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Solar System

Our solar system consists of a cen-
tral Sun, which is orbited by nine
planets (and their moons), an aste-
roid belt and many comets.

The Sun is a medium-sized star.

It is orbited by the following

(in order from the Sun): Mercury,
Venus, Earth, Mars, the asteroid
belt, Jupiter, Saturn, Uranus,
Neptune and Pluto. The first four
planets (Mercury, Venus, Earth
and Mars) are small, rocky planets.

After the orbiting belt of small rocky,
metallic asteroids are four gas giants

(Jupiter, Saturn, Uranus, and
Neptune). The ninth planet is Pluto,
a small, rocky planet
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The Sun S

The Sun is a medium-sized star. It
is powered by nuclear reactions that
occur in its hot, pressurized core. In
temperatures of about 20 million
degrees, hydrogen nuclei are fused
together to become heavier helium
atoms, releasing tremendous
amounts of energy. It is this energy
that gives us heat and light.

In the 4.5 billion years since the Sun
formed, it has used up about half of
its initial hydrogen supply.

The Sun will start to die in about 4-5
billion years.

The Structure of the Sun

Corona Core

” Radiation
Zone

Chromosphere

Photosphere < | EEas Convection Zone
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The Inner Planets

The inner planets are relatively small
planets composed mostly of rock.
They are:

Mercury, Venus, Earth, and Mars.

These planets have few or no moons.

Mercury ¢

venus {

-

Earth

Mars
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1. Mercury 311 %q"‘ﬂ R o
is small, hot, has almost no YERER] FN| JRRANNFNAR FIUR
atmosphere and no moon. |

’i\[ J'NEN]

2. Venus

the hottest planet, is almost as big
as the Earth, but has an extremely
thick, unbreathable atmosphere
(and no moon).

3. The Earth
is the third planet from the Sun.
It has one large moon.

4. Mars
is a small, red planet with a thin
atmosphere and two tiny moons.
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The asteroid belt is a group of small, ng-ﬂ‘r\-qs-q&-qﬁa-g’avq'ﬂ‘;v

rocky objects. Most of these objects
orbit the Sun in a belt between Mars

and Jupiter, but some are in other
orbits.
There are about 40’000 asteroids

over 2.4 km in diameter. The biggest

asteroid (called Ceres) is 930 km

wide. A large asteroid may have hit
the Earth 65 million years ago cau-
sing the extinction of the dinosaurs.

The collision would have caused
major changes in the Earth's
climate, killing the dinosaurs plus
many other groups of animals and
plants that couldn't adapt to the
changes.

The Asteroid Belt |
, Asteroid
Belt ...
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Beyond the asteroid belt are the qEAyReyRd MENER Qi e Ny

gas giant planets, Jupiter, Saturn, é:wqaq&ﬁ'@'ﬁxéﬂ BN 8 &R
Uranus, and Neptune. These mostly EsE| &?df'gm'nstq'&’ﬁj ARNTIAE

gaseous planets are far from the - -

Sun and much larger than the inner 55@'“13@%*’%&“"@&”7'5“"5&'5’/555'
planets. They are each orbited by il'ﬁk'ﬂi&'&'ﬁ'wﬁ@'q&&'q:'w\wﬁ'm?i'
systems of rings and many moons.  mEagxgswANy A f 3 IA5 J 4N

méﬁm&'@'@&'«gﬂ&'ﬁ:ﬁ'ﬂ'&:’ﬁ&'@fﬁ x’

. “:ﬁ)’. e §3353 %5

Neptun

Jupiter LAy
(the 5th planet from the Su.n) is the (%’&g&%&qawﬁxgm )R TERYRE’
largest and the most massive planet. :ﬂ/&"iﬂ

Saturn %j"” -
(the 6th planet from the Sun) has (3avsacy VREXRTFAA]) YR G
the biggest rings; Saturn is the FYNAR] qEAYRFFRBFNFNY

second-largest planet. It is also the ‘i’ﬂ %WC'LWEQ'%‘,‘WEN'Sﬁéﬁ'ﬁ&'&ﬂ
least-dense planet. , A
i LR

