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About this manual •.. 

Preserving Food by Drying: A Math-Science Teaching Manual 
is the tenth in the "Appropriate Technologies for Development" 
series published by the Peace Corps' Information Collection 
and Exchange (ICE). Like others in the series, Manual 10 
presents technical "how to" information based on Peace Corps 
experience in development work in a format and language 
appropriate to field workers without previous specialized 
training. Though primarily designed as an informal syllabus 
for math and science teachers, this manual can be used out
side the classro')m setting as well. Its ·teaching approach 
is· "learning by doing," and the experiments are designed 
not just to demonstrate math and science principles but to 
broaden the learners' understanding of the relevance of 
these principles in the contextof their everyday lives. 

About Peace Corps 
and the Information Collection and Exchange •.. 

More_ than 85,000 Volunteers have served in some 83 countries 
around the world in people-to-people development projects 

ii since the Peace Corps began in 1961. Living and working 
at the grassroots level in villages and urban communities, Volun
teers learn the restrictions of high technology. They work 
with their host country counterparts, utilizing limited 
local resources, to implement innovative programs in agricul
ture, h~alth, education and o\.~erall community development. 
Thus, Peace Corps has been, in a sense, a field workshop in 
"appropriate technology" long before the term itself was 
adopted by the international development community. In 1975, 
the Peace Corps established the Information Collection and 
Exchange (ICE) to take the ideas and technical information 
derived from this experience and disseminate them in the 
form of manuals and other technical materials to Peace Corps 
Volunteers in the field and to others working at the grass
roots development level. 

A complete listing of all Information Collection and Exchange 
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publications and how to_obtain them is available from: 

Peace Corps 
Information Collect-ion and Exchange/OPTC 
806 Connecticut Avenue, N.W. 
Wash~ngton, D. C .• ~ 20525 

•II;. 

If you have prepared materials that can benefit others in 
the de·velopment world, please send them to us. Your technical 
insights serve as the basis for the generation of ICE 
manuals, reprints and resource packets and also ensure 
that ICE can provide requestors with the most updated, 
innovative problem-solving techniques and information 
availa"ble. 
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INTRODUCTION 

Preserving Food by Drying is a design for teaching science 
principles and mathematics concepts through a sequence of 
activities concentrating on weather, solar food dryers 
and nutrition. 

Part I concentrates on the effect .of the sun's energy on air 
and water: students learn about evaporation, condensation, 
radiation, conduction and convection. 

Applying these concepts to food drying, in Part II, students 
experiment to build the most effective solar food dryer for 
their locality. Emphasis is placed on using locally availa
ble materials and making the hardware needed. 

In Pa.r:t III, students use the food dryer they have built in 
experiments demonstrating the effect of drying foods and 
the importance of using proper drying methods. They then 
create balanced diets from the foods they have dried and 
compile information about food drying for the people of their 
cormnunity. 

The three parts each begin with an introduction and a diagram 
outlining the major concepts covered. Concepts are pre
sented through a constellation of activities designed to 
keep students actively involved and focu5ed. Background 
information is provided before each related group of 
activities. 

Each activity contains a brief introduction, a list of mater
ials needed, instructions for what is to be done, questions 
to ask the students while they are cicing the activities, 
instructions on what information the students should be 
noting as they work, and suggestions for discussion. By 
the middle of Part I, when students have become accustomed 
to the way the activities are organized, instructions for 
activities are somewhat less detailGJ. 

Sc-::~.ttered throughout the manual are suggestions enclosed in 
boxes; these are recommended for further study for students 
who show particulQr interest. A reference section is also 
provided1 with an overall listing of materials and/or equip
ment needed for each activity, and suq~jestions for alterna
tives. 

While Food Preservation by Drying is designed as a full :rear 
classroom course of study, any of the activities can be 
selected to enhance a standard curricula, to reinforce 
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learning in another subject such as agriculture or health 
science, or to encourage discussion in an informal or adult 
literary setting. Other ICE publications which might prove 
useful to ,teachers focusing classwork or community work on 
food preservation include: 

1. How to Make Tools ( #R 35) * 
2. Food Preservation Resource Packet (#P 7) 
3. Small Farm Grain Storage (#M 2) 
4. Agricultural Mathematics for Peace Corps Volunteers 

( #R 4) 
5. Visual Aids (#R2) 
6. Intensive Vegetable Gardening for Profit and Self

Sufficiency (#R 25) 

Like other ICE manuals, Food Preservation by Drying is designed 
to be used, adapted, modified and revised and it is you, the 
users in the field, who know best how relevant it is. ICE 
would appreciate your feedback, particularly in the following 
areas: 

Were the. materials for activities easy to acquire? 

Were your students able to use the open-ended, lack of 
step-by-step approach in developing problem-solving skills? 

What changes would you recommend in materials, activities 
or sequencing of activities? 

Please send any comments you have to: 

Information Collection and Exchange 
OPTC 
Peace Corps 
806 Connecticut Avenue 
Washington, D.C. 20525 

*How to Make Tools was prepared in conjunction with Food Preserva
tion by Drying and several of its sections have been included in 
the appendices on pp. 191to 213. However, if your students do 
not have access to tools such as saws, hammers, etc., Reprint 35 
provides directions for making all the basic tools necessary to 
build both small and large dryers. 
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PART I. WEATHER 

The activity lessons in this part provide 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 provide a basis for designing and oper
ating food dryers effectively. 

Part I is presented in two chapters. The first chapter includes 
activities about water and its relation to weather. The second 
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 small 
devices that are, in fact, simple models of food dryers. The 
concepts learned in the activities in this part are expanded 
in Part II and applied to the construction and testing of 
large food dryers. Part III supplies the rationale for pre
serving perishable foods by showing that good nutrition is 
possible throughout the year. 

sm~ 
t 

so Za:ro energy 

l 
radiation 

! 
heat absorption 

WEATHER 

air 

1 
conduction 

con1~ion 

! 
water eycZe 

! *Physics 
evaporation 

! *Meteorology 
dehydration 

The number of weather ideas to include or emphasize is depen
dent on the science skill level of the students and on what 
they have studied previously. This part concentrates on what 
could be called the "microscopic view" of weather, with empha
sis on developing a familiarity with evaporation and conden
sation, and how the presence of the sun's energy affects these 
processes in nature. The "macroscopic view", concerned with 
the influence of oceans and mountain ranges on regional weather 
patterns, is something that you can introduce if the students 
are unfamiliar with it. 
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At the conclusion of Part I, the students will be able to: 

1. name the three variables affecting the evaporation 
of water. 

2. vary the factors affecting evaporation to increase 
or decrease the rate of evaporation. 

3. make predictions about a system of evaporation when 
one or more variables are changed. 

4. use controls in experimenting, testing only one 
variable at a time. 

After reading through Part I, you may see some areas that need 
special attention because your students lack appropriate pre
paration. One approach is to proceed slowly through these areas, 
including additional activities from other sources wr.enever 
you find that your students need additional work. Another ap
proach is to precede this part with lessons on weighing, heat, 
displacement, etc. 

To help you plan for materials, in the Appendices there is a 
chart showing everything needed in Part I. The chart lists 
all the activities where each item is used. From this chart, 
you can quickly see which materials are often used, and which 
materials are only needed for«a few activities. Alternatives 
for many materials are also shown. 

Alternate activities for students with particular interests 
and abilities are offe.red throughout the unit. Some of the 
activities involve expanding studies of solar devices such 
as a solar still. The distilled water produced could be used 
later in the food preservation and preparation activities in 
Part III. 

A number of the activities in Part I could be conducted 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 interested in weather, they could inde
pendently conduct the activities each season. 



CHAPTER 1. WATER 

BACKGROUND INFORMATION ON EVAPORATION 

The sun's energy is useful to us in many ways. One of them 
is in the evaporation, transportation and condensation of 
water. This is known as the water cycle. 

As water absorbs the sun's energy, it is warmed and evaporates; 
it changes from liquid to gaseous water vapor. The rate of 
evaporation depends on: 

1. the temperature of the water. 

2. the area of water exposed to air. 

3. the ability of the air to hold more water vapor. 

When other substances such as salt or dirt particles are dis
solved or mixed with water, they are left behind when the 
water evaporates. Distillation is one process of purifying 
water whereby water is caused to evaporate, leaving behind 
impurities, and then cooled to condense the pure water. Rain 
is essentially pure water that has evaporated from lakes, 
oceans, soil, leaves of plants, etc. and has condensed in 
the air high above the earth. 

These concepts are developed in the activities. Some of the 
devices used in these activities can be enlarged and used 
la~er during the food preservation and preparation activities. 
You may want to expand the activities to develop weather 
studies or follow the suggested sequence to lead more directly 
to the development of food dryers. If the science students 
have studied weather previously, you can ask them to summarize 
their knowledge during discussions. 

Aetivity I-1 EVAPORATION OF WATER 

This activity begins the study of evaporation. Students ex
plore what happens when water is allowed to stand exposed to 
air under different conditions. The students discover or re
affirm that water evaporates at a rate that can be varied by 
changing the conditions in which the water is stored. surface 
area, purity of the water, and temperature are each varied 
separately. Each of four groups sets up a different evapora
tion experiment. (You may want to alter this arrangement.) 
Containers of water are allowed to stand over a period of 
several days. The students observe them each day to determine 
how much water has evaporated~ Throughout questioning and 
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the discussions of the process, encourag~ record keeping as 
well as writing descriptions of experiments. The records can 
be used during discussions and for future reference. Secon
darily, they provide practice in communication skills. 

Measuring the volume of water is required in this activity. 
Students who do not have much experience with the manipula
tion of measurin9 vessels may need an extra class period to 
develop a concept of ~he hierarchy of measuring units. For 
example, they could pour water from one container to another, 
using a variety of containers, until they find relationships 
such as: 

15 bottle caps full = 1 small tomato tin 

3 small tomato tins = 1 large tin 

Measuring units developed by the students may be more immediate
ly understandable than standard metric or English units. Also, 
it may be more practical if the supply of standard measuring 
devices is limited. Developing a system of measurement using 
available containers and other materials assures that each 
group of students can have a set of equipment for the activi
ties. Conversion tables for the student-developed system to 
metric units and to English units can be developed and posted 
for use. 

For these experiments, the class should adopt a unit 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 you can find out about how much water 
to use. It varies a lot in different localities, depending 
on the humidity and on whether or not there is much movement 
of the air near the surface of the water. 

Many tins are needed for this activity. 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. 
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Material-s 

Size of each sub-group 

Tins of various sizes and dishes or trays 

Tins of the same size 

Water 

Measuring spoons, cups, tins, bottle caps, 
etc. as needed to measure the amount of 
water you have found appropriate 

Means for labeling the tins, such as 
paper; and cement, elastic bands, or tape 

Cloth 

Small stones 

Rulers marked in centimeters 

Paper 

Salt 

Sugar 

Cooking oil 

Source of a smoky flame, such as a 
candle or paraffin lamp 

Matches 

Sunlight 

Gr(up 

One Two Three Four 

2 2 3 3 

6 

4 4 2 

X X X X 

X X X X 

X 

2 

3 

X X X 

6 1 1 1 

X 

X 

X 

1 

X 

X X 

Divide the students into four groups. However, if your class 
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. Each 
sub-group should 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 11 X" can be shared by everyone or by several 
sub-groups. 
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Pro~edure for Group One Choose several tins of different di
ameters, and some dishes or trays. On a piece of paper, trace 
around the top of each container. Save these tracings because 
they will be used in Activity I-2. Into each container, pour 
one measure of water. With a ruler, measure the diameter of 
the container and write it down. Measure how many centimeters 
deep the water is in each container. 

Is the water the same depth in each container? 

Which container has the deepest water? 

Which container has the shallowest water? 

~es each container have the same amount 
of water? 

Which container has the largest area inside 
the tracing on the paper? 

Do you think there will be any change in the 
amounts of water in these containers tomorrow? 

Put the containers in a shady place where they will not be 
disturbed. 

Day 2 

How deep is the water in each container today? 
Write down the measurements. 

Which container do you think will have the 
most water after another day? 

Which container do you think will have the 
least water after another day? 

Pro~edure for Group Two Choose four tins of the same size. 
On a piece of paper, trace around the top of one of them and 
save it for Activity I-2. In the first tin, put one measure 
of water. In the second tin, put one measure of water and a 
quarter (~) measure of salt. Stir. In the third, put one 
measure of water and a quarter measure of sugar. Stir. In 
the fourth, put one measure of water and a quarter measure 
of cooking oil. Stir. Label the tins. Measure how many 
centimete~s deep the liquid is in each tin. Write these 
measurements down. 

Do all the tins contain the same amount? 

Which tin has the deepest liquid? 

Do any of the tins have the same depth of liquid? 
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Do you think there will be any change in the 
amounts of liquid in these tins when we measure 
them tomorrow? 

Put the tins in a shady place where they will not be dis
turbed. 

Day 2 

How deep is the liquid in each tin today? 
Write down the measurements. 

Which tin do you think will have the most 
liquid after another day? 

Which tin do you think will have the least 
liquid after another day? 

Is there any difference in the appearance of 
the tin that has salt dissolved in it and the 
tin with sugar dissolved in it? 

Proaedure for Group Three Choose four tins of the same size. 
On a piece of paper, trace the open top of one of them to 
use in Activity I-2. With a smoky flamb, cover the outside 
of two of the tins with soot. Then pour one measure of water 
in each of the four tins. Measure how many centimeters deep 
the liquid is in each tin. Write these measurements down. 

Do all the tins contain the same amount? 

What do you expect will happen to the water 
in the tins? 

Place one black and one shiny tin in sunlight and one black 
and one shiny tin in the shade. Place the tins so they will 
not be disturbed. If they are likely to be disturbed out
doors during the night, bring in ?11 the tins that are kept 
in sunlight indoors each night and put them in sunlight again 
each morning. 

Day 2 

How deep is the liquid in each tin today? Write 
down the measurements. 

Which tin do you think will have the most liquid 
after another day? 

Which tin do you think will have the least liquid 
after another day? 

Do any of the tins have the same depth of liquid? 

--------------------------------------------------------
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Proaedure for Group Four Choose two tins of the same size. 
Trace the top of one of them on paper to use in Activity I~2. 
Cut two round pieces of cloth about three times the height of 
the tin from the same piece of cloth. They need not be exactly 
round. Each sub-group in Group Four should use a different 
kind of cloth for its pair of tins if possible. Make a hole 
in the center of each cloth large enough so the open end of 
a tin can fit into it. Next, choose two trays or wide bowls 
that are several centimeters deep. As support, put three 
small stones, or a small short tin with a hole punched in its 
bottom, into each bowl. A tin will stand on this support. 
Put one cloth 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. 

Into one bowl, pour almost enough water to cover the support. 
Leave the other bowl dry. Put each tin, with its cloth, 
into a bowl so it stands on the three stones or on the short 
tin. The cloth should drape into the bottom of the bowl. 
Pour one measure of water into each tin. 

