Figure 1.16

Thic tigure summarnees the basic motlons ol Earth im the unl

verse, along with their asseciated speddi
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Part 1 Developing Perspective

UfibEiar paganos

light into specira and observing what we call Dappfer diifts [Section 5.2
Wo still pse the same technbgque wcday, HSTEating By modenn astron
omy depends parh o carelul ebservations amd oo using curient urider
standing of the laws al nature to explam whol wi see.

e Are we ever sitting still?

A we have sten, wWe d1e Geve

We and our planet are constantly on
the move through the universe, and at
surprisingly high speeds

rruly stntdng sl Figure 1 16Sam
muariees the motlons we Liave cove=
ered  We spin around § aith's axis
at more than- 1, (00 kmifnr while our planct orbits the SUn a6 mumg tan

100 000 Kin/hr. Oursolar ap moves among the stars of the local solay
iweighborhood at 1ypica secls of 70,000 km/hr, while also orhinng the
center of the Milky Way Galaxy at a speed of about BOKLOUO K lar. Our
calaxy moves among the other galaxies ol the Loeal Groupy, wiinie il

other galaxies move awsy from us al speeds thar grow greater will

tance in our expanding universe. Spaceship Eardyis carrying us on 4 1¢
markable journey

THE BIG PICTURE
Putting Chapter 1 into Context
I this Arst chapter we developed a broad overview af our place i the

Hniverse. As we consider the universe in more depth in the rest ol the
book, remember the following “Big plere” bl



= Earth is nat the center of the umiverse bat instead 50 planct orbiting
o rather ordinary star i the My Way Galaxy, The Milky Way Gal-
axy, in urn, is one of billions of galasies in our obscrvable nniverse.

o e gre Tstar sl Thesaroms fnem wihich we are made began-as
hydrogen and helivm in the Big Bang and weee later fused into
heavier elemems by massive-stars, When these stars died, they re-
leased these atoms into space. where our galaxy recvcled them int
o stars and planets, Our solar system lormed from soch recyeled
ALLEr some 4: billion years ago.

« Cosmic distances are lierally astronomical, B we can put them in
perspective with the aid ol scale models-and oier scaling technigues.
When yvou think abmay these enormous scales, don’t lorpet that every
star s a sun and every planet is a undgue world

 Weare latccomers on the scale of cosmic time. The eniverse was al-

ready more Uan all s corrent age when our sofar svstem formed,
and it rock Billions of years more belore humans arvived on the scene.

Al of us are being carnied through the cosmos on spaceship Earth.
Allhongh we cannot Teel this motion in our evervday lives, the asso-
ciated specds are surprisingly high. Learning aboul the maotions of
spaceship Farth gives us a new perspective on the cosmos and helps
us unelerstand its nature and history.
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_E{MMAR\' OF KEY CONCEPTS

K

1.1 OUR MODERN VIEW OF THE UNIVERSE

= What is our place in the universe?

Barth is a planet orbiting the Sun. Our
Sumn is one of more than 100 bilkon
slars in the Milky Way Galaxy. Cur
galaxy Is one of about 40 galaxies in the
Local Group. The Local Group is one
small part of the Local Supercluster,
which is one small part of the universe

space, so the farther away we look in distance, the further
back we look in time. When we lock billions of light-years
away, we see pieces of the universe as they were hillions of
YEATS Ay,

+ Can we see the entire universe?

Wi The age of the universe
limits the extent of our oh-
servahle universe, T'ora uni-
verse that is 14 billiod vears
old, our observable universe extends 1o a0 distanee of.14 hiflion
light-years. 1 we tried 1o ook beyond that distance, we'd be
rrying w look o a time belore the universe exdsted.

= How did we come to be?

The universe began in the Big Bang
and has been expanding cver since, ex-
cepl in localized regions where gravity

has caused matter to collapse into gal-
axies and stars. The Big Bang essentially
produced only two chemical elements:
hydropgen and helivm, The resi have
been produced by stars and recycled
within palaxies from one generation of siars o the next, which
is why we are “star stufl.”

=+ How can we know what the universe was like in the past?
We ran actually see into the past by studying light from dis-
tant stars and galaxies. Light takes time to (ravel through

1.2 THE 5CALE OF THE UNIVERSE

* How big is Earth compared to our solar system?

o W BE O oascale of 1to L0 billion. the Sun i3
about the dize ot 3 grapefnnt, Mancts
are much smaller, with Barth the-size
ol & ball point and Jepiter the sice ol

a marble on this scale. The distances
between planets arc hupe compared 1o
their sives, with Earth orbiting 15 me
ters from the Sun on this seale.
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= By f=r away are the stars?

