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ABOUT THE BOOK

More exciting than any gairg tale is the story of stars and Flanets. |t attracts both young and
old. Long ago my mother told this story to my children. Theg were thrilled by it and have
ncvchorgotten it. Such was the charm of her story and the timeless wonder of these

l‘reavenlg bodies.

The original story has been uPclated and retold in these pages to introduce young readers
to the amazing worlds above us. What the heavens contain and how its comP]ex macl’xincrg
works is, in many ways, a mystery. lt is difficult to comPrehencl that stars are suns and what we
see in the skg is a vast land of suns. | he enormous size of these bodies and the immense
distances which scparate them are also begoncl the imagination. The information contained in
this book may convey their intrinsic nature. Our sun and P]ancts are part of these amazing
worlds. ]t is difficult to imagine that many suns are thousands of times briglﬁter than our sun
and the incredible ghct we receive from stars when tlﬂcg die. Thc skg is also adorned with
‘hcavenb frescoes’ that we call constellations. The classical lore associated with their shaPes

enlivens these distant beacons of light This story covers these Fascinating aspects.

]t is hard to Fu”y capture nature’s drama in heaven. A small part of itis Prescntcd here that
may unfold a world of )Cantasy and cle]iglwt to the young readers. Theﬂ may find the narrative

enter’caining to grasp the basic information which is the objective of this story.



ONL

STARS ARE SUNS

Look at the stars above. That’s the land of suns. A” the stars you see are actua”g suns.
There are so many stars in the slcg that nobodg can count. You can see onlg a few thousand.
Many more ~ mi”ions, billions and trillions are begoncl our sight. What is a trillion? ]Fgou add
six zeros after a one, it makes a million (written as 1,000,000). A thousand million make a
billion (i.e., nine zeros after one) and a thousand billion make a trillion. |n a trillion, one is

followed }35 twelve zeros
(1,000,000,000,000).

But there are notjust a million or billion stars in the land you see above. | here are trillions
and trillions of them. SOme People say there are as many stars as there are grains of sand on
all the beaches of the world. Nobodg knows the exact numbcr, because thatis one P]acc
where nobodg can ever reach. | he stars are not cold as theg appear. They are hot suns,
very hot, hotter than angtl’xingyou canimagine. You cannot go even within several million miles

from them, even ixcgou find a magic horse to ﬂy on.

Actua”g we should call our sun a star but we have a]wags called it a sun. Wc Probab]g do so
because it does not look like a star. Being the nearest star, it locks }Jigger and brightcr than
all the rest. T venso,itis 9% million miles (150 million ki]ometers) away. ts heat and light are
unbearable. ]magine how hot it would be if we went close to it. Thc other stars are far too
distant, trillions of miles/kilometers begond the sun. | heir heat does not reach us. \We can

onlg see their ]ight

| et me tell you another thing about the stars. Tl‘iey are not solid bodies like our earth, which

we can walk on. Théy are a” huge ba”s OF ]:)urnir\ggas, mostlg hgdrogen gas‘



There are many stars
which are biggcr and
hotter than our sun.
Thcre are also many
which are smaller and
colder. ]Fyou look at
the stars careFu”H,
you will notice thcg
are not of the same
color. Tl‘lere are red
(or orange) stars,
9e”ow stars and white
or blue stars. Thcse
color show how hot
theg are and what
their surface
temperature is. You
may have seen when
an objcct (sag, a
Piece oFiron) is

heatedj its color

changes as the
temperature rises. | o begin with, it looks dull red; if we keeP l’leating Furtherj its color
changes to red (or orange), then ge”ow and Fina“y at enormous]y high temPerature (as you
may see in welding or industrial Processcs), it turns to white or blue. Tl’lis means that red (or
orange) stars are not very hot. Mcclium hot stars like our sun aPPcarge”ow. The stars which

are extremely hot, the hottest ones appear white or blue.



Two
THE BEGINNING

The land of suns is a wonder lancl, it sPark]es }39 the light of billions of ting lamPs that we call
stars. | hese amazing !amps are the windows to our vast universe. | he stars, the sun, the
ear’chj the moon and all object in the sky, whether we can see them or not, make the universe.
Jn 1CactJ evcrgtlﬂing around us or cvergthing that exists is called the universe. [tis immense. |tis

difficult to measure it or even imagine its vastness.

And, itis all made of matter. ]n simple terms, matteris what a thing is made of. Anything that
takes up space and has weight is called matter. Qurideas, Feelings, memories, thoughts
shadow etc. have no weight and are not matter. Matter can be gas Uike air), ]iquicl (like water)
or solid (M(c rocks, stones and mcta!s). Put strange as it may seem most of our universe is
made oFgas, hgdrogen gas. Stars, as l told you, are all gas. Gas is also their food. Theg
shine only bg eating this simpic diet. A very small part of the universe exists in the form of

]iquid or solid as our earth.

The story of stars (tl’lé land of 5un5) is cndlesslg strange and mys’terious. Lct me tell you how
the stars were formed. This great event took Place when the universe came into existence.

But | must add that the beginning of the universe is a great mystery. No one knows for sure.

Tl’le scientists have put forward many ideas called theories about the beginning of the
universe. Our knowledge of the universe comes from these theories. But tl—reg are not the
final word. Tl’ley are constant!y bcing tested bg further observations and evidence. Tl’]e

Prcsent theories which we think are correct may changc.



One of the theories

about the origin of the
universe is particularly
popular. According to
it, before the universe
came into existence, all
matter was heaped up
in one place as a huge
single ball. So big it
was that it is difficult to
imagine anything of its
size. Since everything
was packed in a ball,
there were no separate
bodies like stars, the
sun or the earth. T hen
something unusual
happened. T he intense
heat of this tightly
packed material caused
the ball to explode with

a most PowerFul blast.

T he entire matterin it
shot out in all directions and began spreading in space trillions and trillions of
miles/kilometers as a shapeless cloud of hot gas. T he universe was born. T he great
explosion is known as the Pig Pang and the theory is called the PBig Bang T heory. Jtis

believed that this explosion took Place about i 5-20 billion years ago.
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THRELE
STARS LIGHT UF THE UNIVERSE

Millions of years after the explosion, the shapeless cloud of hot gas that had been spreading
and spreading, cooled. T hen it began to shrink and spin. [Cventually it broke into scparate
cloud masses called galaxies. [~ ach galaxy was colossal, trillions of miles/kilometers across,
and consisted mainly of hydrogen gas, the stuff of which our universes, including our stars,

are macle.

T he swirling galaxy cloud further broke into smaller clouds (star clouds). T hey were dark
without any light. T hough smaller than the galaxy cloud, they were still very huge, billions of
miles/kilometers wide. T hese were the ones that finally became the stars that we see. Put
don’t be mistaken that this happened overnight. [t took several million years before the star
clouds lighted up and the first stars were born. Many stars were formed several million years

after the big bang. Many Gike our sun) were formed several billion years later.

Stars are bcing formed in the galaxics even toclay. | et me now tell you about the magical
moments in s’car)cormation, the dark star clouds in the galaxies were not even]g thick and had
denser (thicker) laycrs at some P]aces. These denser regions Pu”cd more and more
surrourxding clouds }33 gravity! Wherx theg became too big, theg started to contract by the
Pu” of their own inward gravity. TI’IC Crushing pressure and friction at the center (core) of
these massive bodies Produced enormous heat in the same way heat is Pro&uceé when we
squeeze or rub our hands together. The center of the star became so hot that it began to
glow. Tl—]e magjic moment arrived when the core temperature rose to some 10-1 5 million

c]cgrecs Centigraée or more. The hgdrogen gas burst into flames.

11



Tlne star was born.

In this way millions of stars began to shine. T he sky glowed with the light from a myriad stars.
The dark universe was turned into a land of brilliant suns. Gravity is a force by which objects
(large or small) Pu” cach other. Objects which are heavy with more mass (quantity of matter in
them) have greater pull than objects with lesser mass. T herefore, the denser region of a star
cloud has far greater pull than that which is less dense. T here is gravitational pull between
stars, sun, carth, moon and all other heavenly bodies which keep them from flying apart. T he
distance between the two objects affects gravity. T he gravitational pull decreases when an

objec’c is distant but increases when it is close.
But what will haPPen if the hydrogen gasis finished?

[Cventually, of course, the hydrogen will burn out, but it will take a very long time before it is
exhausted. [ydrogen burning is not like the burning of coal, wood or oil which does not last
long and cannot produce much heat. What takes place inside the stars is a complicated
nuclear reaction. [t keeps the star shining for millions and billions of years. A very little

hyclrogcn is used in this process.

|n this nuclear reaction which is similar to the one that occursin a hgdrogen bomb, hgdrogen
})cgins to fuse (change) into anotlﬂcrgas called helium. Trcmcndous amount of energy is
released in this process, which flows from the center of the star to its surface and makes it

shine.

12
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FOUR
STARSLIVEINCASTLES

Stars are the i(ings of the skies; ’cheg live in grancl castles in roga! sPlcnclor‘ The castles are
the ga]axics in which theﬁ are born and live all their lives. | ike stars, the galaxies are also
countless. ]t has not been Possib]e to count their number even with the most modern
tclescopes or methods. Put tlﬂcg are estimated to be in the billions, Probab]g 100 billion, with
about the same number of stars in each. The gigantic bodies are scattered in space in all

directions to an unending limit, one beyonc{ the other.

T he stars and galaxies are not fixed at one Point as theg appear. Tl’xcg are sPinning around
themselves. Theg are also rushing through space like sPeecling cars. Scientists say that the
universe is still expanding as a consequence of the big bang explosion and ga!axics are moving,

away from one another at great spced.

The ga]axies contain not onlg stars but also vast quantities of gas (mostly hyclrogen with
some hc!ium) and dust containing Cxtrcmclg thin Particies of matter such as iron, si!icon, nickel
etc. out of which new stars are formed. T hese clouds oggas and dust are called nebulae
<singu]arz nebula means cloud in Latin). (Generations of stars have been formed from this
material. SOme stars are old but some are still toddlers or teenagers; some have died and
some are bcing born. This star bui]ding Factorg is the nuclear furnace at the center of the

stars which changes the gaseous raw material into shining stars.

