Astronomy ~ 1

- Astronomy

I. Celestial Observations
A. Celestial Object = _Am’/ obiect n Space

(ootside Carth's afmosphere.

Examples :__meon , planets , stacg | Son

B. Celestial Sphere = _Model oFf +he Sky
1. Ze/)/'/’l\ -
hfﬂghesf ,Oo//lf /1 _dhe

§£¥ directly oboue

‘f’L\e_ C)Q cerver’S "

C-

2. l’\of‘lZa/\ ~ IM&Q LNary boun&\r‘\/
| be#wei\ Hhe. SL\/ /U’\(l '-H\e_ qmuﬂé
C. Location on the Celestial Sphere — THE HORIZON SYSTEM
1. Altitude = GNgs vac  distance.  abouve

'H\& horizon
90
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Astronomy = 2
1. Azimuth = _apnaujac  distance. alo&g

.Hr\‘e_— ‘nc(‘thlo;f\ ‘é’b:fm /Uor'W\ OU C/OG/C—W»"SQ.

VW
33%° O 23° VVE

Top View
90° = (looking down)

PN

24" 13 5.z

i 35¢
SE

2030 ] Is§”
) e Ixo’ «cz horizon <

3. Model Problems Azimuth and Altitude on the Celestial Sphere
By careful estimation, determine the azimuth —(Az) and the altitude (h)
for the star (*) illustrated in each celestial sphere diagram.

(a) (b)

N J° N
W)
_ Az h Az h
Common Terms Sw _ Y2 Nve_ g
| j) Degrees ALY g5 4s° _30o°
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(©
w
' Az*® h
Common Terms O _herimon
Degrees 31¢° _o°
I1. - Gravity
A. Newton’s Laws of Gravn_:y
1. _ Al obecks

possess  gravihy

and will pull all other objects with
a certain gravitational force.

2. _The amess oF on _obyect determines the
amoont oF grauitahonal Force. that object
T&bsse,s%s. ﬂ\,e_ Id/’pau(er‘ (’fLe. 27488 7%6 |
cu‘o_ode C 'H'\fe_ 4/”40_(5434{;@94/ force .

3. 22_@ g:ﬁ'a“éﬁgllena/ %FCQ_ be e en ’7"(.)-’0
Objects cﬁmgf_s as i& distance. ﬁﬁgecn

-ﬂ\ew\ d,lumge. AS c‘.i&/ﬁﬁé& (acredares

B GLA U« 'fg/ de creases.
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A Foucault Pendulum proves the earth rotates.

Precession - A slow motion of earth’s axis.

Vega North Star

\ % T A
Y Precession Y
o T & 7

“\23 7/ /




Astronomy = 4
— )

B. Gravity and Inertia

&“g) 1. Newton’s Law of Inertia states that _an obhjects
motron will g0t change onless dHhat
éé)?((’ (S acted on rotfside ree.

“ | Sun
Tnerfion v
-
Graudhy
il
Sable orbid

) a. Lnertien - _Causes o planet

do move in o Strecght line
b. _Gravi'ty -_polls & plonet

toards  He  Sein.
III. Rotation - M $oinning of o celestiol body

LEa(&L) o Al F/VIo\j 1nacy oxi S

A. Earth’s
1. Direction of Rotation:

LSt to__ oo st

2. Angular Rate of Rotation:
THINK — one complete rotation

a. 200" degrees

——

e ST
)paTE=__360° ’5—0./‘""'
24 hes
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B. Effects of Earth’s Rotation é / 0
1. Day and Night

6 an

2. A pParaat  meticn of  Sun
a. Earth rotates from (et to _ east

(note diagram above)
b. Sun “appears” to move in an arc from __Ca S+

to est (note diagram below)

SUMMER ZENITH
JUNE 21 1/

WINTER \\ \,
DECEMBER 21, N

(not drawn to scslel
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3. Apparen+ dorly motion of the Stars

Horizon

LOOKING EAST LOOKING WEST

w

pasd
Polaris / # el s N~
E E w
LOOKING NORTH LOOKING SOUTH
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Astronomy — 7
b. The apparent daily motion of celestial objects (like stars)
4 changes when the observer’s __laditude on Ear™~
| changes.

Vo Stors Crse

or Set

90° 4/

\"( Al shars
rrse or sek

0 E?’Umto,f
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Astronomy ~ 8
c. The apparent daily motion of the Big Dipper, a
constellation.

LOCATION OF OBSERVER IU’ V<
DATE mid Oct

POSITION OF THE BIG DIPPER 9:00 pm [

3:00 am 2

Dj/ﬁ 9:00 am 7

3:00 pm L{

d. $hac +eials

- a time-exposed photographic

image that shows the apparent motion of stars; it appears as

a blurry line across the film.

