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Introductions - I'll go first



*Introduce yourself 1o 2 neighbors:
~irade names, hometowns, interests, efc.
-Why are you taking this course?
~What topics do you moest want tolearn about: in this class?

Tl ¥ry 1o geti 1o’ know, youl Fhroughout the semester
bui: you cani help by...

~Asking questions

~Answering questions

~Coming 1o see me in office hours

- Tell'me your name every: fime you ask a question



COSMIC
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Includes: b ’:J
Access code for website: L
WWWEMASHErINoAs o neMYCom

YOU ARE EXPECTED TO READ
THE BOOK



, ~ Md JASTRONOMY
More on M ket e
Uses a fiutoerialimetnoa intwnich
you are guided fo fhe soluifion
o1 multi=step problems

Wirong-answer fieedback

On-demand hints (use them
i you need them!)

See course website fior how 1o

regisiter and now. o submit

Scores automatically

submitied (if you see a
e the grade too!)

gf’ﬂdg, I se



* Reading - Mandatory

* Homework - 50 percent of your grade, fhere
will be weekly Mastering Asironomy
dssighments

* Quizzes - 30 percent of your grade
* Finall Exam - 20 percent; off your grade



« Attend Class

* Prepare and Parficipate

* Use Tiechnology: (butno cell phones; ipods, etic. If
you use a lapitep sit in fhe back rows)

* CampusiResources (Tutoring HIH11S)
* Come 1o my hours, work witihi friends

* Pay affention 1o financial aidipolicies, if you'drop
below 12" credit hoursiyourarentt fulltime, it you fail
a course you'may:lose financial aid



s hihipi/Jorg.coloradomesa.ed /> jworkman/Jedching/.
fall1571017/index101php

» [Cectures

= Reading

» Syllabus
* How To'sefi Up and use Mastering Astronomy

« Exams

* [ei's go over policiesinow


http://org.coloradomesa.edu/~jworkman/teaching/fall15/101/index101.php

Did you know?



+ YES
- Buf not that kind!!

+ Algebraic Manipulation
» Scientific Notation

* Areas

* Volumes

* Exponents

Come See me, work with friends,
use fthe resources on campus
Tutoring Lab - Room HH113, look at
the review at the end of this
lecture




Course Overview:
vwnat we will'stuay.

/

Vasii range ot S _EZES anarSCALES?

Understa dJr g our place in the universe

- #the solar system
# < (notto scale)




How does our position nere on cartn
aifect us and wnat we see?




Heavily cratered Cloud-penetrating radar

Mercury has long steep revealed this twin-

clffs (arrow) peaked volcano on

Venus

© 2210 Pasrscn Educaton, n:

TABLE 10.1 Atmospheres of the Terrestrial Worlds

Composition of

World Armosphere

Mercury helium, sodium, oxygen

Venus 96%6 carbon dioxide (CO,)
3.5%0 nitrogen {(N>)

Earth 77% nitrogen {(N3)

21%0 oxygen (O3)
196 argon
H,O (variable)

Moon helium, sodium, argon
Mars 95% carbon dioxide (CO;)

2.7% nitrogen {N,)
1.6%% argon

*1 bar = the pressure at sea level on Earth.

© 2010 Pasrscn ESucaton, e

Surface
Pressure®
107" bar

90 bars

1 bar

107" bar

0.007 bar

A portion of Earth's
surface as it appears
without clouds.

Average Surface
Temperature

day: 425°C (797°F);
night: —175°C (—283°F)
470°C (878°F)

15°C (59°F)

day: 125°C (257°F);
night: —175°C (—283°F)
—50°C (—S8°F)

The Moon's surface is heavily
cratered in most places

Mars has features that
look like dry riverbeds:

note the impact craters.

Winds,
Weather Patterns

none: too little atmosphere
slow winds, no violent

storms, acid rain

winds, hurricancs, rain,
sSnow

none: too little atmosphere

winds, dust storms

Whai; shaped ine lierresirial planeiis:andiwhai; are

atimospheres like?