Uranus (AaraNINRAHRAIF | ) AR AR
(the 7th planet from the Sun) has a ~ Y&RNIQRAINR] o INTIAHR
rotational axis that is tilted almost 90° 41@%’%‘*’"‘@“1&'&/51

from the other planets. &S"ga&q

Neptune (A aENEFNTITFRIFIA ) R AR ER
(usually the 8th planet from the Sun) ?7'&a'@&gﬁ:’a"qﬁﬁg&ﬂ&gLq'm'ﬂq&'
has the strongest recorded winds in gﬁ&vgm’ﬂ
our Solar System. .,

g SCER LT

Pluto MRS $VE WA R I T Y
Pluto is a small, cold, rocky planet. 3R §XFIR4| %’:’ﬁ'%'&a'@&gﬁ'
It is the smallest planet in our Solar ﬁg'g\&'ﬂaq'ﬁg'ég'ﬁ&g'cﬁgﬂ gmvg’:\'gﬁ
System. It has a very eccentric orbit. _ .o ._. 8. 5. qeear R
Pluto is usually the ninth and &U\ﬁm éﬁxvm&'ﬁﬂ' g:\ TRERITE
FURIRRAHIY VS
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farthest planet from the Sun. Some- %’&;&'@:’ﬂﬂi&ﬁwﬁﬂ S&i'nqa@ﬁx'
times, Pluto crosses orbits with Y- Y -
Neptune and for a while, Neptune is EH'S‘ gfl 5“5»& i&ﬁ §: agaqm v:qﬁq
the planet farthest from the Sun. Fras 50‘1? ARRRERAN RIS
Pluto was the last planet to be dis-  JRAFINE F'Y NGV RGN SN’
covered. It was found by Clyde & AYRAPE FAR MITYIFLHA”
W. Tombaugh in 1930. Very little is %jgﬂlﬂji’gfjiﬂ 3;1 Clﬁd W
known about Pluto. Pluto is orbited yae w.

by one small moon, Charon. Tombaugh ¥B'A| sen0 IxF5uGay

Charon was discovered by Jim 5] RIS svAFRF RIS

Christy in 1978 FRAPBAANRTIIR R WEXFRR| g
FX33YA| 9094 FxaRamRagar

Pluto and Neptune in the Solar System %ﬁ'l@ﬁ{

My
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Excellent
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Just
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Nine
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In our Solar System, which
planet is closest to the Sun?
* Mercury ® Venus * Earth

What is the hottest planet in our
Solar System?
* Mercury  ® Venus * Mars
Where do most asteroids orbit?
* Between Venus and Earth
* Between Earth and Mars

* Between Mars and Jupiter

Which statement applies to the
gas giant planets?
* They each have many moons and
rings
* They all have rings, but only some
have moons

* They all have moons, but only
some have rings

How many moons orbit Pluto?
* None °1 2

What are comets made of?
* Rock and metal
® Ice, gas, and dust
* Gamma rays

What is a meteorite?
* A small body travelling through
space
* A rock falling through the Earth's
atmosphere

* A rock that fell through the atoms-
phere and landed on Earth
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Real and scaled Distances of the Sﬁ'QRN'ﬂ‘?'gR'Sﬂ

Planets

Real Distance Scaled Distance SterI)Es, 12 m
ach
from the Sun from the Sun .
(average) (average) (from previous
9 9 planet)
- &y
§ g g syl N PV I, .
& d N FNFFREX’ (RRA|°K § ? ‘Q/ﬁ
(FF) ad-gess) (i) RAARRRANE
K g='351)
Sun -_— ——-- -—--
Mercury 58 million km 6m 12
Venus 108 million km 11 m 10
Earth 150 million km 15 m 8
Mars 228 million km 23 m 16
Jupiter 778 million km 78 m 110
Saturn 1’427 million km 143 m 130
Uranus 2’871 million km 287 m 288
Neptune 4’497 million km 450 m 326
Pluto 5913 million km 591 m 280
Questions

1. How long does it take for

light to travel from the sun to 7\ AT Rgvassg RAxNAgw

our earth? R EARECE R EELIE SR BTy
_ A
2. How Iong does it take for a\l%'54'5\&'4'1sq'ﬁ:;'rgr\'g'qr\'q%m'miﬁ'

light to travel from the sun to

S AR ER L EER
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Jupiter?
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Real and scaled Sizes of the
Sun and Planets

