Name

Class Date

cuapTER 2 | Data in Science )

Tools and Models in Science

California Science
Standards

8.9.b, 8.9.f

dI[stuovTip_Z»

Map In your notebook,
create a Concept Map about
the SI units of measurement.

1. Identify In the text(Circle)

three tools for handling data.

—

5 eonts
TAKE A LOOK

2. Identify Fill in each
blank with the type of
measurement each tool
makes.

BEFORE YOU READ

After you read this section, you should be able to answer
these questions:

e How do scientists take measurements?
e What is the International System of Units?

e How do scientists use models to explain theories and
scientific laws?

SCora/37?:>
" HW

DUE

What Is a Tool?
Think about a tool that you have used. Whether it
was a hammer, a drill, or a pair of scissors, the tool was
something that helped you do a task. Scientists use tools
when they do experiments, too. Most scientific data are
collected by taking measurements. You can use a ruler
or meter stick to measure length. The tool for measuring
temperature is a thermometer. The figure below shows
some of the tools that can be used in an experiment.
After you collect data, you need other tools to evaluate
and analyze your results. Can you think of any tools for
that? Calculators and computers are modern tools for
analyzing data. You can also use the tools that came before
calculators, such as graph paper. ¥

Graduated
cylinder

Ruler

Thermometer

These are some of the tools that you can use to make measurements.
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32a10\Bl Tools and Models in Science continued

Math Focus

6. Make Comparisons How
many mm long is a line that

measures 15 cm?

symbol?

READING CHECK
7. Define What is the SI
unit for temperature and its

e R IO0K

8. Compare Determine the
difference in temperature
between the freezing point

Common International System of Units (SI) Units
Length meter (m)
kilometer (km) 1 km=1,000 m
decimeter (dm) 1dm=0.1m
centimeter (cm) 1ecm=0.01 m
millimeter (mm) 1 mm =0.001 m
micrometer (um) 1 pm = 0.000001T m
nanometer (nm) 1 nm = 0.000000001 m
Volume cubic meter (m?)
cubic centimeter (cm®) | Tecm? =0.000001 m3
liter (L) 1L=1dm3=0.001 m?
milliliter (mL) 1mL=0.001L=1cm?
Mass kilogram (kg)
gram (g) 1 g=0.001 kg
milligram (mg) 1 mg = 0.000001 kg
Temperature kelvin (K) 0°C=273K
100°C=373 K
TEMPERATURE

The temperature of a substance is a measure of how
hot or cold it is. The units of temperature normally used in
the lab are degrees Celsius (°C). Outside the lab, you will
often see temperature expressed in degrees Fahrenheit
(°F). The SI unit of temperature is the kelvin (K). A
temperature change of 1 Kis the same as 1°C, but the
systems start at different zero values. The degree sign is
not used in the Kelvin scale. ¥/

Many signs in front of businesses show the temperature
in both the Fahrenheit and Celsius scales. On a warm day,
a sign might alternate between 82°F and 28°C. The table
below compares the Fahrenheit, Celsius, and Kelvin scales.

ar?d bC;i“ng POiIl'\t Ofdwzter on Fahrenheit, Celsius, and Kelvin Temperature Scales
the Celsius scale and then on - ; .
the Kelvin scale. How do they _ Fahrenheit | Celsius | Kelvin
compare? Freezing point of water 32°F 0°C 273 K
Normal body temperature | 98.6°F 37°C 310K
Boiling point of water 212°F 100°C 373 K
TIME 0 T

The unit of time in the SI system is the second, the same
unit that your watch uses. Many scientific experiments are
measured in seconds. Scientists often use nanoseconds or
even smaller measures of time to measure the behavior of
atoms, molecules, and light.
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5Zai0 Bl Tools and Models in Science continued

11. Identify What units
would you use to measure

the speed of a car on the
highway?

PRI
STANDARDS CHECK

8.9.b Evaluate the accuracy and
reproducibility of data.

12. Evaluate While doing
a lab, a student collects
the following data on the
speed of a car: 2.5 m/s,
2.0 m/s, 2.3 m/s, and

2.9 m/s. The correct speed
is 2.5 m/s. Were any of the
data accurate? Explain your
answer.

Do the data show
reproducibility? Explain
your answer.

SPEED

Speed is a measure of the motion of an object. Speed is
calculated by dividing the distance that an object moves by
the time it takes to move that distance.

s=d/t

In this formula, s represents speed, d represents the
distance, and { represents time. You are used to hearing
speeds expressed in units of miles per hour or kilometers
per hour. The most common unit of speed in the science
lab is meters per second (m/s), but any combination of
distance and time can be used.

What Is the Difference Between Accuracy
and Precision? |

Most people use the words accuracy and precision to
mean the same thing. However, they do not mean the same
thing. An accurate measurement means a measurement,
that is correct. A precise measurement means a
measurement that is the same every time it is taken. This
means that precise measurements can be reproduced.

For example, consider a line that is 15.3 mm long,.
Suppose that when you measure it five times, your
measurement is 15.1 mm each time. Your measurement
is not accurate, because it should have been 15.3
mm. However, it is precise because you got the same
measurement each time.

Measurements that have good accuracy and good
precision are called good data by scientists. These data are
used to explain nature and make predictions about things
that happen in nature.

What Are Models?

Look at the illustration below. It appears to be a space
shuttle. However, the wire that holds it in place and the
lack of exhaust gases shows it is a model. -

Model of a Space Shuttle
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m Tools and Models in Science continued

14. Describe What do

models help scientists do as
they develop theories?

TAK

15. Identify Which part
of the spring models how
molecules of air are close
together?

16. Apply Concepts Picture
the motion of a marble shot
by a slingshot. Also picture
the motion of a car on a race
track. Which motion could
you explain using a theory?
Which could you explain
using a law?

How Are Models Used?

Scientists use models to help represent ideas and
objects. Models are also used to help you learn new
information. Scientists often use models to explain
concepts that are hard to understand. For example, an
atom is much too small to see. However, a model of an
atom can help you picture the parts of an atom and how
atoms can combine with each other.

SCIENTIFIC THEORIES

In science, a theory is an explanation that combines
many hypotheses and observations. A theory not only
explains the observations, but it also makes predictions
about what may happen in the future. Scientists use
models to help organize information as they develop and
test theories. ¥/

Models can be changed or replaced as new information
is added. The model of the structure of an atom has
changed many times in the last 150 years. These changes
have resulted in the model of an atom we use today.

The compressed coils in the spring toy can
be used to model the way air particles are
crowded together in a sound wave.

SCIENTIFIC LAWS

What happens when a model correctly predicts the
results of many different experiments? Then a scientific
law may be constructed. In science, a law is a summary of
results and observations of many experiments. A law tells
you how things work.

A scientific law is not a theory, because it does not
explain why. For example, Newton’s laws of motion
explain how objects move. They let us accurately predict
where an asteroid will be at a certain time 20 years from
now. However, the laws of motion do not explain why the
asteroid will be there. For that, you need to use the theory
of gravity. Gravity explains the forces that cause bodies in
space to attract each other over a distance.
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