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The previous chapter took you on a cosmic zoom to explore the
universe in space and time. That quick preview only sets the stage
for the drama to come. Now it is time to return to Earth and look
closely at the sky. To understand what you are in the universe, you
must know where you are. As you look at the sky, you can answer
three essential questions:

* How do astronomers refer to stars by name and brightness?
* How does the sky move as Earth moves?

7 How does the sky affect Earth? 2
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Answering those questions will tell you a great deal about yourself and
your home on planet Earth. Three additional questions will tell you
more about how science works.

* How do we know? What is a scientific model?

* How do we know? What is the difference between a science and a
pseudoscience?

* How do we know? Why is evidence critical in science?

In the next chapter, you will study the motions of the moon and
- discover yet another way that motions in the sky affect your life on 3
Earth.
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|. The Stars a sl 1

Video Trailer 1: How the Sky
Works — Part 1




Constellations (LS <) )Y

o4
L
T T Sagittarius el Y o0l AS S (left)
Scorpius «_exll 48 S (right)
In ancient times, constellations asaily Ll Liy bl b 2 ) cils
1 apriteay 0Ny referred to the brightest stars 4 ¢ sl Ay L A5 Ll Sy

that appeared to form groups. Ac_ganall




Constellations (2) C\ﬁ!\

They were believed to represent great
heroes and mythological figures. Their
position in the sky seemed to tell stories
that were handed down from generation
"to generation over thousands of years.
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Constellations (3)  z!_»Y

Andromeda

Alpheratz

Pegasus

Great Square
of Pegasus

Today, constellations are well- sland) 8485 a0 7)) &l 9o Cinpial
| deflneq regions on the sky, agaill CuilS o) il (ks WY o34
irrespective of the presence or Y ol 5 53 50 daad)

, absence of bright stars in those
regions.
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The stars of a
constellation only appear
to be close to one
another.

O
O
-
7
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©
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O
-
77

Ldamy (e A 8 ) Y gl sads

Usually, this is only a
projection effect.

bl 5l (K6 1 sale

The stars of a
e constellation may be
e ailiest =i located at very different
distances from us.
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Nearest / '




Orion constellation
¢))sall) Jlaadl 4SS
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YWhal we see
“flal” on sky

(c)
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Constellations (5) z!»Y!

Stars are named by a Greek letter (o, B, y) 48y Cosym z) ¥ aus
according to their relative brightness within a PLYFEIESEENGLRUETEN
given constellation + the possessive form of  ~ + (a, B, y) 4SS

the name of the constellation: 4 Sl

N Botelgeuse ¢/ sl S = o Orionis
Rigel J>) = f Orionis

wigs'
4

1 April2017 12




GEM

P.80
+20° TAU
P.106
MON
P.134
ERI
P.78
-10°
1 April 2017 13
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P.114

COM
P.124

1 April 20171 2h

A AR

P.110

CRT

P.12S

LMI

P.130

SEX

P.143

CNC
P.50

HYA
P.84
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Constellations (6) z!.»Y!

#’ Little ®

Dipper A Polaris

. Aldeb
g yanl) oy Betelgeuse eharan
: Orion
i
Rigel
Alpha
Centauri
Southern
Some examples of easily
recognizable constellations and
-1 April 2017 their brightest stars
9 Gl €Y1 Loa a
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Video Trailer 2: How the Sky
Works
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Latitudes and Longitudes

ol il g2y Jshall b shaa

North Pole

45 N
30 N

15 N
0 latitude 0 latitude

15 S

60 S
1 April 2017 South Pole

90 S
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Latitudes and Longitudes

gl il 535 Jshall Jaslat

Longitude and Latitude i 1 (gl i

Prime Meridian
North Pole 90°N

Arctic Circle o oyl
WA uh.ﬂ R
PSP (il culasl) 5 il

Tropic of Cancer “Ua Iyl
23°26'N IR

Northern ' \\ ) \

Hemisphere v " j B,
] \ Equator 0° Q\J"MY\ L3
¢ | |

Southern | 1 1Y | Ll i Tropic of Capricom
Hemisphere —N -‘ / 23° 26'S

95.493\ Jda

4 / //A / » »
Meridians NSO R Antarctic Circle
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Celestial Sphere: Introduction (1) 4eaie ;4 slaudl 3 S