Time exposure
U} 8 hours

Angular distance
of star trails

b0
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Astronomy = 9
‘Star trail photographs looking north, sou_th, east and west.

C_ UJCS“‘ D. 1;0\8{‘

IV. The Solar System - 77»@ Son_and  all
celestial l{)oéfe,sh'%lék/ the,  <Son’ gmw*y
and  ochit He  gon

A. Main components/members of the solar system:
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NAME OF PLANET SYMBOL _
1 Mecrewury F Terreshial
2 Venus i Tnner ‘eorth
3 I;QNH\ @ Like P\ome'}s\’
4 Macs o
5 Tbii) Yer 4 >
6 Caturn \
7 Dr anJs A Gt ?"“m
8 Meptune. i it
9 Pluf» E
10 Sun

11 Actecnids
12 Cemet
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B. The Planets

1. Relative size of
the Sun and
the planets

2. Orbits of the planets
and their relative
distances.

Orbits of the four planets nearest the
sun.

The black dots represent perihelion
points (dosest point to the sun in their
orbit.)

Pluto

Orbits of the outer planets. The
innermost drde represents Mars’
orbit.

The dashed dirdle represents the
zone of the asteroid belt.
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V. Kepler's laws of planetary motion
A [Law1 |
The.  ockit of
eocl  planet 1S an
ellipse , and Hne Sun

S at ane Foci,

-—— o w -,
- - -

—

-

2. Eccentricity — a measurement of the “shape” of an ellipse.
Reference Table

a. Formula:
: s age
E ccef‘ﬁlﬂb*f = dSdance hefueen fc page
(-engfh of Mmajor 'S
b. Sample Problem — based on the ellipse above.

E = G Zcm

—

—/()lf_‘%«\\’-~ ¢ f?@f
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_ c. Eccentricity — Problems (range of values) b
fr A
Ll — 2
| L !
m
T L _
FTal T Fre2se o2
©
I°F -3
-+
:r.J__, L,l
0
4
K f— -
c D Ea g, Scim
o= =,500
7\OCM ‘ <-—-a Q
[}
f
o - o1
- n
( — &
X y E: H‘rc»«\ B ‘2

= s 750 N
6 Ocmn e

d. Relationship: /Jrj the  dstance.  betuseen
fodi increases 5 ‘H\é‘. SL\.&_DQ of _the
( ‘ Jas® ;

Jupiter

Period : 76 years

A '
Saturn / © D.J. Mills © 1999

Halley’s Comet




v Makimum Speed \ Speed
5~ [
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B. | Law 2 A§ A p/ane-# orbits e Sun,
Its  orbital Speed changeS ; + 7%
QS*&S# wl\‘en Closedt 4o ~/’/\15‘ S,
nd’e—“‘s‘% Sﬂeed
4_
a'perfhd\on J ¢ qphe_hon
O/nmlmum

TO
SCALE

d
dec reasing spec

1. perihelion = DM m ﬂ?/&lz pearest do Son

2. aphelion = L Lordhest Fan Son
C. | Law 3 “he. f—’aw}’iwr‘ A oom'-l colar 0/4%4*
/S £Lrom D"A& su, j’l\c /an@ﬁ‘[‘ /1<
perrod (time) of [erelatron,

1. _fordher ﬂ/aﬂdf have. /oﬂge(, orbida ]

paths.

2. Lwher ﬂ/mds have  Shwer orbdal
{peeds.
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e 3. Solar System

| liLANET DISTANCE FROM SUN| SPEED | PERIOD OF

( from Sun outward| millions of miles (Millim £m) | mi./sec REVOLUTION
Mercory | 36 £1.9 30 88 daye
Venus 6 1082 | 22 224 days
Eardh 93 [49.6 (9 365 Yy doys
Mars | 142 2214 | 1S | 687 deys
Toprter | 484 7784 g 1196 Jencs
Cadurn 887 476 1 & 29.46 Jenss
Uranu s 1784 2,87,0 Lf 4,0\l Jears
Neptune | 2793 q 83| 3.4 e gears
Pluto 3673 et 2 247 years

D.J. Mills © 1999
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~ VI. Revolution - +he. Orfo knq of one  celestia | body

df‘ouncl MQM Leleshcd bo i\/
A. Earth’s Anqular Rate of Revolution

THINK — one complete revolution:

1. 360 degrees
2. Zb4 days
Revolution
260/ ,
3. RATE= > Hegde = |°faa

B. Effects of Earth’s Revolution

1. Nighttime constellations change in a yearly cycle.

) t i e
¢ HBRA \/\-' g \;1’

SCOT-’E—.‘ \ .~ VIRGO v Leo

o Norlh pole
Equalor @
— /’/ -
SAGITT Notil pole Noith pole ~ //
\\_.