aZoth -----JIO 

string tying 
aZoth to tin 

measured 
.amount of 
water 

~~~pectivc view 

DIAGRAM 1 
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Measure how many centimeters deep the water is in each tin. 
Write these measurements down. 

Does each tin have the same amount of water? 

Do you think there will be any change in the amounts of 
water in these tins when we measure them tomorrow? 

Does the cloth with its lower edge in the water become 
wet all over? 

Place both bowls and tins in a sunny location. Carry them 
carefully indoors each night and put them in sunlight again 
each morning if they are likely to be disturbed outdoors 
during the night. Pour extra water into the wet bowl as it 
is needed to keep the edge of the cloth in water. Do not 
add water to the tins. 

How deep is the water in each tin today? 
Write down the measurements. 

Is anything else different between the 
water in the two tins? 

Have you any theories about how the water 
in the bowl changes t.he rate of water loss? 

Teaching Method Alternatives 

The first day, the students will be occupied setting up the 
equipment. On the last day, there will be comparison and 
discussion of results. During the intermediate days only 
enough time ~ill be needed for the students to observe the 
liquid in each container and ~rite do~n their measurements 
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 something else 
with the students. Here are two suggestions of what to do: 

1. Have each group show the others their experiments 
each day. This will give everyone a chance to know 
what each group is doing, and to make their own gues
ses about the results of each group•s experiments. 
If your class is already used to comparing and dis
cussing their results, this alternative will work 
out well. If the students are not ready to exchange 
information as outlined above, begin Activity I-2 
with whatever extra time you may have in these in
termediate days. 
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2. Begin Activity I-2. In this activity, the students 
make use of the tracings they make the first day of 
t~e sizes of the tins or other containers. They find 
the area of these ~racings, and they also find the 
area of other things. 

Note: The discussion after Activity I-2 uses the results got
ten by Group One, I-1, and some of the results from the other 
groups. Therefore, the discussion of I-2 should not be begun 
before the students have finished Activity I-1. 

Discussion of Activity I-1 

At the end of the activity, have each group report their find
ings to the class. These should include: 

1. Amounts of liquid in each container or tin each day. 

2.. Comments about which predictions were correct or not, 
and ideas that led to these predictions. 

3. Each gi·oup's conclusions resulting from their measure
ments and other observations. 

During the discussion, introduce the term 'evaporation' after 
the students have described the concept. 

The rest of the class should have a chance to consider the con
clusions of each group, and to form a tentative opinion con
cerning whether each experimental situation is satisfactorily 
understood. You should allow groups or individuals to do any 
of these experiments again if they express interest. Tell the 
students that the next experiments will help them become more 
familiar with evaporation. 

Ask the students if they are aware of situations in nature where 
evaporation occurs. If some situations are mentioned, ask if 
these vary with the time of year. 

Activity I-2A AREA 

This activity provides a brief look at the concept of area which 
is needed to understand that evaporation of a given volume of 
water will be more rapid if it is spread out more. The concept 
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. 
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Materaiats 

Sub-group size: This activity 
can be done by each student 
individually. However, you may 
decide to have the students work 
cooperatively in the same sub
groups formed for Activity I-1. 

Grid paper with 1 centimeter 
squares. You can have students 
make this, or you can produce 
it with a hectograph or 
cyclostyle or other copying 
device. 

Samples of the tins, 
trays and dishes used 
in the first activity. 

Tracings of tins, trays, 
dishes from the first 
activity. 

Rulers marked in cen
timeters. 

Scissors or razor blades. 

Pencils. 

The squares on the grid paper are 1 centimeter on a side. 
The area each square covers is 1 square centimeter. Have the 
students trace around the top of a container used in the first 
activity, or cut out a tracing from the first activity and 
draw around it on the grid paper. 

How many square centimeters are inside the tracing? 

A good approximation can be made by first counting all the 
squares that are completely inside the tracing line, and then 
adding an estimate of the area of squares that are partly in
side the line. Encourage your students to try different ways 
of approximating the area accounted for by squares that are 
only partly inside the tracing. 

Find the area of the open tops of all the sizes of tins, trays 
or dishes used in the first activity. Students who do not 
have tracings ·can trace around the containers they used in 
the first activity. Have the students make a list of these 
areas, starting with the largest, then the next-to-the-larg
est,and so on,with the last area on the list being the smal
lest. Have this list saved because it will be used in a 
discussion later. 



.. 
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Further Study 

1. Estimate the area of a circle. Draw 
a 10 centimeter radius circle. Its 
radius is 10 em, therefore its 
diameter is 20 em Make a square 
around this circle. 
Its sides each have 
a length of 20 em, 
the same size as 
the diameter of the \ ) 
circle. The area ~ ~ 
of the square is 20 2 em by 20 em, or 400 square em. Aa = D 
Now make an estimate of the area of the 
circle. Some possible estimates could 
be: 

What is yours? 

2. Check your estimate of the area of the 
circle. Make a grid sheet out of the 
piece of paper that has the circle and 
the square drawn on it. Your squares 
should all be the same size but you 
can choose any size squares between 1 
em and 4 em on a side. Count how 

3. 

4. 

many are in the circle and how many 
are in the square. 

squares in circle 
squares 1n square Aa 

Compare the area of ? 
the circle you get Ao = :_A a 

? with your estimate 

The exact formula for a 
circle can be written as: 

Ao = 1\r 
or 

Ao 

Since n2 = A , the area of 
a circle can also be written: 

Ao = '(A 
4 

2 

Compare your estimate of the area of the circle 
with the exact formula. 

(It' 1s pronounced "pie". Its value is about 3, 
which is close enough for most practical use). 
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You can find the percentage difference 
between your estimate and the exact 
area this way: 

% diff. = your area - formula area x 100 formula area 

If the answer is positive, your estimate 
was larger than the exact area; if 
negative, your estimate was smaller. If 
your estimate was within 10% of the 
exact area, it was an accurate enough 
estimate for most purposes. 

Activity I-2B AREA 

Finding the area of parts of the human body is a way of devel
oping skills in estimating surface areas. 

Materials 

Sub-group size: Students can 
work individually or in sub
groups. 

Pencils 

Grid paper with 1 centi
meter squares. 

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 the area of all the skin on 
their hands. 

What is the area enclosed in your tracing? 

What is your estimate for the area of all the skin 
on your hand? 

How did you decide on your estimate? 

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 namP. on the 
list is the student whose tracing has the largest area. Now 
have the students add each person's estimate of the area of 
all the skin on their hand to this table. 
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Estimating Total Hand Area 

Name Area of tracing Estimate of total 
of hand hand area 

Which estimates seem accurate when compared to the 
rest of the estimates? 

Which estimates are very different from others 
nearby on the list? 

Which is more correct? 

Have the class consider each estimate that deviates a J_,_, •• from 
surrounding estimates to decide whether it is more accura~e 
or less accurate than the others. 

The area of the hand is approximately one hundredth of the 
total skin area of the body. 

Further Study 

The body's area can be approximated also 
by wrapping cylinders of paper around the 
arms, legs, trunk and head. Then 
calculate the area of the paper used. 

This activity can be tied to health 
studies by discussing the body's 
evaporative process: sweating. 
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Discussion of Activities I-1 and I-2 

Direct a discussion in which students 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 
in sunlight each day. As a way to focus the discussion, the 
following table could be placed on the blackboard and be filled 
in by students from each group. Use the list of areas which 
was prepared in Activity I-2A. This starts with the largest 
area and ends with the smallest. 

Comparison of Area of Open Top to Time 
Necessary for Complete Evaporation 

' Number of Number of 
Description Area of days to centimeters What was 

of open top completely deep when in each 
container evaporate experiment container 

in the 
,:;:h.<~iJP 

started 
1--

Note that in this experiment the number of measures of water 
put in each container was the same. 

Do the results show any relationship between area and 
time for the water to evaporate? 

If so, what is it? 

If so, what cases don't seem to fit the relationship? 

Does the height of the sides of the container affect 
the rate of evaporation? 

Are there any containers where the area of the open 
top is larger or smaller than the area of the liquid's 
surface? 
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If so, does this have any effect? 

If water was not the only thing in the tin, was 
there any change in the rate of evaporation? 

Further Study 

1. Make a graph of days to evaporate 
versus square centimeters of area. 

2. Do the Group One experiment again but 
this time (a) put the same depth of 
water in each container or (b) use 
tins of the same diameter but with 
different heights or (c) use tins 
of various diameters but with the 
same height. See how many days it 
takes for the containers to become 
empty. Tabulate the results in a 
similar way and discuss them. 

BACKGROUND INFORMATION ON BOILING 

,One way to increase the rate of evaporation is by heating 
the liquid. This was illustrated in Activity I-1 where Group 
Three and Group Four put tins with water in sunlight and found 
that the water evaporated faster in 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 drying 
clothes, ironing clothes and cooking food. 

If enough heat is applied to water, it 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 dissolved 
in the cool water. Therefore bubbles form as the water be
comes warmer. Knowing that air dissolves in water helps in 
understanding that water can dissolve in air, which is what 
has been happening in the evaporation experiments you have 
been doing. (Realizing that air is able to dissolve in water 
also helps in understanding how fish can breathe without 
coming to t~e surface of the wate~) The idea that tempera
ture has an effect on how much of one substance can be dis
solved in another will be worked with in future activities. 
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When the water becomes quite hot, bubbles of water vapor are 
formed where the water is in contact with the part of the 
container that is being heated by the fire. At first, they 
change to water again as they rise through the somewhat cooler 
water near the surface. Sound comes from the container, but 
the bubbles of vapor are not reaching the air. If heat con
tinues to be supplied, all the liquid becomes hot enough so 
the bubbles reach the surface and the vapor in them mixes 
with the air. This process is called boiling. 

Activity I-3A HEATING WATER 

In this activity, a tin of water is placed over a fire and 
heated. The water becomes hot and boils until no liquid is 
left. 

Materials 

Sub-group size: Two or three 
students. All the sub-groups 
follow the same procedure. 

Heat source: 
Charcoal cooker and charcoal 
or three stones and firewood, 
and a metal grating or other 
support so tins of various 
sizes can be put over the 
fire. Two or three sub-groups 
can use each fire. 

Tongs or cloth to lift tins 
on and off the fire. 

Tins of various sizes. 

Alternate heat source: 
Burner and paraffin or 
gas, and support for tins. 
One for each sub-group. 

Watch or other timer such 
as a pendulum made from a 
stone hanging on a piece of 
wire about two meters long. 
This swings about forty-two 
times each minute. All the 
sub-groups can use the same 
timer. 

Matches. 

If the heat source has a large hot area like a charcoal burner 
or a fire, you can assume that the heat is being applied to 
the entire bottom of the tin. Each sub-group· should make a 
chart like this to collect their results. 
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Time Required to Heat and Change Water to 
Vapor in Various Size Tins or Containers 

Diameter Number of seconds Number of seconds Number of seconds 
of tin or swings until or swings with or swings boiling 
in em sound comes from sound but not yet until water is 

tin boiling gone 

--

Choose several tins with different diameters. Measure the 
diameter of each tin and write it on the chart. Estimate 
the diameter of the fire or charcoal burner. To be sure the 
assumption is true, all of the tins should have diameters 
smaller than the hottest part of the fire. 

If the heat source is a small hot flame like a paraffin pres
sure stove or a bunsen burner, you can assume that all the 
heat supplied by the flame is reaching the bottom of the tin. 
Each sub-group should make a chart like the one shown above 
to collect their results. 

Estimate the diameter of the area heated by the burner. Choose 
several tins with different diameters. To be sure the assump
tion is true, all of the tins should have bottoms larger than 
the area heated by the burner. Measure the diameter of each 
tin and write it on the chart. 

In each tin, put the same amount of water that was used in 
Activity I-1. Note tim~ or start the pendulum swinging. 
One person from each sub-group should be watching the watch 
or pendulum to keep track of how many seconds or swings of 
the pendulum it takes for the water to heat up and boil until 
it is gone. Put a tin on the fire. 

Do you have any theory to explain the differences 
in time that you have measured? 

Is the same amount of heat reaching the water in 
each tin? 

Do you think the area of the bottom of the tin 
affects the time it takes for all the water to 
heat and change to vapor? 
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Do you think the area of the surface of the water 
affects the time it takes for all the water to heat 
and change to vapor? 

Can the results of another sub-group help you? 

Do you need to do another experiment before you 
can be sure what affects the boiling time? 

At the end of this activity, there should be agreement that 
water changes to vapor much faster when it is heated and boiled 
than when it is kept at room temperature. If the students 
have become involved in this activity, there may be argument 
as to which makes more difference in how quickly the water boils 
away: the diameter of the bottom ofthe tin, or the diameter 
of the surface of the liquid. You may decide to do the same 
activity again, using containers with walls that are not ver
tical. Some possibilities are frying pans, teapots, Ehrlenmeyer 
flasks, and tins where you have bent the walls inward so that 
the surface of the liquid is much less than the size of the 
bottom. Information gained by using these containers will 
allow the arguments to be resolved. 

Further Study 

A thermometer is needed with a range that includes 100° 
centigrade and which has a heat-sensitive part that 
can be put into water. 

Heat some water over a burner or small fire. As the 
water is heated, measure its temperature very close 
to the bottom, in the middle, and just below the surface. 
Take these three measurements every two minutes (about 
84 swings of the pendulum). Make a note on your 
measurements to remember (a) when sound begins to come 
out of the liquid, and (b) when bubbles begin reaching 
the surface. Stop taking measurements eight minutes 
after the water begins boiling. 

Make a graph of temperature in degrees centigrade versu3 
time in minutes. Plot the three measurements on the 
same graph. Also mark the times (a) and (b) on the 
graph. 

Report your results to the rest of the class. 

CAUTION: Make sure the heat source does not set you on 
fire. If you are using a glass thermometer, avoid 
resting its bulb on the bottom of the container because 
the heat may crack the glass. If you need something to 
lean it on while measuring the water temperature very 
close to the bottom, put a pebble in the container. 
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Activity I-38 HEATING WATER 

In this activity, a tin of water is placed over a small fire 
and heated. The water becomes hot enough to begin making a 
sound but not hot enough to boil. The fire or the position 
of the tin is adjusted to keep the water this way. 

MateriaZs 

The materials and sub-groups 
are the same as in Activity 
I-3A. 

Use the same amount of 
water in the tin as was 
used before. 

The time that it takes for the water to disappear should be 
measured using a watch or by counting swings of the pendulum. 
The depth of the water should be measured at regular intervals 
such as every five minutes so that if all the water has not 
changed to vapor in the time you have available, an estimate 
can be made of how much more time it would have taken. (An 
alternative, if this happens, is to cover the tins tightly 
to keep the remaining water inside and continue the activity 
another day. ) 

As soon as each sub-group has their tin on the fire, 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 hand the day you plan to dis
cuss the results of this activity. 

Time Required for Water to Change to Vapor 
in Various Open Tins or Containers 

Diameter of At room In the sun With With water 
tin in em. temperature during water hot boiling 

(Act. I-1) the day but not (Act. I-3A) 
(Act. I-1) boiling 

(Act. I-3B) 
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Do you think that any of your water has changed to vapor? 

What evidence do you have that some of your water has 
changed to vapor? 

How much time did it take for half of your water to 
change to vapor? 

How much time did it take for all of your water to 
change to vapor? 

Discussion of Activities I-JA and I-JB 

Have the students fill in the parts of their charts that need 
information from previous activities if they have not already 
done this. Meanwhile, have a student make a large chart on 
the blackboard. Then have students from different sub-groups 
put some of their information onto the chart on the blackboard. 
When the chart is filled with their results, ask the students 
questions such as: 

Which column refers to water that was kept at the 
coolest temperature? 

Which water was hottest? 

Which water was next-to-the-coolest? 

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

Can you establish a range of time in which you 
would expect water to chance to vapor, for the 
conditions in each column of the chart? 

A lot of discussion may arise if there are large differences 
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 understanding of the relationship be
tween temperature and the rate of change of liquid water to 
water vapor, some results which may have puzzled them should 
become clear. 

By the end of this discussion, the students should agree that 
increasing surface area tends to speed up evaporation and that 
increasing temperature also tends to speed up evaporation. 
Also, decreasing either of these tends to make evaporation take 
place more slowly. 

I 
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* * * 

The following activities concentrate on changing wateL 
vapor to liquid water·. 

Activity I-4A CONDENSATION QF WATER VAPOR 

It is hard to believe that something exists when you cannot 
see it, feel it or smell it. This problem exists with water 
vapor when it is completely dissolved in the air. When 
people see fog, or 11 Steam 11

, coming from the spout of a tea 
kettle, they are looking at a mixture of tiny droplets of 
liquid water mixed with air and with water vapor. It is the 
tiny droplets of liquid water that are visible. As soon as 
all the tiny droplets are dissolved in the air, nothing is 
visible. 

In this activity, the students heat water to produce water 
vapor. Then they collect some of the vapor on nearby sur
faces. 

Materials 

Size of each sub-group 

Hottles or jars made of clear glass, 
not colored glass 

Elastic bands that can stretch 
around the bottles or jars 

Water 

Sunlight 

Pieces of white paper, black paper 
such as carbon paper, and various 
other colors including metal foil 
if available 

Lids or caps for bottles or jars, 
or use plastic and elastic bands 

Scissors or blades to cut paper and 
plastic 

Group 

One Two ThreE Four 

2 2 2 2 

3 2 

6 4 1 

X X X X 

X X 

3 4 1 

3 2 

X X X 
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Materials (cont'd.) 

Candles or burners using paraffin or 
gas that can produce a small flame 

A heating stand to support each tin 
that is heated by a candle or burner 
(See Appendix H for a procedure for 
making heating stands from tins.) 

Matches 

Drinking glasses 

Small pieces of wood to support the 
glasses 

Tins with small enough diameters to 
fit inside the drinking glasses. 
Each tin should be taller than the glass 
it is used with 

Tins of various sizes 

Pieces of transparent plastic large 
enough to cover the tops of the 
tins used by Group Four 

Several nails of different sizes for 
making round holes in tins (See 
Appendix B for a procedure to make 
a round hole in a tin.) 

Watch or other timer 

r-------------------------·; 
Group 

One Two Three Four 

1 

1 

X X 

1 

1 

1 

1 

1 

X 

X X X X 

Divide the students into four groups. Students should stay in 
the same group for this activity and Activities I-4B and 4C. 
For each group, these three activities form a series. In 
discussions, each group will tell the 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 work 
in pairs. Look at Activities 4A, 4B and 4C now. 
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You may have to adjust how many sub-groups you have in each 
group 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 class as 
follows: 

Number of students Number of sub-groups 

Group One 10 5 

Group Two 10 5 

Group Three 8 4 

Group Four 8 4 

In this way, each sub-group in Group Three and Group Four 
would have a heating stand, yet all of the sub-groups 
would have only two students each. 

The quantities shown in the materials list are what one sub
group needs. Multiply by the number of sub-groups you have 
Items shown with an "X" can be shared by the class or by 
several sub-groups. 

Procedure for Group One Choose paper of different color for 
each bottle used. Each 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 should be about half the 
circumference of the bottle. 

Put a little water in the bottle and put a lid on it. Shake 
the bottle, then loosen the lid and let the water drip out. 
Tighten the lid. There should be some drops of water on the 
inside of the bottle. 

Do you think the air inside the bottle contains a 
lot of water vapor or very little water vapor? 

Dry the outside of the bottle 
and attach a piece of paper to 
the bottle. Put the bottle in 
the sun as shown in Diagram 2. 
Sunlight should reach both the 
paper and the part of the bottle 
that is not covered by the paper. 
Take note of the time so you 

'I 

DIAGRAM 2 
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can look at the bottle after five minutes, and again after 
ten and fifteen minutes. Do the same thing for each bottle. 

What do you see inside the bottle after five minutes? 

Has it changed any after another five minutes? 

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 difference between what is on the 
inside of the walls of the bottle in different 
places? 

Can you feel any difference in the temperature 
of various parts of the bottle? 

Procedure [or 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 different colors such as red and green, 
black and silver, light green and dark green, etc. Each piece 
of paper covers half the cylindrical part of the 
bottle, as shown in Diagram 3. Sunlight 
should strike each piece of paper equally. 
The paper will have to be partially 
removed to look inside the bottle 
after five minutes. The position 
of each piece of paper on the 
bottle should not be allowed to 
change while this is being done. DIAGRAM 3 

Procedure for Group Three Choose a small tin and a drinking 
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. Measure a small amount of water and put 
it into the tin. Heat the water with a small flame so the 
water is hot but not boiling. If there is a breeze, have the 
open part of the heating stand face away from the flow of 
air so the flame is disturbed as little.as possible. 

Place the glass over the tin. Note the time and look at the 
glass after five minutes, ten minutes and fifteen minutes. 

Do you think the air inside the tin contains a lot of 
water vapor or very little water vapor? 

What do you see inside the glass after five minutes? 

Has it changed any after another five minutes? 
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I 

Do you think there is any difference between the 
temperature of the glass and the temperature of 
the tin? 

After fifteen minutes, examine the glass again and remove 
it from the tin. Measure the amount of water in the tin. 

/ 

Did a measurable amount of water leave the tin? 

If so, wha~~ntage of the water changed to 
vapor and left the tin? 

\\--------drinking 
glass 

heating--------------~~, 
stand 

n----theating 
stand 

Gross-sectional vtew 

DIAGRAM 4 
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Proaedure for Group Fou~ 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, at1d · 
the hole in the side does not need to be round. However, 
if you want to be ready for the next activity, use a tin 
that is large enough for a tea 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 it. (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 
circumference 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. Measure 
a small amount of water and put it into the tin. Then put 
a piece of transparenr. plastic over the open top of the 
tin and hold it 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. 

bands 

DIAGRAM 5 

water ------------~-

heating ------11 
stand 

i 
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~ 
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Heat the water with a small flame until the water is hot but 
not boiling. The heat should be adjusted to keep the water 
hot but not boiling throughout the activity. When the water 
becomes hot,take note of the time and look at the transpar
ent plastic to see if any change has occurred. Look at the 
plastic again after five minutes, ten minutes and fifteen 
minutes. 

Do you think the air inside the tin contains a lot 
of water vapor or very little water vapor? 

What do you see inside the plastic after five 
minutes? 

Has it changed any after another five minutes? 

Do you think there is any difference between the 
temperature of the transparent plastic and the 
temperature of the tin? 

After fifteen minutes, look at the plastic again and remove 
the heat. Take the plastic off the tin. Then measure 
the amount of water in the tin. 

Did a measurable amount of water leave the tin? 

If so, what percentage of the water changed to 
vapor and left the tin? 

If there is enough time, each group can show the others 
their experiment. This will give everyone a change to 
know what each group has been doing. However, there are 
two more related activites to be done before the students 
will have enough information for a discussion in which 
they compare their results and summarize what they have 
learned about evaporation and condensation. 

Further Study 

To the water add some color such as 
ink or use dark vinegar instead of 
plain water for all groups in 
Activity 4A. 

Note which water ~s clear and which 
water is colored after about ten 
minutes. -[--··- ----- ---- --·· -·· - -- -·· -·- ··---. -- ··--- . . -,-- ··---- ---- .. 
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Teaching Method Alternatives 

In the last activity, droplets of water formed on surfaces 
within a few minutes after starting the activity. Perhaps 
enough water collected on the drinking glass so that some 
drops fell off the edge of the glass. However, no effort 
was made to collect the water that condensed. In this 
activity, the equipment is adapted so the condensed water 
can be collected. 

Depending on your educational objectives~ you have a choice 
of methods in this activity and the next activity. 

1. Student Investigation. Tell the 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 judgement 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: 

Which group can produce the sun-powered device that 
collects the most water? 

Which group can produce the flame-powered device 
that collects the most water? 

Some of the students 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 "distillation" section of 
science texts. 

2. Guided Learning Continue with Activities I-4B and 
4C as they are outlined here. This way of managing 
the class reaches understanding of the science con
cepts more quickly than the student investigation 
method and is best for students who are required to 
cover all the material in the syllabus because they 
have to attempt an external examination at the end 
of the year. However, this method is not as effective 
in producing people who can put what they have learned 
to practical use after they have left school. This 
is because directions for what to do, and the pres
sure to do it, are being supplied by the teacher and 
the school. School leavers are left with little prac
tice in deciding on their own projects, and then car
rying them through, which are skills valuable in 
applying knowledge in real situations. 
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As much flexibility as possible for making decisions 
has been included in the directions for making equip
ment used in activities. Exact sizes are rarely spe
cified. Judgement is therefore necessary to make 
equipment with proportions similar to what is shown 
in the diagrams, and learning experiences occur by 
seeing whose equipment works best and thinking about 
why differe11 "'es in size may have c:.aused differences 
in function. In these ways the guided learning method 
can develop some skills not ordinarily considered 
necessary while remaining acceptable to students, 
teachers and administrators. 

Aativity I-4B CONDENSATION OF WATER VAPOR 

If you use Method 1, the students will be occupied building 
and trying out the alternatives that they think of. 

If you use Method 2, it will take only a short time for the 
students to get their devices working. Then there will be 
some time when they have nothing to do. During this time, 
you could have each group describe Activity I-4A to the 
rest of the students. Another thing you can do is to begin 
Activity I-5 which is about relative humidity. That 
activity requires very little equipment. Near the end of the 
time available, they will see how much water has collected, 
and will write down their measurements. 

Materials 

Size of each sub-group 

made of clear glass. Some of Jars 
them must have the same size mouths. 

tic bands Elas 
arotm 

that can stretch 
d the jars 

Sunl ight 

es of paper of various colors, or Piec 
asmo 
last 

ky flame or paint as used in the 
activity 

Group 

One Two Three Four 

2 2 2 2 

1 2 

2 2 

X X 

1 1 
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Materials (cont'd.) 
' 

Lids for the jars or use plastic 
and elastic bands 

Absorbent cloth such as from an 
undershirt or singlet or paper 
which is very absorbent 

Tea glasses or small tins th.at 
will fit inside some of the other 
jars and tins 

Water 

Books or pieces of wood to use 
as a support 

Scissors or razor blades for cutting paper, 
cloth and plastic 

Tins with a round hole in the side 

Tins with a hole in the side, 
where the hole need not be exactly round 

Candles or burners, and heating stands 
as used in the last activity 

Tops from small tins to make a stand 
inside tins being heated, or small stones 

Outer tube of Bic pen or hollow bamboo branch 

Tins of various sizes 

Pieces of transparent plastic to cover tops 
of tins 

Small stones, coins or washers to use as 
weight at the center of plastic pieces 

Matches 

Watch or clock 

One Two 

1 

1 1 

1 

X X 

1 

X X 

X X 

Group 

Three Four 

1 1 

X X 

3 

X X 

1 

1 

1 1 

1 1 

1 

1 

1 2 

1 1 

X X 

X X 
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In this activity each group uses equipment that is quite 
similar to what they used in Activity I-4A, but this time 
the water vapor condenses into droplets that are collected 
in a separate container. 

Proaedure [or Group One A tea glass or a very small tin 
is placed inside a jar. The outside of the tea glass or 
small tin is coated or painted or covered with paper of 
whatever color the students have decided works best. A 
measured amount of water is placed inside the tea glass or 
small tin. Then a piece of very absorbent paper or cloth 
is placed so it sticks to the inside wall of the glass or 
tin. Cloth that makes a good wick works well. One part 
of the cloth or 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 lid or with plastic held by an 
elastic bane. The inside of the jar should be dry when this 
is done. 

soot, paint 
or aolored 
paper 
outside 

+----support 

Cross-sectional view 

DIAGRAM 6 

Without spilling 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 available, have the students 
examine the jar. 

Did any droplets of water collect on the inside 
of the jar? 

Did enough water collect to accumulate at the 
bottom of the jar? 

If so, what percentage of the water changed to 
vapor and then condensed on the jar? 
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The students should record the amount of time the jar was in 
sunlight and the amount of water that collected in the jar, 
if it was enough to measure. They should also note any other 
details so they will be able to describe what happened. 

Procedure [or Group Two Two jars are placed together so they 
form one container. Their mouths must be about the same size. 

colored 
coating on 
outside of 
this jar 

~ 

cZoth 

Cross-sectional view 

DIAGRAM 7 

If the mouths are not quite the same size, something such as 
clay or cioth can be stuffed into the gap. If only a few jars 
are available, one jar and one tin can be used. 

Prepare one of the jars or the tin the same way that the tea 
glass or small tin was in the Group One activity, with water 
and a wick inside, and colored paper or other coating outside. 

Place the two jars, or the jar and the tin, in sunlight with 
their mouths together. Note the time. Near the end of the 
time available, examine the jars. 

The questions to ask and the measurements to make are the same 
as for Group One. 

cZeazo 
gZass 

Procedure for Group Three A tin with a measured amount of water 
is heated with a small flame. Inside the tin is a tea glass 
or a tiny tin, supported by a stand. The stand can be made 
from the top of another tin. It should have a somewhat smaller 
diameter than the tin it is placed in. Bend the edge of the tin 
top in three places as shown in Diagram 8. Three small stones 
inside the tin can be used as a stand also. 

DIAGRAM 8 

stand made 
from Zid of a 
tin with three 
edges bent 
downwards 
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Make a hole near the top of the tin. It doesn•t have to be 
roWld. Attach a paper strip and a piece of transparent plas
tic to the tin, as was done in Group Four in Activity I-4A. 
At the center of the plastic, put a coin or a small stone so 
that the plastic is lower at the center than elsewhere. 

----=-- -~ -
plastic t -- 4- ·- --- J ( 

small 
hole 

" r 
. 
' 
'· ., 

J 

~ ' . ':./•II IK ./'I' 

~). 
lf 

I 

li 
·\ 

heating ~ I l ( 

stand ~- \) ! ~ 
:, 
~ I 

l 
f 
1,· ~] 

*' r-

Cross-sectional view 

DIAGRAM 9 

--smal:l 
stone 

tea glass 

stand 

smal:l 
source of 
heat 

Heat the water with a small flame until the water is hot but 
not boiling. The heat should be adjusted to keep the water 
hot but not boiling throughout the activity. When the water 
becomes hot, take note of the time. 

Near the end of the time available, the students should 
record the time that the water has been hot and remove 
the heat. 

Did any water collect in the tea glass? 

How did it get there? 

What percentage of the water you started with 
is now in the tea glass? 
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What percentage of the water you started with remains 
at the bottom of the tin? 

Procedure [or Group Four Some things are added to the equip
ment that was used by this group in Activity I-4A. The same 
heating stand and heat source with a small flame is used. 
If the tin used the last time has a round hole, and you have 
a tea glass or a very small tin that can fit inside, it is 
s~itable for use in this activity. Make a stand to support 
the tea glass, or use three small stones. Fit the outer tube 
of a Bic pen into the hole in the side of the tin. A hollow 
bamboo branch can also be used, but it is not as good be
cause you can't see inside it. The other end of the tube 
passes through a hole in a piece of transparent plastic which 
is attached to the top of another tin with an elastic band. 
This hole should be a little bit bigger than the tube so 
that air can escape from the tin as the system is heated 
and the air inside it expands. 

Put a measured amount of water in the tin on the heating stand. 
Place the tea glass on its support 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 middle so 
a coin or a small stone will keep the middle lower than the 
edges. 

Bic pen tube------------~ 

plastic --------------~ 

elastic 
band 

additional 
tin 

Cross-sectional view 

DIAGRAM 10 
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Heat the water with a small flame until the water is hot but 
not boiling. The heat should be adjusted to keep the water 
hot but not boiling throughout the activity. Note the time 
when the water becomes hot. Near the end of the time avail
able, note the time aQd remove the heat. 

Did any water collect in the tea glass? 

Did any droplets form inside the tube? 

Are there any droplets of water in the tin at 
at the other end of the tube? 

How much water remains in the bottom of the 
tin you heated'? 

How much water is in the tea glass? 

Is there a measurable amount of water in the 
other tin? If so, how much water is there'? 

Do these amounts add up to what you started with? 