Celestial North Celestial Pole «3-<d) bl
@JM‘

North Star:

Sphere ; :
- ' \
|
|
Polaris

Earth’s Axis
of Rotation

Celestial

Equator : 2 i)
South Celestial Pole & Slamsd)
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Celestial Sphere: Introduction (2) 4eais ;4 slaudl 3 S

Aladl) il

: s gband) &) gl Jad
‘gjl-md\ North Celestial =

Pole

Celestial
Equator

bl 32) Horizon
South
Celestial Celestial (i) il

Sphere Pole 4,531 1)
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Zenith — Nadir

Craid)

Celestial sphere

Nadir

i)

Celestial sphere

21



The Celestial Sphere 4y glanall 3 Sl

Zenith = Point on the celestial (3 4 slendl 3 <1 4 ad8 ) 3dadil) s uald)
2 sphere directly overhead 3 palie daliall Ll

% | Nadir = Point on the c.s. directly 4 glandl 3 SN 8 ast 5l ddamil) ; julail
underneath (not visible!)

¢-'- Celestial equator =

projection of Earth’s B NN North
0 * } equator onto the c.s. | cellestial
2 "\ We pole
Llsul g 5 lad) o) sinY) las
% e maY) el iyl ksl
o 4 sland) 3K

North celestial pole
= projection of Earth’s
north pole onto the c.s. South

. . celestial
ﬁ;djw\ L_A\.A.mj\ &_\sz\ pole
: 1Apri|¢2 7 g;-".éJY\ &LA..IJ\ a_\lasﬂ Ll

| Negir




Distances on the Celestial Sphere 4 sleull 3 8l & Clilul

The distance between two stars on the é Jrand Azl el
celestial sphere can only be given as the T . '"1 .l o
difference between the directions in which we Sl all A glandl 3 SN
see the stars. Therefore, distances on

the celestial sphere are
o measured as angles, i.e.,
stronomers measure .

distance across the . E ’ N

_ sky as angles. degreeS (0):

Full circle 3_3all = 360°

Angular distance

arc minute 4w sl dadal) (°):
1° =60’

A g8 4883 60 = Al

arc second A 58 436 ():

1" =60"
A gb A 60 = Apws8l) ABAN
23




Two Important Points (liage (jlidass

1. The location of the celestial pole (North or South)
on the celestial sphere depends upon the location
of the observer on Earth, i.e., the altitude of the
celestial pole equals the latitude of the observer.

akadl) ¢l ) ¥ e aaliall 18 se e 4 slad
MLM\&}L&:QQJM\

2. All celestial objects (stars, Sun, Moon, planets,...)
have orbits on the celestial sphere parallel to the
celestial equator.

(. SIsSI ¢ padll (uadll ca saill) 4 sbad) ol ol ares (s

5 sband) o) i) Iad (5 ) 55 Ay slanad) 380 3 <yl
24




The Celestial Sphere (2) 4sleudl 3 Sl

* From geographic latitude ¢ (northern Al gl adl hi B
. : hemisphere), you see the celestial north pole “¢"  Jladdl Qladl) gl ) (a¥)
3 degrees above the northern horizon; Al 38 e
» From geographic latitude “—¢” (southern hemisphere), you see the
celestial
south pole “¢"
_ degrees above
* | the southern
horizon. ' DS : INDER
g ' ool bd Jilie | celestial
, . . ! * \ We pole
Sl () e |
: (S (5l uball) gl )
X isial) Y
2 B * Celestial
equator
culminates
(90° - above

the horizon.

|Zennh

Horizon |

(9.(;’ - t.) Nadir
(&) 34




= 1 The Celestial Sphere (Example) (Jbs) 4 sledl 3 S

Sharjah City: £ = 24° (= e bha e 48 )Ll dipag a8

Celestial Celestial
North Pole Equator
O
240 . 66°
Horizon Horizon

Facing North

I
|
|
I
I
I
I
|
I
|
|
I .
I

! = Facing South w
|

The Celestial South Pole is not visible from the northern
hemisphere.

