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Making Science

|
What does science look and feel like?

I f youbre reading this book, either as a stwudent
ipracticeo of science. Probabl vy, someone, somewhe
soyoubve probably already had a chance to i magine

science? What do they look like? What are they doing?

Often when we ask people to imagine this, they draw or describe people with lab coats, people with

crazy harrbeakers and flasks of weird |l ooking | iquids t
even an explosion. Letbs be honest: Some scienti
stereotypes: people readied with their pocket protectors and calculators, figuring out how to launch

a rocket into orbit. Or maybe what comes to mind is a list of steps that you might have to check off

for your science fair project to be judged; or, maybe a graph or data table with lots of numbers

comes to mind.

So |l etbés start over. When you imagine graphs and t
l ove? | f this describes you, that s great. But if
then go ahead and dump tdaltedamalyec aodfs e ciite nicenodtl ty
yourself as a maker and doer of science. The fact is, we need scientists and citizens like you,

whoever you are, because we need all of the ideas, perspectives, and creative thinkers. This

includes you.

Scientists wander in the woods. They dig in the dirt and chip at rocks. They peer through
microscopes. They read. They play with tubes and pipes in the aisles of a hardware store to see
what kinds of sounds they can make with them. They daydream and imagine. They count and
measure and predict. They stare at the rock faces in the mountains and imagine how those came
to be. They dance. They draw and write and write and write some more.

Scientists 8 and this includes all of us who do, use, apply, or think about science 8 donét f it
certain stereotype. What really sets us apart as humans is not just that we know and do things, but
that we wonder and make sense of our world. We do this in many ways, through painting, religion,

music, culture, poetry, and, mostespeci al | y, science. Science isndt ju
things we know. ltds a uniquely human practice of
the natural world around us. This ranges from the most fundamental building blocks of all matter to

the widest expanse of space that contains it all/l
AwWhat is the smallest thing?o0, or even just HAWhat

then youdre already t hi nchursaypuake yt diu @ar esch teman ,f iaf tmar



But here is where we really have to be clear. Sci el
is about a sense of wondering and the sense-making itself. We have to wonder and then really dig

intothedetai | s of our surroundings. We have to get our
young scientists under the presence of the Courthouse Towers in Arches National Park. We can

be sure that they spent some amount of time in awe of the giant sandstone walls, but here in this

photo theyob6re enthralled wiathetdhdysard emthatr@s nj. udth
formation of sandstone | ooming above these kids in
sand. This is ridiculous. Or is it?

How did that sand get there? Where did it come from? Did the sand come from the rock or does
the rock come from sand? And how would you know? How do you tell this story?

Look. Thereds a puddl e. How often i s danthfme;andin pudd.l
makes swirling, layered patterns on the solid stone. There are pits and pockets in the rock, like the

one that these two scientists are sitting in, and the gritty sand and the cold water accumulate there.

And then you might start to wonder: Does the sand fill in the hole to form more rock, or is the hole

worn away because it became sand? And then you might wonder more about the giant formation

in the background: It has the same colors as the sand, so has this been built up or is it being worn

down? And if itdéds being built up by sand, how does
then why does it make the patterns that we see in the rock? Why? How long? What next?

Just as there is science to be found in a puddle orapitorasi mpl e rock formation, t
in a soap bubble, in a worm, in the spin of a dancer and in the structure of a bridge. But this thing
we cal l Aisciencedod i s only there i f youodr e payi n

possibilities. You have to make the science by being the person who gathers information and
evidence, who organizes and reasons with this, and who communicates it to others. Most of all, you

get to wonder. Throughout all of the rest of this book and all of the rest of the science that you will

ever do, wonder should be at the heart of it all/l
is what will bring the sense-making of science to life and make it your own.

Adam Johnston

Weber State University



Science and Engineering Practices

Science and Engineering Practices are what scientists do to investigate and explore natural
phenomena.

ASKING QUESTIONS AND _@ @
@ DEFINING PROBLEMS ’

DEVELOPING AND
USING MODELS

PLANNING AND CARRYING ANALYZING AND
OUT INVESTIGATIONS INTERPRETING DATA

@&

USING MATHEMATICS CONSTRUCTING

AND COMPUTATIONAL EXPLANATIONS

THINKING AND
DESIGNING
SOLUTIONS

ENGAGING IN ARGUMENT
FrROM EVIDENCE

OBTAINING, EVALUATING, AND
COMMUNICATING INFORMATION

Cremed Ty Jasan Lavn




Cross Cutting Concepts

Crosscutting Concepts are the tools that scientists use to make sense of natural
phenomena.