Unless the students are eager to have a discussion, continue 
with Activity I-4C first. Tell the students to keep good 
records of their results so that comparisons can be made in 
the discussion after Activity I-4C. 

Further Study 

1. Add some salt to the water. 

Taste the liquid which has 
condensed after about ten 
minutes to ~ee whether the 
salt was transferred 
together with the water 
vapor. 

2. Use vinegar instead of water. 

Taste the liquid which has 
condensed after"about ten 
minutes to see whether anything 
was transferred together with 
the water vapor or not. 
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Activity I-4C CONDENSATION OF WATER VAPOR 

In this activity, Group One and Group Two continue to use sun
light as their source of heat while Group Three and Group Four 
use somewhat larger flames than before. 

Materials 
. 

Size of each sub-group 

Access to the outdoors 

Shovels or other tools for digging 
holes in the ground 

Trays or dishes able to hold water 

A smoky flame for coating some of 
the trays or dishes with soot 

Small glass jars or drinking glasses 

Sunlight 

Pieces of transparent plastic 
larger than used before 

Stones to hold down the edges 
of the plastic 

Small stones to use as weight at 
the center of plastic pieces 

Water 

Measuring spoons, bottle caps, 
rulers, etc. to measure amounts of 
water collected 

All of the materials used in Activity 
I-4B by Group Three and Group Four, 
except that the burners must now be hot 
enough to boil the water gently 

Watch or clock 

One 

2 

X 

X 

1 

X 

1 

X 

1 

X 

X 

X 

Group 

Two Three Four 

2 2 2 

X 

X 

3-6 

X 

1 

X 

1 

X 

1 

X X X 

X X X 

X X 

X X X 
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Procedure for Group One Dig a shallow hole almost as large as 
the piece of transparent plastic you have. The area of the 
top of the hole should be somewhat smaller than a square 
meter but pr~ferably more than ~ of a square meter. If 
the plastic you have comes in a roll only about ~ of a 
meter wide, you can sew two or three strips together to get 
a piece that is approximately square. 

Sprinkle a measured amount of water on the soil at the bot
torn 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 plastic. Put a small stone on the plastic above the 
glass. The plastic should be loose enough so the center is 
lower than the edges. Note the time. Near the end of the 
time available, note the time again. 

D.rAGRAM 11 

Did 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 sprinkled 
in the hole is now in the glass? 

If possible, put the glass and the plastic back and leave 
it until the sun is not shining on it anymore. Then measure 
the amount of water that has collected in the glass again. 

Procedure for Group Two Prepare a hole and plastic the same 
as used by Group One. Put several trays or dishes into the 
hole. Use dishes of various colors. Coat one dish with soot 
if you do not already have a black dish. Measure the same 
amount of water that Group One sprinkled in their hole. Put 
this water in the dishes so each dish has an equal portion 
of the water. Place a glass or jar at the center of the hole. 
Put the plastic over 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 stone on the plastic above the 
glass. Be sure the plastic is loose enough so the center is 
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much lower than the edges. Take note of the time. Near the 
end of the time available, note the time again. 

Cross-sec.t ional view 

DIAGRAM 12 

Did 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 remains in each dish? 

If possible, put the glass and the plastic back and leave it 
until the sun is not shining on it anymore. Then measure the 
amount of water in the glass again. Also measure the amount 
of water, if any, remaining in each dish. 

Proaedur-e for Group ·Three All the materials are the same used 
in Activity I-4B,except the flame, which is larger. Heat the 
water until it begins to boil and note the time. Adjust the 
flame to keep the water boiling throughout the activity, 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 you used in Activity I-4B. Near the end of the 
time available, note the time and remove the heat. 

How much water collected in the tea glass? 

What percentage is this of what you started with? 

How much water collected in the other tin? 

What percentage is this of what you started with? 

How much water remains in the bottom of the tin 
that was heated? 

What percentage is this of what you started with? 
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What percentage do the three of these percentages 
add up to? 

What percentage of the water was lost? 

Did the temperature of the second tin change 
while water vapor was condensing in it1 

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 dis~ussion. 

Further Study 

1. If you have a room where the windows can be closed 
so that there is very little breeze, it is recom
mended that some of the students do this activity 
and report their results to the rest of the class. 

I 
/ 

Use the Group Four equipment but with the second 
tin standing on a dish, and the end of the Bic 
pen tube almost touching the side of this tin. 

Put the tin on the dish after the 
water is boiling, and keep it there 
for ten minutes. Do this 
three times: (a) put 
cool water in the second 
tin, (b) put warm water 
in it, (c) put very 
hot water in it. 

After each ten minutes, 
measure the amount of 
water that has collected 
in the dish. Have the 

no 
students discuss possible reasons 
amounts of condensed water. 

for different 

., 

2. Use the_ Group Four equipment, but aim the Bic pen 
tube into various other containers such as a tea 
kettle. Use each container for ten minutes. Com
pare the water collected in the different containers 
tried. Feel the temperature of each container after 
vapor has been coming into it for a few minutes. 
In this activity the water should be boiling during 
the ten minutes that each container is being tried. 
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SUMMARY 

As a result of doing the various activities, and sharing their 
results in the discussions, the studen~s by now should feel 
familiar with a number of procedures and concepts. 

The procedures include measuring liquids by volume, measuring 
surfaces using square measure, measuring time, noticing dif
ferences in temperature, measuring temperature (if thermom
eters are available), computing rates of change, keeping 
records of results, making comparisons where differences in 
quantitative results are important, and making predictions 
or decisions using knowledge from previous experimental re
sults. 

The concepts include evaporation, water vapor, condensation, 
rates of change, the sun as a source of heat, and area. Also 
cool, warm, hot and boiling as they apply to water. 

For some students the procedures may also have included look
ing for suitable equipment and bringing it to class, deciding 
which items to use from a supply of different sizes and shapes 
of tins, jars, pieces of plastic, etc., adjusting heat sources 
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, making 
graphs of results, using a pendulum as a timer, measuring 
temperature with a thermometer, and considering the flow of 
heat in a system. 

For some students the concepts may also have included evapor
ation as a way of reclaiming something that is dissolved in 
water (salt), evaporation as a way of cooling something 
(burlap refrigerator), condensation as a way of heating some
thing, and distillation as a way of obtaining pure water from 
water that has things dissolved in it. / 

Discussion of Activities I-4A, 4B, and 4C 

As outlined in the summary, there is a core of procedures and 
concepts 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 strive to explain clearly to the rest 
of the class what they did and what happened. It is also a 
time for students who did further activities to tell the 
class what they did. 

You may decide that the students' results can be best compared 
by using a chart similar to that available during the last 
discussion. Some of the students may be able to develop the 
necessary headings for such a chart, or yo~ can develop one 
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or more charts based on your knowledge of what the students 
have been doing. 

-If the class understands exactly what happened in each 
case, questions about similarities and differences in re
sults should come up, and discussion will be lively. 
However, while a certain group is describing an experi
ment, in order to clarify the situation for the rest of 
the class, you may have to ask all the questions that 
you asked them during the activity. This helps to im
prove the communications skills of the students. 

It is sufficient at this time for most of the students to 
know what happened in most of the activities. In the 
discussion at the end of Part I, the students should be 
able to make generalizations about the major concepts they 
will have learned. 

* * * 
BACKGROUND INFORMATION ON RELATIVE HUMIDITY 

The ability of air to hold water vapor can vary a lot 
throughout the day and night. This is because the amount 
of water vapor that a given amount of air can hold is re
lated to the temperature of the air. For each 10 degrees 
centigrade that air is warmed, its capacity to hold water 
vapor increases by about 100 percent. Similarly, for 
each 10 degrees centigrade that air cools, its capacity 
to hold water vapor is halved. If there is dew at night, 
the air is being cooled to a temperature where some of the 
water vapor it holds condenses onto plants and other objects. 
At that time, the air is saturated with water vapor, and the 
relative humidity is 100 percent. (When the air is hold-
ing all the water vapor it can, its relative humidity is 
100 percent. Air containing no water vapor would have 
a relative humidity of 0 percent.) 

Consider a situation where the daytime maximum temperature 
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 hold moisture is doubled 
when the air is warmest, compared to when it is coolest. 
If no additional moisture is added to the air as it heats, 
its relative humidity would now be 50 percent. However, 
most of the moisture deposited at night as dew changes to 
vapor again when the air becomes warmer, so part of the 
capacity of the air to hold water vapor is used up. There
fore, the actual relative humidity at the maximum tempera
ture in this example is somewhat greater than 50 percent. 
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Now consider another situation. At certain times of year in 
some desert areas, the temperature goes down to about 5 de
grees centigrade at night, and dew forms. The daytime tem
perature rises to about 45 degrees centigrade. If no addition
al moisture is added to the air as it heats, its relative · 
humidity as the temperature rises would be as shown in this 
chart: 

Comparison of Temperature to Relative Humidity 

Temperature Relative Humidity 
(degrees centigrade) (percent) 

5 100 

15 50 

25 25 

35 12~ 

45 6~ 

However, most of the moisture deposited on the sand at night 
as dew changes to vapor again when heated by the sun, so 
part of the capacity of the air to hold water vapor is used 
up. Therefore the actual relative humidity in this situation 
at 45 degrees centigrade is somewhat more than 6~ percent. 

In both of these examples, the relative humidity reaches 100 
percent when the temperature becomes cool. The evidence that 
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 humidity. 

If dew forms in your locality at night, you can get an idea 
of what the minimum relative humidity could be in the daytime 
by measuring 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 night. The high tempera
ture can be measured around midday. These temperatures should 
be measured outdoors in the shade. 

Evaporation is slow if the relative humidity is near 100 per
cent and faster if the relative humidity is low. Air that 
has gained some extra water vapor by being in contact with 

I 
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the surface of water has higher relative humidity than it 
had before. If this air is moving 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. 

Activity I-5A EVAPORATION AND TEMPERATURE 

• In this activity, students investigate what happens when 
water evaporates without any heat being applied. The 
human body's ability to sense differences in temperature 
is used to detect whether any change of temperature takes 
place. 

MateriaZs 

Sub-group size: Students 
can work individually or 
in sub-groups. All the 
students follow the same 
procedure. 

A bowl or basin for each 
six to eight students 

Fans 

Pendulum or watch for 
timing 

Water to fill the basins 

sunlight or another way 
of warming the water 

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 now? Swing your hand around while it 
is still wet. Does it still feel warm? When your hand 
dries, swirg it as you did before. Does it feel the same 
as before? 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 quickly: 
fanning or swinging? Which makes your hand feel cooler? 

BACKGROUND INFORMATION ON HEAT FLOW DURING EVAPORATIO~ AND CONDENSATION 

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 water does not rise above a cer
tain level (somewhere between 90 degrees centigrade 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 away the 
heat, the boiling stops. If you put the heat back again, 
the boiling resumes, but the temperature of the water stays 
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the same. How can the temperature stay the same when heat 
is being supplied? One way to answer this question is to 
think of the heat as being removed by something. It is 
being removed by the process of making \'rater vapor from 
liquid water. 

In Activity I-4C, as done by Group Four, the tin at the end 
of the Bic pen tube became warm. Some of the water vapor con
densed on this tin. Heat was being supplied to the tin by 
the process of making water from water vapor. This is the 
opposite of the situation just discussed. When water con
denses it adds heat to the materials it is in contact with. 

If the relative humidity was close to 100 percent when your 
students were swinging their wet hands in the air, they would 
have had difficulty noticing any difference of temperature 
between their wet hands and their dry hands. Without any 
evaporation, there is no cooling taking place due to having 
a wet surface exposed. The lower the relative humidity is, 
the easier it is to notice the cooling, because more evapora
tion is taking place. When water evaporates it removes heat 
from the materials it is in contact with. 

In some localities with a hot climate, a small quantity of 
drinking water is kept in a slightly porous clay pot. Some 
of the water seeps through the walls of the pot, and evapor
ates from its surface. The cooling effect of this evapora
tion keeps the water in the pot noticeably cooler than water 
kept in an ordinary container. In the same way, the human 
body cools itself by sweating. Spoiling of fresh foods may 
be retarded by surrounding them with wet cloths. The water 
in the cloth evaporates, and cools the food a little bit. 

Drying of clothes is usually done in whatever way is most 
convenient and effective. Thus, they are put in sunlight in 
clear weather, and often hung near a fire in damp, rainy 
weather. If there are dry seasons and humid seasons in your 
locality, it would be interesting to compare the time it 
takes clothes to dry, if you keep all other conditions the 
same. For example, hang the clothes away from sunlight or 
fire, and where there is no breeze. The only remaining dif
ference is the relative humidity of the air. 

Activity I-5B EVAPO~TION AND TEMPERATURE 

If you have a thermometer, or if you can make a device that 
responds to fairly small changes in temperature and which is 
not destroyed by getting wet, do this activity. (See Appen
dix E for suggestions on developing these devices.) It en
larges upon Activity I-SA, and provides interesting results 
to compare if you can do it in dry weather and in wet wea
ther. 
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Materials 

Thermometers or homemade 
temperature sensing devices 

Water 

Cloth 
Fans 

This can be done as a demonstration if you have only one 
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 cor~ect temperature for a few minutes. 
What is the reading? With a fan, wave air towards the 
thermometer for a couple of minutes. Does the tempera-
ture change? Now wrap a small piece of wet cloth around 
the bulb of the thermometer. Leave it alone for a few 
minutes. Is the temperature different from when there was 
no cloth? If there is a difference, is the wet temperature 
higher 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 its reading stops changing. 
Compare the differences in temperature. 

Discussion of Activities I-5A and I-5B 

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 I-SA. Also, Group Four should 
remind the other students of Activity I-1 where tins con
taining water and covered with cloth were placed in sunlight. 
Some pieces of cloth were wet, and some were dry. It should 
now be possible 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 done. 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 
wet months. 
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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 could be 
part of an expanded weather 
studies program. 

* * 
Activity I-6 COMPARISON OF WEIGHT AND VOLUME OF FRESH AND DRIED FOOD 

This activity uses concepts from previous activities to study 
how food dries. Equal arm balances or other means for weigh
ing are needed. Weighing is also done in Activities II-1 and 
2, and in measuring sulfur in Part III. Also, when the results 
of full-size dryers are evaluated, the wet weights and dry 
weights of the food dried will be required. 

The students may not be familiar with weighing. They could 
obtaln practice by building equal arm balances, making a 
set of weights, and weighing various small objects. If you 
decide to have the students build equal arm balances, the 
instructions in Appendix F can be used. Appendix G shows ways 
of making improvised sets of weights. 

This activity also 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. 

Materials 

Piece of a large firm vegetable 
such as potato or cassava 

Straight sided jar at least 6 
em in diameter 

Equal arm balance or other 
device for comparing weights 

Cloth which air can circulate 
through 

Tray, dish, or piece of paste
board 

Knife to cut potato 

Example of 
equal arm balance 

DIAGRAM 13 
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Materials (cont'd.) 

Razor blade or scissors to 
cut paper 

String 

Water 
1 em grid sheets 

Pencils 
Ruler 

Each sub-group should have one set of materials. Weighing 
equipment can be shared. Direct the students as follows, 
or hand out work sheets. 

Cut three pieces of potato in cubes, 4 em 
each cube. Do they weigh about the same? 
so. that all three are the same size, 4 em 
equal weights. 

on a side. Weigh 
If not, cut them 

on a side with 

Cut one piece in half so that you have two equal pieces. 
How big is each piece? Measure the half pieces. How big 
is each edge? 

DIAGRAM 14 

Cut one 4x4x4 piece into 4 equal pieces 
so that each piece measures 
lx4x4. 

DIAGRAM 15 
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Weight 

Weigh each piece of potato on a balance. Does one 4x4x4 piece 
equal two 2x4x4 pieces? Does one 4x4x4 piece weigh the same 
as four lx4x4 pieces? 

Fill a jar half full of water and mark the water level with 
string. Then put one 4x4x4 piece of potato in the water, and 
mark the water level. Remove the potato. How many em and mm 
did the water rise? 

Put one 2x4x4 piece of potato in the jar. How many em and 
mm did the water rise? Put the other 2x4x4 piece in the water. 
Did the water rise to the same level as with the 4x4x4 piece? 
Remove the pieces from the water. Now put one lx4x4 piece in 
the water and measure the water rise. Then add another lx4x4. 
Does the water rise the same amount? Add the third lx4x4 and 
measure the rise. Add the fourth piece of lx4x4. Do four 
of the small pieces of potato change the water level the same 
as one big piece (4x4x4)? 

Area 

Wipe all the potato pieces dry. How many sides does the 4x4x4 
cube have? Put the cube on a grid sheet and trace around each 
side. When you have traced around all of the sides, count 
the squares you have traced around. This is how many sq em 
the cube of potato has on its surface. If you put the cube 
down on the table how many surfaces can you see without lift
ing the cube? How many sq em of the surface can you see? 

Now count the sides on a 2x4x4 piece of potato. Trace around 
each surface of the piece on the grid paper. Count the num
ber of sq em the surfaces of the piece covered. How many 
sq em are there on the surface? What is its area? When the 
2x4x4 piece is sitting on the table, with the large surface 
upward, how many surfaces can you see without lifting the 
piece? 

Put the 4x4x4 piece and the two 2x4x4 pieces on the table with 
the large surfaces upward. Which has more area that you are 
able to see? One 4x4x4 or two 2x4x4 pieces? 

In the same way as with the larger pieces, count the surfaces 
of the lx4x4 pieces and trace around each surface of each of 
the four lx4x4 pieces. Count the number of sq em of surface 
on all four lx4x4 pieces. Also calculate the number of sq em 
that are exposed to the air if the four pieces are put separately 
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on the table.* 

Stack the lx4x4 pieces. What is the surface area exposed? 
Remove one piece from the stack and 
put it on the table. How much more 
area is exposed than when all four 
were stacked? Remove another 
piece from the stack and put it 
separately on the table. How 
much more area is exposed now? 

How can a 4x4x4 piece be cut to 
give more surface area than by DIAGRAM 16 
cutting four lx4x4 pieces? 

Drying and Su:r[aae Area 

On a large tray or dish or piece of pasteboard, place one 
4x4x4 piece of potato.· one 2x4x4, one lx4x4, and any others 
you have decided to try. Measure these new pieces so you 
know their sizes and weights. Put the tray in a place where 
it will not be disturbed, and cover with cloth. Leave it a 
few days. What do you think will happen to the pieces of 
potato? Will they all be the same? How will the size and 
surface area affect the changes.? 

Teaahing Method Alternatives 

While waiting for the pieces of potato to dry, begin the 
next activities. Activities I-7, I-SA, I-8B, and I-8C 
are written as if everyone in the class will be doing the 
same thir.g on a particular day. However, you may decide to 
have certain students build the devices to be used in 
Activities I-8A and I-8B right away. These devices are for 
measuring angles. If·you decide to do this, consider now 
whether or not you want the class to do Activity I-9. In 
Activity I-9, the students make a device to condense water 
using the heat of the sun so that pure water can be ob
tained from contaminated water. It is then operated at 
various angles to find the angle at which the most water 
is produced. However, it requires woodworking skill to 
build this device, so you should select students with this 
in mind. Students who are not building any devices should 
begin with Activity I-7A, and should then do the other 
activities as soon as the devices are finished. 

*Note: If the students have trouble aonaept~aZizing the 
aonneation between area of grid paper and area of potato 
pieaes, aut the grid paper out and pin it on the faaes of 
the potato aubes. 
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Discussion of Activity I-6 

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 much time each piece took to dry, which 
pieces dried and which pieces if any spoiled. The volume of 
each dried piece should be approximated and compared with the 
volume of the piece before drying. 

During the reporting of findings, you should note the extent 
to which the students apply any of the concepts they have been 
exposed to so far. 

At the end of the discussion, encourage the students to think 
of suggestions about how food drying may. be done best. Tell 
them that after they do some more activities, they will have 
a chance to try out their suggestions. Have the students make 
a list of the suggestions they make now so they can be used 
in later discussions. 

* * * 



CHAPTER 2. SUN AND AIR 

The activities in this section emphasize the use of the sun's 
heat energy. They begin with observations of surfaces heated 
by radiation 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 measurement of angles is needed. This offers an op
portunity to collaborate with a math teacher. 

The students will construct a box for condensing water, and 
maximize the amount collected by controlling the angle between 
the sun and the black material at the back of the box. Finally, 
activities studying how air moves when it is heated lead to 
the construction of food dryers in Part II. 

BACKGROUND INFOR}~TION ON ENERGY FROM THE SUN 

The sun continuously gives off large amounts of energy which 
travel through empty space as radiant energy. A small amount 
of this energy rea9hes the earth, and some is absorbed by the 
atmosphere. The sun's energy exists as a continuous spectrum 
of different kinds of energy from radio waves to light, heat, 
ultraviolet and x-rays. 

On a clear day, most of the sun's heat energy passes through 
the atmosphere and is absorbed by the surface of the earth. 
Dark colored materials absorb most of the heat 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, 
i~ the most concentrated as it is spread over only a small 
area. Energy striking a surface obliquely is spread over a 
larger area and therefore less energy is absorbed per unit of 
area. The greatest absorption of radiant energy then is by 
a dark colored surface that is at a right angle to the source 
of energy (sun) . 

These pri~ciples are used in devices which collect solar energy 
to.make that energy usable to people. These devices can be 
used to gather heat energy from the sun to cook, bake, dry, 
heat water, distill water, produce electricity, produce steam 
and do other useful things. 

Because the earth is tilted, it receives more energy on one 
half than on the other. During the months of September through 
March, the half of the earth south of the equator receives the 
sun's energy more directly and is heated more than the North
ern Hemisphere. From March to September, the northern half 
of the earth receives energy more directly and is heated more 
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than the Southern Hemisphere. This unequal heating of 
the earth•s surface leads to some areas becoming warmer. 
Air above these regions is heated by touching warm land 
and oceans. 

This air expands due to warming and is pushed upward by 
heavier, cooler air. This rushing of cool air to replace 
lighter warm air is the wind. The energy in the wind comes 
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: 

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

2. Convection - 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 the conclusion of Part I, the students will be able to: 

1. name the three ways that heat moves from something 
of higher temperature to something of low.er temper
ature. 

2. vary the factors affecting absorption of heat to 
increase or decrease the amount being absorbed in 
a system they have built. 

3. describe what happens in a convection box heated 
by the sun, including radiation, conduction, and 
convection in their description. 

Activity I-7 RADIATION 

Some materials that have sat in the sun absorb more heat and 
feel hotter than other materials. Which material's collect 
the sun•s heat efficiently? 

Materials 

Sub-group size: Two or three 
students. All the sub-groups 
follow the same procedure. 

1 Smoky flame for 
coating tiles and tins 
with soot, such as a 
candle or a paraffin 
burner 
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Materials (cont'd.) 

3 Clay tiles, brick~, or 
blocks molded from soil 
taken from termite mounds 

Thermometer or other method 
of measuring temperature 
(see Appendix E) 

Flat glass or clear plastic 
sheet 

2 Tins of the same size 

Matches 

Water 

White paint, cassava paste, 
or whitewash 

Watch or other timer 

If you have only one thermometer, one person can circulate 
among the sub-groups to make the temperature measurements. 
Soil from termite mounds can be mixed with water 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 paint or paste made from cas
·sava or a similar food starch; and one that is left un
coated. These tiles should be kept in a shady place for a 
few hours before the activity, where their temperature will 
not have been raised by exposure to sunlight. 

Procedure for All Sub-Groups 
::> 

Set the three tiles out in the sun with 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 became the warmest? While measuring the 
temperature, stand so the thermometer and the tile are in 
the shade of your body. If the thermometer receives heat 
directly from the sun, it gives a false reading. Thermome
ters should be stored in the shade because it is possible for 
them to become too hot and break if the temperature reading 
goes beyond the maximum. 

Further Study 

Take the temperature of each block at 
ten minute intervals. Make a time vs. 
temperature graph for heating of the 
blocks. 
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While the blocks of clay are lying exposed to the sun, each 
sub-group should gather two tins of the same size. One tin 
should be covered with soot from a candle, one should be 
left shiny. Fill each tin to the top with water and take 
the temperature of the water. Place the tins in the sun, 
after five minutes take the temperature. Record the tempera
ture in a table like this: 

Water Temperature at Five Minute Intervals 
-

0 5 10 15 20 25 30 

Shiny Tin 

Black Tin 

Record the temperatures every five minutes and write them 
in the table. Continue recording the temperature for thirty 
minutes. Leave the tins in the sun and measure the tempera
ture again after two hours and, if possible, after four hours. 
What is the highest temperature reached? Draw a graph from 
the temperature recorded on the table. 

Temp. 

0 5 

Water Temperature vs. Time in Sunlight 

10 15 20 25 30 

Time 

(~------~( ~~----
) 2 hours ) J 4 hours 

Which tin absorbs the most heat? Which tile absorbs the 
most heat? 
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Further Study 

1. Lay several pieces of cloth out in the sun. 
Some dark colors, some light colors. 
After a few minutes feel them. 

2. Put a band of dark cloth around one arm or 
leg. Put a band of light cloth around the 
other arm or leg. Lie down in the sunlight 
for a short time. 

Which colors absorb the most heat? 

Which colors are not good absorbers? 

Which colors reflect the most sunlight? 
The least sunlight? 

(The reflection is judged by the brightness 
of the cloth when you look at it in 
sunlight). 

Sometime during the class period, put your hand in sunlight, 
then put your hand behind a piece of glass or clear plas
tic so that the sun shines through the clear material onto 
your hand. Does your hand feel warmPr or cooler behind 
the clear material? Does the clear material stop all the 
sun's heat? Part of it? None of it? The air also is 
mostly clear on a sunny day. Do you think the air stops 
much of the sun's heat from coming to you? Do clouds 
stop the sun's heat from reaching you? 

Discuss your results with the other sub-groups. 

* * * 

Activity I-BA MEASURING THE ANGLE OF SUNLIGHT 

Discuss: At what time of the day is the sun highest in 
the sky? How high does the sun get? Does the sun get 
higher in some seasons than in others? How can we measure 
how high the sun gets in the sky? 

Caution: You can damage your eyes by looking at the sun. 
You can use the following device to measure the angle of 
elevation of the sun without looking at it directly. 



Materials 

6 pieces of wood, bamboo or 
reed 

Newspaper or other large paper 

Hammer 

Nails or pegs and a drill 

Heavy paper or cardboard for 
making a protractor 

Stone, bolt or similar for 
weight 
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2 tins with both. ends 
cut out 

String 

Saw or knife 

Protractor 

Heavier stones, bricks 
or logs 

Activity I-BA BUILDING AN ANGLE MEASURING TUBE FOR SUNLIGHT 

Make a roll of newspaper by rolling 
the paper around two tins from 
which both ends have been cut out. 
You should be able to see down the 
center of the roll. Tie the roll 
with string to keep it from 
unrolling. Cut six pieces of 
wood 10 em longer than the roll 
of paper. Hammer a thin nail 
or peg into one piece of wood 
2 em from the end, then drive 
the nail into a second piece 
of wood, also 2 em from the 
end. T!1e pieces of wood should DIAGRAM 17 
be able to rotate. Nail a third 
piece of wood to the other end 
of the first piece in the same way. 
Nail the other three pieces of wood together in the same 
manner. Make a copy of a protractor on a piece of card
board. Nail the cardboard protractor to the middle of one 
of these, as shown in Diagram 17. Make the straight edge 
run at right angles to the piece of wood, with the 90° 
mark centered on the piece of wood. Hammer a small nail 
into the protractor at the center of the straight edge 
of the protractor. It should stick out about one 
centimeter because a string with a weight will be tied to 
it as shown in Diagram 19. 

Tie the roll of paper onto the two center pieces of wood 
with string as shown in Diagram 18. Cut another piece of 
string as long as the distance from the protractor to the 
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end of the center piece of wood. Tie a weight to the string, 
and tie the .other end onto the nail. 

device 
showing 
all parts 

DIAGRAM 18 

Weight the lower legs down with stones, bricks or logs. 
Move the front legs in and out, aiming the tube 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 where the weighted string 
crosses the protractor. 

DIAGRAM 19 

device 
set up 
for use 

Using this device, measure the angle of the sun throughout 
the day. Each sub-group should use this device until 
everyone is familiar with the measurement of angles. Alter
nately, each sub-group could build one device. The device 
can be used at different times of the year - seasons - for 
weather studies. 
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Further Study 

Mount a mirror at the bottom of the 
tube between the pieces of wood for 
viewing the moon and stars as part of 
a unit on studying the skies. The 
device can be used to measure the 
elevation of heavenly bodies. 

Aativity I-BB MEASURING THE ANGLE OF SUNLIGHT 

What angle is the best for heating? 

Materials 

Tiles or bricks used in 
Activity I-7 

A smoky flame 

Matches 

Thermometers 

Square pieces of cardboard 
for making protractors 

String 

Washers or bottletops for 
weights 

Small nails 

Pieces of wood a little 
longer than one side of 
the square cardboard 

Protractors 

Ho~ to Make an Elevation Angle Measuring Deviae 

Draw a protractor on a square piece of cardboard. Attach a 
piece of wood to the cardboard as shown in Diagram 20. The 
nail at the center of the straight side of the protractor 
should stick out, so the string with a weight at the end 
can swing freely from it. If a bottletop is being used as 
a weight, hammer a small hole in it using a nail. Adjust 
the length of the string so the weight does not reach the 
edge of the cardboard in any position. 

To use this device, hold a straight edge of the cardboard 
against the surface whose angle is to be measured. The 
string crosses the edge of the protractor to show the num
ber of degrees away from the horizontal the surface is. 

I 
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This is the elevation angle of the surface. For example, 
if held under a table, the reading should be 0 degrees. 
If held against a wall, the reading should be 90 degrees. 

After everyone is familiar with measuring the elevation 
of the sun, the way the sun heats surfaces which are 
set at different angles to the sunlight can be investi
gated. The results of Activity I-7 show that dark sur
faces absorb more heat than light surfaces. Now, blacken 
one surface of each tile with soot from a smoky flame. 
Before putting the tiles in sunlight, measure and record 
their temperatures. Bring the tiles out in the sunlight 
and tilt one so that it faces the sun directly. With 
an elevation angle measuring device, measure the angle 
of the tilt. It should be at right angles to the sunlight. 
The elevation angle measuring device should show an angle 
90 degrees different than the angle measuring tube for 
sunlight shows on its protractor. 

Another tile can be laid flat on the ground. How many 
degrees from the horizontal is it? Stand one tile 
straight up. Use rocks to hold it upright. How 
many degrees from the horizontal is this tile'? Put 
another tile with its edge facing the sun. How many 
degrees is it from the tile which faces the sun? 

Which tile do you expect to heat best? Which one do you 
expect to be heated least? After several minutes, 
measure the temperature of the tiles with a thermometer 
or feel them with your hand. Which tile is heated the most? 
Almost as much? The least? Is this what you expected? 
How would you explain this to another student? 

Activity I-BC MEASURING THE ANGLE OF SUNLIGHT 

Why do surfaces facing the sun directly heat better 
than surfaces at an angle to the direct rays? 

Materials 

1 ern grid paper 

Angle measuring tube 

Protractor 

Flat cardboard rectangular 
pieces 

Tape 

Angle measuring devices 

I 



l 
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Procedure for AZ Z Sub-Groups 

Tape a sheet of 1 em grid paper to a board, book or other flat 
rigid object. Tilt the grid paper to face the sun directly 
at the angle measured by the angle measuring tube. Place a 
rectangular piece of cardboard smaller than the grid paper 
over the grid paper. Tape the cardboard along one edge so 
that the edge lines up with one grid line. Trace the card
board outline onto the grid paper. Count the number of squarA. 
em the cardboard covered. Measuring with a protractor, lift 
the cardboard rectangle 20° from the grid paper and trace the 
edge of the shadow. Count the squares that are inside this 
line. Did the shadow of the cardboard cover more or less 
grid paper than when the cardboard was flat? Did the card
board tilted at 20° catch more or less sunlight than when 
it was flat? Measuring with a protractor, tilt the cardboard 
up at a 40° angle from the paper. Trace around the shadow•s 
edge. Is the area covered by this shadow more or less than 
at a 20° angle? Tilt the cardboard at a 60° angle and trace 
the shadow. How many square em of sunlight does the cardboard 

0 0 0 catch at a 60 angle? Do the same for 80 , then 90 . Refer 
back to the tiles in Activity I-8B. Which tile was heated 
most in the sunlight? Why did one heat more than the other? 
Discuss the results with the other groups. How would you 
explain this to other students? 

Further Study 

Stand in front of the cardboard and grid 
paper so that the shadow of your head is 
on the cardboard. You are looking now at 
