and spaceships begin to explore. Today, with further refinement and agreement among scientists, space
is defined to start at 62 miles (327,360 feet) above the Earth. So when you look up at the sky ar night,
outer space is considered to start 62 miles above you.

IODULE 1
M YST E R I E s 0 F ; les (3278 t) 3 surface, there is a trace of the Earth's atmosphere.
T H E U N IVE RS E stant and thin a sphe 0 lled thi gu;rﬁcr:nro_na Elf-'ld cE:ns.ists mostly of hydrogen.-

INTERSTELLAR SPACE

Astronomers define the beginning of interstellar space as the place where our Sun’s magnetic field and

its high-energy particles come to a stop. It is “the space between the stars.” It is beyond our own solar

system, To visualize where interstellar space begins, think of the high-energy particles coming from the
Sun as a type of wind. [

Figure 1.2 think we have all experi-
Where Interstellar Space Begins—at the Heliopause Boundary

The best explanation is thatit 1
it contains everything from the smallest '
\]I"t star and galaxy. Just how
ers have trie

>d to measure the size of
», L n reality, nobody really knows. The only
t -.|La_-"<:r omers have to study the universe

] m of electrormagnetic energy and
will talk more about energy in
and how it is used to understand “what s
ere” But for now, let’s explore some of the interesSting
facts and current mysteries of our beautiful universe:

enced wind on Earth as air
blows across our face and
hair. Bur the wind from
the Sun is in the form of
those high-energy parti-
cles. Astronomers have
called this type of wind the
solar wind. As the solar
wind moves away from the

Irticies.

Just where does space begin? How far away from the surface of the Earth is thar location? Believe it or
not, scientists over the years have disagreed and redefined this distance. Why? Well, it is about how they
choose to define ir.

Sun, it heads ourt into the
space berween our planets.
We think of this space as
“empty” bur it contains
The first official definition of space came from the National Advisory Committee for Aeronau-
tics (now called NASA - National Aeronautics and Space Administration). NASA defined the be-
ginning of space as the location in the atmosphere where an airplane could no longer be controllable.

tiny pieces u!—g.u and dust,
::lﬂ:ring out 2 bubble-like
region called the helio
This location was roughly 50 miles sphere. But this bubble

(264,000 feet) above the surface of Figu"‘ 11 has a boundary where the
Just Where Does Space Begin? 1

the Earth. However, as time went on solar wind comes to a stop. This boundary is called the heliopause. Beyond the heliopause boundary is
interstellar space.

If you could jump in a spaceship and travel away from our Sun, you would know that you have
arrived at interstellar space when you detected an increase in cold particles all around you. Inside the
heliosphere, the particles are hot and farther apart because of their high energy. As they move away from
the Sun, they hit pieces of gas and dust and lose energy, slow down, and start 10 accumulate. And beyond
the heliopause, the particles from the Sun are mixed with the matter of interstellar space. With all this in
mind, scientists have concluded that intersiellar space begins about 11,625,000,000 miles from the Sun.
‘Thats almost 12 billion miles! To put this in perspective, the dwarf planet Pluto is abour 3,600,000,000
miles from the Sun, so interstellar space starts at a distance that is about 3.2 times the distance between
the Sun and Pluto.

and we started sending spacecraft into
orbit around the Earth, the defini-
tion changed to the location where
satellites can maintain their orbits for
a reasonable time without slowing
down. It is a location where the Earths
armosphere is very, very thin, and it

is approximarely 100 miles (528,000
feet) above Earth’s surface. Notice how
these definitions are all related to the
Earth's armosphere? Think of itas a
location where airplanes stop flying

17 18
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MODULE 1: MYSTERIES OF THE UNIVERSE .

Think apevt Tas.

MNASA announced in 2013 that th

eraft is rmore than 12,200,000,000 mi
5, 1977. That means it took 36 years to re
anyone, or anything, in history.

