/ii—i ¥ :

4
e

;/‘ " Small pieces“of wood ‘
’ R o
Outer tubes of Bi'c pen; preferably 1-4B, I-4C, II1I-8, a-
transparent, hollow bamboo branches, III-11, 11I-13
i or hollow grass reeds . - .
i . R ) . I
5 Teps from small tins (Diagram 8) or . I-4B, I—hC*:i—iiA
. . j other stand that w111 not be % \
L damaged by water or heat - . M
v , - _ L3
v B ttletop with a hole in it, washer . 1-84;° 1-8B
i ot other small object to hang om . o,
“ \strlng . : - . « - . D
: o : ] Y L -
Wood Aoards or slabs 7 I-9; II-2; 1\1?—12
oL ) - N -
= Bﬁamb” o . » : -9 . ;
r 3 . ) S . _ - __
A Pieces of metal from tins ) T I-9; I1-2
< . , - % B A :
O : - B i
‘ — _ ;
T s
i i ) 1
. L 4 it ..
v sy ; ' -/
) : - e
' - . K 8 @ ! - 'f;‘
) v s =
( ) - % < \i !
b > ‘:( ) ) -
P . ' .
, . a
- ) . v
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( * ITEMS M.ADE FROM EASILY AVAILABLE MATERIALS THAT B
. REQUIRE SOME EFFORI_OR_SKIISIS_TQ BUILD . - .o
( B .
Frag}le or Damaged 1f Stored Wet: ' o : - ‘ _
. /'/—‘\ T . ) L I
Grid paSbr w1th 1 centlmtter;squares =24, 1:235 1-6, IfBC?‘;i4i
N _ Y b J“, S )
Pendulum made ‘from a stone hangitig on . Zig’ I- 3B I‘SA, -1l -
a p1ece of tw1ne about 2 meters Iong,\ o .S -
to be used 48 a timer for relétxyely = — :
short times. A clock or watch with o o, N 3
a qfcond:?and can also be used: RS §,, g
i Dévxce;fpr:comparlngrwerghts, 'such as I:é; p. 122
an equal® arm balance- )
é L N - ‘ hd ~'7 7 L o o S . r
Knife T - .+ 1I-6, II-1, III-12; I11-16;
: ;f 7 ‘ 69 o
Saw (Appendrcéé D .E and L) : I- 8A I-8B, I—9,'II—2,Z
. : pp. 95-113 i
o ,a SN o :
~ Angle meééﬁfiﬁg tube (I—BA) I-8C, f-llB; 11-2 .
- 7
' Elevation dhgle measurlng device (; 88) I-8¢; I-I1B; I-2 :
' Chisel/vr ‘shears to cut;mecﬂ ) 1-9, I1-2 , . ' {
. a : . . ) %
' Device 'to purify water (I-9) : p.163; 166 a v
: o . ,
» . . S . - ) . - ~ _
. .
. Food dryers (Part II) ! s .111 3 "III-5, III-16, :
N » . o\ - .
. -~ . PP- 63—9 '
Not Frégilé: e Ve . 5 v R
Torigs or cloth to lift hot obJects - 1-34, I-3B, p. 122-5
off a fixe } . j : . ) , g
. > ' 1, . T 2.
< -Support for tins to be heated by a ' 1-3a, if3ﬁ? I-4A; I-4B;
. ‘candle or small burmer g I-4C b .
e T g 5 -
Tins with gigound hole 1ﬂ’the side I-4B, T—ZG
or equivalent container ¢ i a
Device t?ihﬂld wood whlle cuttxng - 'f 8A. I-8B; I:g;
or dritling lt, . pp: 95-113 .
- o . -,;. ° . o ~ 7 B - — o L e
Hammer S N -84, I-9; II-2, pp. 95-113
Drill L R - 1-84, 1-9, 1I-2, pp. 107-113
. ' ) ¥
¥

’
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I ST W R
S ~ .~ CONSUMABLE ITEMS OBTAINED LOCALLY
' -

salf » o ST I-1

.