1 Aprited17 el il (a5 glanad) o giall Cladll 4y (S Y ”




St St Cladht
North celestiol pole

J‘-—JJ‘ ..._\_',,'l
North star

celestial
pole

Celestial

o ey! k> equator
':;;\.._.J!
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18°

10°
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I The Celestial Sphere (3) 4sleud) s S

— North celestial | North

Zenith pole Zenith celestial

pc|>le

\

L
s& \ .
o0 . -

North South
celestial § celestial
pole pole

S

Latitude 0° o
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N

Observer at 90 N (North Pole):
(a2 90) el (ki) e sl
Horizontal Motion 4l a saill 4 a4 6

NCP
NCP: North Celestial Pole

31



Motion of the Stars at the North Pole




Observer at latitude O (Earth’s equator):
(Jia) ol sl lad e (2l ,ll) aaliall
Vertical Motion

G e 4 gee a gaill 38 ja (5 0
|

SCP

NCP
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Rising of Stars at the Equator

f

|

! |

|

,/




Observer at some latitude (not 0 and not 90):
423 90 A sha G () ) 2aliall
Inclined Motion

ABlia A 3 s Alila o gl A A (g
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Rising and Setting at Middle North Latitudes




(a)-North Pole NCP

1 April 2017
(c) W. W. Norton and Company

Celestial
equator

Celestial
sphere

M0
SCP

Horizon

Celestial
equator

Horizon

Celestial
equatot

Celestial
equato!
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View from mid-latitudes
From here some stars are
seen circling the celestial pole;
others rise above the horizon,
move across the sky, and set
below the opposite horizon.

1 April 2017

rAladd) quladl)

43,00 a2l AS 2 gads
L&) (il (b

A (g gial) bl A
aSlaal) sladily (Sl Ly

View from the north pole
An observer at the north
pole sees the stars circling
overhead. Observers at the
south pole see the stars circle
in the opposite direction.

ro) giu) i aic
Agud 5 a2l A8 a gass

View [rom the equator
Stars above the equator move
across the sky over the
observer’s head. They rise
above the eastern horizon
and set below the western.

38



Apparent Motion of The Celestial Sphere
A glandl 5 SU 4, jallal) A8 jall

(Use of Starry Night)

# © 2002 Brooks Cole Publishing - a division of Thomson Learning

@— North
celestial

\

| . ole
& Ty P
o ; \ >
: Ursa
' Minor
XX
Looking north

Looking north, you will see stars St o saill (5 yiw Jadll ) Ll
apparently circling counterclockwise — «Jle (Se slaily 5 il JS Ly pll

-1 aprieharound the Celestial North Pole el ladll ans J ggde Ll

(Polaris). (0¥ 5)




Apparent Motion of The Celestial Sphere (2)
2 slanall 3 U 4, allal) A4S Al

Some constellations

around the Celestial [l - Qﬂ\ _,l(

North Pole never set. - Z\ Cassiopeia ___ *
epheus erseus
; These are called e
o “circumpolar”.

o) -~

axd Jsa LS KU iany g
. Il Tags ¥ Sl il
N Lﬁﬁhidﬁé\j)wﬁ
‘ (gl.ud\ A -
//*’/‘_V kj/lajor
The circle on the celestial sphere 53 Al &g gland) B ilal) and
containing the circumpolar constellations — Hladd) ulall) aad s s ol
is called the “circumpolar circle”. b aaf Jga a8 gl 5 yil) (¥ g