T he star castles orgalaxics are of different shapes and sizes. Many of them are sPirals in
which the stars are arranged in the shape of awheel ora clock sPrir\g. They have two or three
spiral arms. Some galaxies are e“iptical. Theg are flat and have no arms. T}'xen there are

irregu]arga]axies. Theg do not have any sl—lape.
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Qur sun belongs to a spiral galaxy. |t is called the Milky Way. | will tell you more about it
later; our sun is surrounded by nine objects that are called planets. [~ arth is one of them.
Theyare not suns as they do not shine by their own light. T hey get their light from our sun
and stay around it. Put mistakenly we call them stars, as they look like them. What happens is
that sunlight falling on their surface is reflected as in a mirror and they appear to a shine.

T hese nine planets, in order of distance from the Sun are Mercury, Venus, [~ arth, Mars,
Jupiter, Saturn, (Jranus, Neptune and Fluto*. Qur Sun and its P]anets make a small family.
T herefore, we call it a solar family or the solar system. T hey are all part of the Milky Way

ga]axg. Thus, Mi”<9 Wag is ourgalaxg.

You might ask if the other suns in the Milky Way or in other galaxies have Planets like our
carth with People living on them. Nobody has seen any P]ancts in the land of suns. Put it may
be fairly reasonable to presume that out of trillions of suns, many have Plane’cs with civilization
like ours. We hope somebody would find a planet with people like us. So we could talk to
them and find out what kind of schools they have, what games they Plag and what | .V. shows

they watch! Maybe one clay this dream will come true.

An Nustrction af,ﬁ/umm, MMW Alien Civilizations
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FIVE
MILKY WAY AND NEIGHBORING GALAXIES

B@Core lgo on Furthcr, let me tell you about distances between stars. The stars appear to
be too close and crowded. Actua”9 it is not so. Tlﬂeg are far apart from one another, trillions
of milcs/i(ilomcters apart. The star next to our sunis Froxima Centauri which is 25 trillion
(25,000,000,000,000) miles,40 trillion (40,000,000,000,000) kilometers away. T here are
many stars which are many times farther. ]t is difficult to describe these distances in miles or

kilometers.

Ac’cua“y all of us would get confused bg such long Figures. Scientists have found another
unit called a Liglﬂt Year to measure these distances. A ]iglﬂt yearis the distance over which
]igh’c travels in one year. Ligh’c travels faster than anything else - 1 86,000 miles (§O0,000 km)
per second. At this sPeecl it covers about 6 trillion miles (9 trillion i(m) inone year. There]corej
we can more simplg say that Froxima Céntauri is four liglﬂt years away instead of cxPressing
]ong Figures in miles or kilometers. (o outside; look up there at the skg, above your shoulder.
You can see the white hazg band across the sl(y. Tlﬂat is the Mi”(g Way. Tl’xc white coloris
the combined light of billions of stars which cannot be seen seParately. lt is estimated that

there are more than a 100 billion stars (suns) in it.

Since we are inside the ga]axgj we cannot see all of it. ]t is like being inside a cast]e; you
cannot see how huge the structure looks from the outside. l]C we could somehow come out of
the Mi”qj Way and view it from above, it would look like a spiral disk full of stars. [From the
sicle, it would appear like a long row omcgleaming stars bulging in the middle due to the
concentration of a great many stars in this regjon. But when we look at it from our earth,
which is within the galaxy, the view is different. Thc area crowded with stars towards the

center looks like a stream of milk.
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Qur sun is one of the billions of stars in the Milky Way galaxy. |t occupies a spot along with
the carth and other planets in one of the galaxy’s spiral arms, far away from the center, 2,/3rd
way down, about 28,000 light years away. T he Milky Way galaxy is huge, about 100,000
light years wide from one end to the other. On an average, the stars in the galaxy are 4-5 light

years apar’c. But around the center, thcy are closcr, about a lig}‘nt year apart.

Furthermore, many stars in ourgalaxg make clusters - open clusters orglobular clusters.
Stars in open clusters are not too close and contain a few hundred comParative]9 younger
stars. These clusters do not have any sPecial shaPe. The globular clusters, on the other
l‘land, are compact and have a rounded appearance. Theg gcncra”9 contain older stars, the
senior citizens of the lancl, Perhaps billions oFgears old. Therc may be several thousand to a

million stars in these clusters.

The ga]ax9 also has innumerable nebulae (Patclﬂcs oFgas and dust) in its sPiral arms. | hese
are massive clouds, hundreds of light years wide. As ] told you, new stars are formed from this

material.

[_ike all galaxies, our galaxy too is drifting in space. |t is also rotating (spinning) around its
center. Qur sun, planets and we (as passengers on board the earth) are also moving around
the center of the galaxy. T he galaxy being so big, it takes about 200 million years for the sun
and its family to make one round. Peyond our galaxy, there is an endless realm of other
galaxies. [T ven though they are separated by several thousand light years, they make their
own groups - some small (10-20 galaxies) and some very large (hundreds or thousands of
galaxies). Our own galaxy, the Milky Way and nearby galaxies within a range of about 3
million light years make their own group, called the |_ocal (Group” which consists of about 30

ga]axics‘

|n this group, ourgalaxg is the second largest. The largest is the Andromeda Galaxg which
is also a sPira( galaxg. ]t has almost twice the number of stars as in ourga]axg‘ ]t can be seen
without any optical aid as a distant spot of mist. ]t is about 2 million lig!ﬂt years away. Tl’lat
means its light reaches the earth after 2 million years and we see it todag, as it looked when it

left.
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So long ago, it must have left when human beings first aPPearecl on earth. Begonc{ the Local
Group oFga]axies, some 60 million liglﬁt years from the earth, is the \/irgo (Cluster. Jtlooks
like a tiny cloud and has as many as 3000 big and small galaxies. Furthcrthan this there are

otherga!axies, millions of light years from us.

5 (salaxies of this local group are listed in Appenclix A

An bmage of the Bubble p\febule Image Courtesy: NASA
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SIX
STARS ALSODIE

]t is the clesting of cvergthing) to die. Stars die too. The road ]eacling to theirend is
Perplexing because stars are mysterious in many ways. Putina genera! way it can be said
that medium stars like our sun die quietlﬁ without a noise and the more massive ones meet

theirend in an explosive manner.

Hgdrogen, as you know, is the fuel }35 which a star shines. |n the case of a star of medium
mass like our sun, it lasts for billions ofgears. A time comes when very little hﬁclrogen is left
since it has been stcadi|9 converting into helium. T he nuclear reaction slows down. \With the
reduced outward pressure of the gas, the gravitg Pu”s the over]ying matter. The star
co”apses raising, the core temperature to more than a hundred million dcgrccs. At this
extrcmelg high temperature, helium begins to burn and convert into carbon to Proclucc energy
(heat and light). Thc high temperature also increases the outer laycrs of the star to almost
100 times its size. TI’]C exPanclecl area makes it appear 1,000 times briglﬁter. Since heatis
distributed over a much largér surf:acc, it becomes cooler. Tl’le lower surface tcmpcraturc
makes the star appear red. Because of its giant size and red color, the staris called a red

giant.

The bloated surface of the red giant cxpancls and contracts like l’lugc lungs. ]n the course of
time, the outer layers of the star are thrown off leaving behind its small, dense inner core,
about the size of the earth (8,000 miles/‘i 3,000 km) wide. The surface temperature of the
star again rises making it shine with a white light Because of this white color and small size the
staris called a white dwarf. [t is the final stage bmcorejoumcy’s end. (/Htimatelg the ]ights go
out and the star shines no more. Tl‘ic star becomes a cold dark ball and is called a black
dwarf.

19



|s this going to happen to our sun? Yes, thatis what is predicted. Qur sun has already lived
half of its life, about 5 billion years. |t has 5 billion years more to go. What will happen to us,
and the [" arth? T he doomsday for our P]anet [” arth will come when the Sun starts swelling
and becomes a red giant. [t may expand 100 million miles { 1 60 million kilometers) and become
1000 times brighter. T he change to a giant form may take millions of years. | ike a giant, the
Sun will first swallow up Mercury and Venus, the two planets closest to it. As it expands and
approaches us, the [ arth will heat up further, oceans will begin to boil, rocks will melt, and

forests will be aflame.

All remaining life on earth will come to an end. [robably there will be nobody by then to see
these dreadful events. T he Sun itself will end up as a black dwarf (without light) moving
around unseen. All the plancts will be dark, including our [”_arth which may follow the Sun
around. T here are stars 10-50 times more massive than our sun. | hey shine with an
exceedingly hot blue light and exhaust their hydrogen in a short time, about 100 million years
or s0. When this happens, they also swell to brighter, cooler and enormously large size and
are called red _ super (Giants. Such stars follow a different road to their end. [nstead of
becoming a white dwarf or a black dwarf, the nuclear forces within the star cause it to explo&e
violently. T 'he exploding star is called a supernova. Titanic energy is released in this

explosion. The brigh’mcss of the supernova blast surpasscs the light of billions of stars in the
ga]axg.

AHZCF the supernova cxP]osion, the dead corpse of the staris left behind known as a neutron
star. ]t is onlﬁ 10-20 miles (] 6-32 km) wide. A neutron star may further co”apse and form a
monstrous black ho!e, the density and gravitg of which is so immense that even a ray of light
cannot escape it. [ ven though the stars die, theg help in the creation of new stars. | he blast
waves of the cxploc{ing star may cause ncarbg clouds omcgas and dust in the ga]axy to

contract ancl 1Corm into new stars and Plancts.

QOur solar system Perhaps owes its birth to a supernova explosion in the distant past. The
supernovas also manmcacture certain usmcul substances ca“ed elemcnts whic}w come down to

us.
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SEVEN
WE ARESTARDUST

The land of suns has its trageclies and comedies. The goocl news is that stars give us the

most va!uable ghc’c tha’c no one else cloes‘

Every generation bequeaths something to the next. Stars have been cloirxg the same.
(Generations of stars lived and died in ourgalaxg. Theg left a wealth of materials from which
the life on earth began and is continuing to this clay. There are 92 basic substances in nature
called elements from which evergthing else is made. All these are on our earth. chcnt9 of
them have also been found in the sun. You may recognize the names of some of the elements
such as hgdrogcn, helium, carbon, oxygen, nitrogen, Phosphorus, ca!cium, sodium, iron, nickcl,
copper, zing, golcl, silver, ]ead, uranium etc. O]C these, hgdrogen (’che stuff from which the
stars, galaxies and evergthing in the universe is made) is the simP]est and lightest of all.

