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The word “temperature” is very common to most of us
These days, we check a weather app to see what the outdoor
temperature will be, and it may affect how we plan our day.
Other times, the term is used to convey that sormeone has a
fever But temperature is an important topicin science, too, as
you will discover while doing the experimentsin thisbook.

Temperature is a basic property of any object If the air
around us is too warm or cool, we change our clothes or adjust
our home thermostats. If certain foods are not kept cool, they
spoil. If they are cooked at too high a temperature, they burn.

On a global scale, the temperature of the air and oceans
affects the weather. Scientists are working hard to understand
global warming in order to reduce its effects.

You probably sense that heat is related to temperature.
Perhaps you believe that heatis semething that must be added
to objects to make them hotter. But what exactly is heat? Is it
different from temperature?

Experimenting is how early scientists developed rules
(laws of nature) and theories (explanations of the rules) about
temperature and heat With thisbook, you will do experiments
like the ones they did We hope your work will lead you to
develop the same laws and theories.

At times, as you carry out the activities in this book,
you may need a partner to help you. It is best to work with
sormeore who enjoys experimenting as much as you do. Then
you will both have fun while you are learning. If any danger
is involved in doing an experiment, you will be warned.
In some cases, to avoid danger, you will be asked to
work with an adult. Please do so. We do not want you to
take any chances that could lead to aninjury.



Like any good scientist you should record your ideas,
procedures, data, and conclusionsin a notebook. Your records
will likely help you in doing further projects.

Entering a Science Fair

Some of the investigationsin this book contain ideasyou might
use at a science fair. However, judges at science fairs do not
reward projects or experiments that are simply copied from a
book. For example, a diagram of different temperature scales
would not impress most judges However, finding unique
ways to measure the heat needed to melt one gram of water
or condense one gram of steam would attract their attention.
Science fair judges tend to reward creative thought and imag-
ination. It is difficult to be creative or imaginative unless you
are really interested in your project; therefore, you should try
to choose a project that you will enjoy. And before you jump
into a project, consider, too, your own talents and the cost of
the materials you will need.

If you decide to use an experiment or idea found in this
book for a science fair, you should find ways to change or
expand it. This should not be difficult As you carry out inves-
tigations, new ideas will come to mind. And because the ideas
are yours, they will be more interesting to you.

Ifyou decide to enter a science fair and have never done so,
you should read some of the books listed in the further reading
section. These books deal specifically with science fairs. They
will provide plenty of helpful hints and usefulinformation that
will allow you to avoid the pitfalls that sometimes trouble first-
time entrants. You will learn how to prepare appealing reports
that include charts and graphs, how to set up and display your
work, how to present your project, and how to relate to judges
and visitors.



Most of the projects outlined in this book are perfectly safe.

However, the following safety rules are well worth reading
before you start any project.

1.

Never experiment with flames or electrical
appliances without adult supervision.

Do any experiments or projects, whether from this
book or of your own design, under the supervision
of a science teacher or other knowledgeable adult.

. Read allinstructions carefully before proceeding with

aproject Ifyou have questions, check with your
supervisor before going any further

. Maintain a serious attitude while conducting

experiments. Fooling around can be dangerous to you
and to others.

. Wear approved safety goggles when you are working

with a flame or doing anything that might cause injury
to y our eyes.

Have a first aid kit nearby while you are experimenting.
Do not put your fingers or any object other than
properly designed electrical connectorsinto electrical
outlets.

. Never let water droplets come in contact with a hot

light bulb.

. Theliquid in some thermometers is mercury (a dense

liquid metal) Itisdangerous to touch mercury or
breathe mercury vapor, and such thermometers
have been banned in many states. When doing these
experiments, use only non-mercury thermometers,
such as digital thermometers or those filled with
alcohol. If you have a mercury thermometer in the
house, askanadultif it can be taken to a local
thermometer exchange location.
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Following the Scientific Method

Scientists look at the world and try to understand how things
work. They make careful observations and conduct research.
Different areas of science use different approaches. Depending
on the problem, one method is likely to be better than
another. Designing a new medicine for heart disease studying
the spread of an invasive plant, such as purple loosestrife,
and finding evidence of water on Mars all require different
methods.