the cardboard from the same way the sun 
does. Put the cardboard flat on the 
grid paper. Have somebody else lift it 
up by a free edge. Which way do you see 
more cardboard? Which way do you see 
less cardboard? How can you tilt the 
cardboard so that you do not see any of 
the surface? At which angle would the 
cardboard heat best from the sun? Why? 
Report your findings to the class. 

* * * 
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Activity I-9 USING THE SUN TO PURIFY WATER 

The preceding activities have shown the relationship be
tween the angle at which the sun strikes a surface, the 
color of the surface, and the heating of the surface by 
the sun•s rays. 

The following device uses the sun•s heat to evaporate water. 
The water condenses on a flat piece of glass that is heated 
less than the dark surface below it. Water runs down the 
glass surface, which is sloped, and is collected in a trough. 
Water is fed into the box by a tube leading from a container 
of contaminated water. This device calls for a greater 
degree of woodworking skill than previous activities. Some 
of the construction could be done in the woodworking class, 
collaborating with the woodworking teacher. The basic design 
presented can be modified to fit the local materials, tools 
and woodworking skills. The box may be made as large as 
desired, limited by the size of glass or clear plastic avail
able to cover the top surface. 

Materials 

4 pieces of wood, making 
the sides of the box, 
planed and sanded, sealed 
if possible. 

Boards, making the bottom. 

Bamboo tube, about 2 ern 
diameter, 5 ern longer than 
the width of the box. 

Nails 

Hammer 

Metal shears or chisel 

Clear plastic or glass, 
making the top. 

Crack sealer: use what is 
available. 

Black cloth, covering the 
bottom 

Large tin and a piece of a 
large tin 

Saw 

Drill 

Tape 
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The bottom of the box may be made with tightly fitted and 
sealed boards or it may be covered with plastic sheeting 
nailed tightly to seal the bottom. Over this some dark 
cloth is nailed. A hole is bored in one side at the upper 
end for the bamboo trough. The tube is cut in half to serve 
as a trough for water to enter the still. Small holes are 
bored in the bamboo trough so the water will drip down onto 
the cloth. Water in the supply tin drips through a tiny hole 
into the trough. Small blocks nailed to the inside of the 
box hold the bamboo trough 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 and bent to form 
a V - shaped channel. It is nailed to the lower end of the 
box with the metal set tightly against the wood so that 
no leakage will occur between metal and wood. The end of 
the metal trough may be set tightly against the wood, or 
it may have a piece of metal soldered over the end to form 
a water-tight end. 

The other end is open for pure water to drip into a con
tainer for collection. The metal trough passes through a 
hole bored in the side of the box. A small hole is bored 
in the lower end of the box, below the metal trough, for 
extra contaminated water to run out. When all the· parts 
are installed, glass cut to size or clear plastic sheeting 
slightly larger than the top of the box is fastened onto 
the box. The plastic can be nailed over the edges. Glass 
can be set on top with small blocks of wood nailed on the 
sides of the box, projecting up to keep the glass from 
sliding off. Then the glass may be taped to keep it sealed. 
See additional Diagram 23. 

bamboo 
trough 

support---1 



bamboo trough ~~ 

blocks ?}'' 1:;1 
support ~ 
trough 

t~e 
edge------------------------~Y 

contaminated 

seal glass----------------~~~ 

~...._ ________ wood box 

-------support 

water 
•?Z-+-----bZack cloth 

metal 
~~------------------------------------trough 

pure water------------------------- DIAGRAM 23 
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BACKGROUND INFORMATION ON CONDUCTION AND CONVECTION 

Energy reaches us from the sun by radiation. By now, the 
students have used this source of heat energy a number of 
times. In the last several activities, the students learned 
that to collect radiant heat energy effectively, its direction 
has to pe taken into account. They also found that dark 
colored surfaces absorb radiated heat better than light 
colored surfaces. 

Heat energy is often transferred from one substance to another 
by conduction. If the two substances are touching each ether 
and have different temperatures, the cooler substance will 
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 
other. The tea warms the cup by touching it. The cup warms 
the tabl~ by touching it. Movement of heat by conduction is 
studied in Activity I-10. 

If one of the substances involved in transfer of heat is a 
liquid or a gas, movement within the liquid or gas takes place 
while its temperature changes. This movement, which is called 
convection, is studied using air as the gas that moves, in 
Activities I-llA and I-llB. 

Activity I-10 CONDUCTION 

In this activity, the students use the body's ability to sense 
differences in temperature to study conduction. 

Materials 

Tins 

Sources of heat such as 
charcoal burner or flame. 

Table or floor not in sun
light. 

Stones 

Watch or other timer 

Heat the stones on the charcoal burner or flame. While this 
is being done, everyone should note if the tins and table feel 
warm or cool. One or two hot stones are put in each tin, and 
the tins are placed on the table or floor, and not moved. 
After about 5 minutes, feel the tins and the table underneath 
it. Are they warmer or cooler than before? Are the stones 
warmer or cooler than before? Where has heat moved in this 
activity? 
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* * * 
Teaching f.!gtt.?d Alternatives 

E~periments are provided for each of the four groups in this 
activity concerning convection. 

Depending on how your class is working~ you have a choice of 
two alternatives for teaching convection. 

1. Have the sub-groups in each group do the experiment 
outlined for them here. If by now the students are 
able to communicate effectively with each other when 
each group explains to the rest of the class >vhat 
they have been doing, this procedure will work well. 

2. If you feel that communication between grcups has 
not been effective, it is suggested instead that 
each experiment should be done by all the groups. 
The equipment required to do this would not be 
much more than would otherwise be needed, since the 
same equipment can be used by different groups on 
successive days. 

Activity I-11A CONVECTION 

In this activity, how heat is transferred by convection is 
studied, and a device is built that could function as a 
small food dryer using air heated by the sun. 

Materials -· 
Group 

One Two I Three Four 

Students in each sub-group 3 3 3 3 

Pieces of paper about 20 em by 25 em 3 6 

Elastic bands or string 2 

Thin wire 1 

Small stones 1 5 

Source of heat auch as a charcoal 
burner or fire X X X 



Materials (cont'd.) 

Scissors or blades to cut 

String or braided cotton t 
produces smoke when glowin 

Hot charcoal 
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paper 

hat 
g 

, pasteboard Small boxes made of paper 
or wood; or tubes made fr 

Stands made from tin lids 
hot charcoal 

Candle 

Common p1ns 

Small boxes made of paper 
pasteboard with open top 

Black ink or paint 

Transparent plastic 

Matches 

Pendulum or watch 

Procedure for Group One 

om paper 

to support 

or 

Group 

~e ~0 Three Four 

1 1 1 1 

1 1 1 1 

1 

1 

1 

X 

8 20 8 

1 

1 

1 

X X 

X 

Make a tube from paper about 6 to 8 centimeters in diameter 
and about 20 centimeters in length. The wall of the tube 
should have a thickness of not more than 2 or 3 layers of 
paper because 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. 
A small stone that has been heated in a fire will hang from 
the roof of the tube by a thin wire. Make the roof strong 
enough to support the wire, but thin enough so the tempera
ture of the air inside can be felt through the paper. Fold
ing a piece of paper twice is one way to make a suitable roof. 
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activity if everyone 
did not have a chance 
to feel the tube, or 
if there are any dis
putes about what parts of 
the tube were cooler or 
warmer. 

Now cut a small opening at 
the top and bottom of the 
tube. Each opening should 
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Attach a thin piece of wire 
to the small stone. Measure 
enough additional length of 

wire so that the stone will hang 
about half way down the tube. 
Put the stone with the wire at-
tached on the fire. It should 
become as hot as possible. Place 
the tube in as little breeze as 
possible. Attach the end of the 
wire to the center of the roof. 
Lower the stone into the tube 
until the roof rests on the end 
of the tube. The roof must be 
flat and rest on the end of the 
tube so that there are no holes 
for air to pass out of the tube. 

After about two minutes, feel the 
tube at the bottom, the middle, 
the top, and on the roof. Write 
down whether the tube feels cool, 
warm, or hot in each of these 
places. Were you surprised by 
the temperature of the tube in 
any of these places? Repeat the 

be about 1 square centimeter. 
Heat the stone. Light one end 
of a piece of string or braided 
cotton so that it glows and pro
duces smoke but not a great amount 
of hot air. 

Put the stone in the tube. Hold 
the smoking end of the string at 
the bottom opening in the tube, 
and then at the top opening in 
the tube. Try putting it just 
inside each opening, and just 
outside each opening. Watch 
what the smoke does. The way 

DiiiGRAM 25 
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the smoke moves shows how the air is moving. In what direction 
is the air moving? Make a diagram showing how the a~·.r flows. 
Note: If you are doing this in a breeze~ it may be impossible 
to see the smoke. Try using a larger source of smoke and re
placing the hot~stone with a piece of hot charcoal. Take pre
cautions for fire because the charcoal may burn the tube. 

Procedure for Group Ttuo Do the same experiment as is done by Group 
One, except use a box. If it poses a difficulty to make boxes, 
you can make tubes from paper and flatten one side as in Dia
gram 26. Have the tube lying horizontally, and close off both 
ends of the tube similar to the way the roof is used by Group 
One. Make two holes, one directly above the heat source, the 
second near the other end of the box or tube. Use a hot stone, 
hot charcoal, or a candle as source of heat. Test the flow 
of air by holding a piece of smoking string near each hole. 
Which way does the air flow? Make a diagram showing how the 
air flows. 

DIAGRAM 26 

hoe 
directly 
above 
heat source 

+-----------------------table 

==~ae 
of 

smoke 

source of--------~--~--~ 
heat 

Cross-sectional view 

DIAGRAM .37 
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Procedure for Gpoup Three 

Put about five hot stones on the ground, and place a 
paper enclosure over them as shown in Diagram 28. Feel 
which parts of the paper get warm. Make several holes 
ahout 4 square centimeters each along the bottom edges 
of the enclosure. Test for flow of air using a smoking 
string. Then make several similar holes near the top 
of the enclosure. Test for air flow again. Which way 
does the air flow? Make a diagram showin~ how the air 
flows. 

Cross-sectional view 

DIAGRAM 28 

Procedure for GrO!-Q_ ]?our 

lt)eight.~ 
olding 

ed~e doum 

Use a box wi~~ one hole at each end, near the bottom of 
the box, as 8h0'.•m in Diagram 29. Coat the bottom of the 
box with black ink or paint. Attach transparent plastic 
with pins to make the top of the bo:X. Leave this in the 
sunlight a few minutes, and test for air flow using a 
smoking string. Test it when the box is horizontal, and 
when one end is propped up, as shown in Diagram 30. This 
should be done where there is as little breeze as possible. 
Then put the boJ: horizontal again, and ~ake a hole at 
the top edge of one of the sides. Test the flow again. 
If a thermometer is available, measure the difference 
in temperature ~etween the air entering the box and the 
air leaving the box. 

inside 
surface 
black 

DIAGRAM 29 

plastic 
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suppo:Pt 

Cross-sectional 

DIAGRAM 30 

1 l 
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Cross-sectionnl view 

DIAGRAM 31 

After each group has reported its results to the rest of the 
students, continue with the next activity which concludes 
Part I. 

Activity I-11B CONVEC'l'ION 

In this activity all sub-groups need the same materials that 
were used by Group Four in Activity I-llA. The students have 
learned that air warmed by a source of heat inside a box tends 
to flow out of the box if there are two holes in the box, and 
one hole is higher up than the other hole. They have also 
learned that a surface absorbs the most energy from the sun 
if it is at an angle of 90° with the sunlight. In addition, 
they have been told that for each 10 degree centigrade raise 
in temperature, the relative humidity of air is halved. 
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In this activity, the students build boxes that have trans
parent tops. You should encourage them to produce what they 
think are the most desirable conditions inside the box for 
food drying. They should design their boxes with following 
questions in mind: 

How can this box make the most effective use of 
the sun? 

How much temperature rise is best? 

How much air flow is best? 

How can ways to adjust these be built into the 
design of the box? 

These boxes can be used to dry pieces of food in Activity 
II-1 which concerns finding the percentage of water in 
various kinds of food. 

* * * 
SUMMARY 

The students have learl'led additional procedures and concepts 
in the activities done since the summary in Chapter 1 on 
page 45 

These procedures include using smoke to detect air flow, 
measuring the direction of light, measuring elevation 
angles of surfaces, computing ratios of weight, and es
timating ratios of volume. 

These concepts include relative humidity, surface-to-volume 
ratio, radiation, conduction, convection, measuring volume 

, by displacement, eva.poration as a means of cooling, and 
radiation being directional. 

~· 

For some students, the procedureb may also have included 
measuring relative humidity and designing a system where 
everything cannot be maximized and an effective balance 
must be sought. 

For some students, the concepts may also have included 
reflection contrasted with absorption, and consideration of 
a situation where two or more variables must be taken into 
account simultaneously. 

The students have now been exposed to all the concepts neces-
sary to participate knowledgeably in building and operating 
food dr} .. ers . 
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If you are teaching a class which will eventually face an 
external examination, :.t will be worthwhile to look at the 
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 
about the terminology or calculations your particular Syllabus 
requires. 

There are several ways by which you can assess how much and 
what your students have learned. One or more of the follow
ing methods may be appropriate for you situation: 

1. Listen to the way students describe their work and 
otherwise participate in discussion. 

2. Observe the way they have designed their boxes and 
their food dryers in Part II. 

3. Note their answers to specific problems and questions 
that you pose. 

If your teaching is designed for pr~~tical outcomes only, 
these informal methods ~ay be sufficient. If, however, 
written examinations of knowledge acquired is a requirement, 
then those exams can serve to help you identify areas in which 
students will need additional instruction. 



PART 2. FOOD DRYERS 



PART II. FOOD DRYERS 

This part develops and applies the concepts learned in 
Part I. It contains activities concerned with food drying, 
and activities constructing food dryers. 

solar 
dryers 

measJement 
construction 

heat 
moisture 
volume - wet and dPy 
weight - wet and dry 

area - wet and dry 
humidity 
air movement 
angle of sunlight 

-,\ 
alternate 

dPyers 

J. 
measurement 

construction -

Note: Other subjects for related work are agriculture~ math and 
trigonometry. 

Chapter 3 begins with simple food drying to determine the 
water content of foods. Volume, weight and surface area 
are measured, expanding on the food drying activity in 
Chapter 1. Heat, air movement and the angle of sunlight, 
which were introduced in Chapter 2, are explored further 
as students build and test small models of food dryers. 
As the students improve the effectiveness of their small 
models by modifying them, they will determine which of 
their designs work most effectively. 

In Chapter 4, various designs of dryers are presented with 
some building suggestions. These dryers cover a range of 
designs using a variety of materials. They can be modified 
a number of ways to suit the local materials and climate, 
in accordance with what the students have learned with their 
small dryers. However, students may build a large dryer 
they design themselves, instead of depending on the designs 
presented. 
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Some trigonometry is required to build one of the dryers. 
The math class could work on this aspect while the science 
class works on another aspect or another dryer. The two 
classes could then build the large dryer(s) collabo~atively. 
If this is not possible, you can make the necessary calcp
lations and give the figures and dimensions to students 
interested in this dryer. ) 

Dryers using heat from a source other than the sun are also 
introduced. If electricity is available, a very inexpensive 
model can be built, encouraging the science students to apply 
concepts in an alternative situation. Also, the students can 
test and compare the results of drying foods with solar dryers 
to the results with alternative dryers (coal, paraffin) in 
order to determine the advantages of various dryers. 

Both small and large dryers can be built with tools the 
students have made. If the students have not made tools or 
do not have access to tools, you may want to precede some of 
the act~vities with tool building (seeReprint 35*), If each 
group of students has a set of tools, the problem-solving 
activities can run more smoothly. 

Getting the Community Interested 

To increase the likelihood of the methods and skills being 
generalized, try to involve the community as you and the 
students gather materials for the activities. (Some items 
may be donated also. Are dry mild, bul~ar wheat, and other 
dry staples available in the local area?) Would a local 
restaurant owner give food to the science class in exchange 
for dried food during the season of shortage, thus improving 
the menu and saving money on purchases of expensive imported 
items? Would farmers give their extra perishable crops in 
exchange for having ~orne of it dried? Are there international 
agencies or businesses in the area? Would they donate food 
or money for food for the project? What could the science 
class offer them? 

Presenting the food drying project as a potential community 
service increases the likelihood of assistance, and provides 
a link to the community for increased education. 

Advantages of Food Prying and Solar Dryers 

Preserving food by drying allows for nutritious meals even in 
the season of shortage. Besides this obvious advantage, there 
are other reasons for preserving food by drying. 

* Peace Corps ICE publication #R35, How to Make Tools. 
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1. Drying preserves the vitamin, mineral, protein 
and fiber content of food more than methods which 
expose it to extremes in temperature. (See pp.162,174) 

2. Dry food is often more flavorful than fresh food 
because even after rehydration it is somewhat 
smaller than its original size. The flavor is 
therefor~ more concentrated. Eaten dry, the 
flavor ard nutrients are much :nore concentrated. 

3. Drying costs less than freezing and canning. 

4. Dry foo1s require very little storage space. 

5. Dry foo~s when kept dry will remain edible in
definitely. Mold and bacteria can grow only where 
there is water. 

Solar dryers offer further advantages: 

1. Solar dryers can maintain high enough temperatures 
to elim.inate the possibility of mold or bacterial 
spoilage. (See p. 122} Spoilage is common with 
open drying methods, especially in humid climates. 
Also, if the solar dryer can reach a temperature of 
55° C, further pasteurization is not needed. This 
saves tinte and effort. (See pp. 125, 171-2} 

2. Solar energy is free and readily available. 

3. Food in solar dryers is protected from dirt and 
animals. 

4. Any insects already in the food will be killed or 
driven off by the high temperature in the dryer. 

5. The rise in temperature inside the dryer reduces 
the relative humidity. The moisture in the food 
is carried off by the heated air moving around the 
food. As a result, food can be dried faster in a 
solar dryer than outside. 

Objectives 

The students will learn to identify and manipulate the 
variables involved in food c''t;,:ying: 
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1. Heat 

2. Moisture content 

3. Volume 

4. Weight 

5. Area 

6. Humidity 

7. Air movement 

8. Angle of sunlight 

This will be done through discussion, activities and the building 
and testing of small and large food dryers. 



CHAPTBR 3. PREPARING FOR FOOD DRYING 

Activity II-1 WATER CONTENT OF FOODS 

(See introcuction to li-2, p.91 ). In r.hapter 1, the stu 
dents began a preliminary investigation of the water content 
of food. In this activity, students ~1-;igh various foods 
wet and dry and calculate the water content. The students 
should apply the ideas learned in the evaporation activities 
to reduce the time needed to complete the activity. They will 
begin also to collect information about food types to use 
later when the small and large food dryers are built and 
tested. 

Each sub-grou? of students should have a balance to use for 
its studies.* As discussed in Appendix G, it is also a 
useful learning experience to develop one•s own system of 
measures. 

By comparing the ~et weight and dry weight, the students can 
calculate the percentage of water in foods. 

* 

DIAGRAM 32 
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See Appendix F for instructions on how to design and build 
equal arm balances. 



Formula: 

Final Dry Weight x 100 
First .Wet We~ght 

= 

100% - F = 

Example: 

1 bottlecap x 100 4 bottlecaps 

100% - 25% 

= 

= 
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Food content; nutrients 
and fiber and some water 

Water content; 
by drying 

25% Food Content 

removed 

75% Water Content 

= F 

= w 

The students also can compare the volume of food pieces wet 
and dry. For some food items, this would be an approximation. 
For example, mango slices can be put in a straight sided jar 
and the volume of a cylinder can be calculated for the space 
the wet slices occupy and the space the dry pieces occupy. 
For other food items which can be cut in geometric shapes, 
such as potato or melon, the volume can be calculated directly. 
Using grid sheets may fac1lltate this measurement. 

Further Study 

If math is to be emphasized, encourage your students 
to calculate the volumes of their food pieces using 
the following formulas: 

Cube V=s 3 

S=One dimension 

Rectangular 
Prism V=ldw 

l=length 
d=depth 
w=width 

Cylinder 

Sphere 

2 V=1Tr h 
1"=3 
r=radius 
h=height 

3 
v-4r 

3 
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As a guideline, dried fruit and vegetables have 1/6 - 1/3 
the volume and around 10 - 20% the water of their original 
fresh state. 

Have soap and basins available and encourage everyone to wash 
their hands before handling food. Have the students clean 
the food also before preparing it for drying. Encourage 
sanitary conditions during the activities. Some discussion 
of the reasons for sanitation may be developed as the students 
work on their experiments. Note also the pre-drying pro
cedures outlined in Chapter 8. 

Materials 

Vegetable: ~otato, cassava, 
carrot, celery 

Fruit: banana, mango, melon 

Cereal or seed: bean, rice, 
sorghum 

Protein: fish, cheese 

(Use food items available. 
Although it is useful to test 
a variety nf foods to compare 
the water contents and drying 
times, it is not necessary to 
have one o:E each food to test} 

Razor or similar cutting tool 

Water 

Basin, bowl or bucket 

Equal arm balance or 
other device for com
paring weights 

Bottlecaps, tins or simi
lar items to be used as 
weights 

One small dish or piece of 
pasteboard for each piece 
of food to be dried 

1 em grid sheet 

Straight sided jar to cal
culate approximate volume 

String 

Ruler 

Soap 

Cloth: cheesecloth, gauze, 
nylon tulle 

Each sub-group should have one set of materials. Weighing 
equipment and basins can be shared. Direct the students 
as follows or hand out work sheets. 

After washing your hands, take one food sample. Check to see 
that your sub-group has a variety of food samples. Cut the 
clean food aample so that you can measure and dry it. Food 
for sampling should be gathered when ripe. Pieces should 
be selected which have no cracks, b~uises or rotten spots. 
Bad spots should be cut out. (See pp. 175-177). 
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First, measure the cut piece. What is its area? What is its 
volume? Record this information. 

Next, select a dish or pasteboard piece, weigh it and record 
the weight. Place the cut food piece on the dish and weigh 
them together. Record the result. 

Place the food piece and board or dish in a warm place and 
cover it with a piece of cloth. Note the time and location. 
Leave it for a number of hours or until the next day. Then 
weigh it (food and dish) and record the weight. Wait again 
for some time and weigh it and record weight. Continue to 
wait, weigh, and record until there is no change in the weight. 
What is happening? Why is there no more change in weight? 

Next, measure the food piece. What is its area? What is its 
volume? How does this volume compare with the first volume? 
What fraction or percentage of the first vollli~e is the final 
volume? 

Compare the first weight of the food with the final weight 
of the food. What fraction or percentage of the first weight 
is the final weight? How much water has evaporated from the 
food? What percentage is the water content of the food sam
ple? How does this food compare with the other foods? How 
long did it take to rea~h a final weight? How does the time 
compare with the other foods? How long did it take to reach 
a final weight? How does the time compare with the other 
foods? With the same food dried in a different location? 

Report your findings to the rest of the students. Some of 
the results can be presented in the form of a graph. 

weight 
of food 

time drying 
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Aativity II-2 S~LL SOLAR FOOD DRYERS 

In this activity, students begin to apply the concepts learned 
and information gathered in Part I. This activity links with 
the last activity of Part I, Activity I-ll, where the students 
discuss and design food dryers. You can do this activity 
before, during or after Activity II-1 ¢epending on the areas 
of student interest and what is most convenient for you. 

Materials 

Tins and pieces of metal 
from tins 

Black paint, soot or black 
cloth 

Wood 

Pasteboard or wood boxes 

Paste or cement or other 
adhesive 

Thermometers 

tAngle measuring device) 

Equal arm balances or 
other devices for weigh
ing 

Razor blades, knives, 
glass cutt-=r 

Aluminum foil or aluminum 
paint 

Cotton gauze, nylon tulle, 
mosquito netting 

Nails 

Glass or plastic 

one type of food to slice 
for drying tests, prefer
ably one that does not 
spoil readily. 

Soap 

Basins, bowls or · ~uckets 

Rulers 

Hammers, saws, chisels, 
drill, etc. 

Each sub-group should have access to enough materials to 
build, test and modify their food dryers until they are 
satisfied with the results. This activity, as others, 
can be conducted outside, especially if the construction 
noise would be distracting to other classes. The activity 
should continue for a number of class periods until the 
students have determined which models work most efficiently 
and effectively in the local environment.. Encourage the 
use and modification of the designs the students developed 
in Activity I-11. 

Have all the materials in a central location to facilitate 
the building. Ask the students to build a small device to 
dry food. Let the students know that after they have built 
and tested the small models, the class will build one or 
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more large dryers. Ask the students to find out ''\Jtiich design 
will dry food the fastest. 

Let the groups work independently. While the students are 
building the small models, move from group to group to ask 
questions. Ask questio~s about the design and how it takes 
these variables into consideration? ·-• 

How is the air around the food heated? 

What way will the air mov-e through? 

What would be the b:est location for that model? 

Will moisture gather inside? 

What would happen to the device on a windy day? 

What surface color wil.l work best? 

Wh~Le will the =ood be placed? 

Can the moL~l·s angle be changed? 

Some models built by students are diaararn::":?·-1 below: 

glass or 
·~r::.nspa.Pent 

plastia 

box 

holes DIAGRAM 33 
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Have one type of food available for cutting and drying. 
As each sub-group finishes building its small model, 
including trays or shelves (p.96) for the food, have 
these students prepare some food for drying. Encourage 
the students to wash their hands before handling the 
food. Ask the students to keep records on their ex
periments. 

How did you cut the food? 

What size were the pieces? 

What time of day did you begin to dry the food pieces? 

What was the weather like? 

Where did you place the dryer? 

How was the dryer placed? 

What did the food pieces weigh wet? What area? 
Volume? 

How much did the food change as it dried? 

Did the drying go fast or slow at first? Or was 
the drying rate consistent the whole time? 

-How long did the drying take? 

What was the dry weight? Area? Volume? 

Ask the students to observe all the models being built 
and discuss their designs and ideas between the' groups. 

After the drying tests, have each group report on their 
design and the results to the class. From this discus
sion should come ideas for modification of some of the 
dryer models. These will then be tested. Eventually, 
the students should agree on which designs work best. 
Then have the students work on the designs of one or 
mo r-~., large dryers. At this point, there may be some 
col-~ aboration with the math and woodworking classes. 
Collaborating o~ different aspects of the same problem 
or project involves using time allocated to different 
subjects which are often taught by different teachers. 
When circumstances favor this arrangement, learning 
outcomes are often enhanced. 
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SUMMARY 

The students now know what has to be done to food to dry it. 
They also know how to make the many decisions necessary to 
build an effective dryer, and how to test and adjust until 
good results are gotten. 

The next activity will be buildinq la~qe dryers. Build the 
designs the students have determined are best suited for the 
local environment and materials available, or have them adapt 
a design from Chapter 4. Alternate heat sources for drying 
can be introduced, if desired, while the building is going 
on or after the students have built and tested the sun heated 
dryers (e.g. paraffin, coal). 



CHAPTER 4. BUILDING FOOD DRYERS 

rhe dryers presented here are samples to use after the 
students have experimented with small models. Some may not 
be appropriate for your local situation. All of them can be 
modified considerably. Some designs can be used with the 
sun's heat or with alternate heat sources. Some of the 
dryers can be adapted for indoor use which may be useful if 
there is a long wet season. All of the dryers can reach 
temperatures around 45 degrees centigrade and can there
fore also be used to incubate yogurt, sour cream and other 
cultured milk products. Another modification to consider: 
Can a dryer be used as a chick incubator? 

Food drying trays can be built with a variety of materials. 
(See "Food Preservation Resource Packet".) The general 
design is a wooden or metal frame with cloth, netting, 
woven wood strips or woven bamboo attached. There must be 
holes for ventilation. Woven wood, bamboo or baling wire 
trays are sturdier and can be washed and reused more than 
trays made with cloth. Rubbing the trays with a small 
amount o£ cooking oil keeps the food pieces from sticking 
and makes cleaning easier. Don't use a material such as 
aluminum, copper or fiberglass which can contaminate the 
food. Generally each 20 square decimeters of tray accommo
dates about one kilogram of raw food. It is best to keep 
the size of the tr~ys small enough to carry easily. This 
way, food can be ~cshed and cut and placed on the trays 
indoors and then c~rried outdoors and put in the dryer. 
Also, the f0od laden trays can be moved easily indoors at 
night or if it should rain. 

SOLAR DRYERS 

Three very different dryers are described in this section. 
Each dryer has certain advantages. The students have 
weighed the factors affecting dryer operation in the local 
environment as they built and tested the model dryers. 
They can therefore develop a design appropriate to the lo
cality and the materials available, using the designs shown 
here as a resource for additional ideas. All the dryers are 
heated by solar radiation and operate with convection currents 
of air. The food is enclosed and is protected from dirt and 
pests. All the dryers reach temperatures in the optimum 
drying range: 40°C. to 60°C. Some dryers can reach this 
range even on overcast days in the colder climates. 
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Site 

Location of the dryer should be chosen based on needs, i.e. 
exposure to maximum sun; little wind, enough for ventila
tion but not cooling. 

OIL DRUM SOLAR DRYER 

As the sunlight changes direction throughout the day, this 
dryer with its curved surface has about the same area availa
ble to collect solar energy. Once the dryer has warmed up, 
the heated air moves across the food inside at a fairly con
stant temperature as long as the sun continues to shine on it. 

The sun heats the drum. The air outside the drum is warmed 
by touching the drum, before it flmvs into the drum. Two 
layers of plastic insulate this air from the cooler air outside. 
This minimizes unnecessary loss of heat. 

Oil Dr>um 
So Zar Iffyer 

DIAGRAM 34 

Below: Cross-section of dryer 
sh~ing how the air flows in 
the bottomJ around between 
the plastic and the drum~ in 
through the holes in the drum~ 
and out the ends near the top. 

Cross-sectional view 

p7.astic 
sheets 
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Inside the drum the heated air flows past the food and 
gains moisture. It also gains some additional heat by 
touching the inside of the drum. Then it leaves the dryer 
through the vent at the top of each wooden end. However, 
the food should no~ receive much radiation from the drum 
because the food may get too hot and cook. 

douhZe 
pl-astic 

-~-\ /.' 
."I 

drum: 
black 
outside; 
uJhite or 
rLZwr.inum 
inside 

----- i 
I. 
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air inl-et 
vents 
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n 

air inlet 
vent in 
bottom 

aZoth pad 
between 
drwn and 
bottom 

side 

*A. Make one of these. 
*B. Cut two of these. 
*C. Make ·two of these. 

*C. 

DIAGRAM 35 
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A black surface absorbs radiation best, and is also the best 
surface to radiate heat. 

A light colored surface absorbs radiation poorly because most 
of it is reflected away·. A light colored surface is also the 
poorest surface to radiate heat.* 

This is the reason why the inside of the drum is supposed to 
be painted a light c-:-lor. In your locality, it may not mat
ter, but if you don•t paint it and the food cooks instead of 
drying, you should then paint it. 

Materials 

Oil drum 

Chisel and hammer or welding 
torch 

Clear plastic 

Cloth for pad under drum 

Hinges for door 

Paint thinner 

Tacks or very sm~ll nails 

Nails or pegs 

Saw 

Trays (see the first page 
of Chapter 4) 

Wood for frame 

Black paint or something 
similar 

Aluminum paint or white
wash 

Paint brush 

Net or wire to cover 
vents 

Pegs, wood strips and 
small blocks 

Hammer 

*The activities in Part I about radiation are concerned with 
how to absorb it most effectively. None of these activities 
deal with how you design a heat source. Therefore, there has 
been no information given about what sort of source radiates 
heat effectively, and what radiates heat poorly. 



Both ends of 
the drun are 
removed~ and 
three holes 
are cut in 
one side as 
shown here. 
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DIAGRAM 36 

Oil Drwn Solar Drye1? Construction 

(See diagram } Read through completely. 

1. Cut the top and bottom (the ends} out of 
oil drum, usir.:g a hammer and chisel or a 
ing torch. Cut a rectangular piece from 
area on the side of the drum between the 
as shown above. 

the 
weld-
each 
ridges 

2. Paint or coat the outside black on all surfaces 
that sunlight will reach. Paint the inside with 
aluminum paint or whitewash. 

3. Measure and cut pieces of wood to make the ends, 
the bottom, and the sides. 

4. Make the ends. Near the top of each end is one 
vent opening, which should be covered with net
ting or cloth. In one end is a door which is 
large enough so that trays can be put in the 
dryer easily. Hinge the door. 

5. To support the drum, attach blocks of wood to 
the inside surface of each wooden end. 

6. To provide a place to fasten the inner layer 
of plastic, attach curved strips of wood, or 
small blocks of wood, (at least 2 em wide) to 
the inside the drum to hold the trays. 

8. Nail the cloth paid onto the bottom. Its pur
pose is to prevent air from flowing between the 
drum and the bottom. 
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9. Attach the ends to the bottom, leaving sufficient 
space above the ground for air to enter freely. 
The bottom should be a short distance below the 
blocks or strips that will support the drum, 
the cloth pad to fit firmly against the drum. 

10. Put the drum on the blocks. 

11. On the bottom air vent side, beginning where 
the bottom is attached to the ends, attach a 
layer of ~lastic to the inside of the curved 
strips or blocks on the ends. Let it hang down 
on the side that is not cut away for the air 
vent. Pull the plastic smooth and attach it 
to the edge of the bottom. Nail the side 
piece on this side only to the bottom. These 
nails pass through the plastic you h'ave just 
attached to the bottom. Also nail it to the 
ends. 

12. Place the other side piece in position. The 
inner plastic is now between the side and the 
bottom. Nail this side to the ends only. 