SMD

?'“'ﬁ’i'ﬂﬂq'%*'iﬂﬂ'ﬁ'5'55"'5‘
&.iq.gﬁ.qgm.qa.a.gﬁT

i Scaled Earth
Real Diameter Diameter Diameters
§ 5858w g5 REXA]" QESg A S
%58 okl
Sun 1°392°000 km 1392 mm 109
Mercury 4’878 km 5 mm 0.38
Venus 12’104 km 12 mm 0.95
Earth 12’756 km 13 mm 1
Mars 6’794 km 7 mm 0.53
Jupiter 142°796 km 143 mm 11
Saturn 120’660 km 121 mm 9
Uranus 51’118 km 51 mm 4
Neptune 49’523 km 50 mm 4
Pluto 2’300 km 2 mm 0.18

H. Meyerhans
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Comets i TRRAAR]

are small, icy bodies that orbit the
sun. They are made up of a solid
nucleus (ice, gas, and dust), a
gaseous coma surrounding the
nucleus, and extremely long tails
(both dust and gas tails).

Comets have very eccentric orbits.
As comets go around the Sun, the
tail always faces away from the sun
due to pressure from the solar wind.
The dust tail is only visible when
the comet is relatively near the Sun.

Meteoroids

are small bodies that travel through
space. Meteoroids are smaller than
asteroids; most are smaller than
the size of a pebble.

A meteor is a meteoroid that has
entered the Earth's atmosphere,
usually making a fiery trail as it falls.
A meteor shower is a phenomenon
in which many meteors fall through
the atmosphere in a short time.
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A meteorite is a meteor that has
fallen to Earth. These objects have
survived a fiery fall through the S y R RN
Earth's atmosphere and have lost ~ RF'IIRAFA| AFUFFRAFARLG’
a lot of mass during that process.  &7%5a5%§ay35qNaRS]

GG ENCISEVESET ER P T E X

CE

“AmENE g RS SRNER YRGS
1?1é:’rnm'gq&'gx'qnx'na'::g SIECIS

Kepler and the Elliptical Orbits
Kepler believed firmly in the Coper- _ NP - .
nican system. In retrospect, the NRRRFMARNG NI AN IANAAT S
reason that the orbit of Mars was ~ =gg¥di5| Rxagr@eygyaamaasyday
particularly difficult was that &x@qﬁxw&%'36“4q&nw@mq’u"&’s’ua’g

Copernicus had correctly placed AT SR N S S P S
the Sun at the center of the Solar FHMIRGINIY TG HIRIINTF

System, but had erred in assuming “W""i""‘%ﬂ"ﬁ'“"”"“%i’%“"@’ﬂ Qg wmmza

the orbits of the planets to be EE R LEREEE ER ERAE SR LT
circles. Thus, in the Copernican Fragugady gwsrfRzF NI yEy

theory epicycles were still required T Y T R S
to explain the details of planetary 5 T‘ %\ i N j ﬁ« 9
motion. AR AV GRYRNNTAH]

The orbits of the %Ianets are f MRy EaN Y afx s gan §rsdas g
ellipses, with the Sun at one focus o o s~ o oo o

of the ellipse (The Sun is not at the ‘jﬁ“i’; i&j ﬁii@“ﬁﬁf oM qqu
center of the ellipse). AR (JHFHRRIINAR G RFNY AT )

c/f_ﬂk\n
N~ S
Ellipse
/ Sun \,.
l'l' - I" - '." o
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The Seasons and Axis Tilt

The Earth's seasons are not caused

by the differences in the distance
from the Sun throughout the year
(these differences are extremely
small). The seasons are the result
of the tilt of the Earth's axis.

Rotation axis points to Celestial Pole
ém

The Earth's axis is tilted from per-

pendicular to the plane of the ecliptic
by 23°. This tilting is what gives us
the four seasons of the year: spring,
summer, autumn and winter. Since

the axis is tilted, different parts of

the globe are oriented towards the

Sun at different times of the year.

Locations north of this
latitude do not see the

Winter: Sun’s energy is
more spread out and Sunis
above horizon for less time.

MGy GIHnans
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Locations north of this
latitude see the Sun
for 24 hours!