Despite the differences, all scientists use a similar general
approach in doing experiments. This is called the scientific
method. In most experiments, some or allof the following steps
are used: observing a problem, formulating a question, making
a hypothesis (an answer to the question) making a prediction
(an if-then statement), designing and conducting an experi-
ment, analyzing results, drawing conclusions, and accepting or
rejecting the hypothesis. Scientists then share their findings by
writing articles that are published.

You might wonder how to start an experiment. When you
observe something, you may become curious and ask a ques-
tion. Your question, which could arisefrom an earlier experiment
or from reading may be answered by a well-designed inves-
tigation. The investigation can begin with a hypothesis. Your
hypothesis is a possible answer to the question. Once you have
ahypothesis, it is time to design an experiment to test a conse-
quence of your hypothesis.

In most cases, you should do a controlled experiment. This
means having two groups that are treated the same except for
the one factor being tested. That factor is called a variable
For example, suppose your question is "Do green plants need
light!" Your hypothesis might be that they do need light To
test the hypothesis, you would use two groups of green plants.
One group is called the control group; the other is called
the experimental group. The two groups should be treated the



same except for one factor. Both should be planted in the same
amount and type of soil, given the same amount of water,
kept at the same temperature, and so forth. The control group
would be placed in the dark. The experimental group would be
putin the light. Lightis the variable. Inyour experiment design,
it is the only difference between the two groups.

During the experiment, you would collect data. For
examnple, you might measure the plants growth in centimeters,
count the number of living and dead leaves, and note the color
and condition of the leaves By comparing the data collected
from the control and experimental groups over a few weeks,
you would draw conclusions. Survival or healthier growth of
plants grown in light would allow you to conclude that to live,
green plants need light.

Two other terms are often used in scientific experiments—
dependent and independent variables. One dependent
variable in this example is healthy growth, since it depends on
light being present. That makes light the independent variable.
It does not depend on anything.

After the data are collected, they are analyzed to seeif they
support or reject the hypothesis. The results of one experiment
often lead you to a related question. Or they may send you off
in a different direction. Whatever the results, something canbe
learned from every experiment.



Chapter 1

Measuring
Temperature

What is temperature! When scientists refer to the term
“temperature, they are talking about the hotness or coldness of
something. [t might be the air, bathwater, your food, or even your
body.

Unlike people who lived a century ago, today we can control
the temperature of marny things. Refrigeration allows us to
preserve food. Heating and air conditioning systems control the
temperature of the air in buildings. No matter how cold or how
hot the outside air, we can be comfortable.

In this chapter, you will do a number of experiments that will
help you understand temperature and how we measure it. But
first, you will find out how good you are at sensing temperature
without thermometers.

CORYRH GHT 51 il Robert Garcines snd Eric Nemer



11 Feel the Temperature

THINGS YOU WILL NEED:
3 bowls or pans hot tap water

cool water hand towels
ice cubes clock or watch

You know when it is cold. Your fingertips, toes, nose, and ears all
“tell” you so. Your body senses temperature. But your body's sense
of temperature can be fooled. This experiment will show you how.

1. Filla bowl or pan about two-thirds full with cool water. Fill
a second bowl or pan half-full with cool water. Then add
ice cubes until itis two-thirds full. Fill a third bowl or pan
two-thirds full with hot tap water. Be sure the water is not
too hot to touch. If it is, wait forit to cool a bit.

hot water cool water ice water

Figure 1. How good are your hands at sensing temperature?

2. Place the bowls side by side, with the cool water in the middle
(see Figure 1). Put one hand in the hot water and the otherin
the ice water. [{eep your hands submerged for one minute, or
until your cold hand begins to feel very uncomfortable.

13
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EXPERIMENTS WITH TEMPERATURE AND HEAT

3. Now put both handsin the cool water. How does the cool water
feel to the hand that was in hot water! How does it feel to the
hand that wasin ice water? Could the cool water really have two
different temperatures at the same time? Why might scientists
seek to measure temperature other than by feel?