Helium comes next. A” the rest are heavier and more complex, uranium being the heaviest.

The furnace of orclinarg stars can ‘cook up’ onlg one or two heavy clements such as carbon
and oxygen. But all other heavier elements are manufactured in the furnace of suPer~massivc
stars which burn and exPlode (as suPernovas) with an unbelievablg high temperature of some
billion Clcgrees before their death. ]n this way, when the old stars died and blew up (as
supernova5>, they showered the ga]axg with the dust of newlg made elements which enriched
the gas clouds from which the next generation of stars like our sun (which is a second
generation star) were formed. T his was a Par’cing ghct of the stars. Since our earth was

formed from the same cloud as our sun, we inherited these elements too.

]magine fora moment, life on earth started with the basic ingrec{ients - carbon, oxygen and
nitrogen which were formed in the stars. We cannot live without breatl—ring oxygen or drinking

water which is hgdrogcn and oxygen. We have calcium in our bones and iron in our blood.
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QOurskinis
made of
carbon,
phosphorou
s, hydrogen
and oxygen.
We need all
the elements
in one form

or anothcr‘

An
[lustration of o

5{4’7&#’ nova
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CIGHT
MEET THE SUFERSTARS

The storg of the land of suns would be incomplete without mention of the suPerstars. Thcre
are a number of them. |n fact, most stars we see at night with the naked eye are bigger than
our sun. But that does not mean there are no smaller stars. ]n the ga]axy asa whole, many

stars are sma”er ’c%an our sun or are o1c the same size.

| will introduce you to some of the superstars, far bigger than the sun. Put before | do so, |
might add a word about star brightness. [f you look at the stars, you will find they are not of
cqual brightness. Some are very bright, some are moderately bright and some are dim
Scientists describe the brightness of a star in ‘magnitude’. According to this scale, the

brightest stars are of magnitude @] (zero) or below zero.

Then come the st magmitudc stars which are also extremc|9 bright. The next }Driglﬂtcr stars
are of magnitucle 2,545 and so on. Magni’cucle 2 stars are mocleratelg briglﬁ’c. Magnitucle 3,
4, 5 stars decrease in brightness and are fainter. Stars below magnitucle 6 are difficult to

observe without the hclp of a binocularora tclcscopc.

You must remember that magnitude on]g tells us how briglﬁt a star looks to the eye (i.e.,
apparent!g brigl’xt). ]t does not tell its luminositg (actual brightness, power or energy outPut>.
Stars with greater Iuminositg may appear less briglﬁt (interms of magnitucle) if tlﬁeg are too
distant. A 100 watt street ]amP next to your house looks brighter than a 1000 watt lamP a
mile or a kilometer away. Tl’lc distance reduces brightnes& Tl’lc suPerstars ] want to tell you
about arejust a few of the many colossal suns in ourgalaxg. Trg and remember their names

and the constellations in which they are located®.
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Twentg one of the

brig!‘wtest stars are listed in

APPendix Be

The skg has been
divided into a number
of star groups called
constellations. ] will tell
you about them later.
E_verg star bclongs to
one or the other
constellation (star
group). T he name of
the constellation is
invariably mentioned
with the star name. ]t is
like giving its street
address.

#}’L ///Mé#ﬁfl«m 0% ﬂu& W%#% %é—fmj;— éufﬂv 7&/&
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North Star

| et me first introduce you to the North Star which is located in the constellation (Irsa
Miror (The Littlc Bcar}. Jtis also called the Fo]e Staror Fo!aris. Jtis called Nor’clﬁ Star

because itis seen over the North Fo]e where it remains near!g unmoved. ]n olden dags when

people did not
to find
travelled and
high seas with
star. |t guided

Because of the
distance of the
from us (680
does not
bright. [tis a
star, but it is
(luminous) and

5000 suns.

have any means
directions, they
sailed on the

the help of this

the navigators.

immense

North Star
light years), it
appearvery
2nd magnitude
very powerful

cquals almost
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Sirus

Next to our sun,
Sirus is the brightest
of all stars in the sky.
[tis in the
constellation ( anis
Major (The Big
Dog). With its
sparkling white color
and brilliance, it looks
like a piece of
diamond hanging in
the heavens,
Compared to other
stars it is quite near
us, about 9 light
years away. [t is twice
the size of our sun
and is 26 times more

luminous.
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Kigcl (Ky-jcl)

Rige[, in the
constellation Orion,
is a very distant star,
900 lig}wt years away.
]’c takes 900 years for
its !ight to reach the
earth. ]t is about 30
times biggcr than our
sun. Despite such
enormous distance, it
is one of the brightest
stars. ]t appears
bluish white which
means it has the
hottest temperature.
[tis 60,000 times
more PowerFu]
(luminous) than the

sun. ]t is a blue super

giant. [f Rigel were
nearer, it would look
like another sun and cast shadows. Put since it burns its hgdrogen much faster, it may have a

much shorter life than our sun.
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Bctclgcusc (Beet1 ]juhz}

Betclgeuse is also in the constellation Orion. You may call it PBeetle Juice’ forfun. Jtisa
red supergiant. You will recall that such stars are very huge because of their bloated surface.
However, they are cooler and thus appear red. That is what haPPcns to stars when theg
become old and approach the end of their lives. |n its younger dags, Betclgeuse was
Probab]g an immenselg hot blue giant like Rigel. ]’c is now a swollen star, about 800 times the
diameter of our sun and is one of the largest stars. |tis 500 ]ight years from earth and is
15,000 times more luminous than the sun. Because its surface swells and shrinks, its

brightness varies — brigh’cer when it swells and a little less so when it shrinks.
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Alc! ebaran (Al~&cb~ra n)

Aldebaran is also a red star but is not as big as Bete!geuse. Jtis ared giant. [tis 45 times
wider than the sun and is 360 times more luminous. |ts distance from the earth is about 70
]iglﬂt years. [tis inthe constellation | aurus (T he Pull). Jt also appears to be one of the stars
on its last !cgsl [" ven so, it takes thousands oFgears after red giant or suPcrgiant stage

before stars end their lives.

&7

8
N
3
N
=N
M

Y

30



Arcturus (/A\rk~too~rus)

Arcturus, in the constellation Pootes (] he [Jerdsman), is the 4th brightest starin the skg.

At 36 light years from the earth, itis 2% times bigger than the sun and 1 30 times more

luminous. ]ts orange color suggests that it may be getting old and cooler.
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Vega

Vegais 26 light years from us and shines with a white light. [t is the 5th brightest star in the
night sky and equals 58 suns. Jtis, therefore, much hotter and luminous. [tis in the
constellation |_yra (T he [_yre). T housands of years ago, Vega was the North Star and was
important to people. Assyrians called it the  Judge of [eaven’ as having the highest seat.

Scientists say that due to a ‘wobble’ in earth’s motion like a spinning top, it will again be a

Folc Star several thousand years from now.
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Dcncb

Deneb is a little fainter star because of its immense distance from us, 1,800 ]ight years, butis

an amazinglﬂ Power‘Ful sun in ourgalaxg. lt is a blue suPergiant of the same class as Rigel. ]t is

60 times bigger than the sun and is about 70,000 times more luminous. [t can be seen in the

constellation ngnus (Thc Swan).
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There are many more such stars. For the Present, let me end here and introduce you to one

of the most wonderful stars, our sun.
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NINE
THESUNISOURSTAR

You have seen there are billions and billions of suns above us and our sun isjus’c one of them.
Bg comparison, it is also quite ordinarg. But to us, it is the most important of all. |t is our star.
Without it, we could not exist. The sun is also the nearest of the stars. ]ts light reaches us in
about 8 minutes comparcd to the next nearest star (Froxima Ccntauri) whose light reaches

us in4 years.

About 5 billion years ago, the sun was born from a vast cloud of gas and dust in ourgalaxg,
the way all stars are born. Tremendous forces caused this cloud to contract and ]ight up asa
star. Without the sun, our earth would have been dark and lifeless. Fractica”g cvergthing on
carth comes direct13 or indirectb from the sun. Since ancient times, the sun has been an
objec’c of great curiositg. FeoPle in different ages have worshiPPed it out of respect or sheer
fear. Mang do it even todag. I ven though the sunis an average star, it is very hugc. Ancl it
must be remembered that it is all made oFgas, mainlﬁ hyclrogen. ]t has no solid surface. Like all
stars, the sunis also mysterious and kccps many secrets to itself. Put the scientists have

been spying on it and co”ecting lots of information.

The scientists have Picc@d togcthér alot of facts about the sun. Put its mysteries are not
Fu”g solved. As with all stars, the sun’s hot interior (about 15 million clegrecs C) is the source
of its energy. From the core, the solar energy travels to its surFace, some 400,000 miles
(600,000 K m) above it and comes to us in the form of sunshine. Put that does not mean that
all the sur’s energy comes to the earth alone. lt would be catastro[:)hic if that were to haPPCﬂ‘
The sun radiates its energy in all directions. Only a tiny fraction, about half of a thousand

millionth of it, comes to us.

Tl’le round face of the sun that we see is its surface and is called the Photosphere (]ight

sphere). Jtis not calm and glassy as it appears. ]t is terribly rough and is a turbulent ocean of
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hot gases rising and Fa”ing all the time. This gives the sun’s surface a granular (graing)
appearance. The temperature of the sun at the surface is about 6,000 degrecs c. above the
Photosphere, is the sun’s atmosphere. lts lower ]ager is called the chromosphcres (sphere of
color) which are about 6,000 miles (10,000 Km) thick. T he upper lager known as corona
(crown) extends millions of miles/kilometers into space. Sincc the various lagers of the sun

are nothing but gas, they merge into one another without definite boundaries.

The clﬁromospheres and corona are not easilg visible. Theg consist of almost transparent
gases. There is also an intense solarglare which interferes with the visibility. Theﬂ can be
seen onlg when the strong light of the sun’s surface is covered during a solar cc]ipsc. At that
time the chromospheres appears as a Pink colored ring of fire around the ec]iPsecl disk
(surface). T he corona appears as a Pearlg white halo. With special equipmcnt, they can also
be observed anﬁtime without waiting for an ccliPse. The chromospheres and the corona are
imPortant areas for scientists to observe the sun’s activities. Actua“g the stuclg of the sun

Provides clues to what may be happening in other stars, which are too far away.