1 April2017 (5 e




Apparent Motion of The Celestial Sphere (3)
A gland) 5 S A, aUal) A4S Al

© 2002 Brooks Cole Publishing - a division of Thomson Learning

Looking east, you
see stars rising
and moving to the
upper right

I (south) W L8
e Gl psadl) 6 A
3 (es) Gt o) A
© 2002 Brooks Cole Publishing - a division of Thomson Learning /)v

Gemini _

Looking east

Looking south,
you see stars
moving to the
right (west)

i Al B
asadll (5 5 o giad)
(e aa'éﬁ.sﬁ
(<)

Looking south



Precession (1) 53l

At left, gravity is pulling | ‘ — -
. LAJ u
on a slanted top. > e il ﬁ: Andlad) G

. => Wobbling around the -
: . => gl dgas Lat ¢ adadd
To Polaris
\ |
\ 2330 |
\ _—>»
g ‘o |
o« \\ :
@Preeession
D =

The Sun’s gravity is doing the same to Earth.

The resulting “wobbling” of Earth’s axis of rotation around the vertical w.r.t.
the Ecliptic takes about 26,000 years and is called precession.
L1 AP 7  saall Jos o2 ¥ seaal dilaill g il 527 Laa g o) i Gl DU Guadal) Agpdla gl
dpadiil) 4S o) gf B obeal) o Mg dd Cill 26 o8 (pa ) (B A5 JaSag (52 garl)
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Gyroscope Ll
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Precession (2) 3Ll

. As a result of precession, the celestial Al caladll Jazy ¢ jolaall 3l (1
* : north pole follows a circular pattern on the 8 e sland) 850 jlue (s sladl
sky, once every 26,000 years. A all 26 JS

The terms anno Domini (AD) and before Christ (BC) are used to
label or number years in the Julian and Gregorian calendars

It will be closest to
Polaris ~ A.D. 2100.

There is nothing
peculiar about Polaris
,&' at all (neither
| particularly bright nor
nearby etc.)

~ 12,000 years from
now, the celestial north
pole will be close to
Vega in the
“1apriteqny  constellation Lyra.



https://en.wikipedia.org/wiki/Julian_calendar
https://en.wikipedia.org/wiki/Gregorian_calendar

LYRA 35l 4SS
HERCULES
9000 BC VEQHVU@A‘ =

Path of North
Celestial Pole

CYGNUS “alaall 4SS

Deneb

Thuban
2000 BC
CEPHEUS
Y 9
orsa  AD 2000 >x
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lll. The Cycles of the Sun
M\ C\bjd
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The Sun and Its Motions
LS sa 5 el

Sunset

Midnight Noon
North / — Earth’s

Pole rotation
Sunrise

Earth’s rotation is causing the day/night cycle.
Sl Bl Lgadi Jga i WY ()98 o8 gl 47




Ecliptic:( zss 5.04)
Two Definitions:

1. Apparent annual path of the Sun around Earth (left image)
2. True annual path of Earth around the Sun (right image)

North Celestial Pole

North Pole

South Pole ! |

|
|
|
|
|
|
|
I
k.

Celestial equator .-
Ecliptic Ecliptic Plane of the Ecliptic

South Celestial Pole

Ecliptic:( s 3,9)
(ol B osall) G ¥ Jsa Guadd] g AU jluall 1531 iy ol
1 April 2017 (u""ﬁj‘ sJJ‘A‘ ) U‘WJ‘J‘ dﬁ ume g:“ﬁ;ﬂ‘ Jw\ :@m\ ug)ﬁd\




A3 Ly The Sun and Its Motions (2)
| LS ja g (el

" Due to Earth’s revolution around the sun, the sun appears to
R move through the zodiacal constellations.