1.2 The World's First Thermometer

THINGS YOU WILL NEED:

2 clear drinking straws food coloring
or a length of clear cup
plastic tubing water

Cl edr tape a par tn aer

soft clay 2 dish towels
one-liter or two-liter hot and cold

clear, empty plastic tap water
soda bottle

The great Italian scientist Galileo Galilei (1564-164 2) made what may
have been the world's first thermometer. It was similar to the one
shown in Figure 2a. You can build one like it (Figure 2b).

1. Put the ends of two clear drinking straws together. Seal the
joint by wrapping a piece of clear tape around it (You could
use alength of clear plastic tubing in place of the straws.)

2. Near one end of the straws, surround the outside with a lump
of soft clay. The clay should fit around the straw snugly, but
it should not squeeze it.

3. Press the clay into the mouth of a one-liter or two-liter
clear plastic soda bottle. The clay should seal the mouth of
the bottle.

4. Stir several drops of food coloring into a cup of water.

5. Have a partner hold the bottle upside down. Put the lower
end of the straw or tubingin the colored water, as shown in
Figure 2b.

6. Cover the bottle with a dish towel that has been soaked in
hot tap water. Watch the end of the straw or tubing that is in

15
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EXPERIMENTS WITH TEMPERATURE AND HEAT

clear straws or
plastic tubing

colored water

\

Figure 2. a) This air thermometer is similar to Galileo's. b) You can build your own
air thermometer.

the water. What do you see? How can you tell that the air in the
bottle is expanding?

7. After the air stops expanding, remove the towel. Cover the bottle
with a dish towel that has been soaked in cold tap water. Watch
the colored water move up the straw or tubing. Why do you think
water moves up the tube’

What happens to the water level in your air thermometer when
the temperature decreases! When the temperature increases/

How do you think Galileo used his thermometer to
measure temp erature’

CORYRH GHT 51 il Robert Garcines snd Eric Nemer



Measuring Temperature

Later Thermometers

Later, several scientists made thermometers that improved on Galileo's
design. The biggest difference was that they used a liquid instead of air.
It was usually alcohol or a mix of alcohol and water. They also sealed the
liquid in the tube after removing the air. And they made numbered scales
to measure temperature.

Alcohol thermometers limited the temperature range that could
be measured. Alcohol boils at a temperature well below water's boiling
temperature. Also, the volume of some water-alcohol mixtures did not
change evenly with temperature.

Reliable and accurate thermometers were finally made by Gabriel
Daniel Fahrenheit (1686-1736), a German scientist, in 1714. Fahrenheit
used mercury, a liquid metal, in his thermometers. M ercury remained a
liquid well below water's freezing temperature and well above its boiling
point. In addition, mercury expanded and contracted by even amounts
with changesin temperature. Fahrenheit made a scale for his thermom-
eter. For zero degrees (the ® symbol stands for degrees), he chose the
lowest thermometer reading he could get in a mixture of salt, ice, and
water. For a higher temperature, he chose human body temperature,
which he labeled 96°.

In measuring the density (weight per volume) of some liquids, he
chose to measure them all at the same temperature: 48, In his translated
words, ‘| reduced it by calculation to the degree 48, which in my ther-
mometer holds the middle place between the limit of the mostintense
cold obtained .. in a mixture of water, of ice, and ... sea salt and the limit
of heat whichis found in the blood of a healthy man’

Later, he modified his scale to make the beiling point of water 212°,
On his new scale, water froze at 32° and body temperature was98.6° To
honor Fahrenheit, we add “degrees Fahrenheit (°F)" to his temperature
scale readings.

The Fahrenheit temperature scale is widely used in the United States,
but most countries and most scientists use a different scale. This other

17
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EXPERIMENTS WITH TEMPERATURE AND HEAT

scale was invented in 1742 by a Swedish astronomer named Anders
Celsius (1701-1744). Celsius's thermometer also consisted of mercury
enclosed in glass. However, his scale was simpler. He labeled the freezing
point of water 0% and the boiling point of water 100°. Between these two
points were ninety-nine equally spaced marks. The distance between
each space was one degree. Additional marks were added so that nega-
tive temperature (temperature less than 0°) and temperature greater
than 100° could be measured. Today we speak of the freezing tempera-
ture of water as 0° Celsius (0°C) and its boiling point as 100°C. (Celsius
first labeled the freezing point 100° and the boiling point 0°. A year later,
he reversed his scale to the one we use today. )

water boils

body temperature
water freezes

dry ice

®

Fahrenheit

Figure 3. Fahrenheit and Celsius thermometers



Measuring Temperature

For many years, Celsiuss scale was known as the centigrade (one
hundred steps) scale. In 1948, scientists agreed that it should be known
as the Celsius scale in honor of the man who invented it Figure 3 shows
two thermometers, one having the Celsius scale and the other the
Fahrenheit scale,