ii;;‘ Sﬁéif Q . ’f; o | o I~

Cooking oil T P ‘ I-1, III-14

3

Potato, cassava or other large, firm vegetable I-6, II-2; III-12; III-l

Crack sealer, such as mud or tar . 1-9, II-2

Charcoal - ; I1-11X; p: 122-5 \ ~-
A variety of kinds of kinds of food such as I1-1, p:122, I1I-2, =\ °
fruits, vegetables, meat, etc. III-3,; Ii1-7;, I1I1-8;._
: o ) DT II¥-9, I11-10,; I1I-11,
| IIT~13; I1I-15; III-16,
p:163-9 g

4l

ap 11-1, 11-2, II-11, .
, I11-14, I1I-18
;’ S " . .

- Paste or cement or other adhesive- p I1-2

pPiece of termite hill aq’lafgé glod of dirt III-12 o
~ . : . 111-13 -
- , -

S

Wax

Animal bones L _ P:122

| Mold and bacteria (pp. 119=21) S t1i-1, 11172, I1I1I-3,, .
. .. . : I11I-4,; 1I1I-5; II{—G '

- B o 7 ‘ . o -<
_ Crackers, .tortilla or bread o “111-13 .

v’ —
> . ’

Stareh IIi—ii.

o 11L-14 =

Viﬁegar :
Guii facacia CII1-14
Milk . | A Coar-is . o

.7 Lemon juice _ : p-163+ . -,

Brine - . o : B P:169. . .

N
e 4

"
~
\
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Lol A S D
CONSUMABLE ITEMS OBTAINED FROM SPECIALIZED- SOURCES

‘111-8, 1TI-13
' - ! v .
. ILI=il; III-§4; III-15 -

‘ Iodine .

Rydrochlofic acid

Benedict's solution :

s - &
Pepsin ’ : C LiiiiS - 7 -
Ascorbic acid . . ~NTb. 163
Pure water .ﬁ; o - - * - p.163; 166

© ' soblimegflor refined sulfir - - f 5. 166

: A , o ;

Sukfite substance ﬂ - p. 166 I

Pickling salt o o : p. 169

L 4l

Note: Most of these items ark Likely to be available at pharmacies,

‘hospital \laboratories, galth centers and secondary schools.

Thegmometers (For a discussion of pgssiblé . - I-5B; I-7, T-8B
ways to make temperature sensing defrices; o
see Appendix T:) . {

«l

'Hand lenses - IR 3 5 Y

- AVAILABLE RESOURCES, .
e ji‘i;'f-3ﬁ;.i—3ﬁ;_12665
: : oo+ VI-4B; 1-4C; I-54; I-5B;
‘ oo ~N ' ( .1-6, 1-7, 1I-1, p. 122-5;
) , : ’. e L Lot i11-7, 111-8; I11-11;
3 SV L , - . %. . III-11,; 11I-14; III-15,.
S Coe ‘ \ p.163 ;, 1I1-18, =

b
[
.o
[t M
-
L

[ A
Y

Sﬁﬁiight K . . . . . . . -1, 1_455 1?@31 1—§§;
' ) C ; . 1-7, I-8A, I-8B, I-8C,
: . : .ot 27 I-l1A, I-11B, II-2,

. ) . : L - T f g 111—!7 1156

S . | Zéf)fi"”'