THE UNIVERSE
The universe is defined as all of space, including interstel-
lar space and its contents, which includes planets, moons,
solar systems, stars, and g;llnxiﬂ, Think of it as cw:r)':hiug
in space including all types of marter and energy. 27%
So the universe includes all planets, moons, solar rﬂ:{lk&r
systems, stars, and galaxies. These objects are made of whar :
we call normal martter. But besides these objects, whar else
exists in the universe? When we think about the universe,
most of us think that it is an empty vacuum with the oc-
casional planet or star. But that is not accurate because the
space berween the stars, or interstellar space, is not empry.
In this space, scientists believe we would find dust parti-
cles, stray molecules of alcohol, the occasional hydrogen,
carbon or silicon atom, ice, and clouds of various gases.
Scientists believe that the universe consists of normal mat-
ter, antimarter, energy, dark matter, and dark energy. Most
of the universe is thought to be composed of dark energy.
With this in mind, let’s talk about all of the normal matter
in the universe,

Figure 1.3
All Known Parts of the Universe

normal matter,
antimatter,

Figure 1.4
Hubble Space Telescope Picture of a
Small Portion of the Universe Showing
Distant Stars and Galaxies

Normal Matter

Normal matter is defined as anything that has mass and
volume. Normal marter makes up the Earth, the Moon, all
of the visible stars, all pl'.lm_'ls, and g,al:ixies. Am:l:zinsly. less

Figure 1.5

than 5% of the universe is made of normal marter,
Horsehead Nebula

F_a(amplr,'s of normal matter are solids, |iquids, gases,
and plasma—ihings like ice, water, air, and rocks. In a
solid, E};Lrtig,']l:ﬁ of matter are pa.du:d tightl_\' tugcllu:r S0 tlu,"\'
are unable o move about very much. Solids have a definite
shape and volume and do not conform 1o the shape of any
container. In the liquid phase, the particles of matter are
not held in a regular arrangement but are still very close
1o cach other, so liquids have a definite volume. However,
liquids will change shape 1o that of the container they are
placed into. Gas particles of matter, on the other hand,
have a great deal of space between them and will spread out
to fill the container’s space entirely. Although plasma is not
commonly found on Earth, it may be the most common

The Horsehead Mebula is an example of
an interstellar gas cloud as taken by the
Hubble Space Telescope
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and known energy
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state of matter in the universe. Plasma is basically a superheated gas. Electricity is used to ionize neon gas
to a plasma state to make glowing signs. Stars are essentially superheated balls of plasma.

Figure 1.6
Examples of Normal Matter

Plasma

Solid Liguid Gas

IN SPACE

Figure 1.7
“The space berween the stars is not empry, or what Qur Milky Way Is Huge
we call a vacuum. This space also contains a strange mix of
normal matter such as stray atoms, molecules, and micro-
scopic dust particles. This strange mix of marter is called
the interstellar medium or ISM. The ISM has less than 20
atoms per cubic inch. This is much less than a deep vac-
uum as defined on Earth. When laboratories create what
is called a deep vacuum, there are still on average about
2,000 atoms per cubic inch of volume. So yes, space could
be considered nearly empty, or a near vacuum, but the
ISM exists, so there is no such thing as a complete vacuum,
or a space void of anything, in interstellar space.

Although this small amount of interstellar medium
seems insignificant (less than 20 atoms per cubic inch), in
the vast distances of space it starts to add up. In the galaxy
in which our solar system sits, which we call the Milky
Way galaxy, the ISM makes up about 10% of the toral
mass of the galaxy. This is enough normal matter to make
20,000,000,000 Suns. How can this be true? Well, the
Milky Way is 100,000 light-years across (which is equiv-
alent to 586,569,600.000,000,000 miles). This is a huge
volume and a lot of interstellar medium! We will talk more
abour this in Module 11.

Bur there are other types of martter in the universe in addition to normal macter. These other types

of matter are antimatter and dark marer.
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MODULE 1: MYSTERIES OF THE UNIVERSE

Antimatter

Antimatter is one of the top exciting discoveries in physics of the 20th century. Many people think of it
as some sort of science fiction term, but in reality, it is bcing prt:du;c\d every d.:y. Think of it as the oppo-
site of the particles that we currently know. For instance, we know that atoms are composed of electrons,
and electrons have a negative charge. The antimatter equivalent to an electron is a positron. A positron
has the same mass as an electron, bur it has a positive charg«:_ Far :umplc, there exists in the universe
both hydrogen and antihydrogen. Hydrogen has a proton particle (positive charge) and an electron
particle (negative charge). Anti-hydrogen has an anti-prorton (negative charge) and a positron (positive
charge). The charges are just opposite. What
would happen if you combined a container of
hydrogen and antihydrogen? A tremendous
explosion would happen, and the 2 types of
marter would disappear, creating hear and a
burst of light in the process.