19
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1.3 Celsius and a Marked
Thermometer

THINGS YOU WILL NEED:

anadult water
thermometer (-10 to pail

110°C, or 14 to 230°F) cooking pan
ice cube a stove

plastic cup safety glasses
crushed ice or snow oven mitt

In this experiment you will see why Celsius used boiling water and
melting ice to mark his thermometer. But first you will examine the
basic principle of a liquid thermometer.

1. Notice the bulb (expanded glass) at the base of a thermom-
eter. Hold the bulb of the thermometer in your fingers. What
happens to the liquid in the thermometer?

2. Place anice cube onthe thermometer bulb. Whathappens to
the liquid in the thermometer!

As you can see, a liquid, like a gas expands [gets bigger] when
heated. It contracts (shrinks) when cooled. All liquids in glass ther-
mometers behave thisway.

Now you will see why Celsius used melting ice and boiling water
to put fixed marks on his thermometer.

3. Half fill a plastic cup with crushed ice or snow. Add a little
water and stir gently with a thermometer. Watch the
temperature fall to 0°C (32°F)

4. Add more crushed ice or snow and stir. Does the temperature
change or doesit remain at 0°CY



Measuring Temperature

5. Fill a pail with crushed ice or snow. Add a little water and stir with
your thermometer. What do you predictis the temperature of the
melting ice or snow! Check your prediction with your thermom-
eter. What is the temperature’ Were you right! Does the amount
of ice or snow affect its melting temperature!

6. Half fill a cooking pan with water Askanadult to heat the pan
of water on a stove at low heat Puton safety glasses and hold
the thermometer with an oven mitt. Put the thermometer
in the water. Do not let the ther mometer touch the sides
or bottom of the pan. Watch the temperature increase as the
water warms.

7. When does the temperature stop rising/ Whatis happening to the
water!

8. Watch the thermometer for several minutes. Does the tempera-
ture of the boiling water change?

Based on what you have seen in this experiment, why did Celsius
choose melting ice and boiling water to determine the marks on his
thermometer?

We say water boils at 100°C
(212°F), but this is not always
true. Under what conditions
would water not boil at
100°C (212°F)?

Do an experiment to show that ice melts
at the same temperature at which water
freezes.
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14 Thermometer Scale

For this experiment, you will need a thermometer without a scale.
Your school may have one you can use, or you can buy one from a
science supply house (see appendix).

It the thermometer has abacking on which you can make marks,
move on to step one. If the thermometer has no backing ask an
adult to use epoxy glue to fastenit to a plastic background. Choose
a piece of plastic on which you can make marks with a fine-tipped
marking pen.

THINGS YOU WILL NEED:

anadult plastic cup

unmarked thermometer ~ hot tap water
(obtain from a science cooking pan
supply house or borrow  a stove

from your school's safety glasses

science department) oven mitt

epoxy glue metric ruler

piece of plastic you fine-tipped marking pen
can write on masking tape

ice and water watch or timer

1. Prepare a mixture of crushed ice and a little waterin a plastic
cup. Stir thoroughly.

2. Insert the bulb of the unmarked thermometerinto theice and
water. Stir gently until the liquid inside the thermometer
stops shrinking and remains at a fixed level. Use a fine-
tipped marking pen to mark the level of the liquid in the
thermometer.