Structure and Function

The way an object is shaped or structured
determines many of its properties and
functions.




A Note to Teachers

This Open Educational Resource (OER) textbook has been written specifically for students as a
reputable source for them to obtain information aligned to the 3™ Grade Science Standards. The
hope is that as teachers use this resource with their students, they keep a record of their
suggestions on how to improve the book. Every year, the book will be revised using teacher
feedback and with new objectives to improve the book.

If there is feedback you would like to provide to support future writing teams please use the following

online survey: http://go.uen.org/b62



http://go.uen.org/b62

Table of Contents

CHAPTER L ..ttt 11
1.1 Changes iN MAtLer .......oovveeeiiieiee e e 13
1.2 Physical ChangesS .......cccouiiiiiiieiiceeeeee e 20
1.3 Chemical Changes .......cccuuuiiiiiiiiiieeeee e e 28
1.4 SUMMATY SECLION ...ccovniiiiieeiie e e 34

(O o 1 e I = 37
2.1 Weathering and EroSion ..........ccccoeiiiiiiiiiiiicccice e, 39
2.2 Earthquakes and VoIcanoes.........ccccoeevvviiiiviiiic e 51
2.3 DEPOSITION .. .ceie e 57
2.4 SUMMArY SECHION .....cccviiiiii e 61

(O o 1 e I o S S 63
3.1 MagNEtiSIM ..ccvieiic e 65
3.2 Earthoés Mag.net..c..Fi.el.ds..72
3.3 SUMMArY SECHON ....uuiiiiicii e e e 77

CHAPTER 4 .. 81
I T ! 1 o3 1 83
4.2 Electrical CIrCUILS .....cocvviiiiiiiie e 89
4.3 SUMMANY SECHON ....ciieii e 95

CHAPTER 5 99
5.1 HEIEAItY ovieeei e 101
5.2 AdAPLALIONS .....uiiiiiiiieeeiie e 115
5.3 SUMMaAry SECHON .....coevviiiieie e 122

10



CHAPTER 1

Standard 1: Physi cal
Changes

Chapter Outline

1.1 CHANGES IN MATTER

1.2 EVIDENCE OF PHYSICAL CHANGE

1.3 EVIDENCE OF CHEMICAL REACTIONS

1.4 SUMMARY SECTION

11



Standard 1: Students will understand that chemical and physical
changes occur in matter.

Objective 1: Describe that matter is neither created nor destroyed even
though it may undergo change.

1.

Compare the total weight of an object to the weight of its individual parts
after being disassembled.

Compare the weight of a specified quantity of matter before and after it
undergoes melting or freezing.

Investigate the results of the combined weights of a liquid and a solid after
the solid has been dissolved and then recovered from the liquid (e.g., salt
dissolved in water then water evaporated).

Investigate chemical reactions in which the total weight of the materials
before and after reaction is the same (e.g., cream and vinegar before and
after mixing, borax and glue mixed to make a new substance).

Objective 2: Evaluate evidence that indicates a physical change has
occurred.

1.
2.

Identify the physical properties of matter (e.g., hard, soft, solid, liquid, gas).

Compare changes in substances that indicate a physical change has
occurred.

Describe the appearance of a substance before and after a physical
change.

Objective 3: Investigate evidence for changes in matter that occur during a
chemical reaction.

1.

Identify observable evidence of a chemical reaction (e.g., color change,
heat or light given off, heat absorbed, gas given off).

Explain why the measured weight of a remaining product is less than its
reactants when a gas is produced.

Cite examples of chemical reactions in daily life.
Compare a physical change to a chemical change.

Hypothesize how changing one of the materials in a chemical reaction will
change the results.

12



1.1 Changes in matter

What is everything around us made of?

Matter is any substance that has mass and takes up
space. Everything you can see and touch is made of matter,
including you! There is even some matter you cannot see, like
air. Matter cannot be created or destroyed, but matter can

undergo changes.
States of Matter

What is a solid?

A solid is anything
that holds its
shape. A solid cannot
be a liquid or a gas.
These tables and
chairs are solid
objects. The floor
under the tables and
chairs is a solid. The
glass windows in the
background are also
solids.

o1 fau ! | Hl'm‘llzuﬂ”i;

- .-. v Fy [T .jvftz m.‘““ i

https://flic.kr/p/amFEB2D
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https://flic.kr/p/amFB2D

What is a liquid?

https://flic.kr/p/UWVEZkK

A liquid is anything that can fill the shape of its container. As you
can see in this image the water curves with the sides of the
glass. Water, milk, and blood are all examples of liquids.