v ou
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° 4
- ) : -
- C X 7
Sburce ‘of ‘a smoky flame, sggh as fﬁéé@é;é 1-1, I-4C; 1-7, 1-8B
or*a paraffin lamp, for coating surfaces i o
‘black with soot - S ' ..
' Pieces of whige paper, “black paper such as j IhA; IS4B
gggbogiggpgg, and various other lors
including metal foil; xf available . > -
White paint, cassava paste; wﬁitéﬁééﬁ_af - I-7, 11-1
. aluminum paint o ' ; X T N
. Black cloth - : - -9 . g
L, L ) o < N\ >
-~ Black ink or black pdint =~ - ~  I-11A, 1-\yB, II-2 -
- 3 ] ) . " ] : 7 ' ] )
i . . HEAT SOURCES USING FUEL - ' . :
Matchies - . I-1; I-3A; I-3B; I-4A;
P sy ‘ ) .- L=4B, 1-4C, I-7, .1-8B,
. - A - f-ilA , -
) R - e
- BN - oL JE . R e I Sl - Q
Charcsal cookeg, or ‘three stones and -« .- I-3A; I-3B; I-10; I-1lA;
+ firewood, and a metal grating or - 55.122—63 t13; 1II-18
other. support 'so tins can be heated . : . i ‘
@u;qg; angip§§affxn or gas that prov1de Ijjﬁifi—ﬁé, ii—ij,
a medxum source of he€at’ . Do <o I1I-15 - .
~ Candle of small burner, .and paraffiﬁ or ) I-3B, I—ﬁA I 4B, I- llA
' gas, to provide a small source of heat ’ 1;;—10 III—ll III—13
- ‘ , : III-15 ‘ .
7 ) T _ - P S
i " )
- - ~\7\\ .
. ~ . 4 A 2
\
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APPENDIX B. HOW TO MAKE A ROUND HOLE IN A TIN
_ - : N -~ hd , - .

: s
In cases where one wants to insert a tube into a tin tightly
so that there is no léékégeﬂ'etween the tube and the hole it
fits into, it is necessary Yo make a round hole in: the tin.
If the hale is large enoughto be able to fit the case of a

Bic:pen into (or a very ‘small hollow bamboo branch) use. the

following method.. First, make a tiny hole with a nail having
a length of 5 centimeters. Then enlarge the hole with a &%
cn nail, followed by a 10 cm nail, and lastly by a 15 cm
nail. It is important -that these four nails be used in this
way. If only the largest nail is used, it will make a square

hole because the point of the nail has four sides.

2

L}

&l

Edl
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APPENDIX C. - CONVEBSIONS BETHEZ& A
MMERICAN HEIGHTS AND MEﬁSHRES .
- " . - 7
% e 7 :
These conversions have been rounded to produce values that
are easy to work with and to remember. However they are

all within 2 percent of the exact values. .

W

3

i LENGTH
Metric
1 centimeter =
| decideter =
1 ﬁététr;; L=
1 kilometer =
British and American ,
1 inch -
1 566; -
‘1 yard =
1 mile ' - .- -
, Hetric g
I squire, decimeter _ &
- T ;-
1 quéEz\ieEér a
" i-squars meter £
1. hectare ~ =
British and American
t aquare inch -
1 square foot -
i square ygrd -
1 ‘acre -
. B ¢ o~

206

=

‘

4/10 inch

"4 inches -

40 inches

5/8 mile |

!ii l’ IR

2.5 centimeters
3 decimeters

9/10 meter

1<6 kilometer

Brltlsh and Amerlcan >

- 5/6 square

/15.5 aquare inches

'10.8 square feet
1.2 square yardas
é.Sjéttes
Metric
6.5 square centimeters
9. 3 square decimeters

meter

4/10 hectare

-

-

\
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. . o . .
S - , . VOLUME
-~ Do . . Ll . s
’ Metric, . British - American .
—_— _ —_—T —_—
o ~4 . - * S B P ~
100 ml;h;h;ter 5 - = 3.5 ounces = 3.4 ounces
. 500 mlllllltegs = 17.5 ounces’ = 17.0 ounces
L liter = .0.88 quart = 1.06 quart
5 liters = i-1 éiiléﬁé ‘ - . 1.3 galldﬁé'
British - " Metric ., American  Metric
1 cubic inch = 16:4 millilitefs | 1 cubic inch = 16.4 al,
1 odnce = 28.0 milliliters | “1 ounce = 30.0 ml
5 ounces (% pint) = 140:0 miiiiliters | & ounces (% cup) =120.0 ml
o N o . - LA .
10 ounces (% pint) = 280.0 mjlliliters | 8 ounces (1 cup) i =240.0 ml
\)&ch (20 ounces) = 560.9 mitiiliters | I pint (16 ounces) =480.0 al
- 1 quart (40 ourdces) = 1.1 liters 1 quart (32 sunices) =960.0 ml
T e ; y
1 gallon {4 quarts) = 4.5 liters_ 1 ga!lon (E quarts) = 3.8 1
Hiscellaneous , Metric RS
i bottletop (Coca-Cola, etc.) 3.5 mi}liliters
o . . T =
1 usual teaspoon : = 4 t'o'; millrliters '
I measuring teaspoon = 5 milliliters = e
1 tableSpoon Jeating = 8 to 10 milliliters :
e ) o i
1 tablespoo:lt . serving r .= 14 te 16 milliliters_.
! -1 mp’asun.ng ‘apleé?o%ri 3 = &15 iﬁiiiiiiﬁ ] s :
) - AR
N\ . * . hd ¢
Note: 40 British owices - 1 Brit o ¢ (Imperial) quart, and’ .}'2}nférgcan ,
owices = 1 American quart.d The ounces are almost :the Sy FL2e