Measuring Temperature

3. Place the thermometer in hot tap water. If the liquid rises close
to the top of the tube, quickly remove the thermometer. It will
break if placed in very hot or boiling water. Instead, put the ther-
mometer under your arm, between your armpit and your chest.
After five minutes, remove the thermometer and quickly mark
the liquid level. Record that mark as 35°C (95°F) and go to step 6.
(Underarm temperature is less than body temperature, which is
37°C[98.6°F])

1fyour thermometer can be placed in boiling water, do this rather
than taking the underarm measurement. Askan adult to bring
half apan of water to a boil on a stove over low heat Puton
safety glassesand hokl the thermometer withan oven
mitt. Place the thermometer bulb into the beiling water. Do not
let the ther mometer touch the sides or bottom of the pan.
Wait until the liquid in the thermometer stops expanding and
remains at a fixed level. Askthe adult to mark the level of the
liquid in the thermometer.

- You now have two fixed points on your thermometer. To make a
Celsius scale, which mark will you label "0"7 Which mark will y ou
label "10077

- Using a metric ruler and a fine-tipped marking pen, divide the
distance between the two marks into 10 equal spaces (7 if you
used body temperature for the higher fixed point]. How will you
label these marks?

. If possible, make further divisions. Can you make divisions above
1007 Below 07

If thereis room, you could add the Fahrenheit scale to the
thermometer. Remember that 0°C = 32°F and 100°C = 212°F,
For other marks, you can convert Celsius temperature to
Fahrenheit temperature using this formula:

°F=18°C+32

23
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EXPERIMENTS WITH TEMPERATURE AND HEAT

For example, 20°C = 6&°F, because
(1.8 % 20)+32=36+32=68

9. You could make a scale of your own and give it your name. Cover
the scale between O and 100 that you have just made with
masking tape Then devise your own scale.

How does a maximum-
minimum-temperature
thermometer work?

Use one to keep arecord

of daily high and low
temperature. What was the highest and
lowest temperature for one year?

How do electric thermometers work?

Laws of Nature and Temperature

Fahrenheit and Celsius thermometers helped other scientists to discover
some rules about temperature and heat. In science, these rules are called
“laws of nature” Laws of nature allow us to predict what will happen
when certain conditions exist.

But discovering laws of nature is not enough for most scientists. They
want to understand why these laws work. Scientists explanations for why
the laws work are called “theories” The best thearies explain many laws
of nature and may even predict new ones.

As early scientists began their work, their understanding of heat
and temperature was probably not as good as yours. Still, these scien-
tists worked hard and discovered some basic rules about heat and
temperature.



1.5 Temperature and Basic Laws

THINGS YOU WILL NEED:

48-0z (1.4-L) metal can 2 thermometers(-10
cold tap water to 110°C, or 14 to
ice cubes 230°F) that have the

96-0z (2.7-L) metal can  S3Me temperature

reading when placed in
the same container of
warm water

clock or watch

or cooking pan
hot tap water
notebook

pen or pencil

A Scottish chemist named Joseph Black (1728-1799) made good use
of thermometers. He used them to discover some basic laws about
the temperature of objects To discover these laws he carried out
many experiments. One of those experiments is similar to one you
are about to do.

1 Half filla 48-0z (1.4-L) metal can with cold tap water. Add
ice cubes until the can is about two-thirds full. Stir the ice
and water until the temperatureis about 0°C (32°F). Then
remove any remainingice.

2. Add hot tap water to a 96-0z (2.7-L) metal can or cooking pan
until it is about one-third full.

3 Setup a data table inyour notebook like the one shown in
Table 1.

4 Put a thermometer in each can. Record the temperature of
the water in each can.

5 Put the can with the cold water into the can or pan with the
hot water (see Figure 4).

25



EXPERIMENTS WITH TEMPERATURE AND HEAT
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6. Measure the water temperature in both containers at one-minute
intervals. Record those temperature readingsin your data table.
Between temperature readings, gently swirl the cold-water can in
the hot water. Continue recording until the temperature in both
containers stops changing.

TABLE 1
Data for Experiment 1.5

Time Temperature

(minutes) Hot Water Cold Water

Start

How did the final temperature of the water in the small can compare
with the final temperature of the water in the big can or pan’ Write a rule
that describes whatyou found by doing this experiment.

Joseph Black did a number of similar experiments. He concluded,
“We must therefore adopt, as one of the most general laws of heat, that
all bodies communicating freely with one another .. acquire the same
temperature.”