/(.7/‘\.\ Equalor @;}3
C

o \

" CAPRICORN .
7 TAuRUS <
— / 5 i iy
e AQUARIUS
't PISCES —,
), R

‘\f
A,
»Coﬂsk’f”c&*(of\ ~ greue of SJ—M*S Hat Corm

pMQMS Op tm&ﬂh’)(,\f\/ H\\/\js SUCL\ &GS om(/r)a/S
fegendowy heroes and mycM\ /og/c.a [ Characters,
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: Astronomy = 17
b. Zodiac — a band of twelve constellations that forms a
background for the Sun as seen from the revolving Earth.
c. Complete the data table below based on the diagram on
the preceding page.

POSITION | SEASON CONSTELLATIONS VISIBLE AT NIGHT
OF EARTH |
A Summer S(:,c rPio , SCLE)‘YHC“”"“S; CE{F"‘“CQ‘"‘Y\
B ;q “ A C},m arius Pises , JA mes
C . ‘v\/a'hkr‘ Toaurus ,.Gem{m ; Cavcer
D g--Py-‘ )’\S Lec; ; V'\V‘%C‘ , L«-')grav

S " d. The Constellstions
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Continued: Effects of Earth’s Revolution

2. Position of the Big Dipper (and other cnrcumpolar constellations)
changes position in a yearly cycle.

LOCATION OF OBSERVER N ¥,

TIME OF DAY | G: 00 pn

POSITION OF THE BIG DIPPER FALL /
WINTER 7
SPRING 51
SUMMER | 4

3. Seasons - a yearly cycle
£l




Astronomy = 20

—

- J

\ VII. SEASONS of the Year -

A. Causes: , ,
T Earth yeveolves aroond the Sun
2. Eur‘§b\ v S --\~\'\-X€c{ /{V\C\i\(\'?c’\ oVl \.“'& ax S 2-'5"2-"11 |
3. Eewth s atis aloray « powts \h e sowme girc R
relative fo the plane of it:ﬁ’orbit.

R, Farth's axis is tilted 23.5°

Tt F

ecate

T Ny

794

D.J. Mills © 1999
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\UQ.\*A.TJW % ,. . |
AN S ot b o> TﬁoMJ

<331 o
3° .J,QoLlr

S 3P _
M\P ¥ v, s
all w: TS —"uondalIp awes ay) uj syuiod sAeme sixe sy ’saAjonal yueg SY ‘g

» 'shep ﬁ\\ o 9ppAd %m %.,.,n Uns 3y} punose sanoAas yyeg

e
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E. The apparent path of the sun changes with the

and with & T 'M‘@

Astronomy = 22
sea Scin S

1. N.Y.S. A% Latitude
i

Flev b\ ¥
et

Appers

e Spring [Pl

2. Equator o°

(umber S?n;-)/ Al

SuW.mEr
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G. Angle of Insolation (sunlight) and Heating of Earth’s Surface

1.

SIDE VIEW
of the angle
of sunlight

7
High
A\'\ﬂ\ e
4.0
| TOP VIEW
of the area
High ; covered by
Thiensity _Indensity sunlight

2. The intensity (strength) of insolation is gréatest when

SN /rc,H \A}?ch/z;n/rbz ) rS J;Pff‘r:pfn o/: rulpc +o

7 - _
#‘-Q .S‘u/—y[;(ce *——.f‘/h‘k“/n‘c; ot 9/)'6.

because q%g T /& qH ' e Con 5‘@177[/*&7(6/ /fl

ﬁu/\é’ C g //eJdLJa Q‘JJ‘r’QL/é qrCa

/ncreases
/n creades

3. As the angle of insolation

the intensity of insolation

4.