But | should warn you that scientists take great Precautions before ]ooking up at the sun.
Looking dircct!9 into the sun can be very clangerous, even cluring a solar cclipsc. ]t can cause
blindness. The use of binoculars or a telescope without a reliable sun ray filteris also equa”g
risi(g. Thc safest way is to Project the sun’s image with a tc]cscopc ona Piece of paper or sce

itona | .V.screen.

The sunis a b!azing inferno. ]ts Haminggasesjump and lcap in a wild dance. Thc sun’s
Magnetic forces cause Peculiar lﬁaPPenings which affect our earth in one way or another.
Tl’le haPPenings on the sun may seem like a strange gl’wost s’cory. ]:or instance, there are sun
spots, solar Hares, Promincnces and other activities which have not been Fu“g understood.
Tl’le sun spots are dark irregu]ar smudgcs on sun’s face. They shift and change Position
unpredictably. Even the small spots may be of the size of earth. A number of earths could
clisaPPear in large ones. Theg stay for a few hours or weeks or for several months. T}'\eg
come and goina cgc]e je., increase every 11 years when hundreds of them appear in hordes.

Tl’]ey become less in between. but, this rcgu!aritg is not fixed.
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The sun spots are giant whirlpools oFgases which rise from below. At the surface theg
expand and become cool. Thcsc coolergases appear darker against the surrounding hotter
surface of the sun. The sun spots may indicate the level of the sun’s activit9 and influence on
the earth. TI’IC spots make the sun more active and theg are often accompanied by flares and
Prominenccs. (sreater solar activitg makes the earth somewhat warmer than when the sunis
not active. ]:larcs are explosive outbursts of light In gencra!, t}weg are small and last for a few
minutes. Sometimes theg may be of giant size, as wide as ten ecarths and may last for an hour
orso. ] he big ones give off tremendous energy equaling millions of hgc’rogen bombs. Some

of these flares cause damaging effects on our normal lhce on earth.

The outflow of Partic]es from the flares which reach the earth sometime clisruPt our radio,
teleplﬂone and telegraph communications. T]ﬂe scientists have not been able to Prcdict flares.
Furthermore, the most amazing feature of the sun is the Prominences. ]__ooP Prominences are
Particu!arly spectacular. T hese are hot g]owing gases that leap thousands of miles into the
sun’s atmosphere, at times more than the distance between our earth and the moon. \/\/e see
them in different forms. Some l’lang in the sun’s atmosplﬂcre for months. Some soar very high
and burst, showering gases and Par’cicles into space. But more often they showergases
downward and return to the surface in the shapc of 59mm6trical arches. TI’ICFC are otlﬂcrmcicry
activities on the sun’s surface such as shooting flames of gases called spicules. These keep
5hootiﬂg up to 6000 miles (9650 Km) like countless fountains. Thcy are active all the time

ancl cover tl’]C solar SUF'FaCC.

Tl’lis is what has been going on for billions oFgears. The scientists calculate that the sun will

remain het and ﬁcrg for 5 billion years.
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TEN
SUN'STFAMILY (FLANETS)

As | told you, the Sun’s Family is called the solar system. |t consists of not onlg the nine
P]anets? (Our E_ar’ch is one of thcm) but also many moons (sate”ites of Plancts}, thousands
of asteroids (minor Plancts) and innumerable comets. T he Sun keeps them under control.
Put even though thisis a Fami]g, its members live at great distance from one another and there

is har&b any contact between them. \/\/e see them only by their Photographs.

[tisa Familg all the same. T he scientists have sent the finest Photographcrs of the world to
take their Pictures. These Photographers are the modern sPacecraFts) great scientific
wonders, which travel millions and billions of miles,/kilometers in space and send us news and
Por’craits of our relatives. lmagine, one of the sPacecraF’cs (\/oyager 2) travelled 3 billion miles
(4".5 billion km) foriz years to send back information about Uranus and Neptune, the most

distant P]ancts. Wc know a lot more about our Plancts todag than three or four decades ago.

5 A Comparative Data of Planets is in Appcndix C

Onc of the reasons of cxploring the other P]anc’cs inour so]arlcamily is to understand their
nature and comPositiorL Mang pages of our Ear’ch’s car]g his’corg are missing, \/\/e do not
know what happcncd in the })cginning and how the solar system was formed. A 5tud9 of the
P]anets may hold these answers. Some of the Planets are closer to the SUH and some are
distant. | will bcgin with those nearest to the Sun and go outward to the farthest ones.
Ear’ch, the P]anet on which we live is the third P]anet from the 5un. The presence cf wateron
it makes it a uniciue world among the known Pianets. Lhcc, as we know, }Degan in simP!e forms in
its ancient oceans. |t is the on]y Planet which presents conditions favorable to life and has
human }Deings ]iving onit. The E_artl'l’s present atmosphere which has oxygen is neither too
thick nor too thin. Jt protects us from the harmful rays of the Sun and preserves life on this

beautiful Planet.
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Mcrcurg: ATiny Planet

Thc Pfane’c closet to the Sunis Mercurg. Jtis the babg of the Familg in the sense that it is
very small. ]t is a little bigger than our Moon and less than half the size of the Ear’ch But itis
avery fast runner. ]t moves (orbits} fastest of all other P]ancts around the 5un‘ ]n ancient
mgtho]ogg, Mercurg was called the messenger of the gocls and was considered very cleverin

hiding its movements.

As itis too close to the bright Sun, it is a little difficult to see the planct. T he sad part s
that Mercury has no atmosphere as we have on [~ arth. T he temperature on its surface varies
from burning hot, about 800 degrees [Tahrenheit(400 degrees () during its long day to
freezing cold,~300 degrees [Tahrenheit (-180 degrees () during its equally long night. [ts
surface is rugged and dusty, marked by craters, mountains, valleys and cliffs called scarps. |t

isa lhceless, airless and waterless P]anct.

An /wmjo %Mmur/lmage Courtesy: NASA
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\/cnus: Cloud-Covcrcd Flanct

Venusis [~ arth’s sister P]anct and is almost its size, smaller onlg bg 400 miles (600 K m).
Mgthologica”g, \/enus is the Roman goclcless of love and beau’cg‘ Next to the Moon, \/enus
is ac’cua”g the brigl‘xtcst and most attractive Plane’c in the skg. [tis closer to the Sun than the
E_ar’ch and can be seen before sunrise and after sunset. Thus, it is also called the Morning
Staror E_vening Star. Put the outward beautg is dcceptive. Venus has been a mystery
P]ane’c. ]t is always surrounded }33 thick clouds which do not allow a look on its surface. For
generations Peoplc Pictured the Planct in many different ways. Some even speculated about

the Possibi!itg of life onit.

T he picture of Venus which now comes to us is fearsome, No life could possibly exist there.
T he planet has a hellish atmosphere which is thick and choking, [t mostly consists of carbon
dioxide, a heavy gas (97 percent compared to a mere 0.0 percent in our [~ arth's
atmosphere). T he clouds of Venus, made of sulfuric acid drops (instead of water) add to the
tragedy. While this dense atmosphere allows a little bit of sunlight to reach its surface, it
traps the Sun’s heat and does not let it escape. T his raises the surface temperature as in a
furnace, beyond 900 degrees [Tahrenheit (500 degrees (Cc). T he surface almost glows with
heat. Any liquid drops falling on it evaporate.

Scientists have recentlg received Pictures of Venus giving signs of active volcanoes on its

surface. l’c may appear the Planet is not dead as Presumed but is active.

Tl’le pressure of Venus’s thick atmospherc (90 times greater than earth’s) is also crushing.
Thc spacecraF’cs which ventured to land on \/enus were dcstroged by its pressure, heat and

corrosive acid. \Venus, as you can see, is Practica”y without water.
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Its 51(3 is alwags grim and cloudﬂ with Frequent flashes of lightning and thunder. ]t has) of
course, Plains, va”egs, volcanoes and mountains. One of the mountain chains has a Peak

higl‘\er than Mt. [” verest, the highest mountain on [~ arth.

The ]ight reflected bg the massive clouds of Venus, apparentb givesita bright silverg

appearance. That seems to be the on]y sn]ver ]mmg n the ac1<:l drlPng c]oucls.

An /VVM?»&D%VW& Image Courtesy: NASA
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Mars: the ch Hanct #n, /W7& %Mﬁy

Image Courtesy: NASA

Mars has a]wags fascinated
People on [ arth. tis a small
P]ane’c, about half as big as the
E_ar’ch. Thc Greeks regarclecl
it as the gocl of war. More
than a century ago, some
canal-like lines were observed
on the surface of Mars. ]t gave
rise to sPecuIations that
Martian People had made
canals for irrigation; that the
P]anet was Populated bg an
advanced civilization. Mars

became a topic oH:airg ta!es,

fiction and romantic stories. |t

was even imagincd that the Martian PCOP]C were of red color and were Preparing to invade

the E_art}m

The recent observations reveal that Mars is not like our Ear’c]w. Tl"IC climatic conditions are
different. Tl’lcrc is no evidence of life or Canals onit. Frescnt!g the Planet is a vast rockg
desert. [t has some impressive features such as ]—\uge canyons (far bigger in size than any
found on E_arth), giant volcanoes, the tallest being three times highcr than Mt. [~ verest.
There are also dust storms on Mars which sometime envelop it entirelg. Tl’lc rusty (redc‘ish)
soil of the Planet and the storms which raise it in the air may be giving it reddish look. So the
goocl news is that the Martian Peop]e are not coming to invade us. And the bad news is that

itis a dessert with no life on it!
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Like Venus the atmosphere of Mars is also Predominantlg made of carbon dioxide (95
Percent) butitis very thin and does not prevent the loss of heat from its surface. Bcing
farther from the Sun (it is the fourth P]anet from the Sun after Mercurg, \/enus and Earth),
it also gets much less heat than we do on [~ arth. Mars is thus a cold Planet Tl‘\e temperature
clroPs to minus 150 clegrees Fahrenheit (I 0/0] clcgrees C) ]ts surface is Permanentlg frozen
down to a éCPtl‘) of a mile (1 1,72 Km) or more. T}werc can be no liquicl water on the surface. |t
may be buried unclerneath, frozen. T races of water vapor in the air show up as thin Frost) Fog,
and mist or ]ight clouds. The Folar chions have some ice made of frozen water or frozen

carbon dioxide (drg ice).

The Giants: JuPiter, Saturn, Uranus and NeP’cune are the giant Plane’cs of the solar
system. Theg are also the coldest and the farthest from the Sun. Jupiter is the largest of all
and is more massive than the combined mass of all other Planets in the solar system. ]t can

take 1,500 [~ arths within it.