but this relationship creates a difference of about 20 percent

in the size of pints, quarts and gaZlonB behveen British an
Amemcan measurement of volume. .

- .

%
\
A
r
|
N
()
~g

Y
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: — ’ WEIGHTY R : .
. o . e L - : 5
S / Metric. - British and American >
. a . . L ) b
‘ 10 grams .= : 7/20 ounce ‘;‘ o ‘aﬁ‘ .
. 100 grams . S o= ""3.5 ources )
4; . : ) . Q -
1 kifogrzm.’ = : 2.2 pounds
- 1Y
British and american Metric
7 : = N ;
" ) o 1 ounce 4 = 28 grams
N \ . A
1 pound Co= 450, grams
10 pounds - = % - " 4.5 kilograms
R ) \ o PN I
e s e - - S N
. Note: The Britisn cAd Am’cmca}zggnts of weight shown above arz
the ones.iin common use, the "Avctrdupois" system, ’
. whioh has I¥ owices in a powd. HAnother system eTrists
in bo*h Bwitain and Amzrica, the '"apothecary" or "itroy".
syskem. Iis pound; wkich equals about 370 grars, Zontatss
12 ownces. - This system is only used in certain speciclties.
I3 » “’;; . ’ . o
o B - S
See page 122 for a conversiori chart between the Fahren-
neéit and Ccentigrade temperature 'scales.
. . & "
f
l'r . .
’ . 1
« - -
i .
. tand .
1 . i
- ( : o~ d
7 S o
& - & ;Y 'S
-~
" AN 5 "X . 208
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e S T
. APPENDIX ‘DIFFERENCES BETWEEN BRITISH AND AMERICAN

TERMINOLOGY - | ,

U e
oA,

- ‘ . : - »”é 715%7? ) ;E i; ) ‘) B - ) t'
o ' British Efglish American English

uf’

: Cement . Clue . ,
B /

[}

Common pins. Pifis or straight pins

‘ij _ Edible oil = Cooking oil
: Muriatic acid = ‘Hydrochloric acid

Paraffin | = . Kerosime; charcoal lighting
R fluid » :
; Pasteboard ; = Cardboard
to. revise a lesson,» = _ to review a lesson
Spirit = A1éaﬁai

Tin = Can

¥l

Y

&




APPENDIX E. DETECTING CHANGEsgleTEMPERAmU
- WITHOUT A THERMQME$ER

’

; S R 1:5 . \

. In a. number of the act1v1t1es Where an 1ncrease of tempe a-

ture takes plage, 1t can be felt with your hand: These are
AétiVitiés I-3B, I-4C, I- 4C Further Study, I-5A& and I-10.

In: several other act1v1t1es, the increases 1n temperature
can be noted the same way, but it would be_ des1rable to —

1mprove both measuring skllls and understandlng of the

s1tuatlons by making a somewhat more quantxtatxve measure-—

ment . AThe approaches suggested here apply to '‘these activities:

I-5B; I 7, I=7 Further Study, I- 8B, I-11Aa; I-1iB and I1-2.