(Most of the bottom is cut away on this side 
for the air intake). 

13. Pull the plastic smooth and attach it to the side. 

14. Attacn ~he outer plastic sheet to the ends and 
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. 

MUD WALL SOLAR DRYER 

This dryer was developed in Tanzania. It is built in a per
manent location so care must be taken to determine the best 
direction to position the dryer, and to locate it where it 
will not be disturbed. It could be built on the school grounds 
or somewhere in the town or village so that community residents 
could use it. Except for not being movable, this dryer has 
all the advantages of other solar dryers, making it more ef
ficient and effective than open air drying and much cheaper 
than drying with alternative heat sources. It also costs very 
little to build, and uses building skills that most people have. 



plastic 
sleeve 
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mud 
walls with 
wood frame 

(~~--------------------bamboo 
or reed 
vents 

DIAGRAM 37 

Materials 

Plastic sleeve - all dimen
sions for the dryer must 
match the plastic sleeve so 
that the cover fits on the 
walls. One standard size has 
a circumference of about 240 em 
and can be gotten in any length. 

Nails 

String 

Bamboo tubes the width of the 
dryer (cut ventilation holes) 

Lime or cement or cow dung 

Hammer 

Knife 

Measuring tape or meter stick 

Clay soil or termite 
hill soil or some simi
lar material 

Wood or bamboo poles as 
long as the dryer 

Boards to cut·for end 
pieces for sleeve·top 

Reeds, strips or twigs 

Char coal powder 

Wood posts about 50 
em long 

Sand paper or something 
similar 

Saw 

Hoe 
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MUd WaZZ Dryer Construation 

1. The wood fr~me for the plastic sleeve is built first 
so that the other construction can be matched to the 
plastic sleeve roof. 

A. Cut the end boards in triangular shapes 
that will fit in the plastic sleeve. 

B. Cut out holes at the corners and fit and 
nail the poles into these holes. 

DIAGRAM 38 

C. Sand down all the rough edges on the 
frame so that the sleeve will fit over 
the frame without tearing. 

D. Slip the plastic sleeve over the frame. 
Roll the excess plastic on the ends a
round wood poles. Draw the rolls up 
tightly against the ends and tie them 
securely. 

2. The dryer walls are built next to match the dimensions 
of th~ plastic sleeve roof. 

A. Clear and level the site for the dryer. 

B. Mark out the dimensions using pegs driven 
in the earth and string drawn between the 

0 
pegs. The corner angles should be 90 . 



103 

The plastic sleeve roof should overlap the 
outer edge of the walls by 3 to 5 em so rain 
will not run off the roof onto the walls. 

C. Dig holes for the poles at the corners and 
at 25 em intervals. The holes should be 
about 25 em deep. 

D. Put the poles in the holes so that they are 
aligned and all the same height, which 
should be about 25 em above ground level. 

E. Tie or nail twigs or reeds connecting the 
poles at two or three levels above the 
ground. This makes a sturdy frame. 

F. Mix the clay or similar substance to make 
a smooth mud. Pack this inside the spaces 
between the linking reeds. Smooth the mud 
completely over the inside and outside of 
the frame to make smooth walls. 

G. Insert the bamboo tube vents from side wall 
to side wall while the mud is wet. Set them 
at 50 ern intervals. When the dryer is fin
ished, the food trays can sit on the bamboo 
ttmes above the ground to assure good air 
circulation. 

H. Around the top edge of the wall, ca'rve out 
half circles for exhaust vents. Make sure 
the rest of the top edge of the wall is smooth 
and level so that the plastic sleeve roof 
will sit securely on it. 

I. After the mud has dried completely, plaster 
over the outside walls with lime, cement c...
cow dung. 

J. Mix charcoal powder with mud or some other 
sticky substance and plaster the inside walls 
and the bottom of the dryer with this black 
paste. 

3. Build trays to hold the food. The trays should be 
wide enough to be supported by the bamboo tubes. 
Instructions for making trays are on the first page 
of Chapter 4. After the trays with food have been 
placed in the dryer, the roof is set on top and can 
be tied down to pegs to secure it against the wind.* 
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COLD FRAME CABINET SOLAR DRYER 

This rectangular shaped dryer has a roof angled to catch the 
optimum solar radiation. The students experimented with this 
angle in Part I. Generally, it can be approximated if one 
knows the latitude of the area. 

Latitude Roof Angle with Horizontal 

00 o• 
w• oo 
20° 100 

30° 15° 

40° 25° 

50° 35° 

The double !aye= glass or plastic framed roof is hinged and 
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. 

The double cabinet walls and bottom are insulated with about 
5 em 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. 

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 section of 
Small Farm Grain Storage, published jointly by VITA and 
the Peace Corps. 

I 
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Braces are atta..:hed to the inside of the dryer to put the 
trays on.* 

i 
i DIAGRAM 39 
I 

i 
I 

I 

l 

If math is to be emphasized, trigonometry can be used to 
calculate the dimensions of the end pieces once the optimum 
angle with the horizontal has been determined. 

DIAGRAM 40 

A 

z 
---~-

*Instructions for building an insulated dryer similar to this, 
containing many helpful construction techniques, are found 
on pages 59 to 75 of the Dryer Models section of Small Farm 
Grain Storace, published jointly by VITA and the Peace Corps. 
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ABC is a right triangle. Angle x is known; it is the angle 
for optimum solar heating. Angle z is 90°. 

Angle y • 90° - Angle x 

The framed glass or plastic size is known. Therefore, the 
hypotenuse (C) would be known. 

Since: 

Sin y 
B --c 

Cos 
A 

y c 

Then: 

C s~n y = B 

C cos y = A 

Also, since A
2 

+ B
2 = c2

, any side dimension can be calculated 
from the equation. For example, if B = 16 and c = 18, then, 

162 + A
2 

= 182 

A
2 = 18

2 
- 162 

A
2 = 68 

A = 8. 25 

As with the mud wall solar dryer, it is good to start with glass 
or plastic and frame the double layer. Then with the known 
dimensions of the lid, the other dimensions can be calculated. 
The glass or plastic may be available only in certain widths. 
The ~ength of the lid, and therefore the cabinet, needs to be 
three times the width or more. 

Ma:teria"ls 

Glass or clear plastic 

Nails 

Wood pieces for legs and 
frame and braces for trays 

Hammer 

Black paint or charcoal 
paste 

Hinges 

Wood boards for inside and 
outside walls and bottom 

Saw 



Materials (aontrd.) 

Insulating material such 
as sawdust, animal hair 
rags, lint, rice husks 

Wood stripa or tape to 
cover the edge of the 
insulating waterial 
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Drill 

Short pieces of bamboo or 
other tubes to keep insula
tion from plugging the vent 
holes in the sides and bottom 

As you consider these designs for dryers, keep in mind that 
the students are likely to think of useful modifications of 
materials as 1:rell as design, in producing a dryer suitable 
for your locality. 

After the lar0e dryers are ready, proceed with the lessons 
on treatment and preparation of food for drying in Part III 
and begin prese:ving usable quantities of food by drying. 

ALTERNATE DRYERS 

CABINET DRYER 

This dryer is the most complicated design and requires more 
woodworking skill than the other dryers. It can be adapted 
for use with several heat sources and so, can be used indoors 
during the wet season. This may be viewed as an advantage. 
It can use electricity from a hot plate or similar source, 
or a paraffin heater, or a coal burner, or a solar plate 
collector similar to the device bui].t in Activity I-llB, to 
supply warm air. The heat source is below the cabinet and 
convection causes the heated air to move through the trays 
carrying the moisture from the food out through the top. 
It is possible to collaborate with the woodworking class to 
build this dryer. Note: Disauss dangers of paraffin and 
aoal. 



walls can be 
wood or bamboo 
o:r• woven reed 

HEAT 

-- -- - ... -·-. --

Si~e vJ.ew 

DIAGRAM 41 
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heat soUPce~--------------------~~~ 
charocoal, 
electricity 

DIAGRAU 42 

The cabinet 
is diagranuned 
below: 
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MatenaZs 

Wood 

Hammer 

Wood strips about 2 em by 
4 em to hold shelves 

Wood pieces about 4 em by· 
4 em £.or the frame 

Hinges and latches for the 
doors 

Saw 

Ruler 

Wide wood pieces for sides, 
back, doors and top (or 
bamboo or reed mats) 

Trays that can slide into 
the cabinet 

Nails 

You can adjust the dimensions to fit the materials available. 
Generally, the cabinet dryer is about 2~ to 3 times as tall 
as it is wide. Also, if other dryers .are being built, it is 
a good idea to make a standard size tray that will fit all 
the d~yers; this consideration also affects the choice of 
dimensions. The trays should be less deep than the dryer to 
allow for circulation of the warmed air so that the mois
ture is lifted from the food and carried out. 

The walls of the cabinet can be constructed with wide pieces 
of wood or can be built with a number of thin strips fit 
tightly together and sealed or lined with plastic. Split 
bamboo strips, woven bamboo or reed mats can be used as 
walls if lined well with plastic and nailed to a wood frame. 

As with other dryers, check the temperature with a thermome~ 
ter placed on a tray or hanging from a tray. Adjust the 
heat source or the sliding top as indicated by the tempera
ture. 

SOLAR CABINET DRYER 

The cabinet dryer can also be used outdoors, since the food 
is protected from dirt, insects, rodents and birds. By at
taching a solar plate collector to the base, the air can 
be warmed using the sun's heat. The device used in Activity 
I-llB is a simple solar plate collector. Solar radiation 
passes through the clear glass or plastic and is absorbed 
by the black surface. Air moving through the collector is 
heated and moves up out of the collector by convection. The 
solar plate collector shown below uses black coated corruga
ted metal to absorb 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 used, the air ins.ide can lose much heat by touching 
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the transparent material which is cooled by the air outside. 
In this collector, the air passes on both sides of the heated 
metal, as shown in the diagram. 

The solar plate collector is attached to the cabinet with pegs 
or screws. The angle of the collector should be the angle 
that resulted in the best heating in the experiments in Part I. 
If you make its connection to the cabinet flexible, the col
lector can be raised or lowered at the base to adjust for the 
optimum angle. 

blaak 

glass 
or 
plastic 

I 

\ 
\ 

\ 
\ 

I 

~ 

' ) 

) 
I 

\ 
\ 

~ 

Cross-sectional view 

D~GMM43 
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LIGHT- BULB DRYER 

If crops mature and spoil during a cloudy time of year in 
your locality, and electricity is available or can be gen
erated, this dryer may be useful. 

It is simple and inexpensive to build. It could also be 
kept in the classroom and used for pasteurizing food which 
has been dried in the sun in solar dryers that do not reach 
pasteurizing temperatures. This small dryer reaches a range 
of 55° to 600 C. after heating for a period of time. (This 
dryer was adapted from an Organic Gardening & Farming maga
zine design.) 

Materials 

50 watt light bulb 

Cardboard or wood to make 
two boxes 

Aluminum foil o~ aluminum 
paint 

Hammer 

Metal sheet cut to fi't top 
of box or a cookie sheet that 
fits the box .. 

Light s0cket, base, cord and 
plug 

Small nails 

Knife or scissors 

Screwdriver 

Saw 

Chisel 

Black paint and 
brush or black 
..::loth and cement or 
a smoky flame for 
coating the bottom of 
the metal sheet with 
soot. 

1. Paint the bottom of the metal sheet black, or 
cement black cloth to the bottom or cover the 
bottom with soot. 

2. Line the inside of box with aluminum paint. 
One could use other shiny substances to line the 
box; the object is to create reflective sur
faces to focus the light and heat on the black 
bottom of the metal sheet which absorbs the heat. 

3. Notch the box or cut a small opening at the base 
of the box to pass the electrical cord through 
to the electricity source. 
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4. Set the bulb, socket and base in the bottom of the 
box. 

5. Make holes in the metal sheet and place it on top 
of the box. 

6. Make a pasteboard or wood box with no bottom which 
is almost as large as the tray. It should ~ave 
holes along the lower edges of three sides. The top 
should be adjustable to control the flow of air 
leaving the box. 

Cover that 
allows air 
flow but -
keeps fiies 
Clh)ay from food. 

DIAGRAM 44 

food 
being 
dried 

bulb 
~--tt~ 

11+----box 

Cross-sectional v~ew 

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. ~he depth can vary 
considerably; with the bulb placed 20 to 25 centimeters below 
the sheet, the dryer will heat from 20° to 30° C within 
an hour. After four hours, the temperature will be between 
55° and 60° C. 

Rub the sheet (tray) lightly with oil before putting food 
slices on it. Each 20 square decimeters of tray space holds 
about one kilogram of r~w food. Drying time averages from 
8 ~o 12 hours. This may vary with the relative humidity. 
Place the top box on the dryer. If the dryer is used in a 
breezy location, makA sure that the top box is placed over 
the tray so the side ~··i th no holes is facing the breeze to 
prevent the flow of cir from being too rapid. Have the stu
dents experiment to see how controlling the 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 calculated using the 
following formula: 

watts X en7rgy 
1000 pr~ce 

square decimeters 
of drying space 

= 
cost per hour per 
square decimeter of 
drying area 
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For example, in the United States, electricity costs about 
5 cents a kilowatt hour, so using this dryer for 12 hours 
costs about 3 cents. This dryer activity can be tied to 
other electricity studies. Encourage your students to 
compare this dryer•s effectiveness and cost with other 
dryers they build. 

SUMMARY 

The students now have the training and, if they have built 
one or more large dryers, the equipment to preserve sig
nificant amounts of food by· drying. 

Part III provides the students with sufficient background in 
nutrition to realize that including a variety of foods in 
one•s diet is worth making an effort. There are also refer
ence tables and practical guides for designing good diets. 



PART 3. NUTRITION 
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PART III. NUTRITION 

Simple Food Tests 

~NUTRITION~ 

Food Drying Tests 

J, ../" \, 
Food Types 

!-
Mo Zd & Bacteria ~ Preservation 

·kChemis try 
*Biology Digestion Tests 

J-. 
Vitamins & Minera~s 

Diet 
BaZanc;:rng Foods 

Year Round 

Storage 

-!, 
Preparation 

This part can be presented as food is being dried 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 most productive drying methods. 
When this occurs, lessons on spoilage from mold and bacteria 
can be introduced as well as lessons reinforcing the use o£ 
preservation and pasteurization methods. The decomposition 
of food by mold and bacteria is similar to the digestive 
process in humans. As simple food tests and digestion tests 
are being run, students can also test spoiled foods and note 
differences be·tween fresh, spoiled and dried foods. This 
will emphasize the value of drying and preserving foods as 
well as increase the students' awareness of the digestive pro
cess. 

The sequence of chapters presented is a suggestion. It is 
best to sequence the chapters as students bring up issues, 
questions and concerns. Lessons 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. 



CHAPTER 5. FOOD DRYING TESTS 

BACKGROUND INFORMATION ON MOI.D AND BACTERIA 

In this series of lessons; students learn more about the 
impact of mold and bacteria on the preservation of foods. 
This is important in studying food preservation by drying 
because bacteria and molds are found in foods. By in
gesting foods contaminated with mold and bacteria, we can 
become infected so we need to preserve foods free of mold 
and bacteria. (p.178 ) 

These lessons show the behavior of mold and bacteria under 
different~conditions and thereby reinforce the preservation 
and storage methods necessary to avoid the contamination and 
spoilage of foods. A lesson also shows the digestive pro
cess of mold and bacteria and thus emphasizes what will be 
learned in the food test and digestion test lessons. 

The discussion of mold and bacteria is offered to assist 
the teacher in facilitating lessons and directing student 
research. It is not necessary to include all the detail in 
the lessons. It is your choice to interject various pieces 
of information in the discussion after the activities. You 
may want to discuss food storage in association with this 
chapter. (See p. 178 ) 

BACTERIA 

Bacteria are considered plants primarily for classification, 
though many scientists would prefer to put them in a class 
separate from plants and animals. Bacteria have the follow
ing characteristics: 

1. Small size; micro-organism. 

2. Unicellular. 

3. Rigid cell wall. 

4. Reproduction: primarily binary fission; some 
produce spores. 

5. Able to obtain food in a soluble form. 

6. No chlorophyll. 
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Some examples of bacteria are: 

1. Staphylococcus, which causes infections on the skin 
and in the respiratory tract. 

2. Diplococcus pneumoniae, which causes pneumonia. 

3. Salmonella typhi, which causes typhoid fever and is 
spread through contaminated water, milk and food. 

4. Rhizobium, which is the nitrogen fixing bacteria 
on legumes' roots and is quite necessary and bene
ficial for plant growth. 

Bacteria sources for the lessons include decaying fruit and 
the dirt under fingernails. 

MOLD 

There are many types of mold; they are classified by their 
reproductive processes. Molds have the following general 
characteristics: 

1. Multicellular. 

2. Majority of molds are composed of many thread-like 
filaments (exception - Slime Molds). 

3. Filaments are thin walled. 

4. Repreduction: asexual or sexual; most molds have 
both cycles. Eu.ch mold produces a fruiting body 
where spores are formed. The spores are thick walled. 

5. Ability to obtain food in a soluble form. 

6. No chlorophyll. 

Some examples of mold are: 

1. Rhizopus Nigricans, the 11 bread mold. 11 It is a soft, 
white, cottony mass with black spore cases. It grows 
on moist bread, raw sweet potatoes, and other starchy 
foods. 

2. Penicillium grows commonly on citrus fruits, forming 
blue-green spots on the fruit. It is used to make 
the antibiotic Penicillin and is also used in cheese 
production. 
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3. Aspergillus appears reddish or black depending 
on what it grows on; it is similar to Penicil
lium and is very common. 

4. Neurospora grows in bread, on fruit and on 
grains. It is r&d. In culture, it has produced 
a number of enzymes including Lipase and Trypsin. 

Mold can be found or produced for the lessons on moist bread, 
citrus fruits and/or by placing dead flies in stagnant water. 

MOLD AND BACTERIA 

Mold and bacteria differ in the first four characteristics 
listed above, but have other characteristics in common. 
As mentioned, both mold and bacteria contain no chlorophyll 
and both are able to obtain food in a soluble form. Also, 
all mold and bacteria dre killed or made dormant by low 
or high temperatures or when moisture is low. These fac
tors are very important when considerirg the preservation of 
foods and will be studied in this cha~(2''. Although bacteria 
and mold differ in some ways, the fact~rs important in a dis
cussion of food preservation are common to both. For this 
reason, they will be studied together. Learning the ad
vantages of preserving food by drying and employing good 
drying procedures will be the outcome of these lessons. 

The following diagram on the effect of temperature on mold 
and b~cteria growth is offered to facilitate discussion 
while the students prepare materials and during the tests. 
It is best that the students discover the relationships 
through the activities; presenting this diagram before the 
activities ~ight inhibit some problem solving. 

I 



c 

121° 

115° 

l10° 

104° 

ggO 

F 

250° 

240° 

230° 

220° 

210° 

71° 160° 

66° 150° 

60° 140° 

54° 130° 

49° 120° 

43° 110° 

21° 70° 

16° 60° 

10° 50° 

122 

At 115°to 120°C, with steam 
under pressure, even the 
hardiest spores are killed 
in 15 to 20 minutes. 

Most mold and bacteria are 
killed rapidly at 100°C (212°F). 

No mold or bacteria grow in 
the range of 6 0 ° to 1 0 5 ° C, 
but some resistent spores 
can survive. 

Our body temperature is 37°C. 

Most common mold and bacteria 
grow best at temperatures in 
the range of 18° to 36° C. 

No mold or bacteria grow at 
temperatures below -5°C, but 
most spores can survive. 

DIAGRAM 45 
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Preparation of MateriaZs for Activities 

Students will gain a better awareness of the need for 
cleanliness, sterilization and pasteurization in food 
preservation and preparation as they become involved 
in the preparation of materials for this chapter. Check 
in the local area for resources. Would the local meat 
market butcher be willing to donate bones? Or would 
he be willing to trade bones in return for the fat that 
is rendered while making gelatin? CouJ.d the farmer who 
slaughters an animal use some of the gelatin? The uses 
of gelatin can be a secondary objective learned in this 
series of lessons. 

Agar, which is similar to gelatin, may be available. 
It is made with seaweed from the East Indies. It has 
some advantages over gelatin, one being a higher melting 
point. Gelatin can be used for these studies, though, 
and may be easier to secure or produce. 

While the students are involved in the preparation of 
materials, concepts learned in other lessons (solutions, 
colloids, characteristics of fat, measurement, evapora
tion) can be reinforced through questioning and discus
sion. 

CULTURE 

Ma.teriaZs 

Animal bones (uncooked or boiled) Water 

Scale Pot 

l:'r .:.. -:Jedure 

1. Crush the bones to small pieces. 

2. Put the bone pieces in a pot, cover with 
water and boil for 15 minutes. 

3. Cool. Skim off the fat. (The fat can be used.) 

4. Remove the bone pieces and retain the water. 

5. Grind th~ bones to powder~ weigh. 

6. The water should equal 8-10 times the weight 
of the bones. Add more water if necessary 
to obtain this proportion. 
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7. Ret urn bone powder to ·t11e pot. 

8. Boil until evaporated to ~ the volume. The 
resultant liquid is gelatin. 

9. Pour gelatin into sterile dishes for the mold 
and bacteria studies o~ keep gelatin warm while 
the additions are prepared for the activities. 

ALTERNATIVE CULTURE 

If gelatin cannot be produced, potato, cassava, cooked egg 
white, or margarine can be sliced and put in dishes with lids 
and sterilized. The test results with this procedure, though, 
are not as definitive. It may be useful to have both types 
of culture dishes prepared and used, especially if the stu
dents seem unsure about the results. 

Another alternative culture for growing mold and bacteria 
.can be made with well cooked cereal. Put cooked cereal in 
dishes or small jars, cover, and sterilize. 

If each group of students runs the full series of tests, you 
will need 18-24 culture dishes total for each group. This 
may be difficult. It is possible to run a test/activity, 
record and discuss results and then clean, prepare and 
sterilize the dishes for the next test. With this procedure, 
you will need 2 or 3 dishes for each group. Alternately, 
you can assign one test/activity to each group of students 
and have them conduct the tests simultaneously. This would 
require 18-24 aishes total for the cla~s (4-6 tests). 

TO STERILIZE OR PASTEURIZE 

Sterilizing, the killing of microorganisms, is done by pla
cing the item (dish, stick) in an oven, heater, or dryer at 
a temperature of 45°- 50° c. for one hour. This is suffi
cient to kill most mold and bacteria, except the spore form
ing bacteria which require higher temperatures. Many spores 
resist higher temperatures and will sprout when placed in 
favorable conditions. 

Pasteurizing is '3. modified, partial sterilization recommended 
for sun dried foods that may not have been kept at a high 
enough temperature for the length of time needed to kill 
microorganisms (mold and bacteria, p..;l. 172, 174). The pro
cess is modified sc that the food is not cooked and the 
loss of nutrients is minimized. Durin~ the mold and bac
teria lessons, it would be useful to emphasize the simi-
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larities between sterilizing, pasteurizing and food preserva
tion methods. 

Sterilization in an Oven 

Materials 

Items to be sterilized. 

Oven or dryer able to heat to 70°- 80° c. 

Proaedu:re 

Heat items in oven at 70° - 80° c. for 10 - 15 min
utes. 

StePiZization by Steam 

Another sterilizing procedure uses steam and, thus, reaches 
higher temperatures and kills more molds and bacteria than 
the other procedure. 

Materials 

Items to be sterilized 

Source of heat 

Lid to pot or can 

Water 

Large pot or can with 
rack or platform 

Put 5 em of water in the pot and place a rack or 
platform above the water. The dishes/jars to be 
sterilized are put on the rack in the pot. Bring 
the water to the boiling point. Stearn -Jill be vis
ible, escaping from the cover. Boil for twenty 
minutes. Remove from the heat source to cool. 
Keep the pot covered while cooling. 

There are many ways to adapt available materials for 
sterilizing and pasteurizing. Some models of food 
dryers can reach temperatures sufficient for pas
teurization and par~ial sterilization and can be used 
to prepare culture dishes for the mold and bacteria 
studies. It is useful to have another alternative, 
preferable a steam sterilizer. Students can compare 
results in the dishes/jars sterilized with the differ
ent procedures; this increases the opportunities 
for learning. 



OVen or SteriLizer 

DIAGRAM 46 
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-;.------------ large metal bowL or 
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with steam (ahiaken 
wire, woven bamboo, 
aorrugate with hoLes 
purwhed aan be used) . 

charcoal, wood, gas 
- heat sourae 

aharaoaL burner, pit 
or stove 

To Make Transfer NeedLes 

Transfer needles are used to transfer mold or bacteria 
from their source to a sterilized dish or jar. Each time 
this is done, ·the student should sterilize the needle by 
heating the end o[ it in a flame before using the needle 
to transfer again. This transfer to a sterilized dish is 
called planting. 

Materials 

Soft wood twigs or branches about the size of 
pencils 

Sewing needles 

Proaedure 

Push the needle into the end of the wood leaving 
the needle eye about 3 em from the end. 
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Aativity III - 1. PRELIMINARY INVESTIGATION OF MOLD AND BACTERIA 

In this activity, students will observe some physical charac
teristics of mold and bacteria. This preliminary investigation 
is particularly important if the students have not discovered 
mold and bacteria during other food lessons and activities. 

Mate"Pials 

Source of bacteria and mold (see pp. 119-120 ) 

Hand lens 

Proaedure 

Have the students observe and record what they have noted about 
mold and bacteria. During the discussion, cover such questions 
as: 

What does it look like? 

Where is it found? 

Have you seen it other places? 

Are the samples different? How? 

Are some larger? 

How do they grow? 

What is needed'? 

The preliminary discussion should bring out some questions.to 
test. Sequence the test lessons according to the questions 
the students raise. If the students discuss the need for water 
for mold and bacteria growth, begin with this study. If the 
concern is focused on the type of food mold and bacteria grow 
on, begin with that study. Ask the students how they can check 
how bacteria and mold grow. For example: How can we test 
whether water is needed for mold or bacteria to grow? Have 
the students discuss and develop plans to answer the question. 
Let the students begin the tests/activities. 

The following activities outline the kinds of tests students 
can perform for some of the basic questions about mold and 
bacteria. The students can gain more if they design the test 
procedures themselves; it is not necessary to limit the study 
to the questions presented here. · 
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* * * 

Aativity III-2 DO MOLD AND BACTERIA DIGEST COMPLEX FOODS? 

In this activity, students will discover that mold and bac
teria themselves digest many of the foods 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 
observations for this and the following activities is 
found after Activity III-6. 

Materials 

Sources of mold and bacteria 

Sterilized culture dishes 

Pieces of protein, carbohydrate and f<· · 

Transfer needles 

Proaedu.re 

1. Transfer mold and bacteria to sterilized dishes, 
each ccntaining a different food type. 

2. Label the dishes according to food type. 

3. Put the dishes in a warm place (18-35° C ) for 
2 or 3 days. 

4. Observe the various dishes. Are there differences 
in the size of the mold and bacteria from its 
previous size? Are there differences from one 
food type to another? What cnanges have occurred 
to the original foods? 

5. Record your observations and conclusions. 

* * * 

I 
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Aativity III-3 DO MOLD AND BACTERIA NEED ·wATER TO GROW? 

In this activity~ the necessity for water for bacteria and mold 
growth is investigated. This is done by planting bacteria in 
wet and dry cultures and observing the differences over a period 
of a few days. 

MatePiaZs 

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 

Transfer needle 

1. Plant mold and bacteria in some gelatin dishes. Place 
half the samples on a light bulb dryer covered with 
a box or place them in a solar dryer covering the 
open dishes with a box or bowl. Place the other cov
ered samples in a warm, dark place. Check all the 
dishes after a few days. Note the differences and 
record the results. 

2. Place a spoonful of dry cereal or a few pieces of 
dried food in a sterile dish with lid. 

3. Place a spoonful of cooked cereal or a few pieces of 
fresh food (same kind as dried) in a sterile dish 
with lid. 

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 happened? How do the dishes 
differ'? · 

. 
7. What can you ~Jnclude about the results? 
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* * * 

Aativity III-4 DO MOLD AND BACTERIA GROW WELL IN LIGHT AND IN DARK? 

In this activity, students will study the effects of light 
and darkness on mold and bacteria. 

Materials 

Culture dishes 

Source of mold and bacteria 

Transfer needles 

Proaedure 

1. Plant some dishes with mold or bacteria. 

2. Place some of the dishes in a light place such 
as by a window. 

3. Place the other dishes in a dark place. 

4. After a few days, check the dishes. Observe 
the results and record your findings. 

* * * 

Aativity III-5 DO MOLD AND BACTERIA GROW BEST IN COLD~ WARM OR 
HOT PLACES? 

In this activity, students investigate whether mold and 
bacteria grow best in cold, warm or hot places. 

MatePiaZs 

Culture dishes with covers 

Source of mold and bacteria 

Dryer or oven 

Transfer needles 

' I 



131 

Proaedu:roe 

1. Plant dishes as in the other tests and cover with 
lids. 

2. Place one in a very .cold place such as on a concrete 
floor in a well shaded corner. 

3. Place ~ne in a warm place. 

4. Place one dish in a hot place such as a dryer or 
oven. 

5. Check th~. dishes after a few days.' Record. your 
findings. 

* * * 

Activit t III-6. DOES SUNLIGHT KILL BACTERIA OR MOLD? 

In this activity, students will discover what effect direct 
sunlight has on the growth of bacteria and mold. 

Materials 

Culture dishes 

Source of mold and bacteria 

Transfer needles 

Direct sunlight 

Proaed"U.Pe 

1. Put mold or bacteria in two sterile dishes. 

2. Place one of the dishes in open sunlight for several 
hours. 

3. Place the other dish in a warm dark place. 

4. After a few hours, remove the first dish from the 
sun and place it with the other dish. 

5. Check them after a few days. Record your findings. 
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Have the students prepare charts such as the on the fol
lowing page. If the class has been divided into groups, 
with each group doing a different activity, have a table 
written 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? 

What sources did the bacteria prefer? 

What conditions slowed or stopped the growth of 
mold and bacteria? 

.. 
What conditions were necessary for bacteria and 
mold to survive? 

What would you want to do to make food less appealing 
to mold and bacteria? 

'What does drying food in a solar dryer do that makes 
food last longer? 

Although light and temperature affect the growth of bac
teria, the amount of moisture is the significant differ
ence. Lack of moisture alone is sufficient to prevent 
the growth of mold and bacteria. This should be empha
sized as it might not be definitive from the tests and it 
is the major advantage of preserving food by drying. 
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CHAPTER 6. SIMPLE TESTS FOR FOOD COMPONENTS 

BACKGROUND INFORMATION ON FOOD TYPES 

Several of the tests in this chapter are used by chemists 
to analyze chemicals. Chemists look at, feel, smell and 
taste substances as part of preliminary analysis. By 
working with the groups, you can encourage students to 
test and record· their results. 

You may want to perform the tests by yourself beforehand 
to become acquainted with the results. This also gives you 
the opportunity to develop directive questions to ask the 
students as they experiment. You can also anticipate op
portunities to re-emphasize things learned in other lessons
for exampl~, evaporation and dehydration while students 
conduct Test 5, or solubility if basic chemistry lessons 
have been taught earlier. 

In this chapter the students will: 

1. learn the basic food types: Sugar, Protein, 
Starch and Fat by experimenting and observing 
differences. 

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 direct students to 
the need for balanced diets. Measurement of 
this learning can be done by having the students 
prepare menus or diets that contain the basic 
food types. 

The activities are used to identify the basic food types: 
Sugar, Starch, Protein and Fat. 

PROPERTIES OF SUGAR 

1. Sugar is soluble (Test 1). Simple sugars are 
absorbed in the human body by direct diffusion. 
Digestion, or chemical breakdown, is not necessary. 

2. Sugar turns brown when mixed with iodine (Test 2). 
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3. Sugar has a sweet taste (Test 1). 

4. When burned, sugar turns black and gives off water vapor. 
This is because it contains carbon and water (Test 4). 
The presence of carbon and water indicate that sugar is 
a carbohydrate. It is a simple carbohydrate. Because 
it is absorbed in the body directly (soluble), it is 
separated from other carbohydrates (starches) which 
require degestive reactions, starting in the mouth with 
the action of the enzyme, ptyalin, in the saliva. 

PROPERTIES OF STARCH 

1. Starch is soluble. 

2. Iodine turns blue when mixed with starch (Test 2). 

3. When burned, starch turns black and gives off water 
vapor (Test 4). This is because starch, like sugar, 
is a carbohydrate. 

PROPERTIES OF PROTEIN 

1. Proteins, such as those in meat, fish and egg whites, 
are large chemical compounds and require a series of 
digestive reactions to be broken down to amino acids 
which are r..bsorbed and used by the human body. 

2. Protein is net water soluble (Test 1). 

3. Protein begins to break down in the presence of hydro
chloric acid (Test 5). This is what occurs in the 
stomach. 

PROPERTIES OF FAT 

1. Fdts, such as palm oil or margarine, are large chemical 
compounds. 

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 appears translucent when 
held up to a light (Test 3). 
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There are several tests that students can perform in order 
to observe differences between the four basic food types: 
Protein, Fat, Starch and Sugar. The food tests will take 
2 or 3 class periods. If st.udents are interested and con
tinue to test food items, this part of the.unit could be 
extended. 

You can divide the class into groups. Each group can run 
one or two of the tests and report to tbe rest of the class. 
Alternately, each group can run all the tests and compare 
their results with other groups. 

The written directions for each test can be handed out to 
each group. This can save time and allow the teacher more 
time for questioning as the activities are in progress. 

Choose food items that are locally available, but try to get 
at least one sample from each food type. The food samples 
can be cut ahead of time, or the students can cut or chop 
pieces from the items as they perform tr.e tests. 

Newspapers can be spread on the desks or tables to protect 
them as the chemical tests are in progress. 

Have the students use only a small amount of food for each 
test. While testing is going on, you might question the 
students about mixing or keeping the food items separate. 
Emphasize the importance of control in science experiments. 

Have the students practice using grass reed droppers or Bic 
pen droppers as accuracy with these takes trial and error. 
The diagram below shows how the grass reed dropper is held. 

DIAGRAM 4? 

Grass 
Reed 
Dl'opper 
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There should be an area of the room set aside for washing and 
rinsing used equipment such as jars and caps. The soap and 
water are also essential for students who accidently get HCl 
on their skin. They must wash the area liberally with soap 
and water. The soap will neutralize the acid. 

F~~lowing are the directions to be given to the students. 
You may want to circulate among the groups questioning the 
students about their process. 11 How did you crush the food 
sample? 11 11What happened to the rice when you put iodine on 
it? 11 11 Does the sample smell different now? 11 The questioning 
should direct the students toward observing the difference 
between foods, the changes that take place. The questioning 
also can reinforce problem solving skills and the scientific 
method. 

Aativity III-7 FOOD TEST 1 

This activity tests the effect of water on food samples. 

MatePiaZs 

Small jars Samples of each food type 

Water 

Proaedu:t'e 

1. Place food sample in a small jar. 
it. Fill jar ~ full with water. 

If solid, crush 
Mix. What happens? 

2. Taste a small amount of food. What does it taste 
like? Sweet, sour, bitter or no taste? 

* * * 

Aativity III-8 FOOD TEST 2 