Doesyour rule agree with Joseph Black's conclusion?



Measuring Temperature

5 tharmnmeteh

e

cold water

Figure 4. What happens fo temperature when a small can of cold water is placed
ingide a larger can of hot water?

27
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1.6 More Laws About Temperature

THINGS YOU WILL NEED:

48-01 (1.4-L) metal can 2 thermometers (-10
cold tap water to 110°C or 14 to 230°F)
ice cubes that have the same

96-0z (2.7-) metal can  temperaturereading

when placed in the same

or cooking pan _
container of warm water

hot tap water
notebook clock or watch

pen or pencil 16-0z (0.5-L) metal can

Suppose you put hot water in the small can and ice-cold water in
the large can or pan. What do you think will happen’ Use the rule
you found in Experiment 1.5 to make your prediction.

1. Repeat Experiment 1.5, but this time put hot water in the
small can and cold water in the big can or pan. Wasyour
prediction correct?

2. Examine the data tables from both experiments. When did
the temperature of the hot water change fastest? When
did the temperature of the cold water change fastest?

When did the temperature of the hot water change at
the slowest rate? When did the temperature of the cold
water change at the slowest rate? Does the rate at which
the temperature changes depend on the difference in
temperature between the hot and the cold water! Write a
rule about the rate at which the temperature changes.

3. Repeat Experiment 1.5. This time put the cold water and ice in
a much smaller 16-0z (0.5-L) metal can. Remove theice after
the temperature reaches 0°C (32°C).




Measuring Temperature

In this experiment, a smaller amount of cold water willbe warmed
by the same amount of hot water, asbefore. Try to predict how the
final water temperature in the two cans will compare with the final
temperature you found in Experiment 15.

Was your prediction correct?

4 Repeat Experiment 1.5 once more. This time put the hot water in
a 16-0z (0.5-L) metal can and the cold water in the 96-0z (2.7-L)
can. Try to predict how the final temperature of the water in the
two cans will compare with the final temperature you found
when cold water was in the 16-0z (0.5-L) can.

Was your prediction correct?

Write arule to explain how temperature change depends on the
armounts of hotand cold water used.

Temperature Change Rules

Joseph Black arrived at rules (laws) of temperature change like the three
below. Are these rules similar to the ones you came up with?

(1)When objects at different temperatures arein contact, the cooler
one gets warmer and the warmer one gets cooler until their
temperatures are equal.

(2) The larger the temperature difference between two objectsin
contact, the faster their temperatures change.

(3) The greater the amount of something, the greater the tempera-
ture change it can cause in another object, and the lessits own
temperature changes in the process.

Here are some things about the real world that these rules tell us:

Rule 1 tells us that objects cannot become hotter or colder than the
objects they are touching. An egg in boiling water never gets hotter than
100°C (212°F), the temperature of boiling water. Rule 1 also explains how
a thermometer measures temperature. |t reaches the same temperature
as whatever it is in. However, Rule 3 says that the thermometer should

29



EXPERIMENTS WITH TEMPERATURE AND HEAT

weigh much less than the object whose temperature it is measuring,
If not, the thermometer will change the object's temperature quite a lot.
Rule 2 tells us that to cool something quickly, put itin something that is
much colder, such asice or some other cold place.

What else about the real world do these rules tell you?

Make a Graph

Often, a useful way to display data is to make a graph. When the author
did Experiment 1.5, he recorded the data shown in Table 2 A graph of
his data is shown in Figure 5. Temperature is on the vertical axis. Time
is on the horizontal axis The points on the graph were connected with a
smooth curved line. This allows you to find the temperature between the
points on the graph that indicate actual measurements. We assume that
temperature changesbit by bit between the timesitis measured.

TABLE 2
Author's Data for Experiment 1.5

Time Temperature (°C)
(minutes) Hot Water Cold Water
Start 52 0
1 38 15
2 3 23
3 29 26
4 27 27
5 27 27




Measuring Temperature

On the graph, an upward-sloping curve shows that the temperature
was increasing. A downward-sloping curve shows that the temperature
was decreasing. The steeper the curve, the faster the temperature was
changing A horizontal line indicates the temperature was not changing:
it was constant.