Antimatter exists on a very small scale
because when it interacts with real matter,
both it and the real martrer react and both dis-
appear. Scientists have determined that small ANTIHYDROGEN
amounts of antimarter hit the Earth in the —
form of cosmic rays every day. In addition, @ antiproton
scientists using NASA's Fermi Gamma-Ray positron
Space Telescope have detected antimareer
being produced above thunderstorms here
on Earth, And believe it or not, scientists have proved that bananas produce antimatter, releasing one
positron about every 75 minutes, Why bananas? The positron is created from the radiation decay of the
potassium-40 atom, which bananas contain in small amounts. An important use of antimacter in mod-
ern medicine is in a medical imaging rechnique called a positron emission tomography scan otherwise
known as a PET scan. This type of scan is an imaging method that helps reveal how your tissues and
organs are functioning, helping doctors diagnose a medical problem and a corresponding treatment.
Without getting too involved in the |.'|'u'_'mi.-itr:¢I and pl'lysi:;!. of how antimarter is pmlut,.'cd, just remem-
ber that it is real, burt scientists believe it exists in relatively small amounts when compared to real marter.
So don't Worry about all of the real matter inu:ng;ting with antimatter and gning away.

Figure 1.8
Matter (Hydrogen) and Antimatter (Antihydrogen)

-
b' proton

HYDROGEMN

electron

Cosmic Rays
Cosmic rays are high-energy particles
that come 1o Earth from outer space.
The term cosmic ray is a bit misleading
in that more than 99% of cosmic rays
are solid particles of normal mat-
ver. There are low, intermediate, and
high-energy cosmic rays. The composi-
tions of cosmic rays are mostly made up
of normal mateer such as protons, alpha
particles, electrons, and gamma rays,
but some are made from antimateer.
Scientists believe that low-ener-
gy cosmic rays come from supernova

Figure 1.9
Artist's Concept of Cosmic Rays Hitting the Earth

L 3

T

explosions. Higher energy cosmic rays are believed to come from the centers of extremely bright galaxies.
Bue whar really creates them remains a mystery.

High-energy cosmic rays are very rare and come from outside our galaxy. They have traveled
millions of light-years before they arrive at Earth, In some cases, the cosmic ray might be magnetically
charged, and these rays do not travel
in a straight line. This is because the
interstellar magnetic fields act upon
them and cause them to move in
strange paths. We would never know
the point where they were creared.

Cosmic rays were discovered in
the year 1912 by Austrian physicist
Victor Hess. He took a radiation detector with him on a balloon ride to a height of 17,500 feet above
Earth's surface. When he did this, he discovered that the radiation levels increased the higher he went
in the balloon. This proved that some of the radiation in Earth’s atmosphere came from space. Mr. Hess
originally called these radiation particles “penetration radiation.” The term we use now, cosmic rays,
began in 1925 by a United States physicist named Robert Millikan.

Low-energy cosmic rays impact the Earth at a rate
of several thousand rays per square foot of Earth's atmo-
sphere every second. High-energy cosmic rays impact the
Earth at a rate of one ray for every square mile of Earth's
atmosphere every 40 years! They are very rare, so don't
worry about getting hit by one.

Ilvﬁ,’ erest g Facf

Coguiic Reyy Ener gy

Dark Matter

Since dark matter makes up 27% of the universe, let'’s
discuss how scientists know it exists. In some cases, the
interstellar space berween galaxies is hlled with gas so hot,
scientists cannot see it using visible light welescopes. This is
because the frequency of this energy is well above that of
visible light and transmits through space as X-rays or gam-
ma rays. We will learn more about light (electromagnetic)
energy in Module 5.

Using an X-ray or gamma ray telescope, scientists
study this hot gas and estimare how much marter exists.
When they do this, scientists have discovered that in
many cases, there must be many times more matter ac this
location than what they estimare. This marter thar we can't
derect is called dark matter. Scientists cannot “see” dark
matter, but rather they can only detect the influence of
the dark matter on light energy. It was given the label “dark,” just like a dark room where you cannot see
anything. Just because you can't see anything in the dark room does not mean thar there is nothing there,
such as pieces of furniture or a wall.

Basically, scientists know maore abour whar dark marrer is not, versus wha it really is. They have
concluded thar:

Figure 1.10
Mysterious Dark Matter?