In this activity studAnts will test to see what effect iodine 
has on the food samples. 



MatenaZ.s 

Bottle caps 

Iodine (see p. 197) 

Grass reed dropper or 
Bic pen dropp€r 

Proaedu:Pe 
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Water 

Samples of each food ·type 

1. Place small food sample in a clean bottle cap. 
If solid, crush it first. Add a few drops of 
water. 

2. Add a few drops of iodine to the sample. Do 
not taste this - iodine is POISON. What happens? 

* * * 

Activity III-9 FOOD TEST J 

Students will test to see if the food samples have any 
effect on paper. 

MatenaZs 

Samples of each food type Brown paper 

Pr>oaedure 

1. On a small piece of brown paper, place a food 
sample. If solid, crush it. Wipe off extra 
food, leaving a spot on the paper. 

2. Set this aside and check it later. What 
happens? Hold the paper up to the light. 
What do you observe? 

* * * 
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Activity III-10 FOOD TEST 4 

Here, students will observe the effect of heat on the food 
samples. 

MatePiaZs 

Food samples Bamboo tweezers (see Appendix A) . 

Bottle caps Candle 

Piece of glass 

Procedu;pe 

1. Place a small amount of food in a clean bottle cap. 
·Crush it if necessary. 

2. Using bamboo tweezers, hold the bottle cap over a 
flame of a candle. Trim the wick to get a small 
flame with no smoke. While doing this, hold a 
piece of glass over it. What happens? Continue 
heating it. What happens? 

* * * 

Activity III-11 FOOD TEST 5 

In this activity, students will test the effect of hydrochloric 
acid (HCl) on the food samples. 

Ma;tePiaZs 

Hydrochloric acid* 
(see p. 197 ) 

Water 

Candle or burner 

Food samples 

Small jars 

Tin labelled ACID 

*If the acid appears concentrated, as evidenced by fuming when the lid is 
taken off the bottle, dilute what you use with five ~arts of water to one 
part of acid. Pour the acid slowly into the water while stirring. Do not 
pour the water into the acid. 
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Proaedu.;pe 

1, Place small amount of food sample in a small jar 
and cover with water. 

2. Mix the solution thoroughly. 

3. Heat slowly over a candle or burner. Record 
what happens. 

4. Caraefu 7, Zy add a few dro~:>s of HCl to the food 
sam?l3. Record what happens. 

Important: HCZ is an aaid and aan burn your hand. 
When finished~ empty the mixture into the tin 
marked ACiu. Put the jar ora test tube into the 
basin/buakP-t with soap and water. Wash. 

During the next science period, the groups can report 
on their findings by developing a chart on the black
board. 

TESTS 
Food Types Water Iodine Paper Heat HCl 

----
Sugar 

Starch 

Protein 

Fat 

--

Have the students discuss the results. Why do certain foods 
react to only some of the tests? Direct the discussion to 
bring out four basic reactions. Introduce the food type terms: 
Protein, Fat, Starch and Sugar. Have the students develop lists 
of foods in the four groups. Point out by referring ~o the 
test results that sugars are carbohydrates as are starches. 
The test results vary because of the size of the chemical 
compounds. In the future lessons, this difference will be 
clarified through d~gestion experiments and activities. Have 
the materials ready should some conflict about food items 
come up in the discussion. If there is some conflict, have 
the students test the food items in question. Discuss the 
basic uses of the food types. carbo!1ydrates and Fats produce 
energy, while Proteins build and repair tissues as well as 
provide needed substances in the body. (Refer to 11 Food Preser
vation Resource Pad:et. 11

) 

I 
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Ask the students to write down what they eat (their diets) 
each day for the next week. A diet record form is found in 
Chapter 7. 

What types of food do they eat each day? 

How much of each food type? 

What season is it? 

Do they eat different foods at other times of the year? 

What are the differences in diet throughout the year? 

Why? What foods· are available in each season? 

If the students are finished with the food tests at this point, 
proceed with the lessons on digestion and nutrition including 
the need for vitamins and minerals. When th2 students have 
their diet records ready, use the reports on diets to develop 
a discussion on nutrition and the need for well-rounded diets. 

DIAGRAM 48 

* * * 
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CHAPTER 7. DIGESTION 

This chapter can be presented in 6 to 14 lessons dependent 
on what concepts you choose to include and the interest 
and skill level of the science students. 

For example, if the students have not studied solutions, 
colloids and suspensions, you may want to set up materi
als and activities for the~udents to determine the dif
ferences. This activity could precede the food test les
sons. This is appropriate at the beginning of digestion 
studies because the behavior of food substances in water 
is important in digestion (hydrolysis). This activity 
would involve samples of substances: sugar, gelatin 
(protein), starch and oil (fat). These samples would be 
mixed with water. Each mixture is shaken and allowed to 
stand for about 5 minutes. The students then record the 
results and discuss their findings. The format of the 
food test lessons can be used for this activity. 

Through the activities and discussions, the students will 
develop an understanding of the following concepts and 
be able to apply them to their daily lives. 

1. Digestion is the chemical change of foods into 
particles that can be absorbed by the body cells. 

2. Fats, proteins and carbohydrates must be digested 
to make possible 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. Proteins also contain 
Nitrogen (N), Sulfur (S), and Phosphorus (P) used 
to produce chemical substances essential to life. 
Proteins are used to build and repair body tis
sues. We are about 20% protein by weight. The 
body depends on proteins to produce enzymes, hor
mones and hemoglobin. In addition, proteins are 
used to regulate body fluids. An insufficient 
amount of protein in the diet causes fluids to 
build up in parts of the body. This is why child
ren with protein deficiencies (Kwashiorkor) have 
distended stomachs. 

3. Hydrolysis is the breaking down of a chemical 
compound by combining it with water (H 20). 

4. An enzyme is a catalyst that speeds the hydrolysis 
of foods. The general equation for a digestive 
equation is: 
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Food + water __ e_n_zy~m __ e_s)+food parts 

The equations for the basic food types are: 

Fat + water lipase> fatty acids - glycerine 

Protein + water proteinase> amino acids 

Carbohydrate + water carbohydrase> glucose 

5. Glands produce the digestive juices such as saliva, 
gastric juice, pancreatic juice and intestinal juice. 
These digestive juices contain enzymes. 

6. Proteins, fats and carbohydrates are digested as they 
move through the alimentary canal which consists of 
five main parts: mouth and pharynx, esophagus, stomach, 
small intestine and large intestine. 

7. Water, vitamins, simple sugars and minerals (inorganic 
salts) are taken in the body by direct diffusion; 
digestion is not necessary. 

On the following pages is a table on the composition of 
some foods to assist you in generating discussion ques
tions and clarifying students' research. 
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COMPOSITION OF SOME FOODS 

(Adapted from Handbook of Chemistry, Lange ed. ) 

--,·--- -- ------r- -
% % % % % % Vitamin 

FOOD Protein Fat Carbo. Ca p Fe A B c D E 

Avocado 2 23 7 ++ ++ 

Banana 1 23 .01 .03 ++ + ++ 

Barley 9 1 78 .04 .40 .01 ++ 

Beans (navy) 23 2 60 • 16 .47 .01 + ++ + sprouted 

Beans (soya) 37 17 28 + ++ + sprouted 

Beans (lima) 18 2 66 .07 .34 .01 -
Beans (lean) 22 3 .01 .24 + + + + 

f-·- --
Butter 1 85 .02 .02 +++ + + 

Cabbage 2 6 .05 .03 + ++ +++ ·- ,__ 

Cheese 28 37 4 .93 • 68 ++ 

Chicken 22 3 .01 .23 + + 

Coconut 6 57 32 .06 • 1 5 + ++ 

Corn Starch 90 

Dates 2 3 78 • 07 .07 . 01 + ++ 

Eggs 13 10 .07 • 18 +++ ++ + + 

Egg (whites) 12 1 .01 • 01 

Egg {yolk) 15 33 • 14 • 53 +++ ++ + 

Flour (white) 11 1 75 .02 .09 + 

{who~e Flour w Hat) 14 2 72 .03 .24 + ++ + 

Gelatin 91 + + 

Lamb 20 13 .01 .22 + + 

Lard 100 + + 
- - -. 

Abbreviations 

Ca = Calcium + = vitamin present 

p = Phosphorus ++ = good source of vitamin 

Fe = Iron +++ = excellent source of vitamin 

Blank space = no appreciable amount ot substance 
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% % % % % % Vitamins 
FOOD Protein Fat Carbo. Ca p re A B c D E 

Lemon 1 1 9 .04 .02 + + +++ 

Milk 3 4 5 • 12 • 1 0 +++ ++ + + + 

Noodles 2 3 17 

Margarine 1 83 + + 
'· Olive Oil 100 + + 

Onions 2 9 .03 • 05 + ++ ++ 

Orange 1 11 .05 .02 +++ 

Parsley .02 ++ 

Peanuts 26 39 24 .07 .40 + ++ 

Peppers (green) 2 5 .03 + ++ +++ 

Pineapple 14 .02 .03 ++ ++ ++ 

Pork 17 31 .01 + ++ 

Potato 3 20 .01 . 06 + ++ ++ 

Rice 2 23 .02 

Sardines 23 20 .03 .26 

Spinach 2 3 .07 .07 • 01 +++ + ++ 
,. 

Squash 1 1 9 .02 ++ 
I 

Sugar 100 

Tomato 1 4 .01 .03 ++ ++ +++ 

Turnips 1 8 .06 .05 + ++ ++ 

Watercress 1 1 4 • 20 +++ +++ 

Whitefish 23 7 .02 .26 + + 

Yeast 11 1 21 + +++ ++ 

Activity III-12 DIGESTION INTRODUCTORY ACTIVITY 

In this activity, students will begin to understand the diges
tive reaction, 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.} 
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Materials 

Box - closed with holes cut out on all sides 

Large dirt clod or piece of termite hill 

Large piece of cassava or other fibrous root 

Large piece of wood - block, cylinder, pyramid 
shape 

DIAGRAM 49 

These must 
be larger 
than the 
hoZes 
in the 
box 

Have one set of materials for each group or team of students. 
Set the task and have each team work on the problem collective
ly and then share their results. An alternabive to this would 
be to have one set of materials and direct questions to the 
total class, although there is generally less problem-solving 
with this approach. 

The box is completely enclosed; the walls have small round 
holes. These holes cannot be made larger. How can the dirt, 
root and wood be moved into the box? 

Give the problem and let the groups work on solutions. While 
the groups are working you can move from group to group and 
ask questions to stimulate problem-solviwg. 

What solution (s) have you come up with? 

Does that solution require work (~nergy)? 

What steps are involved in the solution? 
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What is doing the work? 

What arrangement or change in the materials is necessary 
to get them in the box? 

Are other materials (substances) needed to change the 
objects? 

Are there other solutions to the problem? 

Do the different objects require different solutions? 

When the groups seem to be at a stopping point, ask for oral 
reports from the groups. 

Ag~in, ask directive questions during the reports and discus
sion. Some groups will offer breaking/cutting up the mater
ials as the solution. Others may offer dissolving substances 
with water as another solution. Discuss these different solu
tions, emphasizing that different agents (knife, water) are 
required. Through the discussion, bring out that this pro-
cess is like digestion in the human body. Food must be broken 
down mechanically and chemically by hydrolysis and enzyme action 
in order to be absorbed by body cells in much the same \'IJ'ay as 
the objects had to be broken down, using such things as a knife 
and water, in order to be put in the box. Someone may offer 
the use of chemicals as a solution to the problem. Ask how 
the chemical is used. Does it go in the box as well as the 
material? Develop the use of enzymes for digestion from this 
response. Enzymes are catalysts/agents that speed up hydroly
sis. If the problem-solving and discussion demonstrate that 
students understand the process, the general food equation 
can be presented. 

FOOD + WATER enzyme > FOOD PARTS 

The terms: hydrolysis, enzyme, catalyst, digestion can be in
troduced as the students generate definitions out of the probl~m
solving. 

* * * 

Note: The next series of activities involve digestive reactions 
of the basic food types. Some of :l;;le activitit:.s require mater
ials that may not be easily available. These can be eliminated 
without losing continuity although they do serve as reinforcers 
of the concepts. The teacher may wish to tell the students 
what the results of those activities would be. 

I 
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Acti1.'ity III-13 DIGESTION OF CARBOHYDRATES 

Through experimentation, the students will learn that diges
tion of carbohydrates begJ_ns in the mouth. Mechanical (chew
ing)and chemical (ptyalin in saliva) breakdown is necessary 
for hydrolysis of carbohydrates. Starches are broken down 
to simple sugars. The equation for this process is: 

C b h d 
ptyalin, . 

1 ar o y rates + water l sLmp e sugar 

Materials 

Starch 

Cooked potato 

Crackers, tortilla or 
bread 

Benedict•s solution* 
(Indicator of sugar) 

Food samples ~rom food tests 

Raw potato 

Nax 

Iodine (Indicator of starch) 

Jars or test tubes 

Cand~es or burners 

The first step in these activities is to have the students 
test the food samp:es used in Chapter 6 with Benedict•s 
solution to determine what it indicates. The solution changes 
to a yellow-red color in the presence of simple sugars. 
If you are not able to get Benedict's solution~ you can 
proceed ~ith the other exercises re~nforcing the students' 
observations of changes in the prese;zce of starch.** Through 
discussion, you can develop the concept of starch break-
down to sugar. 

* 
** 

See note a~out specialized sources on page 197. 

It has been ·~~gested to us that easily observable 
changes can take place by saliva actj_on alone on certain 
substances. Please let us know what results you dis
cover. 
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A. WHAT DOES BENEDICT'S SOLUTION TEST?* 

Take a small food sample of protein, fat, sugar and starch, 
if solid, crush it and mix each sample with a little 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 change in color. 

Discuss the results. When the students have determined 
What Benedict•s solution indicates, proceed to the other 
activities. 

B. DOES SALIVA CHANGE BENEDICT'S SOLUTION? 

Have the students work in small groups. Each group member 
chews a different :l:ood sample for a few mj_nutes and collects 
saliva in a jar or test tube. Have one student in each 
group chew a small piece of wax and collect saliva. After 
the saliva is collected, direct the students to add about 
1, teaspoon (5 ml or cc ) of Benedict • s solution. Heat 
the jars over burners or candles for about 30 seconds. 
What happens to the sample of just saliva? 

C. HOW DO ENZYMES WORK - CARBOHYDRATES? 

Ask groups of stuc1~nt.s to arrange eight j d.rs containing 
the materials listed below. Suggest that tbe students 
find a way to be able to identify the contents of the jars 
(label, code, record). 

1. 2 jars with 5 ml of water and a small piece of 
raw potato in each. 

2. 2 jars ~vi t :1 5 ml of water and a small piece of 
cooked ;locaco in each. 

3. 2 jars with 5 ml of water, 10 ml of saliva and 
a· small _;:1iece of raw potato in ea.ch. 

4. 2 jars with 5 ml of water, 10 ml of saliva and 
a small piece of cooked potato in each. 

Test one jar of each sample (1-4) with iodine. 
What are the results? Do the samples vary? Does the pre
sence of saliva mC~ke a difference? 

Let the other samples (1-4) stand for 15 minutes. Add 10 
ml of Benedict•s solution to each jar and heat each jar 
for thirty seconJs. What happens? Record any changes 

*Please let us know if vou find any indicator derived from 
locally available materials that can be usau instead of 
Benedict•s solution. 
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that occur in each jar. 

As the students are experimenting, move from group 
to group to question them. In addition to the 
questions in the above paragraphs, you may wish to 
discuss the use of controls with them. 

Have the students report their findings by develop
ing a chart on the blackboard. During the discus
sion, introduce the equation that describes €he 
action the students observed. Introduce the term; 
Ptyalin, the enzyme in saliva that begins digestion 
of carbohydrates to sugars by speeding up hydroly
sis of carbohydrates. 

Carbohydrates + water Ptyalin~ Sugar 

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
tilla samples ere. If the students know this, begin 
the activity at the next step. 

Chew a piece of cracker, bread or tortilla for a 
minute. Take the chewed cracker out and put some 
of it in one dish a~d some in another. Add a few 
drops of iodine to one dish. Add a few drops of 
Benedict•s snJution to the other djsh. What happens? 
What can you conclude about saliva? 

* * * 

Activity III-14 DIGESTI(lTJ OF FATS 

·--.... These activities emphasize emulsifying fats. Here you can 
encourage thinking about increases in surface area. Why is 
physical or mechanical breakdown of food necessary? What 
are the advantages? Why is mixing food and water important? 
Can enzymes react with food more readily if the food is in 
smaller pieces? 

The equation for fats: 

Fats + water lipase> Fatty acids + Glycerine 
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The chemical tests for fats, fatty acids and glycerine 
are complicated and involve solutions and equipment not 
readily available. Focusing on emulsification as well as 
comparing the reactions of different foods should give the 
students an understanding of digestion and the rudiments 
of nutrition. 

Materials 

Water Hydrochloric acid* 

Vinegar Jars 

Oil Soap 

Gum Acacia Bucket/basin 

Assign groups of students the following problems: 

1. Put equal amounts of water and oil (about 
60 ml ) in a small jar. What happens? 
Mix them. What happens? What size are 
the drops? 

2. Add an equal amount of vinegar. Mix or 
shake. What happens? What size are the 
drops? 

3. In another jar, add equal amounts of water 
and oil. Add some gum acacia. What happens? 
Mix and note the change. Note size of drops. 

4. In another jar, add equal amounts of water 
and oil. Add about 15 ml of hydrochloric 
acid. Mix carefully. Note any change. 

As students discuss their findings, reinforce the concepts 
of hydrolysis and the advantages of mechanical and chemical 
breakdown of foods. Introduce the equation for the digestion 
of fats. You may want to include some explanation of fatty 
acids and glycerine and how the body uses these substances. 

* * * 

*It has been sut;1CJested to us that 1. papaya leaves can be 
~ixed with egg white instead of HCl; 2. lemon juice 
or vinegar can substitute for HCl. We would like to hear 
what you discover with these substitutes. 
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Aativity III-15 DIGESTION OF PROTEINS 

As with fats, a series of steps are necessary to break down 
proteins to amino acids. We must replenish our supply of 
essential amino acids daily because the body does not store 
them. Amino acids, like fats and carbohydrates, can be stored 
for energy but not as amino acids necessary to tissue repair 
and building or the production of hormones and enzymes. 

The equation for protein digestion: 

Protein + Water Proteinase.~ Amino acids 

The activities involve the first steps of protein breakdown, 
as occurs in the stomach. Further breakdown occurs in the 
small intestines. 

Materials 

Hydrochloric acid Water 

Egg whites (boiled} or meat Jars 

Pepsin Milk 

Fresh pineapple or juice 
squeezed from papaya leaves 

Candles or burners 

Proaedure 

1. Put a small amount of milk (about 60 ml ) in two 
small jars. Add 15 ml of hydrochloric acid to one 
jar. Add 15 ml of vinegar to the other jar. What 
happens? ~fuy? Do the same changes occur in both 
jars? Why? 

2. This activity takes 1-2 days to ·complete. The students 
can proceed with other activities, checking the results 
of this activity during the next lesson. 

Set up four jars (test tubes) with pieces of egg white. 
Add one of the following to each jar of egg white. 
(Meat can a,lso be used} . 

a. Water - 5 ml 
b. Pepsin solution - (lg pepsin, 50 ml H20, 

and a few drops of HCl. 
c. Water - 15 ml and a few drops of HCl. 
d. Pepsin - 15 ml and a few drops of HCl. 
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Allow the jars to set 24 to 48 hours. Observe 
and record the results. 

Which jar showed the most change? 
What can you conclude about pepsin? 
Where in the body do these chemical reactions 
take place? 
How did saliva react with egg white in the earlier 
experiments? 

During the discussion of the results, introduce 
the equation for protein Ji~~stion. Emphasize 
hydrolysis and enzyme action in the stomach. 

3. Set up 2 jars with egg white pieces. Add 15 ml 
fresh pineapple juice to one jar. Boil an equal 
amount of juice and add it to the other jar. 
Allow the mixtures to set for 48 hours. Observe 
and record the results. What can you conclude 
about pineapple juice? Why was one jar of juice 
boiled? (This experiment can be done with juice 
extracted from papaya leaves. They contain the 
same plant enzyme. Or egg white or meat pieces 
can be wrapped in crushed papaya leaves and allowed 
to set.) 

* * * 

Activity III-16 ANATOMY OF DIGESTIVE SYSTEM 

Students dissect fresh fish to observe the digestive system 
(alimentary canal) . This activity can be used to summarize 
the findings in the other exercises, keying the chemical 
reactjons to the various parts of the system. 

After the fish have been dissected, they can be cleaned and 
prepared and put in one of the food dryers! 

Materials 

Fish, frogs or toads 

Newspapers for desks or 
tables 

Knives or single edge razors 

Food dryer 

The students can work individually or in pairs. Direct the 
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students to cut the fi.::>l1 from the mouth to the anal area, 
taking care not to cut any organs. Trace the alimentary 
canal - the mouth, ~he esophagus, the stomach and the in
testines to the anus. Can you find the liver and gall blad
der? Move from group to group to check progress. Compare 
what you find with the diagram below. 

HUMAN DIGESTIVE SYSTEM 

laxoge 
intes.~t~i-n-es----------------~~~ 

DIAGRAM 50 

At this point, you may want to summarize the digestive system 
activities or have the students prepare the fish for drying 
(refer to Part II). Following are Further Studies on vitamins 
and minerals which give the students more to work with on their 
diet records. In fact, the diet records can be used as the 
focus for the summary discussion. 

On the following pages are vitamin and mineral charts to use 
for the lessons. Also, a sample of a diet record form which 
the students can use at the end of this study, follows the 
charts. 
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Further Study 

Vitamins and Minerals 

These lessons involve the transfer of information. 
As such they may be scheduled at a number of points in 
the nutrition st~dies. They supplement the digestion 
and other nutrition activities. They can be introduced 
in the summary discussions. The students can supplement 
their diet records and meal planning work with this 
in format ion. 

Activities studying vitamin and mineral needs are 
complex and take long term efforts. If the school has 
a poultry farm, students with high degrees of interest 
may study v:tamin and/or mineral needs in poultry as an 
independent special study. 

Another supplementaroy activity could be a field trip 
to a local health center including discussion with 
center staff: a physician, public health nurse or 
health auxiliary for example. This may b~ 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 spea~er or you may want to coordinate a com
munit: workshop with the local health facility staff, 
having the :->cience students help with the planning and 
presentation. 

Reproducing the charts that follcw on a hectograph or 
similar device may be useful. 
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SqmpZe [oP Diet Reaord 

(ReaoPd sheets aan be reproduced on heatogPaphs or copy machines.) 

Name --------------------
Date --------------------

Daily Food Intake 

MEALS QU.t\NTITY PROTEIN 
CARBO--

FAT VITA..}.fiN MINER..l\L 
HYDRATES 

Breakfast 

i 
Lunch 

Dinner 

Snacks 



15 8 

MINERALS 

·-

Mineral Function Source 
--

Calcium Good bone and tooth develop- Hilk, cheese, egg yolk, dried 
ment. Prevents rickets if beans, green vegetables and 
vitamin D ~s present. Impor- nuts. 
tant in blood clotting and 
muscle +- • 

ac~~on. 

Phos- Good bone and tooth develop- Chee~e, chocolate, egg yolk, 
phorus ment anrl nervous tissue. dried beans, peas, peanuts, 

whole wheat flour, soybean 
flour and seafood. 

Iron Making hemoglobin ~n red Liver, heart and kidney, 
blood cells. raisins, dried apricots, 

peas, lima beans, whole wheat 
flour, oats, spinach, On.Lons, 
cabbage, bulgar wheat. 

---- . --
Iodine Production of thyro:x:in. Seafoods, iodized salt, and 

vegetables grown ~n soil 
containing iodine. 

Flourine Good teeth and eye tissue Some waters, fruit and veg.e-
tables grown ~n soil contain-
l.ng flourine. 

Sodium Esse11tial to blood plasma, Salt, baking soda, spinach, 
lymp!1 and body tissues. cabbage and tomato. 
Ai.::s .~.igestion. 

Chlor- Same as sodium. ·salt, lettuce,· spinach, cab-
ine bage, bananas, beans, corn 

::t:ld aeafood. 

Sulfur Making body proteins Eggs, cabbage, fish, meat, 
corn, cheese and beans. 

Magne- Tissue building, mainly G.reens, cabbage, tomato, 
s~um teeth, bone and muscles. lemon, banana, pineapple, 

wheat, rice and barley. 

Pot as- Good tissue tone. Potato, spinach, beans, 
s~um tomato, lime and lemon. 

Mangan- Aida ~n carrying oxygen Watercress, parsley, egg 
ese from lungs to cells. yolk and some nuts. 



Vitamin 

A 

Bl 
(Thiamin) 

B2 
(Ribo
flavin) 

Niacin 

c 
(Ascorbic 
Acid) 

B6 

(Pyri
doxin) 

E 
(Toco
pherols) 

K 

VITAMINS 

Function 

Maintains a moist covering 
~n eyes, respiratory sys
tem, digestive system and 
ur~nary system. Prevents 
night blindness. 

Prevents beriberi. Keeps 
nervous system healthy. 
Promotes good appetite 
and good diEestion. Helps 
the body use carbohydrates. 

Keeps eyes and skin healthy 
keeps up general body re
sistance to disease, pro
motes health of nervous 
system. 

Prevents pellegra, keeps 
skin healthy, protects 
health cf nervous system, 
stimulates appetite. 

Prevents pernicious ane
ml.a. Keep3 number of red 
blood cells at a normal 
level. 

Prevents scurvy. Keeps 
blood vessels healthy. 
Contributes ta good bone 
and teeth formation. 

Essential for hemoglobin 
formation; metabolism 
of amino acids. Absence 
impairs growth. 

Absence causes sterility 
in either sex. Influence 
growth and healing. 

Promotes normal blood 
coagulation. 

Source 

Green, leafy vegetables, 
yellow vegetables, liver, 
butter and eggs. 

Milk, eggs, peas, beans, 
peanut butter, meats and 
whole--grain or enriched 
cerea).s. 

Eggs, pork, cheese, beef, 
lamb, liver, broccoli, milk 
spinach, fresh green peas, 
and green vegetables. 

Milk, lean meats, tomato, 
green peas, fish, beans, 
many leafy vegetablea, eggs 
liver, fish, nuts, whole
gral.n cereals. 

Liver, greP.n vegetables. 

Fresh vegetables, fresh 
citrus fruits and tomatoes. 

Grains, seeds, legumes, 
liver, milk and egg yolk. 

Vegetable oils, lettuce, 
beans, rice, corn, meat, 
meat, milk and eggs. 

Green vegetables, tomatoes, 
vegetable oils and egg yolk 



CHAPTER 8. PRESERVATION TREATMENTS 

There are four steps in the preservation of food by drying: 
the pre-drying treatment, the drying, the post-drying treat
ment, and the storage. The actual drying of the food was 
studied in Part II. (See p.87) This chapter addresses the 
remaining three steps of the preservation process. 

BACKGROUND INFORMATION ON PRE-DRYING TREATMENTS 

Fruits, vegetables, meat and fish are treated before drying 
to preserve nutrients and the natural color and to slow the 
enzyme action that breaks down the food. If the students 
have studied digestion (Chapter 7), they will be aware of 
the action of enzymes. Otherwise, you may want to use 
examples of food left out in the open to show the breakdown 
~hat occurs. Choose some food item that is not obviously 
overgrown with microorganisms. Comparing a just ripe mango 
to one that has fallen and begun to discolor and soften 
should illustrate enzyme action. The various treatment meth
ods slow this process down. Treating vegetables by blanch
ing, in fact, loosens the tissues and the drying is quicker. 

Treating foods prevents the loss of nutrients. Vitamins A, 
E, and many of the B's are broken down by light and oxygen. 
Vitamin c is destroyed by heat. There will be some loss 
with any preserving method but some of the treatments will 
minimize the loss. 

The temperature range of the dryer has an effect on the 
preservation of color and nutrients as was mentioned in the 
food drying section. The temperature of the dryer, the 
availability of treatment substances, the humidity of the 
air, and the availability of storage containers need to be 
taken into account as the students prepare food for drying. 
It is possible to clean, cut and dry food in dryers without 
having to use any of the treatment methods before drying. 
There is, however, more nutrient loss if drying without 
pre-drying treatment. If the temperature in the dryer reaches 
60° c , enzyme action in vegetables can be stopped, making 
the vegetables palatable even after long term storage. If 
the temperatures are kept higher than 60° c for long 
periods, however, food can start to cook and scorch, and there 
is a high loss of nutrients. 

Although it is possible to dry an~ store many foods without 
any treatment prior to drying, the various treatments are 
presented to give you and the students more options. There 
is a wide range of methods offered, and experts do not agree 

• 
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on the amount of treatment substance to use, the length of 
time of the treatment or the preparation of the food type for 
drying. This is due to the fact that many factors are involved 
in the drying of food. Also, the experts emphasize different 
results, some want to minimize nutrient loss while others 
want to extend storage life. During the lessons when the stu
dents are preparing food for the dryers, it is important to 
emphasize the factors affecting food preservation and the pur
pose of different methods. 

Factors affecting food preservation by drying can be summar
ized as the following: (See "Food Preservation Resource 
Packet 11

). 

1. size of·food pieces 

2. temperature of dryer 

3. moisture content of food 

4. humidity 

5. air movement 
- in dryer 
- in surroundings 

6. treatment method used 

7. type of storage containers available 

8. type of food - fruit, vegetable, meat, or fish 

The major reasons for treating foods before drying them can 
be summarized as the following: 

1. preserve natural color 

2. preserve nutrients 

3. stop decomposition (enzyme action) 

4. make drying even 

5. extend storage life 

Begin the food drying lessons with types of food that do not 
need treatment before drying. Onions and peppers can be used. 
Encourage the students to keep records. How was the food cut? 
(Seep. 89, pp. 175 - 177). How thick were the pieces? How 
much did the food weigh before drying? What size? (Refer 
to food drying activity, Chapter 3). 

I 
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As the lessons proceed, introduce the various treatment 
methods. Start with the less complex processes, such as 
blanching and adding an anti-oxidant, and move on to the 
more complex processes, such as sulfering and salting. 
This can only be done if there is a type of food available 
for each of the treatment processes. If this is not the 
case, plan the lessons around the foods that are available 
to dry. This may change the sequence of treatment pre
sentations. The important thing, though, is to encourage 
the students to test different procedures, keep thorough 
records and learn how to weigh the factors involved in 
drying and storing and develop methods useful for the lo
cal area. Have the groups of students experiment with 
different preparations and treatments. With thorough record 
keeping, by the end of this book, the students should have 
the information needed to produce a table listing local 
foods and the most effective preservation technique for 
each food. You may want to reproduce copies of the local 
food preservation tables for the students to take to their 
villages and for community residents who may have been in
volved 'or are interested. Another \'Tay to share this in
formation with the community would be at the school open 
hou_se. .Have groups of students demonstrate the steps in 
food preservation using the equipment the science class(es) 
has built. Of course, special community workshops could be 
offered as well. 

Explanation of each of the treatments follow along with 
tables of some fruits and vegetables to help you get 
started and to facilitate planning the sequence of lessons 
for treatment, drying and storing. 

The information in this section was developed on the farm, 
i:g. ___ classes and in the kitchen. The book, Putting Food By 
and the Organic Garden and Farming maga?ine and ~he report 
from the 11 Food Preservation and Storage 11 workshop in 
Tanzania were also used to develop this section. 

PRE-DRYING TREATMENTS 

ANTI-OXIDANTS 

Some foods, when exposed to the air, oxidize quickly, turn
ing brown. This especially is true of light colored fruit. 
Anti-oxidants are acids that prevent exidation. Ascorbic 
acid* (Vitamin C) is the most effective anti-oxidant. 

*Lemon j~ice contains both citric acid anrl ascorbic acid and can be 
us~d a~ an anti-oxidant. It is much weaker than ascorbic acid and 
is not as effective. Sprinkle the squeezed lemon juice on the cut 
pieces as described previously. 
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It is water soluble. The solution is sprinkled on the fruit 
as it is being sliced for the drying trays. Turning the 
pieces over a number of times while slicing and sprinkling 
will assure a sufficient coating of ascorbic acid. The nu
trient value of the fruit is improved also by adding vitamin 
C. One cup of solution will treat about 5 quarts of cut fruit. 

Materials 

Water Source of heat 

Ascorbic acid Food to be treated 

Procedure 

Boil water for 20 minutes and cool it before preparing the 
solution. It is important to use pure water while preparing 
food for drying as water borne microorganisms can cause much 
food spoilage. The proportion for mixing the solution is 45 
ml of ascorbic acid crystals to 240 ml of pure water. 

BLANCHING 

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. 

Materials 

Water Pot, bowl or basin 

Cover for pot Source of heat 

Wire rack, bamboo, or Tin or flat rock 
reed basket or clean cloth 

Food to be treated 

A large pot, bowl or basin can be used for blanching. Put 
about 5 em 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 cloth tied loosely. 
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The rack is placed in the pot above the \vater when there is 
full steam. A lid or cover is put on the pot. Blanching 
time varies for the type of vegetable; thicker or denser 
vegetables are blanched for a longer period of time than 
leafy vegetables. It may be necessary to put a tin or a 
flat rock in the pot so that the rack or basket sits above 
the water. If a cloth is used, knot it around a stick 
that can rest on the top edge of the pot to keep the cloth 
out of the water. 

~. , 
' 

. \ . i ~: ,•' 

,;:===="" ~'~~\ :J/,, 
aover------------~~~~~~~======~~=====~~ 

raak--------------~~~ 

~od----------~~~~~~~~~~ 

----~~--support 

DIAGRAM 51 

After blanching, remove the vegetable pieces and lay 
them on a clean cloth to soak up the extra moisture and 
then arrange them on drying trays. Blur1ching times are 
listed on the ::a0les at the end of this section. Exper
iment with loc3l vegetables using the samples listed in 
the tables as 3. g-uideline. 

SULFURING 

Sulfuring fruits before air or sun drying slows down enzyme 
action and preserves the fruits' color. It protects vitamins 
A and c. It also protects against insects and mold, although 
if a closed dryer (such as a solar dryer) is used, insects 
are not a problem. Also, as mentioned earlier, if the 
temperature in the dryer is high enough, mold and bacteria 
growth are inhibited. As with other treatment methods, 
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sulfuring is an extra assurance that the dried food will keep 
for longer periods of time and will be nutritious and palatable. 

SUZ[ite Soak 

MateriaZs 

Pure water Sulfite substances (see below) 

Food to be treated Bowl or basin 

This treatment involves preparing a solution with any 
number of sulfite compounds. The food pieces are then 
soaked in the solution for 15 to 30 minutes. Sulfite 
substances that can be used are: 

sodium sulfite 

sodium bisulfite 

potassium metabisulfite 

sodium metabisulfite 

The solution releases sulfur dioxide into the food. The 
general ratio for the solution is one liter of water to 
about 10 ml of sulfite. The specific proportions for 
different types of food are listed in the tables. There 
are some problems 1~rith sulfite soak that make it less / 
effective than using sulfur dioxide fumes, although it is 
an easier process. The soaking results in an uneven pene
tration of food. The food can become waterlogged which 
extends the drying time considerably. Also, there is a 
loss of water soluble nutrients while the food is being 
soaked. 

M:fur Dio:ride Fumes 

Food to be treated 

Sublimed sulfur 

Drying trays 

Wooden box covered with heavy 
paper or pasteboard box 

Dish 
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Food is sulfured by being enclosed in an area filled with 
sulfur dioxide fumes. The fumes penetrate th~ food 
pieces. This treatment is done outdoors as ".he fumes 
irritate the eyes and the breathing passages. Sulfur 
is burned in a dish under the box after the a~ying 
trays loaded with food are stacked and placed w~~~r 
the box. Sublimed sulfur or refined sulfur (sold in 
cake form with wick for fumigating buildings) can be 
used. Sulfur melts at 115° C and the proportion to 
use is 12 ml for each kilogram of cut fruit. Experi
ment with the burning sulfur. A thin layer in a shal
low dish may burn more evenly than a thicker layer. 
The sulfur burns to a brown syrup that expels the 
fumes. Time the sulfuring after the sulfur has burned 
and the c:d.r vents have been closed off. When the sul
furing is finished, generally after 30 minutes for small 
slices and 60 minutes for larger pieces, unload the 
suifur box by opening it away from you and on the lee
ward side if it is a windy day. By checking the wind 
first and lifting the box away from you, you can avoid 
having the fumes blow in your direction. You may want 
to discuss this with the students before sulfuring or 
while they construct the box. It may be useful to burn 
a small bit of sulfur beforehand to observe the changes 
and plan i.:he sulfur treatment. It may be an opportunity 
to review change of state concepts. Also, the concept 
of convection can be reviewed and applied to the design 
of the box. A sample of a sulfur box is diagrammed be
low: 

aiP vents----------~~----~--~ 
for buming 
(aonveation) 

-------aovered 
woodarate 
or 
pasteboard 
box 