Summer: Sun’s energy is
concentrated and Sunis
abowve horizon for more time.
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Summer is warmer than winter SFRRAFFRINT AT (A ARBFHR
(in each hemisphere) because the = 2§%) qrAgFxg 3 aRAFF _REHYFFR
Sun's rays hit the Earth at a more ?Zzwqmﬁqgavawasgxia'a:'n'az'ﬂq'

direct angle during summer than

during winter and also because the QU QST HNTAR] HEASR Y RATANAS

days are much longer than the 2f‘fﬁiqu%jégﬁfmﬂ MG
nights during the summer. During 32353 ag8 g YR AT HINIRRA X
the winter, the Sun's rays hit the RER AT AFax TR g Y AR N B

Earth at an extreme angle, and the
days are very short. These effects o
are due to the tilt of the Earth's axis. S 1

E SRR R RER: S I T NSRS E O

Same energy but more spread g ERRad yafnda s
out, means less heating. gﬁ'@"@“‘f@"ﬁﬂ

5&;3:1&'41%:1’:1@ :’E’%’g%ﬁnwﬁq‘qa’{q%'
SRy

Same energy but more concentra-

ted means greater heating.

H. Meyerhans
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Solstices

The solstices are days when the Sun

reaches its farthest northern and
southern declinations. The winter

solstice occurs on December 21 and
marks the beginning of winter (this is

the shortest day of the year). The
summer solstice occurs on June 21
and marks the beginning of summer
(this is the longest day of the year).

Equinoxes

Equinoxes are days in which day
and night are of equal duration. The
two yearly equinoxes occur when

the Sun crosses the celestial equator.

The vernal equinox occurs in late

March (this is the beginning of spring

in the Northern Hemisphere and the
beginning of fall in the Southern
Hemisphere); the autumnal equinox
occurs in late September (this is the
beginning of fall in the Northern
Hemisphere and the beginning of
spring in the Southern Hemisphere).

Questions

1. Are the Earth's seasons caused
by the difference in distan-
ce from the Sun throughout the
year or the tilt of the Earth's
axis?

2. During which season do the

Sun's rays hit the Earth at the
most direct angle?

H. Meyerhans
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The Moon

The moon is Earth's only natural

satellite. The moon is a cold, dry orb

whose surface is studded with cra-

ters and strewn with rocks and dust .

The moon has no atmosphere.

The Moon's Orbit 5’“‘3'5“1"'“1%"T“T@""'&%W?QR’&'@R’m'f"'
9 Py TS FRRENFERAZA seue

'S 4 R NN N
N @  AXNNFAXARIFR'( Soviet Luna 3
- . SO L N T A A SR
N e mission)ﬁ ‘ﬁQQ ERQ@’\"JQF’\aﬁSﬁQQ
“ .“‘ .‘ R R R 'V I — . R -~ '\/
Perigee Apogee ﬁq:\] Q] ﬁqr\ ngﬁmamgq %N &Iﬁfiwﬂ
356,410 km 406,700 km

%N’G\l&'&"g:' (Neil Armstrong) RANRA

The same side of the moon afwuZZ Aldrin) T) W SFERRX (NASA's
faces the Earth. The far S|d‘%l’(9¥l?h‘é mission) §5 A5 5ERER
moon was first observed by*PRIFHERE T 2§ ( Michael Collins)
in 1959 when the unmannek8awefz€xyy # v 40 &
Luna 3 mission orbited the jpgo a0
photographed it. Neil Armstron @ai%gqg:quﬁzq AR
Buzz Aldrin (on NASA's Apoﬁo%iﬂ

mission, which also included Michael

Collins) were the first people to walk

on the moon, on July 20, 1969.

Lunar Features

No atmosphere

,f&?@nr}-, dusty, r@k‘%face

d o Mountain ra Q:?(i

» E ‘N&I X A¢dl UJ QRN
W Maria: low, %Iat i’i qﬁ’q q Al ( R

»“"‘*-Dark areas (b&%ﬂlﬁieﬁﬂﬂ& ‘:’"’\ ‘5"15"15’“‘”‘3”1)

Impact craters

Size

The moon's diameter is 3 476 km
(a bit over a quarter of the Earth's
diameter).
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The gravitational tidal influence of the
Moon on the Earth is about twice as
strong as the Sun's gravitational tidal
influence.