z 5ol 53 (z)f) S € DA & at ead) g2 Guadl) Jsa )Y A ja

S -
Capricornus

I Aquarius . & Sagittarius

.. . | Y ‘ ¥ . ,

c‘. N PiseesTg \ < | > » Scorpius
¥ . st
“u
. 5 i =
* . - March 1 e G
il . : ’ y ¥ Virgo
> Taurus -4 " | » \ * g
; Projection of Earth's

Gemini " K ~\_Cancer orbit — the ecliptic
The Sun’s apparent path on the sky is called the Ecliptic.

e oY) e Laliu) ¢ 1S 9 5z 5ol 300 elandl 8 (uadll 5 jallall jliall e
4 glanddl 3 X

L 1Api2d17 Equivalent: The Ecliptic is the projection of Earth’s orbit ontosthe
celestial sphere.




.
* Nevember  october
—Mleve

"~ December :

January (___ True motion

of Earth
February

arch

(c) W. W. Norton and Company
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The Sun agpears
here on March 21.

!
i Fisces
P Aries I -
o\\ M 24 Q\CL Aquarius
Taurus Apr. 21 !
The Sun appears May 21 ' f

here on May 21. o i b
*iizﬂﬁij;

Gemini ¢ VN

Cagricorn

Sagittarius

' ~

Earpe” - ool
2rih's actual position in ©

Dec. 27

Scorpio
Q.

&

Nov, 21

Oct. 21

The Sun appears BC Libra
here on August 21. Sepl. 21 Virgo \%
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z (A-ce) uedil) 5

constellation —=  position of the Sun
i (from - till)
BVENIR  Aries Apr 19 - May I3
BEall  Taurus May 14 - Jun |9
BAPIPEPNE  Genini Jun 20 - Jul 20
BOZEMIN  (ancer Jul 21 - Aug 9
VR Lco Aug 10 - Sep IS
ARTIPSERNIR  Virgo Sep 16 - Oct 30
BB Libra Oct 31 - Nov 22
PR  Scorpio Nov 23 - Nov 29
PSR Ophiuchus Nov 30 - Dec I7
Bl Sagittarius Dec I8 - Jan |8
RSN (apricorn Jan 19 - Feb IS
PSR Aquarius Feb 16 - Mar ||

SIPYNIN  Pisces Mar 12 - Apr I8

1 April 2017



W - £ .
AXXPR [he Seasons EXPN dj-saﬂ‘
! S . .
3 Ny
| | NORTH
. Perpendicular CELERTIAL
N to orbit POLE
N o | Axial i
\ I o Rotation Axis
L\ e Obliquity
CELESTIAL EQUATOR
o™
' .\
&
o - Orbit direction

' x )Y J pradl)
o4 SOUTH ‘C).-.‘Jj;“j‘ ‘__Lo g

CELESTIAL

, . . e s Y )5 ) saa
Earth’s axis of rotation is inclined vs. the o Lewsii 5

1 AprifB7 normal to its orbital plane by 23.5°, which G sl o (53 gaal
. causes the seasons. (A2 23.5 4450 3))




The Tilt of the Earth’s Axis

Spring in the Winter in the

northern hemisphere; northern hemisphere;
autumn in the summer in the

southern hemisphere southern hemisphere

/

/

Summer in the

northern hemisphere;
winter in the /1
southern hemisphere -

Autumn in the
northern hemisphere;
spring in the
southern hemisphere




| The Seasons (2) A V) Jsacadll

The Seasons are only caused by a varying angle of
e incidence of the sun’s rays.

osadl) dail dogis 455l ) AN 58 Aay YY1 J sacadl) (5S35 A Gl )

Noon sun

P
2 ' n sun
& , | Noon su

Sunrise
East

East  Sunrise At winter solstice

" At summer solstice

© 2005 Brooks/Cole - Thomson © 2005 Brooks/Cole - Thomson

We receive more energy from — Juad 3 ST 48U 40aS ()Y ) s
the sun when it is shining onto (e Lu 8 40 gee (el (585 Ladie Cauall
the Earth’s surface under a Ol
1 April1 7 steeper angle of incidence. 55