A’

Intensity of
Insolation

ANGLE
of insolation

D.J. Milis © 1999
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H. Factors Affecting the Angle and Intensity of Insolation

1. C‘\:ﬂg@_ﬁf He Ear-y\

N, P.
/\ .............. s HIGH LATITUDES
—-—w\'\ 'Qa. —t » .
o "\“\" TTTTmT LW angle of insolation
Lawy

e s s it LOW LATITUDES

intensity of insolation

N
!\5 ""L?;)\ angle of insolation
__Hgﬂ_ intensity of insolation

jhcrecses , the angle of
o/ecrea:;cj , and the
c/ecr eqgses

— S.P, a. As latitude
e . ~ insolation
intensity of insolation

ANGLE
of insolation

- >
0° LATITUDE gg°

-

INTENSITY
of insolation

0° LATITUDE gg°
DJ. Mills © 1999
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H. Factors Affecting the Angle and Intensity of Insolation continued...
2. Senson of ke Year

a. As Earth travels along its orbital path around the Sun, the
angle of insolation at a given latitude changes with the
seasons. This depends on how far a given latitude is from
the direct rays of the Sun. The direct rays migrate between
the  \repie o5 Cawvice, and the

Tu*avzg & Copricern
1}

b. Key: msp Direct Ray of Sunlight (pé;'pendicular to Earth’s surface; 90°)

----> Ray of Sunlight (striking N.Y.S. at an angle less than 90°)
2 3)

LOCATION OF -_-; Ca@rfcum Ec;,,uq; Sy _ B Ca nee
DIRECT RAY 225 So O o 735 Vo
DATE Dec 2 Mar/ Sept 21 . Joune 2l
: T : ”
SEASON WINTER SOLSTICE EQUINOXES SUMMER SOLSTICE
c. Maximum angle of insolation at 12 Noon for mid N.Y.S.
(latitude 43°N) | | —
1. Dec. 21 2. Mar/Sept 21 3. June 21
4 4
A /, ,/
/’ ,/ ! /
- // ,’ II II
,1"’ /./ II /’ ll .
,/"’ - //’ Ay i L
et el p rll\ T3
_los _angle medium angle high angle
low __intensity mederalz intensity h{'a-b intensity

D.). Milis © 1999
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b. The angle of msolatlon changes in the ¢ ﬁyur/sS of one day
Maxumumﬁ intensity occurs at

C.
[= 2 e
o o
- E A
o2 = 2
£ E £
k] =%
Sam noon 9p‘m 9am noon ~ Spm
(sunrise) (sunset) (sunrise) (sunset)

d. Looking south

The shadow of a vertical pole indicates how the angle of insolation
changes during the day. The higher/greater the angle of

insolation, the S hoe e the shadow, and the

— gleoder the intensity of insolation.

DJ. Mills © 1939
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VIII The Moon

A F\ A. The moonis a ﬂa‘('drw‘ $ail~a\‘l\‘\t . Q&WQM/\
1. _one - Latin word for the moon
2. _NoAn - Roman goddess of the moon
B. PHYSICAL PROPERTIES OF THE MOON
1. SIZE
a. Diameter: _ 2160 miles
b. Compared to Earth
Diameter of:t MOON _  2/cp _ (
EARTH 8000 miles Y

c. Scale of Size: ‘
)
\_/

ok 2. GRAVITY
( a. e the gravity of Earth
b. Smaller = less pass
3. ATMOSPHERE
a. wicdvally nene

b. (& ravity Jov _weak ~ gases escape o Jt
fo  Space
4, TEMPERATURES |
a. _ 2¢46°F on the lighted side
b, ~240°F on the dark side
c. These large temperature extremes or differences exist because

ﬂlﬁ ¥ o) does /’707‘ éaue_ a/l

7 - odmesolere.  d»  fransfer heat,

D.J. Mills © 1999
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C. LUNAR TOPOGRAPHY — surface features of the moon

Lag

T 722 0 o

JA sauuaJ

SEA OF - SN
MOlSTURE ﬁ

[ )

2 Clavios
C vius,

C rotecs”

- bowl-shaped depressions formed
primarily as a result of impact of meteors

a. Examples:

Copefn reds

kepler Tycho
P4olemeevs

b. There are many more craters on the moon than on Earth
because The. moen does ot bhave an
aﬁ"’ofp}m/& ya2) (}) borg P /'/ICQ/YM;’IO\

ﬂ?e,)rears and Cé) 70 _Cavse, orasS: o1 OLO
Weor dhem & Loy
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2. H(m N - appear as the “dark areas” on the

”

moon’s surface; once thought to be ™ Ceas
Extensive, circular, flat/smooth areas, or D/a ns

resulted from lava flows during a much earlier period of the
moon’s evolution.