Jupiter

January 5, 2024 January 6, 2024

Image Courtesy: NASA
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An /Wafﬂ Blach Afole Image Courtesy: NASA

Jupiter (7 eus to the (Greeks) was the Roman supreme god. Scientists think hCJuPiter were

more massive, it might have lightcd up as a star since it has an abundance of hgc‘rogen.

]magine, instead of one, two suns would have been shim’ng above us. But then, who knows,
there may have been no life on Ear’ch. The temperature and other conditions migl'lt have

eliminated life altogetl—xer.

There are differences in the Persona!itics of these four biggiants but certain features are
more or less common. Forinstance, (a) tl—reg are mostlg gaseous/xquid and have no solid
sur‘Face; the main gases are hgdrogen, he!ium, methane and ammonia; (b) theg are all bigger
than our Eartl'\; () there is no life on tlnem; d) tl—leg are icg Cold; as we move from one P]ane’c
to the other, it becomes increasiﬂglg cold because of the great distance from the Sun which

is the source of heat; the Sun itself looks smaller and smaller as the distance increases; (e)
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’chey are circled }35 rings though these are not equa”g Prominent in all cases; (F} their clouds
form stripes (bands or belts) around them Para”e] to the equator but t}weg differin contrast
and clari’cg; (g) theg are accomPaniecl bg many moons <sate“ites> ‘Jupiter and Satum are
similar in many ways. T heir thick clouds, which constantlg swirl about and are hundreds of
mi]es/kilometers deep, cover these P}anets comPletelg and do not reveal their surface. The
clouds oFJuPitcr make colorful multipie bands with ligl‘\ter zones across its disk. Saturn also
shows the same banded Pat’cern of clouds but theg lack vivid color and contrast. Since both

Jupiter and Saturn spin fast, their bellies bulge outs.

An /W of Sadurn Image Courtesy: NASA

A well-known feature oxCJuPiter is its (sreat Red SPot which is ]arger than the size of

E_art}m ]t is actua”y an enormous whir]ing storm which changcs in size and travels around the
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P]anet. Saturn is also swept }39 strong winds, Particular]g at the equator. The high sPeed of
ese winds \about 1000 miles, OO0 Km per hour) are sometime Four times stronger than

th inds (about 1 les,/ 1800 K. hour) time four ti t th

Jupiter‘s. JuPiter is a bright Planet tolook at. T hisis apparentlg due to its big size and thick

clouds which reflect more sunlight

As for Saturn, it is the second largcst P]anct in the solamcamiig, big enough to hold 900
Earths inside it. But of all the P]anets, it has the lowest clensitg so that it can float on water.
Agrand feature of Saturn is its rings which make it the well-dressed member of the solar
gamify. ]’c beats JuPiter and every other Planet in this respect. Countless Par’cicles of ice and

rock make up these rings. Theg shine by reﬂecting sun]ight

(Jranus and Ncptune, each four times bigger than the [~ arth, are very distant worlds.
Uranus at about 2 billion miles (» billion Km)J receives less than 1 percent of sunlight than

Ear’ch. Neptune at 3 billion miles (4.5 billion Km) receives still less.

An /knﬁj&afﬁL&MmﬁM Image Courtesy: NASA

Uranus
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Al of
Nepline

Image Courtesy:
NASA

Theg also have

long orbits
around the
Sun which they
complete in 84
and 164 years
respectively.
Thereisa
peculiar thing
about the
motion of

(ranus. While

a“ Otl"l@l‘

P]anets travel

around the Sun in a more orless uPright Positionj it moves almost lging on its side. Tlﬁis must
be causing Pccu]iar season. ]t was thought that Ncptunwc would be a quiet Planct. But it has
turned out to be very active. Ther@ is evidence of violent storms on its surface. These have
been given Fancy names like (areat Dark SPot, Scooter (as it moves fast like a scooter) and
E_yeba” (becausc of its aPPearance) Some winds are fastest in the solar sgs’cem. both
(ranus and Ncptune appear bluish green. Neptune, however, is more P}votogenic as it

shows faint markings and spots.
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Fiuto: T he Tiniest lcg Planet

F]uto is a tiny world of rock and ice, much smaller than even our Moon. Jtis regarclccl as a little
snowball. lt is also the farthest P]ane’c, about 5.7 billion miles (5.9 Km) from the E_arth.
HowcvcrJ Fluto sometime likes to snu%lc closerto the sun than Ncptunc. From Fluto, the
sun would look like a bright star with insignhcicant heat and ]ight‘ While sPacecra)C’cs have gone
and sent Photographs of all the other Plancts, none has visited Fluto yet. Scicntists haver’t

had a closerlook at it.

An /Wof Pldo Image Courtesy: NASA
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CLEVEN

SUNSSTFAMILY
(MCCNS, ASTEROIDS AND COMETS)

Now let me tell you about the moons (sate“ites} of different Planets, asteroids (minor

P]ane’cs) and comets.

Moons (Satc”itcs of the Planets)

All the P]anets except Mercur9 and Venus have their own moons (satellites) like ours. Tlﬂeg
go around the Planetsjust as the P]ane’cs go around the Sun. Some of these moons are very
Fascinating. Our E_artlﬂ as you know has one moon. Mars has two moons - H‘vobos and
Deimos which mean fear and ‘terror in Greek Theg attend on the wargod (Mars) but theg

are quite sma”, mere 14 miles (22 Km) and 7 miles (12 Km) wide.

Jupitér and Saturn have a iargc Familg of moons. JuPitcr has 95 moons and Saturn has 146.
O]C the 95 moons oFJuPiter, i2 are too sma”, about 12 to 100 miles (19to 160 Km) wide.
On]y four of its moons are largc. Theg are Ganymcdc, (Callisto, Jo and E_uropa. Gangmede
and Ca”isto are very big, bigger than our moon. ]n fact, Gangmec}e is the Iarges’c moon in the
entire solar system and is even biggcr than the Planet Mcrcurg. T}ﬂc other two moons, lo and
Europa are about the size of our moon, ]o is a little bigger and Europa slightlg smaller. As
for Saturn, its ]argést moon is | itan. ]t is the second largcst moon in the solar system. Four
of its moons (R]’lea, ]apetus, Dione and Tetl—xgs) are of moderate size ranging from about
650-950 miles (i 045-1545 Km) in diameter. T}wc rest are sma”, around 5-300 miles <Z+~

500 Km) across.

As we now know (ranus has 28 moons and Neptune has 16. ] he five moons of (ranus
(Miranc!aJ Arie], Umbriel, Titania and Oberon) are well known. One of the moons of
Neptune (Triton) is large. The rest are small. Fluto Perchecl at the far end of the solar
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system is the most distant Planet. ]t has a small moon named Charon which is about 750 miles

(i 300 Km) wide.

What we have to be thankful foris that our I arthis idea”y located in the solar system which
led to the c{evelopment of life onit. ]F we were a little closer or farther from the Surx, the
conditions migl‘xt have been different. The I~ arth could have been a P]anct like \enus or

Mars‘ So, we have to preserve our Planet Ear’ch; keep it safe from Po”ution which destrogs

its air, water and vegetation on which our life clepencls.

A brnage af%a‘u;/ﬁm Image Courtesy: NASA
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A lnage oA Ufranss' s Moons Image Courtesy: NASA

An /WMf/ of the Asteroid Boelf Image Courtesy: NASA
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Asteroids (Minor Planets) - Rocks of the Solar Sgstcm

In the space between Mars and Jupitcr there is a broad belt known as the Asteroid Pelt on
which roll mountain size rocks and boulders with Iumps of iron and other metals imbedded in
them. Tlncg go around the Sun like other P!ancts and are called minor P]anets or asteroids.
Therc are thousands of asteroids of different shapcs and sizes. Ceres is the fargest, about

600 miles (1000 Km) wide.

Some asteroids may be 100 miles (160 Km) wide. But most of them are onlg afew miles
across or even smaller. Occasiona“y, theg develop unusual orbits and stray from their norma
course. Sometimes theg swing clangerouslg close to the [ arth's Path (orbit) causing concern

of Possible collision.

Such asteroids are called [~ arth-grazers. Asteroids are not the reliable members of the solar
family and their neighborhood is not safe. Some scientists think that asteroids pose a great
threat to our [~ arth as a
large asteroid could wipe
out the human race. Put |
should not unduly worry.
Nothing catastrophic has
happened for thousands of

9681"5.

Astersid Bl
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Mctcoroids, Mctcors and Mcteoritcs

Smaller Asteroids (rocks of boulder size) are known as meteoroids. Thcg are numerous,
Probab]g the result of rePeatecl collision among bigger asteroids. Mang meteoroids (sma”
asteroids} fall on the E_arth almost every dag Fortunatelg for us, before theg reach the
grouncl tl’leﬂ burn out in the Earth’s atmosphere due to heat caused }33 friction. A burning
meteoroid which Produces a streak of ]ight for afew seconds is called meteor. [t is also known
as a sEooting starora Fa”ing star. Once in a while when a meteoroid does not burn up and
hits the [ arth it is called a meteorite. Meteorites have actua”g been seen and even hit

I"IOUSCS.

Mi“ions o?years ago, big and small rocks (asteroids and meteoroids) regu]arly hit the moon
and PlanetsJ even our E_arth and left marks on their surfaces in the form of craters. As our
moon has no wind or rain these Pock marks have remained there for millions oggears. The

rain, wind and vegetation on Earth have wiPed out most of them.

A Mistation oft o Meteoraid
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Comcts

Comcts are
mysterious and may
numberin the
billions. ]t is said
there are more
comets than there
are fishes in the
oceans. Thcg are
believed to revolve
around the Sunin
the coldest regjon,
far bcgond Fluto,

our farthest Flanct.

An /me«r’/ %,,L,é/f%y (omet Image Courtesy: NASA

Theg are chunks of frozen gases and rock and are onlg a few miles wiclq theg have been
called dirty snow balls. The appearance of a comet has alwags filled Pcoplc with fear. Thcsc
unexpectecl visitors from space are considered as heaven's waming of some kind of evil

happening on Ear’ch such as war, cleath, destruction or famine.