Clouds,
Hazes

nonc

sulfuric acid
clouds

H.O clouds,
pollution
none

H,O and
CO; clouds,
dust

elr
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Why is Earth so
diffierenigitian

- Japrier?
%:‘ i




Largest known Kuiper Belt objects

Dysnomia
/

@ O ¢

Pluto 2005 FY9
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2003 EL61 Quaoar




in What' Ways Are Other Solar f\/s'fwrrs B, <f J
How Are they: Dififerent? How: Do We Eina i







» What are the J] frzrzs

Electromagnetic Radiation

» What is light?

forms in whichiw WesseR
T

b -
'. . A
« How dowe use |‘rE 0) ,
find out what Thingsiss
are made of? ‘




atomic hydrogen

AP G -

radio continuum (2.5 6Hz)
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Interstellar gas clouds i+ R R g RN

the galactic disk m S
: gradually cools

N EF R ——
Fig. 196 ic = I . and forms
atomic hydrogen clouds molecules

Returning gas -
cools and then
Wends imto
atomic hydrogen
clouds.

Gravity makes stars
nuclear fusion in stars - nmm:m/

Fig 1913 o hydrogen gas

stelar wands return
gas and new
elements o
ntersreNar space.
= Fusion w the cores
of stars makes new
elements from hydrogen




Galaxies

6 billion 8 billion 10 ballion
approxmate age of universe in years




Cosmology - where did we come
from and where are we going




Orbital Properties of Extrasolar Planets
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0.0 oo .°'. Venus gEarth Saturn” Neptune-
Lol Lt arnnl L1 vl 11

0.01 0.10 1.00 10.00
average orbital distance (AU)

b The data from (a) are shown here as a graph. Dots closer to
the left represent planets that orbit closer to their stars, and dots
lower down represent smaller orbital eccentricities. Green dots
are planets of our own solar system.
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I

Astronomy. = AStr:

[ the symbol you think

J

You aren

more on this later.

J

you are



Just Memorizing Constellations






Chapter 1
A Modern View of the Universe




Our goals for learning:

> lhe'scale o the Universe
> The history of the Universe
> How: are things moeving in ihe Universe?



* Kilometers (km)

» Astronomical Units (AU)

* Light-years

* Parsecs (~3.26 Light-years)
* Kpc 1000 parsecs

* Mpc 1 million'parsecs



Mosit useful measure is based on tihe speed of light:~
300,000 km/sec

= Nothing firavels faster through space

= All'light firavels at a constani speed in space.

Astroomical  Unit = the distance between the earth and sun,
usefiuliin the solar system
~ 150,000,000 km or 90,000,000 miles
~ 500 light: seconds
Light=year'="the distance lighi tiravels in'a year

~ 300,000 km/sec x 60 sec/min x 60 min/hr x 24 hr/day x 365
days/year x 1 year

~ 10 frillion kilometers: ~10°m
Like'saying "I live 30'min| from Boulder*

= Your are giving a time... bui are implying traveling ai a certain
velocity



Convert SPEED to DISTANCE

You know that:
SPEED = DISTANCE / TIME

meters/sec = meters /[ sec (or think mph)

Muliiplying boetihisides by TREME we caniget
SPEED x TIME = DISTANCE

(m/s) X (8) = meters



* Based on the finite speed of light (300,000 kn/
s).

Destination Distance
Moon 1 light-second
Sun 8 light-minutes (1AU)

Outer Solar: System:  [Few light-hours

Proxima Cenitauri 4.2 light-years

Andromeda Galaxy 2.9 millieni lighti-years




Thoughti Question

A. Speed of light x 1 AU
B. Speed of light' / 1AU
C. 1 AU / Speed of: light;
D. 1 light-year




Speed = Distance/ Time
— Time=Distance/Speed

Time =1 AU / Speed of light
=15 x 10" meters

3 x 10% meters/sec.
= 0.5 x 10 sec

= 500 seconds
~ 8 minutes



* This means that what' we SEE in the
distant universe is light that has
traveled along fime.

* Our'image of the universe is a delayed
image. In looking oUt intiorspace,

- The farther away we look in distance, the
further back we look in time.



 Whait: we SEE is alwaysi delayed by the speed of:
light:

* In fthe classroom, our view!of each ofiher is only
about 1077 seconds old), so we barely notice.

- 1077 sec = 0.0000001 sec

» Lightt tiravel fime 1o the Moon %= 1 second
* Lighty tiravel Time 1o fhe Sun 2 8 minutes
* Interplanetary probes incur notficeable delays



A brief tour of everything
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» [ live'in eastern Grand Junction, about 5 miles or 9 'km from here.