Examples:

§€A dp 776@)_5'&'// /‘:/
Seo of Chiwers
See _of tears Mare CrisSiom
Semof C[suds Mare. Mubiom

3. % ANS - appear as “bright streaks” that

radiate from certain craters. Consist of shattered debris that
was splashed out by the impact of meteors that formed the

HHare Tmnclzu// [itatis
Ma Ve, fmbr/m

. craters.
4. /71(31}1 /'aAA S - appear as the “light areas”
on the moon’s surface. Consist of C‘mﬂlﬁ’f S and
Mo fains

Examples of lunar mountains: __A/pS _Jora,
Corothion . Apennine., Covcasos, Fryrenes

D. THE MOON'S REVOLUTION - -
1. Period of Revolution s AN
a. _/ month ' ‘ O
o Q RGN
or L /‘,;o_r
b. 29 //z &yj \“-»O ---- : SCALE

8///’P7l‘ bd,

2. The moon revolves around Earth in an

orbit, and Earth is at one Loc)
3. This causes the moon’s apparent dmmml-ﬁr‘ / Si_e to

changeina __ <Y elic. manner.

£

D.J. Milis © 1999
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S E. PHASES OF THE MOON

) ' 1. Caused by_‘zL/LQ Moen's re Vo/w[rm o round E‘*’“‘IL}’
2. Our Earth view of the changing

///me G E’c/ OCN’?L

_of e moops curfuce Hhat ﬁzces Ea .t

3. a. The moon orbiting Earth as viewed from space:

/'Z// | C 72 - @arJer CfesmfnL

i "3 Locwi “i L axi kj &)a}mmj A'Q/? ’1/;7 Lesanning
News Fived New Ol Thire _ 0//
D.J. Mills ® 1999
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E. PHASES OF THE MOON

( 1. Caused by ____ -
{ 2.. Our Earth view of the changing

3. a. The moon orbiting Earth as viewed from space:

b. Phases of the moon as viewed from Earth
:
(
D.J. Mills © 1999
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c. (1) Wcmmng\_ _ -the decreasing of the
moon’s visible ilIUmiriated surface; from '-Pu[‘ B moon
to __\eu) -"mqo_n. |
2) _Ways (\3 o § ____ -the incréas_ing-of the
moon’s visible illuminated surface; from _/*eW/ moon
to .Cd[l | mOOn.‘

F. THE NEAR AND THE FAR SIDE OF THE MOQN
1. /Uear Side -the side of the moon that always faces
Earth. Itis nearly half highlands and half maria.

2. Foc S (rdﬁ_ -the side of the moon that never faces

Earth. Itis mostly highlands/craters.
3. The same side of the moon (the near side) always faces Earth
| because: ‘H'\e, MoonsS _per tod o rotation
€q()a'§ e’qLS pﬁr(m\_ g@ Pcw,u‘h"on

D.J. Mills © 1999
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Total (7:
dodn |
ellipse_

of e
Son

H. TIDES

1. Tides are the Q@rfOéa"c n‘s(vu} aNd 'ﬂatl(/\j

‘ | O‘C Hua, oCe ans

a. Caused by the moon’s gmUn'H
b. Affected by Earth’s cotation

D.J. Mills © 1995




Astronomy ~ 35
2. The period from high tide to high tide is normally about

(C [ Z hours and 25 minutes. Itis a
( CY elic change.
. AM. NooN P. M.
M 2 & 6 8 10 12 2 ¢ 6 8 10 M-
—~ 12
& on
~ I6
59— AN /
+ A\ /
8 7 7
= \ \ /
2 \l .17 \
+ 7 ]
5 3 s /
Q2
= 1
0
a. The next high tide will occur at ___ 5" &m
( b. The next low tide will occur at 7 am
i Neap tide - when the Sun, Earth and Moon form a right angle (first quarter phase and third quarter phase)
| causing moderate tides
|
|
Spring tide - Whén the Sun, Earth, and Moon form a straight line (new moon phase and full moon phase)
causing high tides to be a bit higher and low tides to be a bit lower.
(
LA

D.J. Mills © 1999



Neap tide -  when the Sun, Earth and Moon form a right angle (first quarter phase and third quarter phase) 
                    causing moderate tides

Spring tide - when the Sun, Earth, and Moon form a straight line (new moon phase and full moon phase)  
                      causing high tides to be a bit higher and low tides to be a bit lower.  
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IX EARTH'S PLACE IN THE UNIVERSE

SUN

A. Light Year

1..

Jfl’\e, dicdance [fth Jravels  a

e, Jear

2.