Sometime war, destruction and deaths have coincided with the appearance of comets. Put
such calamities have occurred even without them. | ike asteroids comets are also clisordcrly
members of the so(amcamilg and clisrcgard normal rules of the road. Occasiona”y a comet

leaves its normal orbit and makes a looPing swing towards the Sun.

55



The outflow of solar energy evaporates and drives out its gases which sometime extend

millions of miles as a comet’s tail. T he comet then shines bright]g 133 Sur’s ]ight. Some

comets go around the Sun once and return to their distant home, never to return again.

Some disintegratc (break up) and vanish forever. A few others devciop smaller orbits and

visit at regu]ar intervals varging from a couP]e opgears to a hundred or hundreds oFyears.

The well known Ha“eg’s Comet returns to earth after every 76 years.

Stellar “Interlopers” = Hubble Space Telescope ACS

NASA, ESA, and R. Sahai (NASA/JPL) STScl-PRC09-03

Image Courtesy: NASA

Evcrg time a comet passes
around the Sun, it loses

some of its material which is

left behind as dust
Par’cic]es. When the [T arth,
in its normal orbi’c, passes
through this debris
(remnants of a broken
comct), these come in
contact with its
atmosphere and burn up as
meteors. Sometime so
many such meteors are
seen Fa“ing from the skg
that the event is called a

Metcor Shower.
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TWELVE
STORIESINTHE SRY

All the stars we see at night arc a part of ourga]axg. |n ancient times Pcoplc thought that
theg made some kind of slﬂaPes, Patterns or Picturcs. Somc aPPearecl to them like human
gigures, some like animals and some as objects of cvergdag use. Depcnding on how tl'xeg
imaginecl, theg named them after animals, birds, brave warriors or otlﬁchigures. These
imaginary star groups are called constellations. T here are attractive stories associated with
many of the constellations. SOme have many stories. The charm of constellations is as much

in the wonder of their stars as in the magic of their legends.

Conste”ations are gcnera“g known bg their Latin names. Mang do not look like the names
given to them. About 2000 years ago, onb 48 constellations were known. Since then new
groups of stars have been named. Todag we have 88 constellations®. Thcir Position in the
sky has been shown in the skﬁ maps in the same way the land maps show the cities and states

on ear’ch.

[” ven though these star groups (constellations) are imaginary, they are useful;
Constellations mark definite boundaries in the sky and thus help us in finding the position of
different stars, even distant galaxies and objccts. You have to understand that most
constellations are visible eitherin the northern hemisphere (the part of the carth above the
cquator) orin the southern hemisphere (the part below the equator). T his is because people

in these different halves of the earth see different Parts of the skg.

Tl’le stars are Practica”g stationary. Theg are so distant that we cannot see them move for
thousands oggears. ]’c is actua”g our cartl—], from where we look at ’cl‘lem, which is moving, Like
passengers on a moving bus who see the outside objects (trces and buildings) in motion, we
see the stars move in the skg. ]t is the bus which moves not the trees; so also itis our earth

which is in motion and not the stars.
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5 Names of Welucnown Cor\ste”ations are in APPenc[ix D.

You must have noticed that the sun and the stars rise in the east and slow19 move to the west
and disaPPear under the horizon. This appears because ourearth is cons‘cant]y turning
round its axis (center) like a top in the oPPosi’ce direction, from west to east. [t completcs one

turn in 24 hours.

As you imow, the earth also goes around the sun in a circular Path (orbit) which it comP{etes
in one year. Thisis like going around a race track. | he cl'langing ang!es of the earth gives us
different views of the stars and constellations at different times of the year - summer, autumn,

winter and sPring

%ﬂ Mustratzon af WW Mém#rf
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(Irsa Major (The Big Bear)

(Irsa Major in |_atin means ‘Pig Dear. |t
is commonly recognized by seven bright
stars that catch everybody’s attention. |f
you connect these stars by an imaginary
line, they will make the shape of a dipper.

I:our of its stars make the bowl or a cup

and the other three make the handle. T his
is called the Big DiPPer. The Big DiPPer
is also called ‘Flough’ since it makes that

shaPe also. Some People call it }33 other

names such as Wagon, (hariot, and
Seven Wise Men.

Although the constellation is known as the Big Bear, it does not look like it. [t is difficult to
see the whole constellation as many of its stars is too dim. Thc three stars of the handle of
the diPPer are thought to make the tail of the bear. ]t might interest you to know that all the

seven suns of the Big DiPPcr are more Powencul than our sun.

Tl’lé middle star of the clippcr’s handle is called Mizar. lt means horse in Arabic. Aimost
touching this staris a very dim star called Alkor which in Arabic means a horseman. Angone
who could see this star was considered to have good sight The Arabs used it as a test for

good eye~sight

Tl’le two stars of the cup away from the handle (known as the Pointer stars) he]P to find the
direction of the North Star which is in another constellation called (rsa Minor (The |ittle

Bear). [f we draw an imaginary line from the inner Pointer star to the outer Pointer star and

extend it all the way up, it will touch the NOFH’] Star.

59



(rsa
Minor
(The
| ittle
Bear)

The

constellati

on(Jrsa
Minor

cloes not

have very
bright
stars.

Therexco re,

itis not

casy to see

it. Dut its
shape is similar to that of the Big DiPPer. Being small in size, it is called Li’ctle DiPPer. TI"IC
star at the upper end of its handle is the North Star.

T here are interesting stories about the (Great Pear and the | ittle Bear. According to a
legend, / eus, the king of gods fellinlove with Callisto, the beautiful daughter of a king,

T ogether they had a son named Arcas. (Goddess [Tera (Juno), wife of Zeus became
jealous of Callisto and changed herinto a bear. When Callisto’s son grew up, he saw a bear

while hunting Not knowing that it was his mother, he was about to kill her.
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/ cus, his father was
watching all this from
heaven. [e saved, Callisto
by turning Arcas into
another bear,Just like his
mother. /cus then pulled
both the bears by their tails
and placed them in heaven
as constellations. T hey are
there now, near each other.
Since they were pulled by
the tail, it got stretched and

lDCCEﬂmC lOﬂg.

T he Hindus of |ndia have
anotherlegend. T hey
believe that Dhruva was the
son of a mighty king. Since
he was the crown prince, his

stcpmothcr bccamcjca]ous

URSA MINOR
of him because she wanted THE LITTLE BEAR

her own son to be the crown
Prince. Dhruva left the Pa]ace and went into the forest where he met seven ho]g men (rishis).
Tl’ley taught him how to meditate to reach god. [He meditated very hard. God was very
P]eased with him and gave him a Place in heaven as the Dhruva T ara (Fole 5tar>. The seven
holy men who had taught the Friﬂce were also sent to heaven. Tl‘ncy are the seven stars of

the Big DiPPer, and are called the sapt rishis (scven sages>.
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Orion (T he Hunter)

Orion makes a wonderful siglnt during the winter months that no one can miss. | his
constellation has also seven main stars which make the Figure of a hunter named Orion, the

tallest and most handsome of men in old !egenc{s. Jts three glittering stars in the middle make

the hunter's belt. ]t is thought that Orion is ho]ding aclubinhis right hand which is raised and
a shield in his left hand.
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The two super giants, Rigel and Petelgeuse | told you about, belong to this constellation.
Rigelis near the left knee of the hunter and Betelgeuse is at his right shoulder. T he fuzzy
middle star of the sword is not a star. |t is the (Great Orion Nebula, a vast cloud of gas and
dust, about 1500 light years away. [t is
the birth place of stars, probably
closest to us. | here are many such

PlaCCS in ourgalaxg ancl Otl’]CFS.

| had told you about another star,
Sirus which looks like a diamond in the
sky. [tis seen close to Orion’s feet.
Although it belongs to another
constellation ((Canis Major - The Big
Dog), it has a close companionship with
Orion. Sirus represents one of the
hunting dogs of Orion. [Tor this reason
itis also called the Dog Star.

ﬁn Misteation ,,f fhe ﬁr%f ﬁﬁm /\/«;éu/n
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There are a number of stories about Orion. According to one story, Orion always boasted
of his strength as a great hunter. (Goddess [Tera did not like it. She got a scorpion to kill him.
(Goddess Diana, protector of hunters, begged the chief god /eus, to bring Orion back to
life. 7 eus agreed and sent Orion to heaven to live there forever. [Tis two dogs (the big dog
and the small dog) along with a hare were also placed nearby. All three are in different

constellations.

To Plcase
goclcless Hcra, the

scorpion was also
sent to the skg but
was Placcd at the
oPPosi’ce end, away
from Orion. Je
makes another
constellation
named ScorPious.
]n another story
the great hunter
Orion was l’lunting

in the forest with
his faithful dog,

Sirus. [ e saw

seven beautiful

girls (all sisters) and thougl—]t of marrying one of them. As he chased the girls, theg got
?reighted and called the gocl / eus for hclp. To helP them escape, he changed the girls into
doves. Tl’leg all flew away and Orion was left alone with his dog.
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Taurus (The BU”)

T aurus can be located in the skg by its bright red star, Aldebaran, the red giant, ] told you

about before. ]t is easy to find this star. ]Fyou draw an imaginary line from Orion’s belt all the
way to the rig}'\t} it will Point in the direction of Aldebaran. |t makes the red eye of the bull.
To the left of A]clebaran are two stars which make the tiP of the bull's horns and to the right

the stars make its bocly.

A romantic story goes with this constellation, /eus, the king of gods fell in love with [Curopa,
the young princess of P’hoenicia. T o reach the princess, he changed himself into a white bull.
[Curopa was delighted to see this beautiful and gentle animal. Playfully she sat on his back.
The bull raced her to a distant land and changed back to Zeus before marrying her. |t is
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TAURUS

— THE BULL ——
Tho Vwyz

believe
d that
the
contine
nt of
F urop
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after
[Curop
a. ] he
bullis

seenin
the skg
as the
constell

ation

T aurus




Pleiades
deez)

A dcscription
be incompletc
mention of the
‘sisters of the
sisters’. | he
well known
which appears
mist towards
Aldebaran.
several

in this cluster.
mos’cly young
few million
makes them

comParccl to

shine with white blue light.