» Tihe United states is maybe 3000 milesior 4500/km across

* Tihe Radius of the Earthiis ~ 6370 km and ifs circumference is about
40,000 km (2mR_earth)

e Qur earth orbits our sun at a distance ofi ~ 150 million km, what we call
an Astronemical Unit or AU andlis tilted 23.6 degrees to its orbital plane.

e Qur sun orbits the center ofithe Milky: Way about 8.5 kPc out.

September 23

Autumnal Equinox

December 22 ’ June 22

Winter Solstice - : Summer Solstice




Solar System

A star and all fine
material fhatk

oroits i,
incluaing
planefs and
moons,
asiferolds and

comeis, eic

O b www el wwe



Sun at the center

‘Planets orbit primarily in one plane
(angular momentum conservation)
*Asteroids (failed planet?)

*Kuiper Belt (debris)

*Oort Cloud (debris)

-~ 45 billion years old



Planet

>

A'moderately large objeci Thal oroits astar: INo fusion, upperlimit-around 1s
Jupiter Masses Flanets may be rocky, ICy, 0r'gaseous inicomposiiion.

We detine planetsitobe
[zl ejele) A a IS{(@)Inrerpitarounadithe sun; ()fas suilcient mass iorits seli
gran Y ro OVENCOME MgIa ey 1erces sotnatit assurnes 2l nvdron ife equ]lbr U
ar ',),;md(c)'asg LS

o“ﬁ


http://en.wikipedia.org/wiki/Hydrostatic_equilibrium
http://en.wikipedia.org/wiki/Clearing_the_neighbourhood

Which of the following is the correct ordering
from largest to smallest?

Solar System, Milky Way, Local
Supercluster, Local Group

Milky Way, Solar System, Local
Group, Local Supercluster

Local Group, Local Supercluster,
Solar System, Milky Way

Local Supercluster, Local
Group, Milky Way, Solar System

Local Supercluster, Milky Way,
Solar System, Local Group

© 2015 Pearson Education, Inc.



* Tniour solar system the planetsiare -

« llerrestiallMercury(t4: AU), Venus(.7- AU), Earih,
Mars(1.5 AU)

* (Gas: Jupiter(s AU), Saiurn(10:AU), Uranus(20 AU),
Nepiiune(30 AU)

* NOTICE A TREND?' ROCKY CLOSE IN/GAS FAR

OU;

s WHY?

* jo date we have fiound over 1000 planetsiaround

ofiher stars, fhey do noi follow fhe firend above.
WIHY?2
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ite (or moon)

Anlobject that oroifsia
planei;.
Whnaisisours?

Jupiter-nas 65

Ganymede (orbits Jupiter)




A'relatively smalliand roCKy 0D ject tha
orpITsiarsiar:

QUr Solar system has an asteroid belt;
etween Mars andiJiupiter;, probably.
rarlediplanet-due fo Jupiter

(oF




Small dwarf
planetsion

2CCeniric Of’bj'r , ” ';-mak-

N J 2 : Charon
Pluifo IS arkuip ‘ .' ‘
b:JT Objgc‘r i e m;.i.

Pluto Makemake Haumea

r—a

EXTends from
30/- 100/ AU | »n @

or lJ '/ ,1*,91 /\/\Eqr"'r'n 2007 OR,, Quaoar




A relatively small
andficy object
Thal orbitsia star.

Short Period Comets
firom the Kuiper
Belt

Cong Period Comeits
RERRE e o SRR firom the Oori
SN G cloud'sorrounding
IS I G our solar system
out fo 90,000 AU

"o Ce‘plasnmaitajl o/
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Al
Dlal
A'large, glowing ball ot gas thail; generafies nedt ana lighis finrougn nuclear fusion.
Range firom 1710,000 0 1 millionin Luminosity and "1 40100 Mass
Our staris amoderafely sizediclass G2V stariwith ardiameter of 1.4 =1056 KM
(>110imesi ine Eartnis Diameier)
I'miliron eartns could it into e sun(volume =~ r*j)




Galaxy

A greai collection of stars inispace, all
neldl fiogether by gravity and orbiting a

common cenier




« ~100 billion stars

 ~100,000 Light: Years Across

* SpirallGalaxy with extended halo, and a dark maifer halo
beyond tha:

= We are abouit: 25,000 lightyears from the center and orbif;
once every: 220,000,000 years

« 1" Kkm/s ~ 2200 miles/hour

* Tihe earthiis moving (at the equator) ~ .5km/s

» We orbit the sun at ~30 km/s ihe Sun orbits the center of:

the Milky:Way aif ~220'km/s (or 100,000 km/hr)
* The Milky:Way:isimoving ~552 km/s



The Ml 0l Way s pari of a local Even B[gger?

groupioi galaxies (40) about 10
million ligni: yearsiacross. Our
closest neighbor Is e  Andromedd
Galaxy about 2.9 million ight years
away:

ihe local groupiisipari oi: fine Virgo
S_J’,)vr*f“l.u-‘rar* WAICHAI contiainsiabout;
100 groups'of: galaxiesiacross 110
million lighit \//Jr"’

Super Clusters;for fJJ,&rr entary.
siruciures on juJa,s 077 SO0 million
JJgrrr years

2 Universe ifiself s, ~13.7 billion

\/w s old



um total of

err/r JMVJ
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The'whole universe glows witih e embersiofi the big
bahg burning at: 2.7.2 Kelviniabove absolutie zero with
temperature fluctuationsion the order of 0002 degrees



» lhe ageol the Universe 1siabout 18 7 billion
years, but due to the expansion of Space We
are newW GPSENVING OBJECtS that are now
considerably farther away: than a static: 118. 7
pillien ight=years distance.

» [ihe edge oiithe opservable UnIverse Is NewW
located about 46.5 billien light-years away.



http://en.wikipedia.org/wiki/Age_of_the_Universe
http://en.wikipedia.org/wiki/Metric_expansion_of_space
http://en.wikipedia.org/wiki/Comoving_distance
http://en.wikipedia.org/wiki/Light-year

About how fast is Earth orbiting the Sun?

a) About 600 km/hr

b) About 1000 km/hr

c) About 60,000 km/hr
d) About 100,000 km/hr

to Polaris to Polaris

ecliptic plane

© 2015 Pearson Education, Inc.




A review of where things are and how they move



Earth rotates from i . . . Which means counterclockwise
west to east . . . as viewed from above the North Pole.

0 km/hr

1100 km/hr

L..— 1670 km/hr

1100 km/hr




Earth’s axis remains pointed The average Earth—Sun distance

In the same direction Is 1 AU or abqut 150 million km.
(toward Polaris) .

throughout to Polaris
the year. i

ecliptic plane

(not to scale!)

Earth takes 1 year to orbit the Sun at
an average speed of 107,000 km/hr.




Figure 1.13 This painting illustrates the motion of our solar system within our local solar neighborhood and around the center of
the Milky Way Galaxy.

Stars in the local

solar neighborhood

move randomly relative

to one another at typical
speeds of 70,000 km/hr . . .

K ;_,_,"Whilé".-‘the'.'ga/axy 's rotation
carries us around the galactic
center at.about 800,000 km/hr.

© 2015 Pearson Education, Inc.




Before baking: raisins
are all 1 cm apart.
Local Raisin

From an outside
perspective, the cake
expands uniformly as

it bakes. . . After baking:
raisins are all
3 cm apart.

Raisin

... but from the f;oint of view of the Local Raisin,
all other raisins move farther away during baking,
with more distant raisins moving faster.

Distances and Speeds as Seen from the Local Raisin

Raisin  Distance Before Distance After Baking Speed
Number Baking (1 hour later)

1cm 3cm 2 cm/hr
2cm 6cm 4 cm/hr
3cm 9cm 6 cm/hr




Figure 1.16 This figure summarizes the basic motions of Earth in the universe, along with their associated speeds.

Earth rotates around its axis once each day, carrying people

in most parts of the world around the axis at more than

Earth orbits the Sun ¢ ach year, moving at more than 100,000 kmy/hr

The Solar System moves relative to nearby stars, typically at a speed of 70,000 km/hr

The Milky Way Galaxy rotates,

once every 230 million years, at a speed of :

Local Group; we are traveling toward the

Ar o - ’ NN Lr (*Ts
ndromeda Galaxy at about 300,000 km/hr

The universe expands. The

more aistant an object, the

1US,

close to the speed of light

© 2015 Pearson Education, Inc.