¢, Goo, 660, 60V, 600

3. The speed of light is 186 000 miles per second.

a. The time is takes sunlight to reach each planet: | notto

_ Scale
c @ @ o ’ [ X | i
AL S
5.2 min 83 min | _43.2mm | _2he Homn Shr. 30m:n
36 million 93 million 484 million 1784 million 3675 million
¢ mn (7. )mn Lhr. 20omin Yhr., [Omn
67 million 142 million 887 miillion 2795 million
b. The time it takes sunlight to reach:
(1) the nearest star / ha Cendavri = 4.3 years
(2) the brightest star __ Sir/us = £¢ tears
(3) the nearby Andromeda Galaxy 2 OO0, OO0 yeay§
'B. Galaxies o
1. /9/// s of  Starg /ﬁ/d cfw}@a”\fr

6\/ QKZLU{-]»\_/

2. Shape of galaxies:

a. pire|

D.J. Mills © 1999




b. €/7/}P7[/'Cc‘(/

C. / //’f‘f’/ 9’0/4 i

C. The Milky Way Galaxy

1. Our sun is only one of the estimated

/XG ZQ,//'C s

stars that make-up the Milky Way Galaxy.

galaxy.

2. The milky way id a(n) g‘/v[m/
a. TOP VIEW

e N

R
\‘. [
yih

OUR. SOUAR
SKSTEM

D.J. Mills © 1999
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D. Levels of Structure of the Universe

...Earth’s plade in the Universe

1. Planet Earth

A .f/’?&’i.// denge /‘OC/C_:/
ﬂ/aneL

2. Our Solar System
Eaclh s one of Fhe

edgh 1 ‘.afcw\ejr&, Hed ocbit

O"f\e Coun. = an_ avesage. \Le//oa/

3. Milky Way Galaxy

Our Son / Selar Sqstem
(S one. of an eSkimaled

(KO p ot SharsS making ~wp
This _spirs/ fm/&x,y

., 4 ¥ o3 | 4. Universe
c ¥ dr g ¢
T Fae i3 = Qur My Way Golaxy
)

° 4 : < z - $ . ! { < J
SRR L B iS one of billions oF
5 J - - A 7 7 - - ‘

o L e % - dolagies N an gypanding
o ] S 2
L - 'r? x ) “T = A J
@« S s pMURISR |
> g’ 7 o= = ‘é‘ - ‘&:ﬁ 2
Sy T s ® S T R
S * > T T
o e T T T s 3K D.J. Mills © 1999
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E Models of the Universe '

1. Geoﬂeﬂ%\c_ M ode‘ LA
a.. About 2000 years ago, theGreek astronomer, Claudius Ptolemy )
developed a detailed model of the universe based on the idea -

of revolving spheres, '

b. In this model of the universe, __Ec.ctln was the
center, and all heavenly bOdIES moved around _ £ardh
in Perfeck civeles

c. Ptolemy’s geocentric model, as tllustrated on the next page
can be summarized as follows :
(1.)_Eact\ s located in the _ cendat

~ and does not move.
(2.) The _Stecs _ are located on a
transparent sphere that rotates
once each day from east to west
around Earth.
(3.) The _sua , the _maen
and each_@/ene+ are carried U N
__ by separate spheres of different sizes. N e ALE
These spheres also rotate from east '
to west around Earth. | ¥
(However, they rotate at slightly Claudius Ptolemv s
slower speeds than the sphere of stars 100-178 A.D:
and therefore have a general eastward
drift relative to the stars. This explained
the yearly cycle of nighttime stars.)
(4.) Each planet is located on an “epicycle”
(or epicircle) that also rotates. So as each
. planet moves around Earth on its sphere,

e e _-— it is also moving or rotating on its epicycle. ¢ - o
(This explained the strange “retrograde motion” of the planets..-
relative to the background stars. That is, the planets seemed to

- move backward compared to the stars when you obsewed them
for several weeks) -

“_ planet’s orbit

— epicycle
giane om0

i

celesual observations made from Earth and vaL J—een}ee e
So @é;waug <

G

S
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explain terrestrial (Earth)

f The geocentnc model does NOT
observations such-as: -~
4+ -Ewl / m‘\*a’('tavx P

1. he mavem
= Of&wc.a umn g Aivection . _
S ’Hva C uv‘\ra—‘ruve. £ -H'uz Dw‘c}"& ar N
( A0 ;eckles - )\VLJS '&’ geEean Cuvrewls

i
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“e 'iac,e,ﬁvﬁ rie. Jeode I

a. Inthe 1500’s, a new model of the universe was proposed .
~in a book by the Polish astronomer Nicholas Copernicus. Ak, S O)
b.” In this model of the universe, the Sun was
the center. ..
c. Copernicus’ heliocentric model can be summarized as follows-
(1) The _Sun s located in the _centec 22
of the system and does NOT move.
(2) The _Stors are located on a
stationary/unmoving transparent
sphere. The sphere is a great
. distance from the sun. ;
(3) The _planeXs , including eact 7
move in _circled
around the sun.