Earth

{85588 gy

The Moon

6 AR YB3 (735 x 102 kg ) RFRE
DAL S, ) =N

e ARNFRA'I'EY 1/81 NN

3,476km

12,756 Km

Mass and Gravity
The moon's mass is (7.35 x 10%* kg),
about 1/81 of the Earth's mass.

The Moon's Mass
& &5

FRAFR AP FFL3 FEHR 130°C 5R’
NEFXXNEEY 110°C SHXF|

The moon's mass is about 1.2% of
the Earth’s mass. It would take 81 Y
Moons to equal the mass of the Earth. &R F&NI

FRYFRAFR IRy EanRg) AR
Temperature

The temperature on the Mooﬁsxsv 5’41“ %ﬂ“ﬁ A f:iq isi&,rm
ranges from daytime highs 3577 %IRS441( NRFESENTREGS
of about 130°C to night time $¥g§X®!) T3 =THAAWTZRIFRIY
of about -110°C n@g’é5@':11’511;'::1%5'5':3@ RYRYVIGT

35&gq|
Atmosphere
The moon has no atmosphere. On the
moon, the sky always appears dark,
even on the bright side (because there
is no atmosphere). Also, since sound
waves travel through air, the moon is
silent; there can be no sound trans-
mission on the moon.
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- ENW@:""'&%W RRFAWNFRY

;he orig.in ?f:hg Toont %R'(radioisotope dating )5‘3“1"’4&'@%‘1’%&'

ome scientists believe (SR G G

moon was formed from tr:?r‘ﬁg?é?%‘ws“w“”@“w

ejected after the Earth collided

with a Mars-sized object. T Mg 3]

ejected material coalesce 'ﬁt@fﬁ"?\!’i?ﬁ&ﬁ'@%q;&&wuﬁwqaw

moon that went into orbit éggrﬁqwﬁ 5&5:&'%’&3'51'@'5:'5':3'

the Earth. This catastrophig§ colli- [ 2 - N

sion occurred about 60 millfigh) T3 Y RGNV IRAFNRGIIGay

years after Earth itself forfgid §93 @5 g s ssa yadagay

(about 4.3 bilfon yoars aghy gRvgmsryaliasy agvaasfe

is determined by the ra I%@ﬂ AR Danc s AR K A

dating of moon rocks — Q\% ﬂ:q qu iféj ﬁfm S
R:’anf\'gﬁ'nqg'u\l5’%'::135'@75'&'@6&5::&'

Tides S&'ﬂ%&'qg-:"ﬁ

Tides are periodic rises and falls of

large bodies of water. Tides are

caused by the gravitational inter-

action between the Earth and the

Moon (and sun). The gravitational

attraction of the moon causes the

oceans to bulge out in thexdirection

of the moon. Another bulge occurs

on the opposite side. Sincg the A -

earth is rotating while thisﬂ?é hEPpE 3N § RGNS EA ) SAR

ning, two tides occur eaclhkday.

Ll ’*\\[ FRVZR RN KT R
Ve é
E— (yoor/lj
= -
Gravritational
Pull of the Moon
Questions

1. Do we always see the same
side of the moon from Earth?

2. Does the moon have an
atmosphere?

H. Meyerhans

Page 18



AR N RN
Astronomy Mundgod

R§s” SMD

-~

Stars in the sky

Evening Evening
August twilight June twilight

WA

et
Apparent position Apparent pesition
of Sun in Augus! of Sun in June

\ Eorth
v Libra \ B
b b
)
\

North Circumpolar Stars

52000 5=90-¢ §5<90-¢
Star is circumpolar, Star is just Star sets, so is
50 never sets circumpolar. not circumpolar.

\ | |

L—&.\'_
Polaris \
0=90 1y

3 = declination () = latitude
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Big Bear, Big Dipper

The Big Dipper is pretty easy to find
because its shape really looks like a
water dipper. The Big Dipper is also
part of a larger constellation.