In the Further Study follOW1ng Actiyvity I-=3A; a labbrétbry

thermometer which can measure temperatures up to..100° C is
needed. This is & dlfflcult requirement to meet with im- &

provised temperature measurlng devices, but perhaps' you can

invent one or locate an exxstxng design that is easy to

make and works well. If you do; please communicate it to

the Informatlon €ollection and Fxchange of fice. _Also, please

let us know about your successful or unsuccessful _attempts

to measure temperature in any of the .lessons. -

In many industrial applications, temperatiires are measured
using pieces of material that melt at known temperatures.
For example, in Activity I-7, three tiles are placed in the

sun, They are all horlzontal One is black, one is earth

colored, and the other one is white. n each tile; you
could put ‘a piece of margarine and a giece of wax. Whether
both of these melt on egch tile, and how long it takes B}

coul@ be noted. Maybe in your locality; both of these melt

too eas1ly. Can you find another material that melts at a N
‘higher temperature° j :

P ' : - f

* * , *
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¢ The following device is useful for measuring relatively small

: j 206 :
N - . \1‘
- The following device can measure- small and medium changes of
temperature . : : * , ‘
R . | . q - -
air éﬁﬁ&é*- Transparent ink tube
) from Bic pen. Wash
-  -in spirit (alcohol)
- to remove all old
S s
I W v . .
—

_Nater with a

. é:‘vriittle coloring

e air- trapped in the tdbe‘expanas as thp temperature rises.
xperlment with the size of the air spacej. A small air space
glves less sens1t1v1tyl but a hlgher temperdtiyre can be measured

.without the'water spllllng out the end of the tube.,The range

much water vapor fo’ws 1n the alr space.'ePos1tlons along the

tube can be marked,

pasteboard piastlc or ood and thdt can

L

¢hanges in temperature. Air in the body of the pen expands
to move the colored water. Air must be free to leave or: enter
the tip. Water getting in it will impair its operation.

_ - Ncolored &

. -
= - — _— water

P
~we———— - ; S f— | .
Complete transpayent / ) '
Bic pen, except ball -

has been removed
from the #ip.

'3l

This part must in 1t.
aiimbe in the .
place where _ e : & : : . :
temperature v - “ .
%s being j - : T ‘"\ 7 o
. megsured: S N o 3
' 'R ' o LAl . ‘
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All epgnect199§ must bg sealed, 1nc1ud1ng the sﬂEll hole ofi
the side of the pen. - When the aip is-warmed and expands, it
‘'pushes the Colored water. It must not escape elséwhere. The
whole device is sengitive to change of temperatiire. Elther

,,,,,,,,,

thevwhoie thing should be,put in the place where temperature

lS

geinb
measurements ﬁhlch
your warm flngers,

measured, or :the same length must be used for all
are ta’'be compared. It also responds to
and thus: must be held’some other way.

_ > - o o
. AsS you can see; these devices have some merit, and wé are ]
4 anxious to_hear of.your efforts to use them. However, they
also have limitations. Perhaps they can be adapted in sone
~ way to become better. i & :
The condltlons of measurement in Ehe various act1V1t1es are
as follows: "
. >
. - . .
¢ - y @7 * ) * .
N ; .
Activity Wet Amount of | Temperature | Calibration T ’perature
] or Eéﬁperatyre present. over of device » hot to
Dry change a 1arge79r nee@e gumbered toUch by hand )
N small area ag}fg;@ . , for very Iong
, \\iic ' intervals ; i
i - L
- = - ) — ;
I-5b Eet slight can be either n? no
— 1 — U S B S ’/
1-7 dry | moderate : ; _
. to large [ large area no J " maybe
- - P
I 1-7 wet moderate large area yes no
. N S =
1-7 7 o '
Further dry -meegrate large area yes maybe o
Study to 44rge .. =
"I 1-8b dry mééegate large area fio maybe : T
to ta ' -
} rge I L ) R -
I-11a . : dependg on .
—-| I-11b dry ﬁb&éiété,‘%’a size of no o .+ no 7
?? 1152 o " & | equipment ! o . : : ’
: 1-3a & P depends on ° \i L e
Fur ther wet very i sizg of . yes ~
Stidy 1 large equipment ;
- 7’-:\ - -
\
~ q
. ) ° i
4 4

O
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' .one triple arm.bald

208 S

. ﬁ a
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AN EQUAL ARM BALANCE
¢ ‘ : N

_ f
& ’ - P .