PLEIONE

e

5

* TAYGETA z “"
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PLEIADES

THE SEVEN SISTERS
TAURUS

#
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of Taurus may
without a

Fleiades, called

skies’ or ‘seven
Fleiades is a
open cluster
as atiny white
the right of
Tl’xerc are
hundred stars
Tl’xcsc are
stars, orxlg a
years old which
youngsters

OUFSUH.1—h69

With the naked cye itis rxorma”g Possib]e to see the six stars of the Heiacles. ]t is an eye test

if someone can see the seventh star. Thcsc seven stars are believed to be the seven sisters

who were turned into doves and then stars 133 the god Zeus to save them from Orion. Tl—]e

bullis Protccting them from the hunter. Some Peop]c thought, that one of the sisters was

struck bg lightning and is not visible. She recited the 1Co”owing lines of a poem:

Tl’le Sistcr Stars that once were seven, Mourn for their missing mate in f’ieaven.
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THIRTEEN

FINDING
YOUR
WAY
THROUG
HTHE
STARS

The skg is a maze of

stars. lt is comcusing
for anyone to find

the shapes of

constellations at

first glance or even recognize Prominent stars. T!"lCY‘C are no road signs up there to find your
way. Therc are star maps which tell us where to look for Particu]ar constellations or stars at a

givcm time.

We can also take the help of the PBig Dipper or Orion (both casily visible) to locate some
constellations. And from those points proceed further on. T he bright stars often reveal the
location of constellations to which they belong. Before you go out to look for the
constellations, a mental picture of their shapes makes it casy to recognize them. Jtis like a

treasure hunt. You must know where to clig.
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Arcturus and Spica

| _et’s start with Arcturus, the briglﬁt star | told you about. [t is in the constellation Pootes
(thc Hcrdsman)‘ We can locate it bg Fo”owing the curve of the Eig DiPPer’s handle. I]C we
continue this curve begomcl Avrcturus, it will take us to Spica, a brilliant blue white starin the

constellation \/irgo (thc \/irgin). lt is 260 light years from us and is 2100 times more Powcrpul

than thc sun.

Arcturus

+ Boctes
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Summer Trianglc

The Summer Triang!c is not a

constellation. [tis alarge T riange
formed by three bright stars of three
different constellations viz., Vega in
the constellation | yra (the | yre);
Altair in the constellation Aguila (the
[T agle); and Deneb in the
constellation (Cygnus (the Swan).
Theyare all brighter than any other
stars in the area. | herefore, it is not

difficult to locate them.

] have a]rcadg told you about \/cga
and Deneb. A]tair is also a big star,
eleven times more Powchu] than the
sun. During the summer months i]cyou

look at the 51(9 towards the North,

cha will be on your right. ]ts blue color is unmistakable. Close to \/ega you will see aline of

stars which is thought to make the head and neck of a swan. ]:o”ow this line down to a bright

star at the tail end of the bird.

This will be Deneb. Another line of stars which intersects this makes the swan’s wings.

Tl’lese two intersecting lines also make the shaPe of a cross called the Northern Cross.

Altair can be seen to the Soutl—x of \/ega and Dencb. Tl'xe Big Dipper can also be used to

find \/ega, A!tair and Dcncb. A line from the lower star of the cup towards the upper star
joining the DiPPer’s handle and extended beyoncl will lead to \/cga. Having come upon

\/ega, Proccecl further in the same direction to see Altair. Dencb which is s]ightlg fainter than

\/ega and Altair can be seen to the E_ast of \/ega and cannot be missed.
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Cygnus

was a

friend of
Fhaethon,

son o1C the

sun gocl

[Helios.
[He took
his father's
chariot to
drive
across the
sky. e
could not
control the
horses.
He zig
zagged in
the sky,

going up and down. When he went too high, the earth became cold and when he came too

close to it, it made some Placcs too hot like the Sahara. Feoplc living there became tanned.

]:inallg, he spiraled down into a river to his death. Cygnus dived to save him but could not.

He became very sad after H’xaethon’s death. Feeling sorry for l—n'm, the gods cl—rarxged

ngnus into a swan and P]acecl him in the heavens as a constellation.

As for Lyra the legencl goes that this was designecl with the shell of a tortoise. ]ts music

attracted everyone who heard it. So it was given a Place in heaven. | here is also a story

about Aqui]a (the Eagle). Frometheus, one of the gocls, was a friend of mankind. FeoP!e on

earth liked him. ln the beginning animals were better off than man since tl—reg had strcngt!—r and

speed which man did not have. Man suffered. Frometheus found a way to hc]P them. He
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brought Fire )Crom heavcn and gave it to man so that he cou!c{ ma‘(e weapons to Protect himsel)c

and make tools for Ploughing the fields to grow food.

The gods became angry. FPrometheus was arrested for stealing the fire and chained to a rock.
An eagle was ordered to tear him aPart‘ The wounds would heal at night on]g to be Pcckcc{
the next c’aﬂ. After many dags of torture, the mig}'nty Gireek hero, Hercules killed the cagle

and freed Prometheus. T he caglc was gjven a P]ace in heaven.

According to another version of the story, the cagle was sent by Zeus (Jupiter) to earth to
bring a cup- bearer for the gods. T he cagle
brought in his claws a handsome shepherd boy,
(Gangmede. As a reward the eagle was placed in

heaven. lt is also said that this eagle carried the
thunderbolts of Zeus‘

We can see some other constellations also with the
heip of the +Big DiPPcr, such a] eo (the | ion),
Gemini (the Twins), Auriga (the Charioteer),
Cassiopcia (thc Quecn) and Anclromccla (thc
Frinccss}. (emini and Auriga can also be located

with the l’lC]P of Orion. Orion can also direct us to

two brilliant stars, Sirus in the constellation (Canis
Major (the Big Dog) and Frocgon in the
constellation Canis Minor (tl’]é Litt]c DOQ
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| eo(T he | ion)

If aline drawn from the Big
DiPPcr towards \/ega is extended
in the oppositc direction, it will

connect with chulus) the

brightest star in the constellation
[ eo.[tis 85 light years away from
us. Jtis a blue white star, five times
bigger than the sun and 160 times
more luminous. | he stars above
Regulus make the shape of a sickle
(ora backward question mark)
which is easy to recogpize. T his is
supposed to be the lion’s head.
The back of the lion is formed by
a triangle. | he second brightest

REGULUS star of the constellation,
REGLLUS & DENEBOLA
DENEBOLA Denebolais at its tail.

Tl’zen thereis a lcgcnd of alion.

Nemean was a ferocious lion whom rxoboclg could kill. ]ts bodg was so ’cough that arrows and
weapons could not Pierce it. f”]ercu]cs, the strongest Grcck hero wrestled with the lion and
strang]ed it to death. Feople narrated the stories of this lion and remembered it bg looking at

the constellation | co.
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Gemini (T he T wins) and c
Auriga (The A==
(Charioteer)

[t's easy to locate (Gemini (the

T wins) and Auriga (the
Charicteer) with the help of the
Dig Dipper and Orion. Pollux
and Castor are the leading stars

r
{
{

=1

of the constellation (Caemini.

=3
%

According to alegend, they were
twin brothers but had two fathers.
(Castor was the son of a mortal
farther but Pollux was the son of
god 7/ eus and was immortal.
When Castorwas killed in a
battle, Pollux asked Zeus to let

him share his immorta[itg with his

brother. T he request was

granted. | he constellation
(emini represents them in heaven. [T he Romans identified them with Romulus and Remus,
the two brothers who founded Rome. (astor stands for "war’ and Pollux for ‘peace’. Pollux
shines with an orange light. [t is 35 light years from us and is 35 times more luminous than the

sun.

Cape”a is the chief star of Auriga. Jtis the 6th brigl—xtcst starin the 5‘(3 and is 42 ]ight years

from us. lt is an cxtremc]g Powchul sun.
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Cassiopcia, Andromeda, Ccphcus, Perseus, chasus (the Wingcc!
Horse)

Before you see the constellations of Cassiopeia, Andromeda, Cepheus, Perseus and
Fegasus (’thc Winged Horse). | will tell you a story. This is the story of a rogal Family which is

cast in the 51(3.

(assiopeia was the
Queen of [~ thiopia.
Her husband, Cepheus,
was the [King. T hey had
a daughter named
Andromeda. T he queen
boasted that she and
her daughter were more
beautiful than the sea
nymphs. | his enraged
the nymphs, the divine
inhabitants of the seas.
They asked FPoseidon
(Ncptune), the god of
the sea, to Pum’sh her by

sending Cetus, a sea
monster to destroy the
kingdom. (Cepheus sought an oracle’s advice. [T]e was told that the only way to calm the
anger of the sea nymphs and save the kingdom was to sacrifice their daughter, Andromeda.
The [rincess was chained to a rock at the edge of the sea to the devoured by the sea
monster. [erseus, the hero of those days while riding on his flying horse, Pegasus looked

down at the sea coast, there he saw Frincess Andromecla chained and in danger. [e came to
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her rescue and killed the monster. | e then married Andromeda and theg both lived haPPilg
ever After.

Allthe characters of this story can be seen in the sky as different constellations. Cassiopeia
is very easy to see during autumn. [t makes the shape of a‘\W’, and is supposed to be anivory
chair on which the queenis sitting. T he constellation can also be seen with the help of the
Dig Dipper. A line from Mizar, (second star from the top of the Dippers handle) to North
Star and extended to about the same distance beyond will come upon the ‘W' sign of the
constellation. Pelow (Cassiopeia is a line of stars which makes Andromeda’s body. T his is
the Andromeda constellation. T he other constellations of the royal family viz, Cepheus,

Perseus and even Fegasus are close 139. T he stories often help in locating the constellations.

The distant galaxy of Andromeda can also be seenas a misty spot in the direction of the

Anclromecla constellation.

#ﬂ Mustratzon of fhe
#ﬂdrm ﬁa/ﬂx//
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FOURTEEN
A LONG JOURNEYFROMTHEFPAST

We have come a !ong way in our search of the heavens. [Trom the dawn of human inte”igcnce}

People have wondered ]ooking at the sun, moon, and stars. Thcg tried to cxP]ain these

heavcnly wonders in different ways. Astronomg (science of stars and other hcavenlg boclies)
was thus the first science of

ancient civilization.

A lMusheton of Grolder frotile
wilh his 7&-/&%«7”/

About 1800 years ago, a Greck
astronomer, Fto]emg (Claudius
Fto[emaeus) wrote a text in which
he said that our carth was the
center of the universe and that the
sun, moon and the
Planets moved around it. For

ncar]g 1,400 years this view

Prevai]ed. ]n 1543 a Folish scholar
named Nicho!as Copernicus cl’ra“enged this belief. r"]e suggested that it was the earth and

the Plancts t}wat revo]vecl arouncl thc sun ancl not the othcr way round.