How does the graph illustrate the first two rules of temperature
change?

Plot graphs of temperature versus time for each of the four experi-
ments you did with the cans of hot and cold water. How do the graphs
illustrate all three rules of temperature change?

Reaction Time vs. Temperature

m Hot water ™
4 Cold water |
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| | | |
20 3.0
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Figure 5. A graph of temperature versus time when hot and cold objects are
in eontact
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Temperature Change and Heat

How do we explain these three rules of temperature change’ Thatis, can
we corme up with a theory of temperature change! One way to form a
theory is to find a familiar process that follows similar rules. We can then
explain temperature change by saying itislike this other process

Explaining one thing by showing it is like another is common in
science. For example an early theory of light compared its behavior
to water waves. More recently, scdentists have tried to understand the
human brain by comparing it to a computer.

In the following investigation you will see that water flowing between
connected containers follows a similar pattern to temperature change.
We can use this similarity to build our theory of temperature and heat.



1.7 Water Levels and Temperature

THINGS YOU WILL NEED:

anadult permanent marker

finishing nail or metal clay

drawing compasspoint  c|othespin or large

2 large plastic buckets paper clip
with straight sides water

sharpened pencil clock or watch with
tall, narrow plastic cup a second hand

or bottle with straight a partner

sides

notebook

plastic drinking straw pen or pencil

ruler

1. Askanadult to help you use a nail or drawing compass point
to make small holes in the sides of the two plastic buckets
M ake the holes 2 cm (3/4 in) from the bottom of each
bucket Punch a hole in a similar place in a plastic cup or
bottle.

2. Enlarge the holes by gently pushing and twisting a sharpened
pencil into them. M ake the holes about the same size as a
plastic drinking straw.

3 Use a ruler and a permanent marker to draw a vertical depth
scale on the sides of the containers. Make the O cm mark at
the top of the holes. Make centimeter marks up the side to
10 cm. Label the two buckets #1and #2 (see Figure 6a).
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4. Insert the ends of a plastic drinking straw into the holesin buckets
#1and #2 Push clay around the sides of the straw where it enters
the buckets to make a watertight seal.

5. Clamp the middle of the straw with a clothespin or large paper clip,
and fill bucket #2 with water to the O-cm level Fill bucket #1 to the
10-cm mark.

6. Release the clothespin, and begin timing the water flow using a clock
or watch with a second hand. As the water flows from bucket #1
into bucket #2, measure the two water levels every thirty seconds.

7. Copy Table 3 into your notebook, and record the results. Then draw
a water level vs. time graph, with water level on the vertical axis
and time on the horizontal axis.

connecting straw

|l

bucket #1 bucket #2

connecting straw

Y

0
g
8
1
[
5
4
3
2
1

Waer level icm)

bucket #1

s i'lﬂ 25 3'1]
Timn ¢ { mii mwtes)

-

FIGURE 6. Use changing water levels as a model for the rules of
temperature change.



Measuring Temperature

Look at your graph. How does it compare with the one the author
made for this experiment (Figure 6b)? How do the final water levelsin the
two buckets compare? When did the water levels change at the fastest
rate? At the slowest’ How does the rate at which the water levels change
depend on the difference in levels? Can you write rules that describe this
behavior?

TABLE 3
Water Depth vs. Time for Two Buckets
'I_'ime Water Depth (cm)
T IERES Bucket #1 Bucket #2

0 10 0
0.5

1.0

1.5

8. Repeat the experiment using the narrow plastic cup or bottle in
place of bucket #2 (see Figure 6c). Record your resultsin a new
table and graph. Are the final water levelsin the narrow cup and
larger bucket equal? How do these final levels compare to those
reached when two larger buckets were used? Can you write a rule
that describes how changesin water levels depend on the size of
the connected containers?
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9. Repeat the experiment. This time let water flow from a height of
10 cmin the narrow bottle into a water level of O cmiin the larger
bucket Canvyou predict what the final water levels will be? Try
the experiment. Are your results close to your prediction?

Based on theresults of thisexperiment, can you write three rules
of changing fluid levels that follow the pattern of |oseph Black's rules
of temperature change listed on page 307

Fluid Theory o