(4) The _mean moves in a circle around
_earth ! _ . :
(5) _eardh, rotates on its axis from N'quzgg_%zgmlcus
west toward east each day
d. Copernicus’ heliocentric model does NOT . D}

explain the apparent cyclic variations in the size of the Sun, and . _
the cyclic variation in the orbital speeds of the planets. This
is because in Copernicus’ heliocentric model, _ +he

*p/dhgjs' ockhit dhe  sun in perﬁw*‘* cireles

Pelioceniric Hodel (2nd version)

a. In 1609, Johannes Kepler publlsh'é'd_
book which included his first two™La
of Planetary Motion” (notes pages 12—15)
These laws explain why the apparent size N =
of the sun changed, and why the speed of =SSR
a planet changes as it orbits the sunw_ """ . W W

This is because __the _ocrbit oP H\e ] Johanneselmer -
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' A. Elecﬁbﬁagnetic Energy

SUN

1. The sSun is the major energy source for weather
changes in the atmosphere and many of the changes
occurring at Earth’s surface. . y ;

Z. Energy iroim tne Siin COmes in [an y  qrizerca:

mwave /E’I"_Lcj #76 !
J

l€é—1 W&Ue\e\/lﬁ—l'h —> 2 CV'QS%‘

. -—-.-_ 3 +¥"ou§f’|

\, 1. BRADIC

\_ 3. ANFrA ReD
7 i 5. BLE /éfxmg LICHT:
5. _ ULTRA yloLET
" M 6 X- RAXS )
- N\m 7. QAMMA
Nwrg. cosmiC

THE ELECTRMAGNETK — SPECTRUM
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~ 4 O
- I , ’:’5]
{ i 1 [} i [ i [ [ [
10’ 10° 10° - 10* 10° 107 107 10°%
| Wavelength (meters)
| I Nl ! ¥ 1 ] ¥ ] ) ! TR T ) T T T ] T T ] T T
10* 10° 10° 107 10° 10" 10 10 107 10  10% 102
Frequency (cycles/second)
'd.| Name of Wave Wavelength (meters) Frequency (cycles/sec)
longest |_O’=F @jﬁs
RADIO 10,000 600 /D
] ; !0~G v w” NS D
Visible Light . BO00O | P = J00 600 o, 000, 00¢
shortest o~ 15 | T
23 SEE
SAMMA . 000006000000]

/0 = sty 000 0000, 004 00K, 006,000
e. As wavelength __ /1c'Qaets’ _, frequency '

3. All matter gives off electromagnetic energy unless its temperature is at,

M theoretically the lowest possible temperature
(when there is no molecular motion in matter). | |
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iy B. Kinds of Spectra
1. White/Visible Light '
1. RQL{] =~
; nangvonge
y/\ = e

A
U l"tl'l'C ':"/—-\_/"\___/ S O~ T Rk B i
}:t hi \-”,-\L,{VWV 4, ___(Green >_
Cj WW\W 5, Biue
: - - "27/%“{6. Twndiag

7~ e l:l—fl’"

o
2. Continuous Spectrum

a. \,{\f\b""‘OK.Q\A band oF COleS

b. CC)V\‘\'\M nS Q \ wsO\e \tv\-fs ‘H/L’i

c. produced by 1. Qlou_,mc, celed / [,ih.,L bulb % /czmplﬂﬁ‘
2. Qlawum lic.uu:p fjm#en /QVCL)

g c.‘lawxus:j cﬂf ke Df‘Q§g§r€écmPr€&$C‘-€ (5’[“r ifer
"4'0\[[)5/0{2/ J .
700 2 %00 500 T 400

Wavelengtﬁ .(na nometérs)
3. Bright Line Spectrum

c\t'{:‘;“?"&b“ quE\Qm'H/LS w‘mo& ﬁtm)eclif as '0""'3}"

lines ab-difTeveud a\g;:g,i on dhe ISP chrel £e.lc{ i
b._ ocach elemenl /cc’-:»m hes its ewn  uhigue

hright Vine ¢ pedva (,,éawﬁ,«.m/ufu/“)

c. produced by o\r\ evas ¢ ol eLQM.G_'wl\' i J'L‘—

Form oF o 3(@;“3 %a;//m?av
YT T T

700 600 500 400
Wavelength (nanometers) :

'The element me"CL«U"\({_
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.- p JL
ex.2 _

( 700 600 so0 - 400
' Wavelength (nanometers) '

The emment . Con Cl{‘,u, A

X3 | |
| s :
S 700 , 600 > J# 500 400

Wavelength (nanometers)