AN ~rAnctallatinn iec a Arnlin Af ctare

FHWEIH] W mamrgucay

L

-

-
£ Big Dipper

| he Big Dipper is also called the
Big Bear.
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r:lorth Star Afny FRAREcd3 'qﬂa’ﬁ'&/ﬁ'“a'ﬁ"
Look at the right side of the dipgéR TBIBAT FRZ NN HR AR AR5

the star on the upper lip of the Di%é)er ,\gith > TN —-—
your thumb. Now stretch your han Euq';l) :5415 K aq Al &

Above your pinky is a most imp r%ggh% R85 RIS QW QAR AR
the North Star. It is a bright sunaa aw 5 3 5 9 ﬂ Al
It is the only star that does not move du-

ring the night or through the seasons.

___, Little Dipper

« Big Dipper . il

Polaris 'y .

Al Gonols
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"\\1 ¥y 70 xAEN Qrion SERFIAN]|

Sirius, the brightest star in OEn’lSW&f&&'ﬁq;ﬁg{'@q&'ﬁx’&’q’qx’qiqqsq

www.wyenot.com

Questions
1. Can we see Orion at 18:007
2. Can we see Orion at 22:007?

3. Where is the North-Star on our
map?

4. Where can we find Cassiopeia
at 22:007?

5. Where is the Big Dipper at 22:007?

6. Can we see Leo tonight?

H. Meyerhans
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Date: 10" December

Solution
Big Dipper
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RN] 300 §' 3*100* *K{FRREA
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300 can be written as 3102
Convert #&BIRIARPABMbers
2
5000~ 'Y Mi20000 600000000
710° 2310*

H. Meyerhans

Page 26



NN '\N‘gbﬂqw'\v&‘xw-\%w WNEORNN AR N AN e
N2 N ~ N
&ﬂN‘@mﬁﬂgqiﬂgﬂ&gﬂé&qF’\5§$‘5\°|N

Astrono my R s aR aquaAzRa MR Y Ry g ey Mundgod
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5&&':1'@1’:1?7 q’q&’“ﬁq’&a‘ﬁxw’;&&' ( Protostars
The Life and Death of St%aﬁrs&w Yoy Farsmassans i gl sad s
Astronomers believe that glgcyﬁ%? f“ ? R T qj f
clouds, dense clouds of ga8T8EIgd™ TN YTVIZRATAGHHY
primarily in the spiral arm8 wigalar yx=3zssramsrasr R ey
xies, are the bir.thplace Ofﬁ%Ef(—Hydrogen and Helium ) T3svass
Dense regions in the clougqs,.q,collag- R g5 5 AR
se and form "protostars". l’nit%ﬁﬁﬁ FASERAT ﬁ: !
the gravitational energy ofh& sV gr S agsan-§qp Lo
collapsing star is the soureé ofts
energy. Once the star contracts
enough that its central core can
burn hydrogen into helium, it be-

comes a "main sequence" star.

Image of "Star Birth" Clouds in M16:

L EA LA TR

£ 'E&'ﬁ&'&';&w% 2EA Y WRAFRAFR

NARQNAFAR] FEFRAQNY UL

é; ( Hydrogen) aimﬂﬁf"ﬂ“‘ig*’@“ﬁ w:é:’

Main Sequence Stars  (jelium ) SRR ENEETA] FRIAD A

Main sequence stars are EtAEVHkE §RsAdaaaa) e Fad
our Sun, that fuse hydroge¥rateras: sq'ixﬂq&'ﬂ:@:w&’q&'ﬁx’&'f\:'
together to make helium %@ﬁ?g&%wn@q@&’g
their cores. For a given cg,eml.%a.L. IS P
composition and stellar aga,%é Starst ) ) T T SRSER ] TR
luminosity, the total energy radiated

by the star per unit time, depends

only on its mass. The more massive

a main sequence star, the brighter

and bluer it is. For example, Sirius,
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the dog star, loca-
ted to the lower left
of the constellation
Orion, is more mas-
sive than the Sun,
and is noticeably

a7 Proxima Centauri 35FRF&
S R R e
FR| FRHRRNB FREAFEE

’\ﬂ YA ENN AN A
On the other hand, Proxi 75 % 8 TNEX]