What is a gas?

Gas, matter that takes the volume and shape of a container, is
all around us. It is the air we breathe, the steam coming off of a
boiling pot, and smoke from a fire.

Oxygen is a gas that humans need to
breathe and live. Trees use carbon
dioxide, another common gas. Gases are
necessary for many living things to
survive.

Video on gases: http://go.uen.org/b4C

14
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Look at the following pictures of where a gas is being used.

Has your bike ever gotten a flat? gy
You can use a bike pump to push |
gas into your tire to air it back up. g

Balloons are filled with
helium gas. You cannot see
the gas, but it is there as the
balloons are blown up and
floating.

A scuba diver has an
oxygen tank on his back to
breathe underwater.

Visit the following
simulation to explore
more about states of
matter:
http://go.uen.org/b4D

15
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Using Properties to Describe Matter

Weight is the measurement of how heavy something is based
on the force of gravity. We can use a scale to measure weight.
You are most familiar with pounds when you weigh items. In
science, a unit we can use to measure weight is grams or
kilograms. For example, if you weigh 80 pounds, we could also
say you weigh 36 kilograms.

A giant candy bar weighs 200 grams. If you cut the candy bar in
half, how much would each half weigh? Each half would weigh
100 grams. What do you think would happen if you melted the
chocolate bar? What would it weigh then? Because matter is
not created or destroyed, it will still weigh 200 grams even though
the solid candy bar is now a liquid. The candy bar has just
undergone a physical change, a change in state from a solid to
a liquid.

Guess how much a 500 gram bottle of root beer weighs if you
freeze it in a freezer? You are right again. It is going to weigh
500 grams because it is still the same matter. Freezing or melting
does not change the amount of weight in a substance, this is also
a physical change, from a liquid to a solid.

Pretend that you ordered a bike online and it gets delivered in
three different boxes. The bike pieces in each box weigh 2000
grams (or about 5
pounds). If you
stack all of the
pieces on scale,
how much will they
weigh? If you said
6000 grams you are
right. Now put the
Vgeaed bike together and

= put it on the scale.
What will the bike
weigh?

16



Have you ever made Kool-Aid? To make it, you add water, sugar
and the Kool-Aid into a container and mix it together. Does
mixing different types of matter change the weight?

What will the total weight of Kool-Aid mixture be after mixing
them together?

1 2 gallons of water weighs about 8000 grams.
1 1 cup of sugar weighs 200 grams
1 1 Kool-Aid weighs 5 grams
The total weight after mixing them together is 8205 grams.

When you make Kool-Aid, the sugar and Kool-Aid dissolve in
the water when it is mixed. When something dissolves in water,
it breaks apart into tiny pieces that are too small to see. If you
could shrink down super tiny and jump into a cup of Kool-Aid,
you would see that the sugar is still sugar and the Kool-Aid is still
Kool-Aid. They are just really tiny because they dissolved in
water. When substances are mixed together, their individual
weights do not change. This is another example of a physical
change.

17



Chemical Reactions

Sometimes when you mix substances together, they react with
each other and actually form new substances. This is called a
chemical reaction. Even during chemical reactions, the weight of
the substances will not change. Have you ever made slime? To
make slime, you mix borax (a type of laundry detergent), white
glue, and water together. These substances experience a
reaction and slime is formed. Even though slime is totally
different from borax, glue and water, it will weigh the same
amount.

Example:

1 cup of white glue= 250 grams
1 cup of water=236 grams

2 teaspoons of borax= 10 grams

After you mix the 3 ingredients together how much will the slime
weigh?

18



In Review:

Matter is all around you. Even though matter might look different
when it is melted or frozen, when it is mixed together, or when a
chemical change occurs, matter is not created or destroyed. It is
still the same matter and will still have some of the same
properties, like weight.

Think like a scientist

1. What is everything made of?

2. What are some properties we can use to describe matter?

3. What are the similarities and differences of solids, liquids,
and gases?

4. Explain why a melted ice cube weighs the same as a solid
ice cube.

Please visit the following websites to explore more of the basics
of matter.

http://go.uen.org/b4E http://go.uen.org/b4F
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1.2 Physical Changes

Is it possible for a substance to be changed,
but still remain the same substance?