1. Dark matter emits no light and cannot be seen direcdy, so it cannot be stars or planets.
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2. Dark matter is not clouds of Figure 1.1 better data. Perhaps you will be one of these scientists who help figure out what makes up our wonderful
normal marter since it is not A “Dark Matter™ Ring in a Calaxy Cluster Showing the universe!
detectable through reflected Influence of the Dark Matter Gravity on Light Energy
light. . Black Holes

Orher fascinating objects in our universe are black holes. A black hole is a region in space where the
force of gravity is so strong that nothing, not even light waves, can escape the pull of this force. Why
is gravity so strong ar a black hole? You will learn in Module 3 thar the force of gravity depends on the
mass of an object. At the center of a black hole, there is a small but very massive object. In some cases,
this object is thought to be the result of a star exploding and then collapsing onto itself.

Here is an example of what scientists believe is

'x_ rq? B; ‘,.& }%WL HB’LE at the center of a black hole: think of an object that

3. Dark macter is not antimatter.

4. Dark matter is not a black
hole.

5. Dark matter interacts with
the rest of the universe
through its gravity.

has a diameter of 10 miles, but the mass of 20 of our
Suns. This type of black hole is called a stellar black
hole. There are other types of black holes roo. Primor-
dial black holes are believed to be the size of a single
atom but have the equivalent mass of a large moun-

Just what “dark matrer” really is
remains a true mystery of our wonder-

ful universe. Just think of this matter tain.
as a different form than the stars and . Scientists can observe the effects of the black
planets that we can see with our eyes Figutre 1.13 hole’s gravity on the objects around them. These objects

and telescopes. include stars and interstellar gases. For instance, if a
star is orbiting a certain point in space, scientists study

this motion to determine if che star is orbiting a black

Dark Energy

The remaining 68% of the universe is made up of dark energy. Just like Mysterfég;.’;:rl:g‘-ergy? . hole. Also, when a star is orbiting a black hole at a very
dark marter, scientists know more about what dark energy is not, versus - close distance, high-energy light is produced.

what it really is. Scientists estimate how much dark energy there is from o‘ ‘This high-energy light is caprured by scientific in-
our current knowledge of how it affects whether the universe is expand- ry struments and the data are studied by scientists, Some

ing or shrinking. Because of the forces of graviry, our universe should be
shrinking, but because of new data provided by the Hubble Space Tele-
scope showing distant galaxies moving away from us, scientists now have
data showing that the universe is actually expanding. This implies that
just as gravity is trying to pull the universe together, dark energy must be ¢’
acting to push it apart. But just whar is ic? Don't worry about black holes. They follow the

Scientists like Albere Einstein theorized thar empry space is really . ; i : laws of gravity just like all other objects we know. We
not empty, but there is something that exists in this empty space. These ’ p are fortunate that there are no black holes near the
scientists have predicted that empty space can have its own energy. This l Earth, and our Sun does not have enough mass to ever
energy would be the source of whart has been labeled dark energy, and this become a black hole. In the year 2000, scientists dis-
energy would be causing the universe to expand. ! = e ; ) covered the nearest black hole to Earth is 1,600 light-

Another explanation of dark energy could be chat it is a new type of i :
energy field that has an effect on the universe to cause it to expand.
A final possibility is that our current knowledge of how gravity works

is wrong, If the theory of gravity were incorrect, then how gravity affects the expansion of the universe
and all of the normal macter would be different. If the theory were wrong, the solution to the dark ener-
gy problem may be a new gravitational theory.

As a final note, scientists currently cannor explain dark encrgy. They can just theorize its existence
due 1o whar they observe. We need to know whether dark energy is a property of space, a new type of
energy field, or a new theory of how gravity works. To make this decision, scientists will need more and

of this high-energy light comes from superheated gases
as they are captured by the gravity of black holes, and
in the process, they emit X-rays. When these high-ener-
gy and concentrated X-rays are detected, the existence
of a black hole is probably near.

years away. That's rc.'llly far!
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Wormholes

The concepr of wormholes is really amazing. Have you ever taken a long car ride and just thoughr how

nice it would be to get to your destination much quicker? For instance, driving from Cleveland, Ohio, o
“"il]i.:lm!ilmrg. "-"ilgj:!i:, takes about 10 hours in a car. If you could use a wormhole, the trip ::1igh1! take
you 5 seconds or less! With wormholes, a reduction in travel time is |‘-ns1i|1|<-. .-’L|:|1m|g|1 wormhaoles have
not been “seen” using our telescopes and scientific instruments, astronomers believe they could exist in
the universe,

Scientists describe a wormhole as a passage or Il{il,lgl: bepween 2 E)er;c_-; :wp;lr;!lnl ]3}' :::(trcmcl}r
long distances. The name wormbole comes from the description of a worm crawling on the outside of an
.1|1|1|r:. It would take che worm a ltmgq:r time to go from one side of the qppl;‘ to the other if it went nlons
the surface of the apple. Bur if the worm made a hole through the apple, it could get o the other side
much faster.