The element; helfum
3, Dark Line AbsorptnEn Spectrum \

a. & ‘GWLH'\UG‘M Spie
Cia*if- 'liweb are o-\l-xeve, ce 1 wave\QMH‘\S C&Y’f’&b&w[@&p
in e kame place als \csrtg\vl* lines rc.—? an e\fme&)

AL Lov OLC\?‘[K_ ",‘\.‘es —_—

) " b. produced by __leght Il preduces 4 contingay
- _gpeckidin thak pasdes Mueedh o cd Ie.w'i\)qq)

; : Aﬁ Q\%MWL‘%H‘Q Qﬁ; L—f.f\ absevh ceptain
: - ' Llﬂli'&"ékgs‘;‘bs CH\A' ‘Hbl %”"“"l 4 Precesy

as ‘::‘"9#:" \{nes —iF \-@d—lﬂ Ly\_J[e,- f\?fe‘z@_.-.-_\re)

cjoler g.é%.—b dark line spectfum o

(it Frarg Wl D | Bl Wi 11
700 600 ' 500 400

Wavelength (nanometers)- -
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C. Composition of Stars

Dark line/Absorption
Spectrum of Star Light

Bright Line Spectrm

of Elements as ..
viewed on Earth ﬁ < ¥

(in laboratories)

- ——

OXYGEN

IRON

SODIUM

MAGNESIUM
o)

HYDROGEN

What elements (listed above) occur in the star's outer(and cooler) layer?

iron __ Sodium ’ hyc\m%fih | >

/ it .
D. The Doppler Effect - apparent change in the wavelength of light (or sound) that
occurs when an object is moving toward or away from the observer.

1,




Standard Bright Line Spectrum

Astronomy = 48

2. Red Shift — Blue Shift Motion

e
Of Element X (Earth Laboratory) >
R OY G B 1V

— =

Reiative Motion of Star  Spectrum

’Um'v‘< * : - | ’

R OY G B I V

EARTH

J
R O Y G B IV

B il

R OY G B IV

\_~

a. In the late 1920’s, Edwin Hubble discovered that ALL
galaxies were “red-shifted” when viewed from Earth.

This meant that all galaxies were h’\-g\{i‘“f\-‘ A~y
o Earth awnd QCLC\'\ O‘H1€r

and thu_s,' the universe must be 9161‘3& mo{i’nj !

c. An echo of background radiation can still be detected by radio telescopes.
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. The data table below shows the distances of some galaxies
from Earth. It also shows the “red shift” of each galaxy and
how many units of red shift are exhibited by each galaxy.

GALAXY DISTANCE RED SHIFT
(iignt years) (arbitrary units)
VIOLET » RED
0 1 2 3 4 §____§
VIRGO 70 000 000 i
URSA MAJOR 1 900 000 000
LEO 1 100 000 000
BOOTES 2 300 000 000 _ I '
HYDRA 3 600 000 000 l
2. 7
6
R r
B
™ =l
4 e
/ T
3
/
2 el
1 o]
/‘
g
0 } S B ! =
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
DISTANCE IN MILLIONS OF LIGHT YEARS
3. The amount of “red shift” is a result of the S?_t:_é_c[ at
which the galaxy is mo vy YLCi
4. CONLCUSION: As the distance from Earth t_th_‘QQ‘S___, the

amount(degree) of red shift of a galaxy incvea,s e this
indicates that J'}Le 'Ftl\’"\‘\'te\" o qCL axXy """’e—
-'Fﬁtsier \'l' (S vc wnc\ ‘
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 Nuclear Fusion - is the process by which the sun and other stars generate light |

and heat.

[

) Luminosity
(Rate al which a star emits energy relative to the Sun)

+,000,000

Characteristics of Stars

{hame in alics refers to star represented by & &)
{Stagee indicate the general sequence of star development.}

100,600 —

1,500 -

0.1

i
P‘ess -
K H ®

40 EdaniB | : A
0.67 - _‘,_-gi_-”. ...E...,._.._,.___,...,_.....E,....,,,,,,,,'x;f...,........,_w

| B A e e
21 Ay SUPERGIANTS € -
: 7Y+ grtermedite stage i

3 13 .

' . 1 a "
y A RS -
o : oy

| WHITE DWARFS P, o
' » (Late siage}:” , :

Massive
Stars

W’m - * o8 g1 : - i
o e G a DB Wragma | gmal
0.6001 i : 'i 'S R f T lcmm =
30000 20,000 10,000 8,003  £/000 606 3,000 2,000
Surface Temperature (K)
Blue Bion White White Yeliow  Orange Red
Color