You hit a baseball out of the park
excited. The score is tied, and now your team has a chance of

getting a winning home run. Then, you hear a crash. Oh no! The

baseball hit a window in a neighboring house. The glass has a

big hole in it, surrounded by a web of cracks. The glass has
changed. | t 6 s |aggedmpieces. Bukthenglass ist o

still glass. Breaking the window is an example of a physical

change in matter.

When glass breaks, its physical properties change. Instead of
one solid sheet of glass, it now has many pieces.

A physical change in matter is a change in physical state. Glass
breaking is just one example of a physical change. In each
example, matter may look different after the change occurs, but
I tds still the same substance.

20



S Braiding hair

Cutting a bog inte
smaller pioces changes how the
changes its size and strands are arranged
shape, bt if's sl 8 but nei heir other

properties,

Crushing a metal can Crisp squares of
changes its shape. But chocolate melt into a
the crushed can is still A shapeless puddle in
made of metal and has the haat. The puddle

the same properties, tastes yammy because

such as the ability io it's still chooolate.

condoct heat,

Wind-blown sand has worn away (his mock to coeabe an anch, bai the reck's
compasition has not changed. The bits of rock worn away by the wind still
contain the same minerals as they did when they were part of the large rock.

The shape of an ice cube changes as it melts and becomes a
liguid. However, the matter does not change. It is still
water. Melting is an example of a change of state. The melted
ice cube may be refrozen, so melting is a reversible physical
change. Physical changes that involve a change of state can
sometimes be reversible. Other changes of state include
evaporation (liquid to gas), freezing (liquid to solid), and
condensation (gas to liquid).

Let s read a story to try to

The Story of Steven

Steven is a boy in first grade at a school in a small village, which
gets very hot in summer. He loves to play soccer. After school
he often goes over to soccer field to play a game with his friends.
They really like having Steven play with them. Even though he is
a few years younger, he is very talented and also fun and caring.
Steven especially likes Joe and they play well together as a
team.

One day after school, Steven thought he would do something
nice for his friends, and surprise them with popsicles after they
were finished playing. Steven bought 5 ice popsicles, one for

21
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himself and one for each of the other kids. He put the popsicles
in a bowl and placed some ice blocks around them to keep them
cool. Steven then ran off to join the others playing soccer.

After the game, Steven ran back to the bowl to get the popsicles.
But he got such a shock when he got there. They were all gone!
He was so upset and started to cry. The other kids saw that
Steven was upset and ran over to see what was wrong.

AHey Steven, whatoyowrecred? Whdlyoupw
Joe asked.

A No, | didno6t . I bought some popsi
and when | came back to get them, they were all gone! | think
someone stole and ate them and |
Steven cried out.

AOh dnoon6t cry Steven! | tds not youl
or ate them either, o0 Zach said whi

AYes, Steven, actually we | earned
happened to your popsicles, 0 said
to you too. Do you see that your bowl is actually not empty?

There is a liquid in it. And it also has a red color, which was the

color of your popsicles. o

nYes, I see t hat , O answered Stev
happen?od

Tom then answer edmeltedffomthe hetiothes i c | e
air around us. Even if the sun was not so hot, they would have

melted! For something to stay frozen it needs to be at a very cold
temperature, I|i ke in a freezer.o

22



s when heathéngeauses t he s

ﬁYes,'meItin”g [

into a |iquid, o6 Sophie replied, ASo no
just mel ted. o

AOh ok, I see, 0 said Steven, A | mu s t b
t hat! o

AnNo, not at all Steven! We only | earne:
laughed Zach.

Al kwihoawt we shoul d do! 0 shouted Joe, n L

now. | have some extra change and we can buy some more
frozen popsicles!o

They all really liked this idea, especially Steven, who was now
laughing. So off they all went, the kids and Steven, and bought
some more popsicles and sat under the tree to eat them.

Melting

e
q

Freezing

Evaporation

h
—_—

Condensation

Gas Liquid Solid

Heating and cooling can cause a change of state

23



We have seen that melted solids can be solidified again. The
process can be reversed, or turned around, by adding or
removing heat.