In astronomical terms, extremely long distances are thought of as distances of a million light-years or
more. Scientists believe that a wormhale could make traveling across these extremely long distances hap-
pen almost instantancously. The idea came from the famous scientist Albert Einstein. The overall worm-
hole theory is rather complicated and will not be discussed in any great mathematical detail in this book.
However, the wormhole theory is based on the theory that space and time are connected, and thar space-
time can bend. When it bends, points
in the universe thar are far away from

Figure 1.14

each other suddenly become closer.
: Visual Example of a Wormhole

I know this sounds complicated,
so to understand this betrer, let's come
up with a simple example. Look ar
Figure 1.14. Imagine a picce of paper
with points A and B on it. With the
paper in a fat position, the points have
some distance berween them. If we
take the piece of paper and fold it so
that points A and B are closer to cach
other, the distance berween them gets
much smaller, and you could move
from point A to point B through the
“’(!rml‘l[llﬂ:.

If this were outer space, the
wormhole would acr like a bridge
between points A and point B. The dis-
tance between these 2 points would be
greatly reduced and so would the time
required to go from point A to poinc B.

Distance 2 is much less than distance 1

Temperature of the Universe

When we use the word temperature, we often think of how hot or cold an object is when we touch it
lemperature, therefore, is a measure of how hot or cold an object is, or in other words, how much ther-
mal energy it contains. The unit of measurement is degrees Fahrenheit, °F. ‘The magnitude of hotness or
coldness is depends on how fast the molecules of an object are moving. We call this thermal motion. A
hot object will have higher molecular speeds than a colder object, and it will contain more hear.

25

1 The coldest temperature p:n:ih]c is called absolute zero. This temperature is -459.67 °F At this

temperature, the .\pccd of the molecules is zero. There is a toral absence of thermal energy, as it is defined,
ar absolute zero and zero motion of the molecules in an object.

‘The highest possible temperature is called absolute hot. This temperature is defined based on the
limits of theoretical pl‘l)’\'if.i. and some scientists pla-::' this value ar 2.55 = 10* °E. That is the number
255 with 30 zeros afeer ic? At chis temperagure, the -.|'N;t.'d of the molecules can g0 no faster due to gravita-
tional limitations.

Figure 1.15

| Temperature Ranges in the Universe

Absolute Hot
255,000,000,000,000,000,000,000,000,000,000 °F

Supernova Explosion
180,000,000 °F

Center of the Sun
27,000,000 °F

Surface of Earth
57 °F (average)

Surface of Plute -380.2 °F

Boomerang Nebula -457.6 °F

Absolute Zero -459.67 °F

As we study the solar system and the universe, we will find that the hottest known object is su-
perheated interstellar plasma gas from a supernova explosion ar 180,000,000 °F. The coldest known
object is the Boomerang Nebula at -457.6 °F. As far as we know, all of the other known objects in
our universe have a temperature that is between these 2 temperatures extremes. | will discuss in later
modules how astronomers use the electromagnetic spectrum to calculate these remperarures.
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List 2 examples of antimatter.

Ow'ﬂﬁm' Ouw

Where does space begin relative to the Earth's surface? How is this
location defined?

What are cosmic rays made of?

Explain in your own words what dark matter is. Include in your
explanation how much of the universe is made of dark matter.

1.2 In your own words, where does interstellar space begin?

1.2 What is the definition of the universe?

\
110 Explain in your own words what dark energy is. Include in your
\ explanation how much of the universe is made of dark energy.

1.4 What do scientists believe the universe is made of?

15 List 5 examples of normal matter. 111 What are black holes, and how do scientists know that they exist?

1.6 What is the interstellar medium (ISM)?




112

113

114

115

116

117

118

119

MODULE 1: MYSTERIES OF THE UNIVERSE

How far away is the nearest black hole to Earth?

Does the concept of wormholes speed up or slow down the time it takes
to travel in the universe?

What scientific theory allows the possibility of wormholes to exist?

What is temperature?

What is the term given to the coldest temperature theoretically possible?
What is the value of this temperature in °F?

What is the coldest known object in the universe?

What is the term given to the hottest temperature theoretically possible?
What is the value of this temperature in *F?

What is the hottest known object in the universe?
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Exploring Creation with Astronomy for High School

Who is the author, and what are his qualifications?