The Seasons (3)  4x¥) J sadl

AXxis of .
' 23.5° _~"rotation Light from

the sun

Equator

Earth's orbit

oadall da

The seasons are not related to e o VI ams g 0 8 38De @llia
Earth’s distance from the sun. In Az V) sl (8 8 (e

fact, Earth is slightly closer to
i 1Apri2tH7 the sun in (northern-hemisphere) s S duadll e sadl o5y il o 8

winter than in summer. apall Josd (g0 Guell S i) ‘\-Mﬂ\



The Seasons (4) 4= )Y¥) J gl

# ; Viad Chuall

Sunlight spread out
on northern latitudes

Sunlight nearly direct
on northern latitudes

Sunlight nearly direct
on southern latitudes

# o
' 4 - T
. Sunlight spread
on southern |atitud

Earth at Summer Solstice Earth at Winter Solstice

© 2002 Brooks Cole Publishing - a division of Thomson Learning © 2902 Brooks Cole Publishing - a division of Thomson Learning

Ligia slB&
: Northern summer = Northern winter =
southern winter southern summer
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The Seasons (5) 4= ¥ J il

Earth’s distance from the sun has only a very
minor influence on seasonal temperature
variations.

Cla )y A el e o il al (el g o 5N G )
d}.asj\gﬁoj\)ﬂ\

Earth’s orbit

(eccentricity greatly
exaggerated)

Earth in
O

January

Earth in
July
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A Equinox

bd dakald cgial) gad (wadd) g8
$ Sbanad) &) giusd)
Sun crosses the Celestial
Equator while moving
southward

Sun is 23.5° South
of
the Celestial Equator

g @ Winter _
) Solstice .
&) i) i |

g6 2
/)

Celestial equator

JE=Y) Aytumn z oo 3l

Ecliptic

Jxie¥) Spring
=4 Equinox

Sual) QDAY
b)) Jad Jlad
Summer D3.50 jladay
Solstice

Sun is 23.5° North
of
the Celestial Equator

Sun crosses the Celestial
Equator while moving
northward

b3 dadald Jladd) gad Guadd) g
Lﬂs‘gw\ 5'—\\9:\#1‘2\
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N. Ecliptic Pole

2367

5
SCP

S. Ecliptic Pole
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Seasons 4z Y (sl

« Spring Equinox (SE):

— Sun crosses the celestial equator (CE) while moving
northward (~ March 21).

o) i) Jad dadald Jladdl gad (add) & ol 1(ube 21) 2 A JIxisY)
& Jead]

 Autumn Equinox (AE):

— Sun crosses the celestial equator (CE) while moving
southward (~ September 23).

o) giy) bl dadald o giad) gad (uadd) & Al 1 (saiaw 23) AuAd Jixicy)
wt.sz
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Seasons

« Summer Solstice (SS):

— Sun is 23.5 degrees north of the celestial equator (CE)
(~June 21).

BIK Y @JM\ o) giu) A Jlad (uadd) o ¢SS (\9'.,\.\\9:\ 21) L“,.I::ud\ A
23.5°

* Winter Solstice (WS):

— Sun is 23.5 degrees south of the celestial equator (CE) (~
22 December).