Let 6s wheavti ewe have | earned from St
Here is a summary of the different state changes:

Change of Heating or We call the

state cooling? process

Solid to a liquid | Heating Melting

Liquid to a gas | Heating Evaporating

Gasto a liquid | Cooling Condensing

- . : Freezing or
Liquid to a solid | Cooling solidifying

The science of chocolate. http://go.uen.org/b4G

Dissolving

Dissolving i combining matter with a liquid into a solution-is also
a reversible physical change. When 3 grams of salt are dissolved
in 5 grams of water, the salt is in a solution. The solution will
weigh 8 grams, the total weight of the salt and water. The salt
and water can be separated again when the water evaporates.
After the water evaporates, the salt left behind will still weigh 3
grams.

Because the type of matter remains the same with physical
changes, the changes are often easy to undo. For example,
braided hair can be unbraided. Melted chocolate can be put in a
fridge to harden to a solid. Dissolving sugar in water is also a
physical change. How do you think you could undo it?

24
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These stunning
rock arches in
Utah were
carved by wind-
blown sand.
Repeated

beating by the
sand wore away
the rock, bit by
bit, like
sandpaper on
wood. The bits of

rock worn away by the sand still contain the same minerals or
matter as they did when they were part of the large rock. Only
the size and shape of the rock have changed, from a single large
rock to millions of tiny bits of rock. Changes in size and shape
are physical changes in matter.

You can learn more about physical changes and why they occur
by watching this video at http://go.uen.org/b4l and this video

http://go.uen.org/b4J

Want to buy a car i cheap? Notice there is no specification such

as nNin

good

condi

ti

ono

or

Nnneeds

Is beat up. The body is damaged and the windows are broken.
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But this is still a car. It has the components of a car, even though
you may not want to buy it in its present condition. You could
change that condition by fixing the dents, repainting the car and
replacing the broken windows. With those changes, you might
have a car worth driving.

But not all physical changes can be reversed. When a piece of
wood is ground into sawdust, the change is irreversible since the
sawdust cannot be changed into the same piece of wood that it
was before. Cutting the grass or pulverizing a rock are other
irreversible physical changes. Even though these physical
changes cannot be reversed, they are still physical changes
because the matter hasndét changed

Q: Can you identify the physical changes in the diagram below?

A: The paper is being cut into smaller pieces, which is changing
its size and shape. The ice cubes are turning into a puddle of
liquid water because they are melting. The tablet is disappearing
in the glass of water because it is dissolving into particles that
are too small to see. The lighthouse is becoming coated with ice
as ocean spray freezes on its surface. These are examples of
matter undergoing a change of state.

26



Think like a Scientist

1. Is it possible to change something and have it still be made of
the same fist udfbelore?t was made

What do you call this change?

Is it possible to have the same material as a solid, liquid and
gas?

2. How can water be a solid, liquid and gas?

3. What does it mean when we say that matter is changing
state?

How do you know when an object has changed state?

4. Give an example of a physical change that is not reversible.

27



1.3 Chemical Changes

Communities often use fireworks to celebrate
Important occasions. Fireworks create
awesome sights and sounds!

Do you know what causes the brilliant lights and loud booms of
a fireworks display?

The answer: chemical changes.

A chemical change occurs whenever matter changes into a
brand new substance with different kinds properties. A chemical
change is also called a chemical reaction.

Many complex chemical changes occur to produce the
explosions of fireworks.

An example of a simpler chemical change is the burning of
methane. Methane is the main component of natural gas, which
is burned in many home furnaces. During burning, methane
combines with oxygen in the air and changes into the gases
carbon dioxide and water vapor.

28



Didyouever make a Avolcanodo using baking
What happens when you combine baking soda and vinegar?

They produce an eruption of foamy bubbles. This happens

because a chemical change occurred. When vinegar and baking

soda combine, they form carbon dioxide, a gas that causes the

bubbl es. |l tds the same gas that gives
materials that combine together in a chemical change are called

reactants. The new substances that are made are

called products.

This girl is pouring vinegar on baking soda. This causes a
bubbling Avolcanoo. Not all <chemical
t his fivolcanoo. Some are sl ower and |

These chemical changes all result in the formation of new
substances with different chemical properties. Do you think any
of these changes could be reversed?

29
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Identifying Chemical Change

Most chemical changes are not as dramatic as exploding
fireworks, so how can you tell whether a chemical change has
occurred? There are clues. You just need to know what to look
for.

A chemical change has probably occurred if bubbles are
released, there is an unexpected change of color, or an odor is
produced. Other clues include the release of heat or loud noises.
Examples of chemical changes that produce these reactions are
shown in the figure below.

30























































































































































































































































