Centauri, our nearest ne@h‘béﬁ?’ e S ORAR L
less massive than the SUAEHENE BT FRF v uga@s s
thus redder and less lumigge$g=3 3 aragmd yraasgayasgas@

waFmaas) 33NN RR AN AN g A
Death of an "Ordinary" ﬁ?% ETTER ATAREEA ﬁ% 3

RYRILARN AR TS WF AN AR FAR R
Since stars have a limited su F RGN

of hydrogen in their coresﬁxhe A
have a limited lifetime. ““155 AR S Y ANH AR ARG RFT EN Y ARRAAY

pEXI ﬁ Qﬂ%ﬂﬂ& Qq l:!v,‘.)% AN YRR Qg’\ 5

After a low mass star like tiegGuN3a yav g sd 8 gy 533835

exhausts the supply of hyg;ggggk,@im ss Y53z qg,\
its core, there is no Ionger an

ce of heat to support the C r% g’mﬁ ey g asi
against gravity. The core B8 St asras Ivagafrasmaagx
collapse under gravity's pgl=uptiEit’ BN aRas sRaw Qs
reaches a high enough density to

start burning helium into carbon.

Meanwhile, the stars' outer envelo-

pe expands and the star evolves

into a red giant. When the Sun be-

comes a red giant, its atmosphere

will envelope the Earth and our

planet will be consumed in a fiery

death.
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The Sun as a Red Giant %E&Q&M NIRGAY

. - White dwarf
&IEQ’Qﬁ ’\'@N'ﬂ"\'ﬂ%?\' - _

During this brief phase of itg&x@ed zrvnzaed g igasgga(

tence, which last only a fer}gbhqps)o;g&@wqﬁﬂ sz aEERRg
thousands of years, the Sun will __

- "SGR QAT AR A BT ERE, -
lose mass in a powerful wing. > (white dwarf )

Eventually, the Sun will IoB¥AMRGrA=I AR y&RATaRe g Py
the mass in its envelope @addeave

behind a hot core of carbon imbed-

ded in a nebula of expelled gas.

The carbon core will eventually

cool and become a white dwarf, the

dense dim remnant of a once bright

star.

Death of a Sun-Like Star

White

Dwarf e

R The star cools and
This is the “—— shrinks; it will
longest, most ey eventually be only Eventually
stable period a few thousand the star has
of a star's life.

miles in diameter!  lost all its
It converts Az the nuclear fuel MNow the outer No nuclear heat to
hydrogen to becomes depleted, layers of the star reactions take space and is
helium in its the core contracts  Start to drift off place and the faint  Now cold
SoLe and the outer into space. The star  otar radiates its and dark.

generating layers expand. loses most of its heat into space.
heat and light. mass to the nebula.

©ZoormnSchool.com
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Black Holes JaggRAgEnNalys) JRpaNER T gTgs

AaREH xR B g Sy AR _gw
What is a bI?Ck hole? “':1“qmq’&%m’m&’q“a’qs&a&'aq'&x'&g:'n&'aq'
A black hole is a region of}&age N

from which nothing can estapd ¥ot MR ERI AR gusa Ry

even light. g Jamgrdgy) qplady| Hadaagga

A A - -~ N QA QN A NN

@':1'04'5'&x'qaq'&'gn'mngg'uw QAR RNAR
To see why this happens, j DA 5z ge2arrz a & x &8 AT
throwing a tennis ball into éh'evgivr“. 'W:%I‘R' 52045& RE j o
The harder you throw the fEARIE "2 EXETA! 11.2 km/s S845)
ball, the faster it travels when
it leaves your hand and the higher

the ball will go before turning back, ey Hearge g
If you throw it hard enough Tt Wl 10 g 5 T 1SRRI

Y

never return, the gravitatioffal R4gaNE3xafq &y Jasgagwamad

NV

attraction will not be able @Kﬁq@dﬁ%#qgﬂwﬂ R snwangand

back down. The velocity the balkmezsxgqfarasiy) aexgy

must have to escape is knowr

the escape velocity and for t - N

earth is about 11.2 km/s a (S86ERA km/s) NI R"gIud B2FS
NRAMA]

As a body is crushed into a smaller

and smaller volume, the gravitation- e oo

nal attraction increases, a@é&ﬁéﬁgéNL A Wig*qi%iajﬁl ﬂi%

the escape velocity gets bfgfjef~ 1= FNVHINVIRFIHE

Things have to be thrown keFders

and harder to escape. Eventually

a point is reached when eyen Iiggt

which travels at 300°000 k/S is h SRR

travelling fast enough to eS¥AHE: FTIFRNN TN FE AT Hasy
Ri'ﬂﬁ'Q%q'ﬂﬂ&'@'ﬁ:’g&l'ﬁﬂﬁ%’N’@‘4}@15\{

At this point, nothing can get out as

nothing can travel faster than light.