Damian R. Ludwiczak is the Chief of the Mechanisms and Tribology Branch at NASA Glenn Research
Center. He holds a Bachelor of Science degree in Aerospace Engineering and a Master of Science
degree in Engineering Mechanics. An avid space enthusiast and entrepreneur, Damian has spent most
of his life contemplating the universe and its mysteries.

What grades is this course designed to teach?

Exploring Creation with High School Astronomy was designed as an elective course for high school
students in 9 - 12" grades. As there are no labs or exams with this course, it should not be used to
replace biology, chemistry, or physics courses that are typically studied in the high school years. This
course was specifically written to expand a student's knowledge of topics typically not taught in high
school. As such, its easily-read conversational style can enhance a student’s high school studies
without additional burden.

What do | need to purchase to complete this course?

The textbook is the only required purchase to complete this course. There are no solution manuals or
student notebooks. Everything a student needs to succeed is included in the softcover text, including, if
50 desired, space to write answers to On Your Own questions. Answers to the On Your Own
comprehension questions can be found at the back of the textbook.

About how long is each lesson? How long should it take my student to complete this course?

There are 14 modules in Exploring Creation with High School Astronomy. Each module is, on average,
25 pages long. As there are no labs or exams, students are expected to read the text and self-check the
On Your Own questions to comprehend the materials. A student could easily finish the course in a
semester, reading one module per week; this would be a 14-week course plan. However, it is also
acceptable that a student would plan to read through a module every two weeks at their leisure; this
would make a 28-week course,

Apologia FAQ Guide

How should we fit this course into my student’s high school science plan?

There are many fascinating areas of study that students should have the opportunity to learn. Not
everything needs to be a rigorous science course with labs and exams. Understanding our universe and
the beauty of its design is one of those areas. Written in the same conversational tone as other
Apologia science textbooks, but without the pressure of typical courses, this course should be gifted to
the student to read at their own pace. Knowledge of the universe, how we currently understand it, and
the questions of the unknown are all things that every human should endeavor to contemplate and
comprehend.

Students can receive credit for completing Exploring Creation with High School Astronomy on a
schedule that fits their busy lives. As there are no experiments or exams, students can read the
conversational style text at their leisure. We recommend the course be completed within one year's
study.

How many credits is this course?

Apologia recognizes the parental right to assign grades and credits to the courses their students study.
We recommend that even though there are no exams or labs associated with this course, that it be
assigned credit for a 1-year course,

What are the prerequisites?

There are no prerequisites for this course, Some of the scientific reading is backed by the mathematical
equations that support it. Within the text, the author works out every mathematical explanation in
great detail so that the student can follow along without needing the actual math skills, For students
who are ready for the math, the author includes some questions in the On Your Own comprehension
questions. Students do not need to complete these questions to receive credit for this course. Detailed
answers for all of the On Your Own Questions are provided in the back of the textbook so that students
have all of the materials they need to succeed.

Can we use this book in middle school?

Middle school is a transitional time when a student is advancing from the elementary years and
learning skills needed for success in the high school years. While an avid middle school space
enthusiast would be able to read this book, we recommend that you wait to introduce elective topics
in high school for most students.

What does Exploring Creation with High School Astronomy cover?

Exploring Creation with High School Astronomy is a journey that starts with the mysteries of the
universe. What are space, matter, antimatter, cosmic rays, dark matter, dark energy, black holes, and
wormhaoles? It goes back in time to investigate the history of astronomy. What did the early stargazers
see and understand? How did technology advance what we see and investigate? How does that
technology work? And how does this change our model of our solar system and our knowledge of the
universe? It then investigates the science of our Sun, planets, and other astronomical objects that
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reside in our solar system, galaxy, and the universe. It ends with a lesson on celestial navigation,
learned from stargazers long ago but still a valuable tool today.

Is there a schedule for this book like you have for other Apologia middle and high school science
courses?

No. As this is an elective course with no experiments or exams, students are given the freedom to learn
at their own leisure. Written in a conversational style, this course could easily be completed in a 14-
week semester or spread out over a 28-week year of study. Students read the text and stop to answer
On Your Own comprehension questions to ensure they have understood the materials. Detailed self-
check answers at the back of the book provide all of the guidance students need to succeed in this
course.

Are there experiments and lab reports?
No. There are no experiments, and as such, no lab reports.
Where do | find the answers to the On Your Own questions and tests?

Detailed answers to each of the On Your Own questions are found at the back of the book. There are
no exams in this elective course.
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