~~~~-------r--trays raised 
about 10 am 
above group 
w1:th spaae 
b.etween and 
c.ilbout 15 am 
cZearanae 

~ _ _!:_!!'--~~~-- suZfur in 

DIAGRAM 52 

dish set 
to side of 
trays 
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Sulfuring steps: 

1. Weigh food and calculate the amount of sulfur needed. 

2. Sulfur the same type of food: mixing foods in the 
box can get complicated. 

3. Put trays on rocks or wood blocks and stack trays 
with about 8 em between each tray and 10-15 em 
clearance from the grolli~d and above the trays. 

4. Set dish of sulfur beside the food trays and put 
the box over. 

5. Light the sulfur and let it burn to brown syrup. 

6. Blo~k the air vents; the cut at the bottom of the 
box 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 blocked. 

8. After the sulfuring, remove the trays of food, taking 
care to avoid the sulfur dioxide fumes. 

9. Arrange trays in a food dryer. 

SALTING 

Foods high in protein invite spoilage more than other foods 
and therefore require 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 qoarse salt that has not been 
refined and no iodine has been added. Iodine will discolor 
some foods. 

Meat 

Materials 

Food to be treated Dryer 

Brine 
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Meat can ~e dried without salting ~lthough ~t does 
not keep nS long as salted meat. Use only ~ean meat. 
Fatty meat spoils too readily. Cut the meat into 
strips lengtt"iise of the grain. The strips should 
have a width of 2.5 em and a thickness of a little 
more than 1 em The strips are :1ung on the drying 
frame. Trays made of woven wire:, bamboo or grass 
reed can ")e used, hanging the P.l.E':3.t strips over the 
cross pieces. The dryer should have a termperature 
range around 49° c. The meat strips will be brittle 
when dry. r.rhe dry meat weighs about ~ the weight of 
fresh raw r.-i.:::at. 

Salted meRt can also be preparec oy making a brine 
using approximately 1 liter of s2lt to 5~ liters of 
pure water. The meat is cut as described above and 
then soakea in the brine for 1 - 2 days. The meat 
is removed t.hen from the brine, 1t!iped dry with a clean 
cloth and arranged in a dryer. When brittle and at 
least ~4 t.1e -,/eight of the raw ITtE.a.t. the strips are 
removed, cooled and stored in air tight containers 
in a cool place. The cooler illustra~ed below can oe 
used to store dry meat and fish. A model of this 
device was studied in Activity I-1. See also Activities 
I-SA and I-SB. 

burlap 
hangs -z,n 
water 

containP-r 
above 
water 

DIAGRAM 53 

food is hung 
inside or put 
on trays in 
jars, plastic 
bags or tins 

weave -
grass/bamboo/wood 
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Materials 

Food to be treated Knife 

Pickling sale Dryer 

The process for drying fish is more complicated than dry
ing meat, but if fresh fish is readily available only 
part of the year, it may be useful to learn the process 
in the science class. Fish is an excellent source of pro
tein. Adding a little fish to dishes with vegetable pro
teins, such as beans, grains or nuts and seeds greatly 
increases the pro~ein value of the dish. 

Fish has to be dried in the shade. Direct sunlight will 
cook fish, even at a temperature as low as 23° C. Frames 
that can be covered with cloth placed under a large shade 
tree work well. 

Use fresh, lean f:ish. Split the fish and clean out the 
internal organs. The head can be removed. (The head and 
organs can be composted for the school garden. Add some 
lime.) 

split 
fish -
flesh 
side 
up 

DIAGRAM 54 

fresh fish -
remove 
head 
and 
gut 
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The split fish is coated with pickling salt. One half kg 
of s9lt for each kg of fish. The salted fish is arranged 
on trays flesh side up. The trays are placed on frames in 
the shade for 1 - 2 weeks. Each night, the trays should be 
brought indoors. Press the racks or frames to squeeze out 
extra brine. After 1 - 2 weeks, the fish is scrubbed to re
move the extra salt and then set outside again to finish the 
drying. When the fleshy part of the fish can be pinched, 
leaving no imprint, it is dry. The dried fish can be cut 
into pieces and put in air tight containers and stored in 
a cool place. 

POST-DRYING TREATMENTS 

These treatments are extra assurance that mold and bacteria 
are killed and that the food has dried evenly before storing. 
Whether these treatments are necessary depends on the tempera
ture of the dryer, the length and thoroughness of the drying 
and the amount of humidity in the air. 

COND'!:fiONING 

Conditioning gives fruit an opportunity to complete the dry
ing process and prevents growth of mold. Food is conditioned 
to check for thorough drying. If the food is air or sun dried, 
it is possible that the dryness of some of the pieces may vary. 
If the food is stored immediately and one piece still has some 
moisture, the whole batch can spoil in the storage container. 
On the other hand, if the weather is humid, the dried fruit 
can take up moisture from the air while being conditioned. 

M:l.tePials 

Dried food Large container 

To condition, place cool, dried food in a large open container 
such as a crock or enamel bowl or basin and put it in a warm, 
dry room with good air circulation. Stir the food in the con
tainer two times a day for 10 - 14 days. Again, if it is 
humid, it may be better to cool and dry test the food pieces 
and store in airtight containers immedi~ely. 

The factors involved in pasteurizing and conditioning should 
be discussed with the students. Ask questions that make the 
students weigh the factors and develop methods that solve the 
problems in the local environment. Ask the students: 

I 
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Why are high temperatures important in food dryers? 

What would 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 processes 
for local foods. A suggested sequence to include all 
the treatment methods in the lessons is to start with 
onions (no treatment) and proceed with greens such as 
tampala, mustard or bok choy (blanching) and a fruit 
like bananas (anti-oxidant coating), then mangos or 
apricots (sulfuring) and finish with beef or a lean fish 
like cod, tilapia or congo (salting). Of course, choose 
food that is available. By picking foods that are availa
ble seasonally, the nutritional advantage of having dried 
foods can be reinforced. 

PASTEURIZING 

Pasteurizing is the partial sterilization of food to kill 
microorganisms without causing a chemical change in the food 
that is a loss of nutrients. Some experts recommend pas
teurizing for air and sun dried foods. The drying time 
may not have been long enough to kill mold and bacteria. 
Others find that if a dryer is kept at 57° C for one hour 
(solar dryers can reach this range), the food is pasteurized 
sufficiently to avoid spoilage. 

Materials 

Dried food Oven 

Source of heat Rocks 

One method for pasteurizing is to expose dried food to a 
temperature of 80° c. This can be done in an oven or the 
container used for blanching can be put on a flat rock or 
brick that is set in hot coals. The dried food is layered 
(2~ em layers) on rocks in the oven or blanching pot. 
Fruit is pasteurized for 15 minutes; vegetables for 10 
minutes. 



c 
121° 

115° 

110° 

104° 

99° 

F 

250° 

240° 

230° 

220° 
J 

71° 160° 

-10° 
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SUMMARY OF TEMPERATURE FACTORS 
THAT AFFECT THE PRESERVATION 
AND DRYING OF FOODS 

Blanch - full steam - at 100°C 
(2.12°F). Boil water to sterilize 
for treatment solutions 20 minutes. 

Pasteurize fruit for 15 minutes 
and vegetables for ten minutes at 
80° c. 

Over 60°C,food will cook, scorch 
and lose nutrients. 

Food kept in dryer at 57° C for 
one hour is pasteurized sufficiently. 

The range of 45° C to 60° C is 
good for drying food quickly with 
little loss of nutrients and color 
and protection from microorganisms 
and enzyme action. 

Fish will cook in direct sunlight 
even in the 20 ° C to 30 ° C range. 

Below 40° C in a humid climate, 
food can spoil on the drying trays. 

Store dried meat and fish at 5° C 
or below. High protein foods spoil 
more easily tfian other foods. 

DIAGRAM 55 
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Note: For foods that need shredding (see pp.l75-177) 
a food shredder oan be made by pounding nail holes 
in a sardine tin, holding the nail at a 30° - 40° 
angle. The holes are cutting edges that shred food. 
Shreds will dry faster than slices. Food can be 
out up very fine with a knife also to make shreds. 

DIAGRAM 56 



PREPARATION, TREATMENT AND DRY TEST OF SOME FRUIT AND VEGETABLES 

FOOD PREPARATION ANTI-OXIDANT BLA."iCH SULFUR DRY '£EST NOTES 

Apricots Halve and 
remove pit 15 minutes fume 2 hours leathery; 

or -- pieces fall 
apart when 
squeezed to-
gether. 

Figs Cut in half 20 minutes if light' leathery, 
fume in sticky but 
30 minutes do not stick 

together. 

Pears Core and coat with 5 minutes fume no moisture 
slice 6 mm ascorbic or 1 hour when cut and -acid squeezed. 

Bananas Peel and coat leathery 
(ripe) slice 3-6 mm and tough. 

Bananas Peel and 3-4 minutes dip in sodium brittle can be pounded 
(unripe) slice 6-8 u:m rnetabisulfite into flour. 

solution 
( 3g/l 1 ) 

Gua-.ra Peel and coat leathery, can be 
slice 6 mm tough stewed. 

Melon Peel and I leathery, 
slice 5 ern tough 
cubes 

Mangos Peel and slice coat tough 
3-6 mm or shred 



I FOOD PREPARATION ANTI-OXIDANT BLANCH SULFUR DRY TEST NOTES 
I --

Carrots Slice 6mm 15-20 minutes brittle 

Cabbage Shred or 8-10 minutes ridges tough, 
cut edges brittle 
fine 

Mushrooms Separate caps brittle Many vegetables 
and stems. can be dried 
Cut 12 mm without blanch-

ing if the temp 
Okra Slice 3-b mm 6 minutes dip in sodium brittle of the dryer is 

leave seeds metabisulfite high enough. 
(12 g/ 1 1) They won't keep 

as long. Ap-
Corn Shuck, remove whole ear in transparent prox. 6-9 month 

kernals after boiling HOH. and hard in containers. 
water blanch 10 minutes. 

Drain. Cool. 

Onion Peel and slice brittle 
6mm strips 
or r1.ngs 

Peppers Slice 6 mm brittle spicy hot: 
strips leave seeds 

mild: remove 
seeds. Can be 
pounded to make 
paprika. 

Greens Cut uniform 4 minutes brittle 
size. Split 
stems if thick 



FOOD PREPARATION ANTI-OXIDANT BLANCH 
, 

SULFUR DRY TEST NOTES 

Sweet 3nnn pieces 30 minutes brittle 
Potato or shred whole 

Potato/ Slice 3-4 mm 20 minutes brittle 
Cassava or shred peeled and 

quartered 

Beans: Remove from 10 minutes brittle, store some for 
lima, pod break clean next growing 
shell, etc season. 
Peas: 
green and 
black eye 

Celery Slice stalks 4 minutes brittle dry leaves and 
6nnn stalks on 
Chop leaves separate trays; . leaves dry 

faster. 
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FOOD STORAGE 

Food storage methods can be covered in the lessons in Chapter 
5. The key to safe storage is to kee9 the moisture content 
to a minimum. If this is done, other problems, such as insect 
or vermin invasions, can be avoided. T~e reasons for pasteur
izing, adding preservatives and using airtight containers 
should be emphasized. 

Some examples of food storage containers: 

WeZZ 
cleaned, 
used 
oil 
drum. 

5~~111!11~ 
Lined 
with 
plastic 
or 
aoated 
with 
melted 
wax. 

60. Ceramic pots and bowls 
and gourds. 

DIAGRAMS 57 - 60 
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If dried food is stored in baskets, ceramic pots or gourds, 
a lid or seal can be made by dipping a piece of cloth in 
melted wax (use candle stubs from other lessons) and quickly 
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 idea to initially store small amounts of 
foods in the various containers until the effectiveness of 
the containers is established by the students• tests. Keep
ing moistur.e out of the storage containers is the most im
portant factor ~o develop. 

Removing 80 - 90% of the moisture from foods concentrates the 
sweetness (fruit sugar) in fruits and the nutrients in all 
foods, and since foods rehydrate to 90% of their original 
size, dried foods can be more nutritious than fresh foods. 

Dry food also conserves storage space. 

Exarrples: 

1 kg fresh carrots = 80 g dried carrots 

8 kg potatoes = 1 kg dried potatoes 

12 kg on1ons = 1 kg dried on1ons 

1 kg fresh fruit = 200 g dried fruit 

A Special Note on Food Storage 

Beans and other seeds can be protected from weevils and other insects by 
putting a dried hot pepper or a dry bay laurel Zeaf in each storage con
tainer of beans, peas or other dried seedS incZuding those stored for 
the next growing season. 

Bay laurel and other medicinal or culinary herbs should be dried in a 
dark, dry, cool place. Light and heat will cause the loss of the herb's 
volatile·oils and, therefore, their flavor or medicinal value.* See 
the food preservation materials in this packet. 

*For additional information, see Small Farm Grain Storage, 
published jointly by VITA and the Peace Corps. 



CHAPTER 9. PREPARATION OF DRIED FOODS 

This final chapter can be tied to the diet record work and 
meal planning that the students began at the end of the 
nutrition studies. 

Some math can be included as students calculate the portions 
of protein, fat and carbohydrate in the meal plans. Also, 
converting proportions of fresh ingredients in local recipes 
to dried foods involves some math. 

After this work, the students may want to prepare a balanced 
meal made from dried foods for the school. It may be bene
ficial to invite the community people who have been involved. 
This can help to transfer some of the skills and methods to 
the general population. 

BACKGROUND INFORMATION ON REHYDRATION 

Rehydration is the opposite of dehydration; it is the pro
cess of adding pure water to dried food. Dried foods absorb 
water and rehydrate to about 90% their original size. Gener
ally, 1 kg of dried food will equal 2 - 2~ kg of food when 
rehydrated. Dried food can be rehydrated and then prepared 
in recipes as fresh food or it can be added to recipes, ab
sorbing liquid and cooking in one process. For example, 
dried vegetables can be added to soup stock without rehy-
drating beforehand. 

A variety of rehydrating methods are used by nutritionists. 
As with food drying methods, a number of approaches work 
equally well, depending on taste and local food preparation 
methods. The variety of methods possible lends itself to 
testing by the students to develop acceptable methods for 
the local recipes. 

Some general guidelines and methods will be offered here to 
develop the problem solving rehydration activities with the 
students. 

Some experts feel the proportion of 1 part food to 2 parts 
liquid is adequate for all rehydration. Generally, water 
is used, but fruit juices and stocks can be used as well. 

Fruit 

Vegetable 

1 : 2 liquid (water) 

1 

- be sure to use pure water with foods. 

2 boiling water 
-cover and wait 5 minutes; then cook 

at low temperature to taste. 

I 
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• Other experts suggest a 1 : 3 ratio for dried vegetables. 
Again, this depends somewhat on taste. 

Beans, such as soybeans, are covered with water and soaked 
overnight and then cooked for 1 - 2 hours in fresh water. 

The bulkier foods will take up more water. You may ask the 
students to refer to the figures they recorded in the water 
content activity (Activity II-1) to figure how much water 
different foods may absorb when rehydrated. 

Som~ experts suggest that soaking before cooking makes the 
fooa ~ough. This seems to be dependent, though, on the type 
of food and how it is prepared. These experts pour boiling 
water over the dried food and cover and cook at low tempera
tures. They adjust the water level while cooking the food, 
adding just enough water for the food to rehydrate and cook 
without getting tough or soggy. 

As mentioned in the treatment charts in Chapter 8, dried foods 
can be pounded tt powders. The powders can be stored mixed 
or separately. The powders can be mixed, added to boiling 
water and cooked low for soups, porridges or sauces. A mix 
of high protein, carbohydrate and fat dried food powder can 
be used for special food for babies and young children. A 
high protein food powder can be added to sauces and other 
dishes to supplement the protein intake if it is low in a 
particular region. Milk powder is commonly used this way, 
but others, such as soybean or groundnut powder, could be 
used as well. 

Dried food that is to be eaten raw can be put in a bowl with 
enough boiling water to cover. A lid is put on the bowl and 
the food soaks for several hours. 

The concept of balanced diets can be expanded and reinforced 
during these activities. The students can return to the 
diet records they began after the food and digestion tests 
(p. 157). At this point, you may introduce the need for 
average portions of protein, fat and carbohydrate in the daily 
diet. 

The following chart depicts the daily protein, fat and carbo
hydrate needs of adolescents and adults. 
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Daily Protein, Fat and Carbohydrate Needs ~n Grams 

Person's Person's Protein Fat Carbo-
Wt. in lbs. Wt. in kgs Veg. I Animal hydrates 

Growing 100 45.5 100 80 90 380 
Adult 120 54.5 120 96 100 440 

f,dult 120 54.5 6C 48 80 330 
140 63.5 70 56 90 380 

(This chart is aua~ted from figures given in Diet for a Small Planet and 
caloric value conversions in Today's Basic Sc"l.euce.) 

Adults need about 1.1 g /kg of body weight of plant protein 
(grains, legume3, nuts} or about .88 g /kg of animal protein 
{meat, fish, eggs, milk, cheese, yogurt) each day. Growing 
people, children and young adults, need 1~ - 2 times as much 
protein per pound of body weight each day. The fat and car
bohydrate nee(:::; are approximations. Excess protein in the 
body will be converted to carbohydrates for energy, therefore 
altering the carbohydrate intake need_ 

You may want to use average figures for each need based on the 
average age and weight of the science students in a class. 
The chart, or a portion of the chart of average figures, can be 
given to the students. 

Activity III-17 ANALYSIS OF DIETS 

Using their diet records, the students can calculate the amount 
of protein, fat and carbohydrate they ~·.:ms ume in a day. You 
may want to post a conversion table or note some conversions 
on the blackboard. Ask the students to explain the procedure. 
Some math review ~ay be needed. 

After the stude~ts have finished their calculations, ask for 
reports. During the reports, bring out the need for the food 
types and vitamins and minerals in tn2 diet. 

Why do we need protein? 

What do carbo~ydrates provide? 

Why do we neec green vegetables? 

Are there 1:;rotein foods that can be added to improve 
the diet? 

I 
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For example, milk powder, nuts or seeds can be added to 
sauces or cooked rice to increase the amount of protein in 
the diet. Sesame seeds, bulgar wheat or soybeans can be 
cooked with rice if rice is a common part of the diet. 

* * * 

Activity III-18 MEAL PLANNING 

At the 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 outside the class. If 
the class is made up of people with different traditions and 
diets, divide the class into groups so that all the various 
diets are considered. 

* * * 

Activity III-19 REHYDRATION 

Materials 

Dried foods - use small portions for the tests. 

Bowls or pots with lids - some tins may be used for 
cooking. 

Burners, charcoal pots or fire pits. 

Pure water (boiled for 20 minutes). 

Mortar and Pestle, pounding stones or similar utensil. 

Conversion table and food portion need chart. 

Milk powder, if available for special powder mixes. 

Stirring, mixing tools - wood, metal, plastic. 

Basin 

Soap 

Cloths 

Water 

Measuring spoons, plastic caps or something similar 
for measuring small amounts. 
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Direct the students to experiment with 
dried food to discover the best way to 
foqd either for cooking or eating raw. 
'Can work together with one type of food 

··-group can test all the types available. 
keeping. 

How much water did you use? 

Was it boiling or cold? 

small portions of 
rehydrate a particular 

Groups of students 
per group or each 

Encourage record 

How did you decide on the amount of water to use? 

(Did the students remember the \l3.tcr content activity 
results and apply them to these tests?) 

How much dried food did you use? 

(Encourage using only spoonfuls for the tests.) 

How long did it take for the food to soak up the water? 

Did you cook the food? 
range? Low? Medium? 

How long? What temperature 
High (boiling)? 

Through questioning I alert the students to the variaures· 
involved: 

Water - amount and temperature. 

Food - amount and type. 

Time - soakin~ and cooking. 

After the testing, have the groups report their findings. 
The students can develop a chart such as the one that folloN·s, 
on a large paper or the blackboard outlining the rehydration 
process that works best for each typa of dried food. This 
information will be used again. It c~n also Le compiled 
with the food dryi:ng methods develo:red earlier. 
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Food Amount of Amount of TJater Time Time 
·Type Food Water Temperature Soaking Cooking 

r--· -

l 

* * * 

At this point, you may want to have the students compile all 
their results into tables, charts and recipes. Assign the 
various parts of the study to each group of .students. Iiave 
each group give a final report. 

If there are copying machines or hectographs available, the 
science students could produce a booklet on drying, preserv
ing and preparing local roods for balanced nutritious meals 
the year round, even in the season of short~ge. 

Aativity III-20 PREPARATION OF POWDERS FROM DRIED FOODS 

Direct groups of students to pound various kinds of dried 
foods to make powders if this has not been done. Give a 
problem to each group to solve. 

Problems: 

1. What mix of powders would make a balanced nutri
tious food for babies and young children? 

2. What mix of powders would make a sauce that could 
be served with ri'ce (wheat, noodles, cassava, 
potatoes) to make a nutritious meal? 

3. What mi~ of powders would make a soup or porridge 
that is complete (nutritious)? 
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The students will have to consider and calculate pro
portions of food types. Have the food type need chart 
and conversion tables posted. Some review of ratio's 
may be needed to get started. Ask the students to use 
small portions. Later when recipes are developed, the 
amounts can be increased to usable portions for meals. 

With milk powder available some mixes may be easier to 
develop. Having dried commonly used herbs also may facili
tate developing sauce recipes. Also, hdving some cooked 
rice or similar food in the class may be useful for tasting 
the samples of new sauces being develor:ed. 

The steps involved in this activity are: 

1. Calculate the portions of food types needed for a 
balanced Qeal (1/3 of daily nead). 

2. DeciG.e -..-.;hich available powders fit each type. 

3. Measure ~.nd mix samples from each type. 

4. Adci herbs if desired. 

5. Cook sanDle mix in small tin ·ivith pure water. 

6. Taste sample. 

7. Adjust sample if necessary. 

8. If acceptable, record the re~i~e increasing the 
porti;:):~3 to nor:nal amounts f:Yi .. - a meal. 

While the stud-=;~·':.s are working, move :Zr:)m group to group 
to question thelit. How did you calct..lc.t.e the portions to 
use? Do children need the same portions of food types as 
adults? ·What did you have to consicier? Use this activity 
set to question and review the nutrition concepts from 
earlier lessons. Ask the students to gather and record 
local recipes -:-=or various dishes. Using their dehydration 
and rehydration records and results, have the students 
convert local :;.:-ecipes to the approprlate portions using 
dried foods. 