This is a black hole.

:a&sf\a QY NN AT ARG NN E
Re 3

Black holes were once massive
stars that used up all their fuel. As
they died out, they collapsed in-
ward due to the pull of their own
gravity.

H. Meyerhans

g8 el

g%q'ﬁ';&&rg:gqg&'&’ :&"iﬂ&'ﬁﬁ'gﬁ'

Page 30



N 7/ [ S A A | [ |

wﬂ'@@*’%’w %“"‘"ﬁ'ﬁ“ﬁ"@‘ﬁ'@&'&/ﬂ FEY
Astronomy m'&/ﬁ'ﬁﬁ‘}'\{ﬁ%g“"’\’;"%'qﬂ&'ﬁ'&/ﬁ'“a"i{”ﬁ' Mundgod
SEEE NAFUFFITT AT NGV NS SRV AR SMD
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It is very hard to see a bla@&vg}glﬁygg&v&@ag.g&gqg%@wuw
Any object that gets too clcg%%,to, At s 2 EaTeRawas
black hole will be pulled inSide its | = S8 1 JETINET
We only know they are th8fEHERIVI | SFRqIEvgAEY
cause of the effects they haveoRanr§nay {3353 Rad %R
other objects that are neagiggagm@.ﬁ-a%gwgw&ﬂ gag.&g@v;
Any object, whether somegg,g,s%:&%ﬂﬁ&,w (s Rmramadad
a star, or anything, that ge S10 ‘

close to a black hole will @'ﬁjﬁgﬂ@'ﬁ"@'“‘%’ﬂ'@"Y”ﬂi“”ﬁif)

inside it. As the objects fall toward

the black hole, they heat up and

get very hot. Scientists can use

special instruments to detect the_

heat the objects give off. Tiat s* 5§

how we know a black hola¢mish %N@’%"ng'ﬁ*'ﬁfwr"&&gﬁ"?ﬂ“’i?

be there. (Some scientistsigeERYE Georges Lemaitre 3vEx35

that there is a black hole i A e x Frral s DR il Fe

own Milky Way.) b
YREFAGN] ARG EN R RGN ARG A

Big Bang ’5&@:’@ AR AR F AR FNNIRAEBFFR] RNFF
Georges Lemaitre, a Belg@msa;@gﬁvgavaa@gqqﬁﬁ'ufanavq‘{ﬂ
physicist and Catholic priest, came

to be known as the "Father of the

Big Bang". Lemaitre propés‘é?ﬂi%t%"%m

the Universe began as soRF@{Mifigs 3 ¥ agx <R g2 & f dg5ay
hot and dense that expIod%iywasqnava%xg@qqﬁvm WR'E| RR &
causing space to expand %‘g%gﬁﬂg*gmwfww RIS

Today's Views &Sa&iqq'g '%'Qﬁ&;um'q&fngq&'&&l ‘5:'&11
What will happen with ouP¢¢3 IXTENENFNANAFRE] RRA{FST’
Universe? rn&&‘q%@&’ﬁ'ggﬁ'qﬁ@]'G\Tﬁn'mgw HagSsrgay

Will it expand forever, exgﬁggq@) Eudqigdpscds anadiga
certain size and stop, orwillitstop.. .~~~ __
and begin to collapse? Déﬁai gagw » ﬂﬂ“@:ﬁ“q A “jﬁ“im
gesting that the Universe f§&5@EANINHAx 3] sees sy
ding at an accelerating rate were

published in 1998. For more than

ten years astronomers studied the

expansion of the Universe by mea-

suring the red shift and brightness

of distant objects. By 1998, enough
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information had been gathered to
lead scientists to the startling
discovery that the expansion of the
Universe is not slowing but accele-
rating. The collected data combined
with information from other cosmo-
logical studies strongly suggest that
the Universe is filled with an uni-
dentified form of energy (currently
being called "dark energy" since we
know nothing about it) that is cau-
sing the expansion of the Universe
to accelerate. If these observations
and analyses turn out to be correct,
the Universe would be expected to
continue to expand forever.
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