About how fast are you moving because of
Earth rotating on its axis?

a) About 600 km/hr

b) About 1000 km/hr

c) About 60,000 km/hr
d) About 100,000 km/hr

0 km/hr

1100 km/hr

1100 km/hr

© 2015 Pearson Education, Inc.




Throughout this book we will see that human life is intimately

with the development of the universe as a whole. This illustration presents
an overview of our cosmic origins, showing some of the crucial steps that
made our existence possible.

@ Birth of the mmvmwmmmmmmmmwmm
Thuummmnhwum bulnnlmdwn:!osm lsp\hdmah
gaknies.

gt 1o mska

@ Earth and Lifle: By tha time our solar eystem was born, 4'/2 billon years ago, about 2%
of the anginal iydrogen and halum had bean comveriad Nt heavier slemants, We are
therators ‘st stull! because wa and aur plnat ara mada from alements manugcosad
N staes fat vad and diad long ago,

Stave are ovn in dlowds of pay
and dust; planets sy foe it
surunieg disks

Mr'me iy erghode when they
g fhe afements they've

@ Life Cycles of Stars: Maryy ganerations of siars have ved and diad in the Milky Way.




How long have we been here?

THE HISTORY OF THE UNIVERSE IN 1 YEAR December 30:

January 1: February: September 3:  September 22: December 17: December 26: Extinction of
The Big Bang The Milky Way forms Earth forms Early life on Earth ~ Cambrian explosion Rise of the dinosaurs the dinosaurs

JANUARY 1A [ DECEMBE
T W 1

TWTEFS
M

7 8 810 1 12 13 - y [ 3 4

14 15W6FMSE 19 20
2122 2324 25 26 27 | 18 19°20 21 22 23 24
28 29 30 31 2526 27 28 29

30700 am, 31

DECEMBER Price.
SMTWTFS :
1 2345867
8 9 10 11 12 13 14
15 16 17 18 19 20 21
2223 24 25 26 27 28
29 30 31

1 second ago:
Kepler and Galileo
show that Earth

December 31: orbits the Sun

9:00 pm: 11:58 pm: 25 seconds ago: 11 seconds ago:
Early hominids evolve Modern humans evolve Agriculture arises Pyramids built

DECEMBER 31

Morning...
12:00 noo
1:00 pm
2:00 pm
3:00 pm
4:00 pm
5:00 pm
6:00 pm
7:00 pm
8:00 pm |
9:00 pm
10:00 pm
11:00 pm
11:58 pm
11:59 pm
12:00 midnight




Which is the correct order in which things
occurred, according to the current accepted
scientific theory of the creation of the universe?

a) Birth of the Universe, Earth and Life, Life Cycle of
Stars, Galaxies as Cosmic Recycling Plants

b) Birth of the Universe, Life Cycle of Stars, Earth and
Life, Galaxies as Cosmic Recycling Plants

c) Birth of the Universe, Galaxies as Cosmic Recycling
Plants, Earth and Life, Life Cycle of Stars

d) Birth of the Universe, Galaxies as Cosmic
Recycling Plants, Life Cycle of Stars, Earth and
Life

© 2015 Pearson Education, Inc.




* Units

» Scientific Notation
* Exponents

» Ratios



* Lengith, Time, Mass

* ALWAY'S KEEP"UNITS TN
ANALYSIS

* What do you weigh versus what is
your mass?



» Which isi easier to write 10 or
1190/0]0)10]0/0)10/0]0)50]0/0)10/0]0)500/0,



Powers of 10: Scale of the

107=1 Universe
10% = 1,000 kilo-

10° = 1,000,000 mega- (aka million)
10” = 1,000,000,000 giga- (aka billion)
10*2 = 1,000,000,000,000 tera- (aka
10" = 1,000,000,000,000.89f)i0n)
10'® = 1,000,000,000,000,000,000

102! = 1,000.,000,000,000.000,000,000
(You get the picture).

101 =1/10=0.1

102 =1/100 =0.01 centi-
1073 = 1/1000 = 0.00 Imilli-
10 = 1/10000 = 0.0001




. X“XbZX(G+b)
. (Xa)b:Xab
« X(a=1/Xa



» JUST MEANS TO'DIVIDE

* Can be unifsi- Speed = miles/hour
* Can be expressions; or equations
* Unif Ratiosiare importiant in this course

» 12 inches/1 foot:

+ 300,000kM/second