e N R

APPENDIX F. ~MAKING
- ‘;1‘ ‘

Y bBe i@prcvé§>§?;ﬁéﬁiﬁg Wéighiﬁgfééﬁiﬁﬁ’

tfigp;s to use. yJQGften there is atly

_Many science lessons car
ment available for the |

: for ighing scale inj/the soience room,
éhdjthe’teaghgrris rehensive that it maf,bébb" “broken if.-
students are alloyed[to use it. . 2k ;

e ‘ : _ s .

ri%pie designs f?g ¥qual arm béiaﬁceéigﬁgthééﬁ be ‘made . from
materials- are shown herqfﬂ;frx\

sily available

-~

PPN . _ -

Meral aetails of

lesign affect how semsitive-a balance is:'

1. Friction at tHe center point. . e

5. wWhether the center hole is placed dbove or below the

o end holes'. R . ¥ . S

3. The weight of the beam' and where the center: of gravity
of the beam is located compared to the center hole-:

Friction .at the €enter point can be kept very low as long as

. thjg pivot uses rolling instead of sl}iding friction: Using

a nail that roils on the edges of ting is one effective

way to keep friction at the pivot from being a prbble%ﬁ and’

is the method used in the diagrams that ‘follow. %

e

e 2 — -

3

‘.,
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7“fvest1gate the effect of hav1ng the end. holés ; 3
-a. ,Below the center hole, and {

t in -line with the center hole,,,

make the holes shown in, the following dlagram 1n a

wogden ‘rul@r.

-
-~

Put a nali in the center hole,rwhlch is approximately &t

the center of gravity of the ruler: . Then hang a hook or

}Ight—jelght container from the lower' -aoles at eaich evde

of the [ruler: Get many small obJects that all havg,the same

weight comm
tne of these OQJects should be enough to unbalance the ruler.

These® could be common pixs, paper CllpS or staples.

(If the ruler &oes not hang level &t first, pu& an elastic

» band around the\pbrtxon of it that is higher, and use its

positloﬁ to adjust the ruler so It is 1eve 2)

Thén ut five pins Q; each side: Add a sixth -to one SIde.l
Does fthe ruler move? " Add five more pins, to each side; :so
'you hryé ten on each side. Add an eleventh to 6ne side.

boes 'the ruler move? Continue this procedure;for fifteen
and twe“ty pins: _

Now hang your hook or llght welght contgbner from the upper -
holes at each enﬁ of the ruler. Do the 'sameé thing, testing

the sen51t1v1ty to detect the welght of orie pin when there
are zero, five, ten, fifteen and twenty other pins already

in each container:

+

You wilil find that in one base the sen51tf1

contalner. This

greatiy when many pins were already on eac

ents to quickly

compare. objects that are approx1mate1y the same weight

with other objects that are very different in weIght such as

be1n§ only half as heavy Too much sensxtxvxty might make

) and the students would get bqggged down. Measuring the potato
‘ cubes in Part I of Preservinfy Food by Drying is an activity

where the balances purposefully should not be very sensitive.

Now make one more hole in the center of the riler, so it
looks as follows:; Y\

g

'

o ; . 7 | I

o .
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In this explanation; the weight of the beam is staying the.same -

itr is the weight of a ruler. If you need to make an extremely

sensitive balance; the same principles described here can be

used with a light weight beam made from thin cardboarq. Simi-
larly, if a more rugged balance is needed for heavier weights,
a. design using parts of a tree could be made; similar to-the

diagram at the end of this explanation.

-

Now put the nail in the new hole you have made near. the edge

of the ruler. First put it on the piyot with the hole neary

the lower edge of the ruler. You will see that it does not \

balance when it is used this way. This is because the center
of gravity of the ruler is above the pivot. ;The ruler tries -

to fall to a position whefe its center of gravity is below the

pivot. ' » . : ! ‘
’