Using the results of the various activities, have the 
students plan, prepare and give a meal at school for the 
other students. Invite interested co~nunity residents as 
well. If som~ ~eople have donated food or time to the 
project, inclu~e them also. 
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SUl.Jl.!ARY 

In Part I and Part II, the students learned the basic construc
tion of solar dryers and the scientific principles needed in 
order to design and understand how solar dryers work. 

In Part III, the students have investigated and learned why 
it is important to preserve foods by drying. They have also 
learned enough about basic nutrition for them to be able to 
plan well balanced meals the entire year. 

I 
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APPENDICES 

A. MATERIALS CROSS-REFERENCE LIST 

B. HOW TO MAKE A ROUND HOLE IN A TIN 

C. CONV~r~SICNS BETWEEN METRIC, BRITISH 
AND AMERICAN WEIGHTS AND MEASURES 

D. DIFFERENCES BETWEEN BRITISH AND 
AMEiU CAN TERHINOLOGY 

E. DETECTING CHANGES IN TEMPERATURE 
WITHOUT A THERMOMETER 

F. MAKING AN EQUAL ARM BALANCE 

G. MAKING A SET OF WEIGHTS 

H. A HEATING STAND MADE FROM A TIN 
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.. 
APPENDIX A. ~~TERIALS CROSS-REFERENCE LIST 

A list of all the equipment and materials needed to do 
the activities in ''Preserving Food by Drying" is presented 
here. The list is divided into categories intended to 
assist you in the practical tasks of locating and storing 
these things. The categories are as follows: 

Items used without modification which can be ob
tained free or purchased locally. 

Items cut from a larger piece, or that need to be 
modified slightly, and which can be obtained free 
or purchased locally. 

Items made fror:1 easily available materials that need 
some effort or skill to build. 

Consumable items obtainable locally. 

Consumable items obtained from specialized sources. 

Equipment obtained from specialized sources. 

Available resources. 

Colored materials. 

Heat sources using fuel. 

Where appropriate, the items in a category are divided accord
ing to whether or not they require special care in storing. 
Items in each list are in the order of their first use in the 
book. Next to each item are listed all of the activities 
throughout the book where it is needed. By looking through 
this list, you can see what materials and equipment are fre
quently needed, what is needed occasionally, and what is 
needed only once or twice. Thus, you can make decisions 
about what i terns to accumulate, ·what i terns to borrow when 
needed, and what activities you may have to modify or omit 
due to lack of materials or equipment. 

Alternatives are suggested for many of the items. Any of the 
alternatives should work in all of the activities listed for 
the particular item. Many of the materials can be collected 
by your students. Involving your students finding materials 
has value because they learn what materials are available 
locally, and their resourcefulness and problem solving 
abilities increase as they learn to substitute other materials 
for those suggested here. We are anxious to know about 
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any successful materials substitutions you and your students 
make. Returning PCV' s are urged to w.t·ite Program Designs for 
Educators at: Chevrons and PDE, P.O. Box 235, Jamaica Plain, 
Boston, Massachusetts 02130, U.S.A. 

Most of the activities do not require tools, but as the stu
dents make the transition from learning how dryers work to 
designing and building them (Activities I-llB and II-2), the 
importance of having tools suddenly increases. We recommend 
making your own tools. As part of the framework of this 
manual, "How to Make Tools .. was created by Per Christiansen 
and Bernard Zubrowski as a companion piece. 

ITEMS USED WITHOUT MODIFICATION WHICH CAN BE OBTAINED 
FREE OR PURCHASED LOCALLY 

Fragile or Damaged if Stored Wet: 

Dishes or small trays able to hold water 

Rulers marked in centimeters 

Scissors or razor blades 

Watch or clock or other timer for 
measuring relatively long periods of time 

Jars 

Bottles 

Elastic bands 

Drinking glasses 

Jars with certain size requirement 

Tea glasses or very small tins 

Basins, large bowls or buckets 

Trays or dishes or pieces of pasteboard 

Clay tiles or bricks, or blocks molded 
from adhesive material such as soil 
taken from termite mounds 

Protractor 

I-1, I-4C 

I-1, I-2A, I-6, II-1, 
II-2, p.126 

I-2A, I-4A, I-4B, I-4C, 
I-6, I-11A, I-11B 

I-4A, I-4B, I-4C, I-7, 
I-10, p.122-5 

I-4A, I-4C, III-7, III-i1, 
III-13, III-14, III-15 

I-4A 

I-4A, I-4B, I-llA 

I-4A, I-4C 

I-4B, I-6, II-1 

I-4B, I-4C 

I-SA, II-1, II-2, III-14, 
p. 166, III-18 

I-6, II-1 

I-7, I-8B 

I-SA, I-8B, I-8C 
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Common p1.ns 

Cooking pots or large tins 

Culture dishes 

Sewing needles to use as transfer 
needles 

Not Fragile: 

Tins of v~rious s1.zes 

Tins of the same size 

Small stones 

Measuring spoons, cups, tins, bottle
caps, etc. for measuring small amounts 
of liquid or powder (p. 8 ) 

Lids or caps for bottles or jars, or 
use plastic and elastic bands 

Tins with a certain size requirement 

Several nails of different sizes 

Shovels or other tools for digging 
holes in the ground 

Bricks or similar size stones 

Nails or pegs 

Tins with both ends cut out 

Small nails, brads or tacks 

Large tins 

Bottletops or other objects having 
uniform w~ight, to be used as weights 

Pieces of metal from large tins, or 
dishes, to use as covers 

. I-llA, I-llB 

pp. 122-6, 163 

p.l22, III-2, III-3, 
III-4, III-5, III-6 

p.l26 , III-2, III-3, 
III-4, III-5 

I-1, I-3A, I-3B, I-4A, I-4B 
I-4C, I-10, II-2, III-11, 
III-20 

I-1, I-7 

I-1, I-4B, I-4C, I-10, 
I-llA, p. 163 

I-1, I-4C, p. 125, III-13 
III-14, III-15, III-18 

I-4A, I-4B, III-8, III-10 

I-4A 

I-4A 

I-4C 

I-4C, I-8A 

I-8A, I-9, II-2 

I-8A 

I-8B 

I-9 

Il-l, II-2 

p. 125 , p.163 

I 
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ITEMS CUT FROM A LARGER PIECE, OR THAT NEED TO BE 
MODIFIED SLIGHTLY, AND WHICH CAN BE OBTAINED FREE 

OR PURCHASED LOCALLY 

Fragile or Damaged if Stored Wet: 

Cloth 

Paper other thau usual notebook 

Means for labelling, such as paper 
and cement, elastic bands or tape 

String 

Cloth which air can circulate through, 
such as cheesecloth, gauze or nylon 
tulle 

Thin transparent plastic, small pieces 

Absorbent cloth such as from an 
undershirt or singlet, or paper 
which is very absorbent 

Books or pieces of ~10od to use as a 
support 

Thin transparent plastic, larger pieces 

Hand-held fans, or big leaves, pieces 
of newspaper, etc. to use as fans 

Flat glass or clea= plastic and 
tool to cut it 

Poles such as straight tree branches, 
reeds, broom handles, or narrow boards 

Newspaper or other large pieces of paper 

Pasteboard o~ heavy paper with a 
smooth surface on at least one side 

Pasteboard 

Tape 

Thin wire 

I-1, I-5B, p. 161, III-18 

I-1, I-4A, I-11A, III-9, 
III-16 

I-1, III-2, III-13, III-15 

I-3A, I-3B, I-5A, I-6, 
I-8A, I-8B, II-1 

I-6, II-1, II-2 

I-4A, I-4B, I-4C 

I-4B 

I-4:3 

I-4C, I-11A, I-11B, II-2 

I--SA 

I~7, I-9, II-2, III-10 

I-8A 

I-8A, III-7, III-8, III-9, 
III--10, III-11 

I-8A, I-BB 

I-8C 

I-8C, I-9 

I-llA 
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ITEMS CUT FROM A LARGER PIECE, OR THAT NEED TO BE 
MODIFIED SLIGHTLY, AND WHICH CAN BE OBTAINED FREE 

OR PURCHASED LOCALLY 

ile or Damaged if Stored Wet: 

Clnth 

Paper other thau usual notebook 

Means for labelling, such as paper 
and cement, elastic bands or tape 

String 

Cloth which air can circulate through, 
such as cheesecloth, gauze or nylon 
tulle 

Thin transparent plastic, small pieces 

Absorbent cloth such as from an 
undershirt or singlet, or paper 
which ~s very absorbent 

Books or pieces of 't-TOod to use as a 
support 

Thin transparent plastic, larger pieces 

Hand-held fans, or big leaves, pieces 
of newspaper, etc. to use as fans 

Flat glass or clea~ plastic and 
tool to cut it 

Poles such as straight tree branches, 
reeds, broom handles, or narrow boards 

~ewspaper or other large pieces of paper 

?asteboard OY heavy paper with a 
~mooth surface on at least one side 

?asteboard 

l'ape 

~bin wire 

I-1, I-5B, p. 161, III-18 

I-1, I-4A, I-11A, III-9, 
III-16 

I-1, III-2, III-13, III-15 

I-3A, I-3B, I-SA, I-6, 
I-8A, I-8B, II-1 

I-6, II-1, II-2 

I-4A, I-4B, I-4C 

I-4B 

I-4:S 

I-4C, I-11A, I-11B, II-2 

I--SA 

1~7, I-9, II-2, III-10 

I-8A 

I-8A, III-7, III-8, III-9, 
III-10, III-11 

I-SA, I-BB 

I-8C 

I-8C, I-9 

I-l1A 
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String or braided cotton that produces 
·Smoke when glowing 

Small boxes made of paper or pasteboard 

Pieces of soft wood about the size 
of a pencil 

Not Fr.agi le : 

Small pieces of wood 

Outer tubes of Bic pen, preferably 
transparent, hollow bamboo branches, 
or hollow grass reeds 

Tops from small tins (Diagram 8) or 
other stand that will not be 
damaged by water or heat 

Bottletop wit::1 a hole in it, washer, 
ur other small object to hang on 
a string 

Wood boards or slabs 

Bamboo 

Pieces of metal from tins 

I-llA, I-llB 

I-11A, I-llB, II-2, 
III-12 

p.l26 

I-4A, I-8B, II-1 

I-4B, I-4C, III-8, 
III-11, III-13 

I-4B, I-4C, I-11A 

I-SA, I-8B 

I-9, II-2, III-12 

I-9 

I-9, II-2 
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ITEMS MADE FROM EASILY AVAILABLE MATERIALS THAT 
REQUIRE SO~ffi EFFORT OR SKILL TO BUILD 

Fragile or Damaged if Stored Wet: 

Grid paper with 1 centimeter squares 

Pendulum made from a stone hanging on 
a piece of twine about 2 meters long, 
to be used as a timer for relatively 
short times. A clock or watch with 
a second hand can also be used. 

Device for comparing weights, such as 
an equal arm balance 

Knife 

Saw (Appendices D, ~ and L) 

Angle measuring tube (I-SA) 

Elevation angle measuring device (I-SB) 

Chisel or shears to cut metal 

Device to purify water (I-9) 

Tweezers 

Food dryers (Part II) 

Not Fragile: 

Tongs or cloth to lift hot objects 
off a fire 

Support for tins to be heated by a 
candle or small burner 

Tins with a round hole in t.1e side 
or equivalent container 

Device to hold wood while cutting 
or drilling it 

Hannner 

Drill 

I-2A, I-2B, I-6, I-8C, Il-l 

I-3A, I-3B, I-SA, I-11A 

I-6, II-1, II-2, p. 122 

I-6, II-1, III-12, III-16, 
p. 169 

I-8A, I-3B, I-9, II-2, 
pp. 95-113 

I-8C, I-llB, II-2 

I-8C, I-llB, I-2 

I-9, II-2 

P· 163, 166 

III-lG 

III-3, III-5, III-16, 
pp. 163-9 

I-3A, I-·3B, p. 122-5 

I-3A, I-3B, I-4A, I-4B, 
I-4C 

I-4B, I-4C 

I-SA, I-8B, I-9, II-2, 
pp. 95-113 

I-SA, I-9, II-2, pp. 95-113 

I-SA; I-9, II-2, PP· 107-113 
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CONSUMABLE ITEMS OBTAINED LOCALLY 

Salt 

Sugar 

Cooking oil 

Potato, cassava or other large, firm vegetable 

Crack sealer, such as mud or tar 

Charcoal 

A variety of kinds of kinds of food such as 
fruits, vegetables, meat, etc. 

Soap 

Paste or cement or other adhesive 

Piece of termite hill or large clod of dirt 

Wax 

Animal bones 

Mold and bacteria (pp. 119-21) 

Crackers, tortilla or bread 

Starch 

Vinegar 

Gum acacia 

Milk 

Lemon juice 

Brine 

I-1 

I-1 

I-1, III-14 

I-6, II-2, III-12, II1-13 

1-9, II-2 

I-llA, p. 122-5 

II-1, p.122, 1II-2, 
III-3, III-7, I1I-8, 
III-9, III-10, III-11, 
III-13, II1-15, III-16, 
p -163-9 

II-1, II-2, II-11, 
III-14, III-18 

II-2 

III-12 

III-13 

P·122 

III-1, III-2, III-3, 
III-4, III-5, III-6 

III-13 

III-13 

III-14 

III-14 

111-15 

P·163 

P·169 
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CONSUMABLE ITEMS OBTAINED FROM SPECIALIZED SOURCES 

Iodine III-8, III-13 

Hydrochloric acid III-11, III-14, III-15 

Benedict's solution III-13 

Pepsin III-15 

Ascorbic acid p. 163 

Pure water p. 163' 166 

Sublimed or refined sulfur p. 166 

Sulfite substance p. 166 

Pickling salt p. 169 

Note: Most of these items aPe ZikeZy to be avaiZabZe at pharmacies3 

hospital ZaboPatoPies, health centeps and seaondaPy sahooZs. 

EQUIPMENT OBTAINED FROM SPECIALIZED SOURCES 

Thermometers (For a discussion of possible 
ways to make temperature sensing devices, 
see Appendix T.) 

Hand lenses 

AVAILABLE RESOURCES 

Water 

Sunlight 

I-5B, I-7, I-8B 

III-1 

I-1, I-3A, I-3B, I-4A, 
I-4B, I-4C, I-SA, I-SB, 
I-6, I-7, II-1, p. \122-5, 
III-7, III-8, III-11, 
III-11, III-14, III-15, 
p. 163 , III-18 

I-1, I-4A~ I-4B, I-4C, 
I-7, I-8A, I-8B, I-8C, 
I-11A, I-11B, II-2, 
III-4, III-6 
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COLORED MATERIALS 

Source of a smoky flame, such as a candle 
or a paraffin lamp, for coating surfaces 
hlack with soot 

Pieces of white paper, black paper such as 
c~rbon paper, and various other colors 
including metal foil, if available 

White paint, cassava paste, whitewash or 
aluminum paint 

Black cloth 

Black ink or black paint 

HEAT SOURCES USING FUEL 

Matches 

Charcoal cooker, or three stones and 
firewood, and a metal grating or 
other support so tins can be heated 

Burner and paraffin or gas that provide 
a medium source of heat 

Candle or small burner and paraffin or 
gas, to provide a small source of heat 

I-1, I-4C, I-7, I-8B 

I-4A, I-4B 

I-7, II-1 

I-9 

I-llA, I-11B, II-2 

I-1, I-3A; I-3B, I-4A, 
I-4B, I-4C, I-7, I-8B, 
I-11A 

I-3A, I-3B, I-10, I-llA, 
PP·122-6, 113, III-18 

I-3A, I-4C, II-13, 
III-15 

I-3B: I-4A, I-4B, I-11A, 
III-10, III-11, III-13, 
III-15 



200 

APPENDIX B. HOW TO MAKE A ROUND HOLE IN A TIN 

In cases where one wants to insert a tube into a tin tightly 
so that there is no leakage between the tube and the hole it 
fits into, it is necessary to make a round hole in the tin. 
If the hole is large enough to 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 6~ 
ern nail, followed by a 10 ern nail, and lastly by a 15 ern 
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 
i1ole because the point of the nail has four sides. 
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APPENDIX C. CONVERSIONS BETWEEN METRIC, BRITISH flND 
AMERICAN WEIGHTS AND MEASURES 

These conversions have been rounded to produce values that 
are easy to \·rork w·ith and to remember. However, they are 
all within 2 per~ent of the exact valuas. 

LENGTH 

Metric British and American 

1 centimeter = 4/10 inch 

1 decimeter = 4 inches 

1 meter = 40 inches 

1 kilometer 5/8 mile 

British and American Metric 

1 inch • 2. 5 centimeters 

1 foot = 3 decimeters 

1 yard 9/10 meter 
., 

1 Mile • 1.6 kilometer 

AREA 

Metric British and American 

1 square decimeter • 15.5 square inches 

1 square 2eter • 10.8 square feet 

1 square meter • 1.2 square yards 

1 hectare • 2.5 acres 

British ana American Metric 

1 square inch • 6.5 square centimeters 

1 square foot • 9.3 square decimeters 

1 square yard 5/6 square meter 

1 acre • 4/10 hectare 
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VOLUME ---
Metric British American 

100 milliliters = 3.5 ounces = 3.4 ounces 

500 milliliters = 17.5 ounces = 17.0 ounc~s 

1 liter = 0. 88 quart = 1.06 quart 

5 liters = 1.1 gallons = 1.3 gallons 

British Net ric American Metric ----
1 cubic inch = 16.4 milliliters 1 cubic inch = 16.4 ml 

1 ounce = 28.0 milliliters 1 ounce = 30.0 ml 

5 ounces (\ pint) = 140.0 milliliters 4 ounces (};z cup) =120.0 ml 

10 ounces (~ pint) =· 280.0 milliliters 8 ounces (1 cup) =240.0 ml 

1 pint (20 ounces) = 560.0 milliliters 1 pint (16 ounces) =480.0 ml 

1 quart (40 ounces) = 1.1 liters 1 quart (32 :Junces) =960.0 ml 

1 g.'lllon (4 quarts) = 4.5 liters I 1 gallon (4 _quurts) = 3.8 1 

Miscellaneous Metric 

1 bottletop (Coc~-Cola, etc.) = 3.5 millilit~rs 

1 usual teaspoon :1: 4 to 5 milliliters 

1 measuring teaspoon = 5 milliliters 

1 tablespoon 11 eating • 8 to 10 milliliters 

1 tablespoon, serving = 14 to 16 milliliters 

i measuring tablespoon = 15 milliliters 

Note: 40 British ounaes - 1 British (ImperiaZ) quart~ and 32 Ameriaan 
ounaes = 1 Ameriaan q'UCI:!'t. The ounaes are almost the same size 
but this relationship areates a differenae of about 20 peraent 
in the size of pints, quarts and gallons between British and 
Ameriaan measurement of volume. 
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WEIGHT ----
Net ric British and American 

10 grams = 7/20 ounce 

100 grams = 3.5 ounces 

1 kilogram = 2.2 pounds 

British and American Metric 

1 ounce = 28 grams 

1 pound = 450 grams 

10 pounds - 4.5 kilograms 

N.ote: The British and Ameria.an units of weight show-n ahove are 
the ones ·in ao11'UTlon use, the "Avoirdupois" system, 
whiah has 16 ounaes in a powzd. Another s~stem exists 
in both Britain and Ame!"iaa, the "apotheaa.I"d" 01 .. "troy" 
system. Its pound, ZJhit.Jh equals ahout J?O gratn.s, aont:r.ins 
12 ounaes. This system is only used in certain specialties. 

TEMPERATURE 

See page 122 for a conversion chart between the Fahren
heit and Centigrade temperature scales. 
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APPENDIX D. DIFFERENCES BETWEEN BRITISH AND AMERICAN 
TERMINOLOGY 

British English 

Cement 

Common pins 

Edible oil 

Muriatic acid 

Paraffin 

Pasteboard 

to revise a lesson 

Spirit 

Tin 

= 

= 

= 

= 

= 

= 

= 

= 

American English 

Glue 

Pins or straight pins 

Cooking oil 

Hydrochloric acid 

Kero-sine, charcoal lighting 
fluid 

Cardboard 

to review a lesson 

Alcohol 

Can 
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APPENDIX E. DETECTING CHANGES IN TEMPERATURE 
WITHOUT A THERMOMETER 

In a number of the activities where an increase of tempera
ture takes place, it can be felt with your hand. These are 
Activities I-3B, I-4C, I-4C Further Study, I-SA and I-10. 

In several other activities, the increases in temperature 
can be noted the same way, but it would be desirable to 
improve both measuring skills and understanding of the 
situations by making a somewhat more quantitative measure
ment. The approaches suggested here apply to these activities: 
I-SB, I-7, I-7 Further Study, I-8B, I-11A, I-11B and II-2. 

In the Further Study following Activity I-3A, a laboratory 
thermometer which can measure temperatures up to 100° c is 
needed. This is a difficult requirement to meet with im
provised temperature measuring devices, but perhaps you can 
invent one or locate an existing design that is easy to 
make and works well. If you do, please communicate it to 
the Information Collection and Exchange office. Also, please 
let us know about your successful or unsuccessful attempts 
to measure temperature in any of the lessons. 

In many industrial applications, temperatures 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 horizontal. One is black, one is earth 
colored, and the other one is white. On each tile, you 
could put a piece of margarine and a piece of wax. Whether 
both of these melt on each tile, and how long it takes 
could be noted. Maybe in your locality, both of these melt 
too easily. Can you find another material that melts at a 
higher temperature? 

* * * 
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The following device can measure small and medium changes of 
tempera.ture. 

removed 

This part must 
all be in the 
place where 
temperature 
is being 
measured. 

Transparent ink tube 
from Bi c pen. Wash 
in spirit (alcohol) 
to remove all old 
ink. 

Water with a 
little coloring 
in it. 

The air trapped in the tube expands as the temperature rises. 
Experiment with the size of the air space. A small air space 
gives less sensitivity, but a higher temperature can be measured 
without the water spilling.out the end of the tube. l~e range 
has an upper limit near the boiling point of water because too 
much water vapor forms in the air space. Positions along the 
tube can be marked, or it can be glued to a piece of paper, 
pasteboard, plastic or wood, and that can be marked. 

* * * 

7he following device is useful for measuring relatively small 
changes 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. 

~colored 
Complete trans~=~~t~-~~~~~~~~-~~~~~~~~.-~.-.~~~~-~W(~;~~~ water 

Bic pen, except ball~ 
has been removed 
from the tip. 
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All connections must be sealed, including the small hole on 
the side of the pen. When the air is hrarmed and expands, it 
pushes the colored water. It must not escape elsewhere. The 
whole device is sensitive to change of temperature. Either 
the whole thing should be put in the place where temperature 
is being measured, or the same length must be used for all 
measurements which are to be compared. It also responds to 
your warm fingers, and thus must be held some other way. 

As you can see, these devices have some merit, and we are 
anxious to hear of your efforts to use them. However, they 
also have limitations. Perhaps they can be adapted in some 
way to become better. 

The conditions of measurement in the various activities are 
as follows: 

----' - --------. ,...---

Activity v·Jet Amount of Temperature Calibration Temperature 
or temperature present over of device too hot to 

Dry change a large or needs numbered touch by hand 
small area uniform for very long 

intervals 

I-Sb wet slight can be either no no 
--- ---

I-7 dry moderate 
to large large area no maybe 

I-7 wet moderate large area yes no 

I-7 
Further dry moderate large area yes maybe 
Study to large 

I-Bb dry moderate large area no maybe 
to large 

- --- - -----·-·-· .. · ··- .. ------ 1----

I-11a depend·:> on 
I-11b dry mode rat<; size of no no 
II-2 equi9inent _____ .. 

~. ---- .. ·- ·- -- ··------- --- ----- ·-----

I-3a depends on 
Further wet very size of yes yes 
Study large equipment 

~--------- ---- ... --·- ,___ ------



208 

APPENDIX F'. MAKING AN EQUAL ARM BALANCE 

Many science lessons can be improved by having weighing equip
ment available for the students to use. Often there is only 
one triple arm balance or weighing scale in the science room, 
and the teacher is apprehensive that it may become broken if 
students are allowed to use it. 

Simple designs for equal arm balances that can be made from 
easily available rnaterials are shown here. 

Several details of design affect how sensitive a balance is: 

1. Friction at the center point. 
2. Whether the center hole is placed above or below the 

end holes. 
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 center point can be kept very low as long as 
the pivot uses rolling instead of sliding friction. Using 
a nail that rolls on the edges of tins is one effective 
way to keep friction at the pivot from being a problem, and 
is the method used in the diagrams that follow. 
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To investigate the effect of having the end holes 
a. below the center hole, and 
b. in line with the center hole, 

make the holes shown in the following diagram in a 
wooden ruler. 

I : 0 

Put a nail in the center hole, which is approximately at 
the center of gravity of the ruler. Then hang a hook or 
light-weight container from the lower holes at each end 

: I 
of the ruler. Get many small objects that all have the same 
weight. These could be common pins, paper clips or staples. 
One of these objects should be enough to unbalance the ruler. 
(If the ruler does not hang level at first, put an elastic 
band around the portion of it that is higher, and use its 
position to adjust the ruler so it is level.) 

Then put five pins on each side. Add a sixth to one side. 
Does the ruler move? Add five more pins to each side, so 
you have ten on each side. Add an eleventh to one side. 
Does the ruler move? Continue this procedure for fifteen 
and twenty pins. 

Now hang your hook or light weight container from the upper 
holes at each end of the ruler. Do the same thing, testing 
the sensitivity to detect the weight of one pin when there 
are zero, five, ten, fifteen and twenty other pins already 
in each container. 

You will find that in one case, the sensitivity decreased 
greatly when many pins were already on each container. This 
characteristic is useful when you want students to quickly 
compare objects that are approximately the same weight 
with other objects that are very different in weight, such as 
being only half as heavy. Too much sensitivity might make 
every object seem different in weight from every other object, 
and the students would get bogged down. Measuring the potato 
cubes in Part I of Preserving Food by Drying is an activity 
wher~ the balances purposefully should not be very sensitive. 

Now make one more hole in the center of the ruler, so it 
looks as follows: 

'~: ____________ : ___________ :] 
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In this explanation, the weight of the beam is staying the same -
it 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 cardboard. 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 pivot with the hole near 
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 where 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 testing 
the sensitivity of the balance by putting one pin on one side, 
when you have zero, five, ten, fifteen and twenty pins already 
in the containers at each end of the beam. 

You now have seen how the sensitivity varies according to where 
you make the holes at each end, and the hole in the center that 
the pivoting nail goes in. Now you will be able to make a 
balance where you can design what the sensitivity will be, 
even if you use materials such as shown in the following diagram: 



211 

APPENDIX G. MAKING A SET OF WEIGHTS 

Without a set of weights, an equal arm balance can be used 
to see whether various objects are equal in weight or not. 
This is done in Activity I-6, where the equal arm balance 
shows that if one of the cubes is cut into several pieces, 
the pieces still weigh the same as the other cube that was 
not cut. 

If the objects are to be weighed with the equal arm balance, 
a set of weights is needed. This is necessary where the weight 
of a piece of fresh food is to be compared with the weight 
of the same piece of food after it has been dried. The equal 
arm balance can be used for weighing by putting the piece of 
food on one side of the balance and by pu ting enough weights 
on the other side to balance the food. 

The set of weights should be based on some easily available 
objects that all weigh about the same. In Appendix s, things 
like staples, common pins, and paper clips are suggested for 
testing the sensitivity of the balance. However, these are 
too light to be useful for weighing the food pieces. They 
also have the disadvantage that unless they are all bought 
from the same source, they may not all have the same weight. 
Washers also do not make suitable weights, because they are 
made from scrap pieces of sheet metal, and although the diameter 
may be the same, the thickness varies tremendously. 

Bottletops from Coca-Cola, Fanta and beer bottles are quite 
uniform in weight. These are probably the best things on 
which to base your set of weights. They have the added advan
tage of being obtainable for free. 

The set of weights can consist only of bottletops. For example, 
a piece of food might weigh 130 bottletops fresh and 47 bottle
tops after being dried. This gets to be a lot of bottletops 
to pile on the balance, however. 

Somewhat heavier objects that are' quite uniform are batteries 
of the kind used in flashlights and radios. The weights may 
vary between batteries from different makers, but all batteries 
of a certain type made by the same company should weigh about 
the same. Consider that you have some small batteries that 
each weigh 14 bottletops, and some large batteries that each 
weigh 55 bottletops. To weigh the fresh food in the example, 
two large batteries would equal 110 bottletops, one small 
battery would add 14, and 6 bottletops would add the rest, 
to reach the total of 130 bottletops of weight. To weigh the 
dried fruit~ three small batteries would equal 42 bottletops, 
and 5 bottletops would be added to balance the food's 
weigbt of 47 bottletops. 



212 

' :. 
ake Objects such as these can be used to rn sets of weights 

suitable for all the food drying activ ities in this book. 

Fresh Focd Dried Food 
Objects on 

X 
Object = Equivalent 

balance weight weight 
Objects on ·x Object Equivalent = balance weight weight 

Lar e Batter 2 X 55 = 110 0 X 55 = 0 

Small Batter 1 X 14 = 14 3 X 14 = 42 

Bottletops 6 X = 6 5 X 1 = 5 

Total weight 130 47 
(bottletops) 

·--- ---·---

' 
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APPENDIX H. A HEATING STAND MADE FROM A TIN 

Using one of the methods of cutting a tin sho~~ previously, 
you can make heating stands while you obtain rectangular 
pieces of metal to use for other purposes. 

' , 

l 
I 

\ 

It has the advantages that 
1. a breeze will not disturb 

the flame, and 
2. heat can be prevented 

from rising all around 
what is being heated, 
which might contain 
something that could 
burn or melt. 
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