Sy g glacd) o) i) Jad o gia (uadd) (9SS P(remmd 22) o sidd) o) —
23.5°
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Location of the Sun el 28 5
e 1st day of each season:
Juad JS Cra J oY) a gl
—Four definitions of the seasons
Jgadll iy jlat day ) lin
e Noontime: Why noontime? Meridian line
J g3l Jad ¢ jelalf cad g
e Different locations: Ailida ad) ga
23.5N,23.55,0,66.5N,and 90N
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FRIME
MERIDIAM

66.5° ”;,st bl § il

0" N or 5| EQUATOR

South
Atlantic

66.5" 57 LTI

(i) i) 5 il

Hmnmn
O EorW
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1- At Earth’s Equator &) giu) Jad s -1

Summer

Meridian

NCP =N SCP =S
\
| | \ Cis A i e ) oa ds) ol
On the first day of spring and \4/ ol ccaadl A b ) (565
autumn, the sun is at the zenith Nadir *B | &m‘ © L
pointi'e206verhead for an observer Tk’ ot B2

at latitude 0 (Earth’s equator.) e (422 0) (¥ o) Sl



2- At Tropic of Cancer Summer 7 Spring-AutumnC’LhM‘ Ja e 22

Meridian
(noon time) _
Winter
NCP
23.2/
N —
/
/
/
/
On the first day of summer, GO9S civall e J oY) a gl (A
the sun is at the zenith point, i.e., Nadir ) cCrand) ddads e uaddd)
overhead for an observer at T e w Wi .
0 M ﬁ w 3
latituder22057degrees north ¢ = 23." BN S A o) A ‘ U“B‘é A5

(Tropic of Cancer.) (Wlad da o 23.5) ¢uda )



3- At Tropic of Capricorn g3l e e -3
Spring-Autumn l Winter

\ Meridian

Summer , @

SCP

23.5

NCP

9SS p AN Ga J6Y) sl (A
) UJSA‘ g', :";;if .&3.‘.3 ‘fa‘ \I—/ On the first day of winter, the sun is
B ) add 2 puasid N at the zenith point, i.e., overhead for
pnl ébﬁ-}ﬁm wLdal) Gl ' an observer at latitude 23.5 degyees

( 254> ‘\AJJ 23.5) ¢l ¢ =23."5S south (Tropic of Capricorn.)



4- At Arctic Circle Latitude Gb;\.lfép 2 (Aladd) Gulall) 5 il e -4

Ylad 4 )2 66.5
Summer

Meridian

L
\’ o
-
//

—

® Spring —

Autumn
N Winter
On the first day of Summer, the I SCP
Sun never sets, i.e., 24 hours Nadir el i a3 Y il cha S5 agall b
daylight. I Asla 24 ()i

On the firss;day of Winter, the Sun ¢ = 66. 5N .z 5,50y s1il) u J ) agd)
never rises, i.e., 24 hours of night. Sl delu 24 )




5- At North Pole Latitude 66.5 7 = NCP 90 Aleddl uhadll e .5
Yladi ;\A.JJ

S — Summer O

Spring-
Autumn

— — ——— ———— — — —
— —

Winter

Six months of daylight: 15t day of
Spring to the last day of Summer an Al e JY) agall Gl el A

(1st day of Spring to 15t day of &l Jol a) il (e a s JA‘ !
Autumn). (9720 A (3/21) (<A s S
Six months of night: 15t day of "N

Autumn to the last day of winter Nadir = SCP iy AN e oY) asall (e Jl gl A

(1°* dagriobAutumn to 1% day of " i A Jg) ) £ a ps60aT
Spring). ¢ =90°N (3/20) 0 (9721) (&nM Jdsl



| The Motion of the Planets

\, I SN ES ja
%% | The planets are orbiting the J e S| &)y g
sun almost exactly in the & bl (uadll
plane of the Ecliptic. z 5 B4 (6 gl
R
= 3 \\GV ............................ ®
y e e
1Y | R i
e A [ Mercury ..o
a ) e S atLIrn ...............................

oa ¥ s el ) s
8l (5 shusa (A Ly a
ool 70

The Moon is orbiting Earth in
almost the same plane
(Ecliptic).
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; X Apparent path of Mars
3 * All outer planets (Mars, eentomban | N
Jupiter, Saturn, Uranus,
Neptune and Pluto) generally
| appear to move eastward
& along the Ecliptic.