Now put the ruler on the pivot so the new hole (with a.nail

through it that rests on the edges of' the tins) is near the

top edge of the ruler. Repeat the same procedure of tﬁgt;pgf

the sensitivity of the balance by putting one pin on ore side, ,

when you have .zero, five, ten; fifteen and twenty pins already -1

in the containers:at eacqigﬁﬁ of the beam. ] L/)}

You now have seen how tha sensitivity varies according:to where

you make the holes at each end, and the hole in the center that .
the pivotjng nail goes in. Now you will be able to make a, N

balance where you can design what the sepsitivity will be;

even if you use materials such as sheown in the following diégréﬁ;,/
N . . r — e
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 APPENDIX G. MAKING A SE¥=OF WEIGHTS o N
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NS

; ’ A . 4 . 7,/ ;
N ) ’ -
Wlthout a Qet of,wélghts, an eqUal ‘arm baiance caﬁ be used'

to see whether various objects are equal in weight or not.

the equal arm balance

into several 'pieces,

other cube that was

“This is done _in Act1v1ty I-6, where

If the obJects are to be welghed with the equal arm balance,

a set of weights is_needed. This is negegsary where the; welgbt
of a piece of fres' “food is to be .compare
of the same piece g een' drx

arm baian can - bd;i ed for weighing by putting the piece of -

food on onhg 51de<2f the balanqe and by puttlng enough welghts

with thHe welght

food after it has been' dried. The equai

77777 / . 77:77-777 ,777. _ o
The set of welghts should ﬂé based on some easily available

objects that all Welgh about the same.f in, Appendxx S; things.

like- stap&es, cdmmon pins, and paper- clips are suggested for

testing, the sen itivity of the balance: However, thege are

too 1Lgﬁt to be useful for weighing the food pieces.. They 2

also :have the disadvantage that unless they are all bought

-from the same source, they.may pot all have the same weights

Washers also do not make suitable welghtS, because tRey. are

made from scrap pieces. of sheet metal;:and ‘dithough the d1ameter

may ma_the same, the thickness varies tfemendously.

4 -

<

Bottletops.from‘CocaQ ola;'Fanta and beer bottles ara qu;te -

_uniform in weight. Thesé are probably the be$t things on

which to base your set of weights. They
tagé‘ f be1ng obtainable for free.

1he added advén—'

For example,

and 47 bpttle-

ottletops |
¥ .

0 ) -
The set of welghts can cons1s¥ oniy of bbttiétbps
a piece of food*might weigh 130 bpttletops fresl

tops after being dried.- This gets -to be a lot

to pile on the balance, however .

v _

‘- j( . . . \B

Somewhat ‘heavier ebJectsithat are quite unrfgig are batteries
. e .Weights may

of the klnd used in flasb%lghts and radi¢gs
\Vary between batterles from:different makers, but all batterles'

-of a certain type made by the same company _ should weigh about ’

the same. Cansider that’ you have: some small batteries that .

each weigh’ 14 bottletops, ‘and some large batteries that each

- wéigh 55 bottletops. To weigh the fresh-food in the example,

two large batterles would equal 110 bottletops} one small - "

battery- would add 14; andl:6 bottletops would/, Add the, rest, ..
to reach the total of 130 bottletops of welght.f To weigh the
dried fruit, three Small batteries would equal 42 bottletops,
and 5 bottletops would be- added to balancé the food S

welght of 47 bottletops: v'b

-
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Objegts such as these can be used to make sets of weights
suitable for all the food drying activities in this book.

[

e . . -

e - — — - -
| Fresh ‘Focd . ——___ |[bried Food : e
Objects on . Object _ Equivalent|/Objects on  Object _ Equivalent

4 - ‘ balance weight = weight balance g weight  weight

—T

T

[~}
1]

N

farac pacterd . 2 i % =S 110 x' 55 =0

Smald Battery 1 X 14 = 14f 3 X 14 = 42
7S € X 1 = 6 5 1 = 5

BSttletops - I X 1

Total weight S 130 47
1. '(bottletops)i . I | B o
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APPENDIX H. A HEATING STAND MADE FROM A TIN

' Using one’ of the methods of cutting a tin shown previously,
you can{make heating stands while you obtain rectangular
pieces of metal to use for other purpcses. . - E

the flame; and =

3. heat can be preventdd
from rising all around ﬁg .
what is being heated, ‘
which might contain .

somethilnig that could

burn or melt. =
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