O the §-t0-10-billion scale, it is possible to walk from the 5un
1o Plusn im just & few minutes. On the same srile, the nearest
c1ar= heades the Sun are thousands of kilometers away.

= How big is the Milky Way Galaxy?

Using a scale on which the Milky Way galaxy is the size of a
football field, the distance to the nearest star would be only
ahout 4 millimeters. There are so many stars in our galaxy that
it would take thousands of years just tocount them.

» How big is the universe?

The ubservable universe contains at least 100 billion galaxics.
The otal number of stars in the observable universe is roughly
e same as the mumber of grains of dry sand on all the beaches
on Earth,

« How do our lifetimes compare to the age of the universe?
+ms—— 90 2 cosmic calendar that compresses
1 the history of the universe into 1 year,
@ human civilization is just a few seconds
~ old, and a human lifetime lasts only a
fraction of a second.

1.3 SPACESHIP EARTH

+ How is Earth moving in our solar system?
-==  parth rotates on its axis once each

e S
'“'T@f@ﬁ"‘r " day and orbits the Sun once each year.
B ot

REVIEW QUESTIONS
Shorl-Answer Destions Based on the Reading

1 Wilhal dowe mean by 8 gepcenrms universe? In broad werins, con.
Lrast @ geocentri view ol the upiverse with our modern vics! of
the unbverse.

7. Brictly describe the major levele of structure (such os planet, star.
galaxy) in the universe.

3 whal do we mean when we say that the wniverse ie exprarmaing ?
How ducs expansion lead to the jdea ol the Big Bang?

4, What did Carl Sapan mean when be said that we are 751371 stull™?

5 Mow fast docs Hah travel? What is a Lgki-year?

6. Explain the statement The farrier away v fook iy disiarce, e fur-
threr Brack wie loow i fime.

= What te sve mean by the sheervble aiverse? 1550 the same i hing
as the entire Eniverse?

4 Describe the solar system as it looks an the T-we-10-hillion sCale
usied B0 the text. How [or away are other stars on this same scale?

23 Part | Developing Perspective

(“EXERCISES AND PROBLEMS

Forr inssrucior-assigned homewars ga te wiww.masteringastronomy.com.

Farth orbits at an average distance rom the Sun of 1 AU
and with an axis tilt ol 23 f:_"' to a line perpendicnlar o the
ccliptic plane.

« How is our solar system moving in the Milky Way Galaxy?

We move seemingly randvinly relative
1o ather stars in our local solar neigh-
borhood. The speeds of the stars are
substantial by earthly standards, but
they arc so far away that theil motion
is undetectable to the naked eye. Our
Sun and other stars in our neighborhood orbit the center ol
the galaxy every 230 million years, hecause the entire palaxy
is rotating.

« How do galaxies move within the universe?

Galaxits move essentially at random within the Local Group.
but all galaxies beyond the Local Grioup are moving away from
us. More distant galaxies are moving laster, which tells us that
we live in an cxpanding universe.

= Are we ever sitting still?

W are never truly sitdng siill. We ssas
around Earths axis and orbit the Sus
Our solar system maoves amang the
stars of the local solar neighborhoos
while orbiting the center ol the Mifis
way Galaxy. Our galaxy moves armisng
the other galaxies of the Local Group, while all arher galaxies
move away [rom us in our expanding universe.

r~1:_4%';er| NAASTRONGMY
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9. Deseribe at least one way 1o pur the scale of the Milky Way Gal
axy it perspective and at least ope way 10 pul i size of the
abservable universe inle perspecive.

10. Imagine describing the cosmic calendar toa nend: Inyour pwn
words, givie your friend a feel for how the Fueman race fits e
(e scale of thme.

1. Define asrronamicel gnin ecliptee plare, and aai 20 Explain lus
pach 18 related o Earth's rotation andiar o,

12. What is e chape of the Milky Wiy Galixy? Whire s pur solar
system located within the galaxy? How docs oar solar system
move within the galaxy?

13 Distinguish between oor galaxy’s disk and ke Where divmost
vicible stars reside? Where does the mysterions dark aifer st
rev reside?

14, Whal key observalions by Edwin Vhbbe lead ws o codude
that the universe is expanding? Use the raisin cake moded 10 Ex-
plain how these observations imply cxpaisiin.