" saisale (ko si sl sl eda)
= sl 550 ae (30

* The inner planets Mercury
and Venus can never be seen
at large angular distance from
the sun and appear only as
morning or evening stars.

ji C‘..uaj‘ GJ.AA.\S U\J‘h".. aﬁ)j\j .JJLE.C'
eLaeall
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B Sy

S| Sl 4S ja

’ : > <(\o/ Sunset, looking west

% Mercury appears at most

//~
(a

~28° from the sun.

i (el (10 28° 2y e 3 e (5
s e amy sl el (95 05

It can occasionally be seen
shortly after sunset in the

: west or before sunrise in the
E east.

Venus appears at most

~46° from the sun.

8 Guadll (30 46° 220 e 58 30 (5
Glebu sl g Ly )2 2 ) Guadd) (35548

It can occasionally be seen for
at most a few hours after
sunset in the west or beforg
sunrise in the east.

Sunrise, looking east




| V. Astronomical Influences on Earth’s
‘ Climate
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Astronomical Influences on Earth’s Climate
oY) Fle e Al el il
Factors affecting Earth’s climate:
oa N Fla Ao g Al Jal gad)

 Eccentricity of Earth’s orbit around the Sun (varies
over period of ~ 100,000 years)

) 581 Adla e uadd) Ja G ) Jlaa il sl

1 * Precession (Period of ~ 26,000 years) 5l

* Inclination of Earth’s axis versus orbital plane ¢rsaall Jx

(varies between 22-24 every 40,000 years)
Mllankoyltch Hypothesis: : i oS gDua duia
hanges in all three of these
aspects are responsible for e ;U;lvw AU Jal sl
_ long-term global climate Eliadl it e 2l (g4l
changes (ice ages). (Lsdﬂai‘ razll) Lalle




— E ) Summer
o arth’s .
Direction North : Solstice
: Orbit
Pole points Toda
(actually Y
inclined only
23.5 degrees) i
Sprjng Equinox Spring
Eman Equinox
YWinter Jan 4th
Solstice
. Winter
Surmmer Winter Swlmt_er Solstice
Solstice Solstice olstice

Summear

Fall
Equinox

5000 years ago and

15000 years from now

\
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Precession

Wﬁon

Fall
Equinox

Summaet

Summer
Solstice

Wintel

Sphng

Equinox

Summer
Solstice

Earth's Orbit 10000 years from now

Spring
Equinox

5000 years from now

Fall
Equinox
Indicated
seasons are for
northern

hemisphere.
76

g




Astronomical Influences on Earth’'s Climate (2)

. °. ; Polar regions receive
3% | Lastglaciation  JiS)4ukdl kUl J&.S more than average
DAY pudal) janl) wadd) (e 43l Jua (. energy from the sun

Earth temperatures predicted

Polar from the Milankovitch sfect
regions R
receive
less than
average
, energy

X from the
' sun

25,000 years ago 10,000 years ago

Predicted solar heating

4
..i - I - ‘ B Observed ocean temperature
dﬁ g 0 100,000 200,000 300,000 400,000
d A% . Time (years ago)

Lol
‘ya 48Ul
w ® 2007 Thomson Higher Education
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60°

30
70°

Buneay Jejos

Ocean temperature (°C)

y

End of last glaciation
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Some Common Misconceptions

 Many people assume that the stars are not in the sky
during daytime.
Dl DA eledl (8 2 Y o sl Ol ) iy o
« Many people insist that Polaris (North star) is the brightest
star in the sky.
slacd) 8 Ulaal o gaitl) I (el Calasll ani) G ¥ o0 o)) o (andl jay o
« Many people think that “revolution” and “rotation” mean
the same thing.

A0y gall 48 jall g 4y ylall 48 jall g axddl B Y e
 Many people think that the seasons occur because Earth
moves closer or farther from the Sun.
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