Feoplc Fina”g accePtcd CoPernicus’s view. Man’s Pride of being at the center of evergthing
burst like a bubble. |n 1609 (about 400 years ago)} another imPor’cant thing haPPcned. An
]talian scientist, Galileo Galilei, made the first te]cscope which could see far begoncl the

human eye. This was an event which transformed the science of astronomy.
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Mang new discoveries were made. Since ancient times, there have been many great scientists
who enriched the science of astronomy. (ntil the beginning of this century, the universe did
not exist beyond ourgalaxg, the Mi]ky Wag‘ Todag we know that there are billions of
ga]axies bcgonc{ ourown. | _ven tlﬁouglﬁ there are mysteries at every step, the scientists know

a great dca! more tl'xan afew generations ago.

The progress during recent times has been plﬁcnomenalJ Particular]g after the bcginning of

space age in when scientists began sending satellites into space. Since then men have
pace age in 1957 when scientists beg ding satellites into sp ince th h

landed on the moon and space satellites have sent us information from distant Planets. The

modern scientific instruments, space telcscopcs, improvcd Photo tcchniqucs and amazing

computers have changed the Picture of our universe.

A Mistetion of the Foist Vloon. fandling
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We all are living in an exciting age. Wha’c ] have told you is only an outline. ] am sure you will
see many more wonders in the land of the suns in your life. T here are many tl'lings you can
read about. Or magbe in the future

a c{istant star may te“ them to you.

THEEND
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SOME MEMBERS OF THE LOCAL GROUP OF GALAXIES Appendix A

Name of Galaxy Width in Light Years (Approx) Type
Andromeda M 31 (NGC 24) 130,000 Spiral
Milky Way 100,000 Spiral
M 33 (NGC 598) 60,000 Spiral

Large Magellanic
Cloud (L.M.c.) 30,000 Irregular

Small Magellanic

Cloud 25,000 Irregqular
Fornax 22,000 Elliptical
NGC 205 16,000 Elliptical
C 1613 16,000 Irregular
NGC 147 10,000 Elliptical
NGC 6822 9,000 Irregqular
M 32 (NGC 221) 8.000 Elliptical
NGC 185 8,000 Elliptical
Sculptor 7.000 Elliptical
Leo 5,000 Elliptical
Leo ll 5,000 Elliptical
Draco 4,500 Elliptical
Ursa Minor 3,000 Elliptical
Snickers

SCIENTISTS HAVE LISTED GALAXIES, NEBULAE AND STAR CLUSTERS, ETC. TO DISTINGUISH ONE FROM THE CTHER.
FRENCH ASTRONOMER C HARLES MESSIER PREPARED THE FIRST CATALOG IN 1771. SINCE ANDROMEDA
GALAXY IS NUMBERED 31 IN MESSIER'S CATALOG, ITIS CALLED M 31. ANOTHER CATALOG IN USE IS NEW
GENERAL CATALOG (NGC). SOME OBJECTS IN MESSIER'S CATALOG HAVE ALSO BEEN SIVEN NGC NUMBERS
VIZ., ANDROMEDA GALAXY (M. 31) IS ALSO CALLED NOC 24.
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APPENDIX B
TWENTY ONE BRIGHTEST STARS IN OUR SKY

Of the thousands of stars visible at night, some stars appear brighter than
others. Twentyone brightest stars in our sky are given here in order of
their apparent brightness (as it appears to the eye).

No | Star Constellation | Apparent | Distance Luminosity

Magnitude | from Earth (%) Sun’s

(Light
Years) Appr.
1 SIRUS Canis Major =1.50 9 26
2 Canopus Carina -0.72 1,200 200,000
3 Alpha Centaurus =027 4.3 .5
Centauri
4 Arcturus Bootes -0.04 36 130
5 Vega Lyra +0.03 26 58
6 Capella Auriga +0.10 42 70
7 Rigel Orion +0.10 900 60,000
8 Procyon Canis Minor +0.40 11.4 1l
9 Achernar Eridanus +0.50 85 780
10 | Betelgeuse | Orion +0.50 500 15,000
o | Agena Centaurus +0. 61 460 10,500
12 |Altair Aquila +0.80 16.6 1
13 Acrux Crux +0.83 360 4,000
14 | Aldebaran | Taurus +0.90 70 360
15 | Antares Scorpius +1.00 520 9,000
16 | Spica Virgo +1.00 260 2,100
17 | Pollux Gemini +1.14 35 60
18 | Fomalhaut | Pisces #1.18 22 53
Australis
19 | Deneb Cygnus +1:25 1800 70,000
20 Beta. Crux +1.28 425 8,200
Crucis

21 | Regulus Leo +1.35 85 160
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COMPARATIVE DATA OF PLANETS

APPENDIX C

Name Average Distance | Diameter Time taken | Time taken
from Sun in to orbit to rotate
million Miles Km the Sun on Axis
Miles Km

= —

Mercury 36.0 57.9 3,030 4,880 88d | 594

Venus 67.0 108.2 7,520 12,100 225d | 2434

Mercury

2

5.4

Mars 142.0 228.0 4,217 6,786 687d | 24h 37m 23s
Jupiter 484.0 778.4 88,733 | 142,796 11.9y | 9h 50m 30s
Saturn 885.0 |1,425.6 74,978 | 120,660 29.5y | 10h 40m
Uranus 1,780.0 |2,867.0 31,765 51,118 84y | 17h 14m
Neptune 2,790.0 |4,486.0 30,777 49,528 164y | 17h 50m
Pluto 3,660.0 |5,890.0 1,500 3,000 248y | 6d 9h 17m
Name Inclination of Mass Density | Gravity | Number
equator to axis Earth=1 Water=1 | Earth=1 of Moons

(rounded in
degrees)

Venus

Mars 25 3.9 2
Jupiter 3 317.93 1.3 16
Saturn 27 95.18 0.7 1.10 17
Uranus 98 14.53 1.2 0.88 15
Neptune 29 17513 1.6 1.14 8
Pluto 122 0.0022 2.07 0.057 1
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(1)
Appendix "D

NAMES OF WELL-KNOWN CONSTELLATIONS

There are 88 constellations but it is difficult to
see all of them. Some constellations are too faint. The
others are too far in the southern hemisphere and cannot
be viewed from countries in the northern hemisphere

excepting those close to the equator.

For an easy acguaintance, the constellations have
been grouped according to the season in which they can be
best seen. Depending upon the time and place, they may
also be visible before or after a particular season.

Wherever the constellation has a lst magnitude star,

it has been mentioned against its name.

Summer Constellations

ALTAIR

Aquila (The Eagle)
Capricornus (The Sea -Goat)
Cygnus (The Swan) - Deneb
Darco (The Dragon)

Hercules

Libra (The Scales)

Lyra (The Lyre)

Ophiuchus (The Serpent Holder)
Serpens (The Serpent)

VEGA

Sagitta(The Arrow)
Sagittarius (The Archer)
ANTARES

Scorpius (The Scorpion)

AutumnConstellations
i

Andromn~da

Aquarius (The Water Carrier)
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Aries (TheRam)

Cassiopeia

Cepheus

Cetus (The Whale)

Pegasus (The Flying Horse)
Perseus

Pisces (The Fishes)

Taurus (The Bull) - can be seen
until late winter

Winter Constellations

Auriga (The Charioteer)
Canis Major (The Big Dog)
Canis Minor (The Little Dog)
Gemini (The Twins)

Orion (The Huntev)

Spring Constellations

Bootes (The Herdsman)
Cancer (The Crab)

Leo (The Lion)

Virgo (The Virgin)

Circumpolar Constellations

Ursa Major (The Big Bear)
Ursa Minor (The Little Bear)

Constellations of The Zodiac

The orbits of almost all planets,

- ALDEBARAN

- CAPELLA
- BIRUS

- PROCYON
- POLLUX

- RIGEL AND BETELGEUSE

- ARCTURUS

- REGULUS
- SPICA

They are visible

all year round

from latitude 40°
North (approxi-
mately midway between
the equator and the
North Eole).

including our

earth lie along a horizontal narrow belt (circular
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(1iid)

highway or a beltway) called the Zodiac which goes
around the sky. This is also the sun's apparent
path. Twelve of the 88 constel _lations (names

given below and included in the above list) form the
background of this circular parth just as viewers
around a boxing ring or a circular race course. They
are called the Constelzlations of the Zodiac.

(Zodiac' means circle of animals; a majority of these

constellations represent animals.)

Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra,

Scorpius, Sagittarius, Capricornus, Aquarius, Pisces
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In ancient times these twelve constellations were
considered special as they were thought to influence
the destiny of nations and human beings. Even today
the position of these consteI:lations and the planets
(erroneously called stars) is used to predict future
events. This is astrology. Although astrology and
astronomy had common beginnings, they are both totally
different. Astronomy is a science but astrology is

based on belief.
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‘We are hut a speck of dust, floating in desolate skies’ -
NARINDER KUMAR CHAUHAN
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THEAUTHOR

Narinder Kumar Chavhan (1929-1996) was a distinguished former
IAS officer whose career spanned numerous influential roles within the
Government of India. Initially embarking on his professional journey as a
university lecturer, he later rose to prominence as an Advisor for the First
International Surveillance act (FISA) and served as the Director of
Education. His diplomatic assignments included significant postings in
Washington, San Francisco, and Moscow. He served as an Advisor to two
Prime Ministers during his distinguished career, starting with the Late Indira Gandhi, and continuing
with her successor, Rajiv Gandhi. His tenure spanned from the early 1960s through to the late 19805,
shaping key decisions across two significant political eras.

Mr. Chauhan played a pivotal role in facilitating cultural agreements, notably overseeing programs that
promoted the exchange of scientific information and literature targeted at young people across Eastern
Europe and Africa. His dedication to fostering international collaboration led him to visit Kenya and
Algiers to finalize these important protocols. Additionally, he contributed to the editorial staff of
national publications aimed at young audiences, enriching their educational landscape.

A recipient of the prestigious Rockefeller Foundation scholarship, he furthered his studies at Johns
Hopkins University, enhancing his expertise in education and international relations. Upon retiring as
Deputy Secretary/Deputy Educational Adviser with the Government of India, Mr. Chauhan split his time
between Virginia, USA, and Chandigarh, India. His remarkable journey concluded in 1996 when he
passed away due to leukemia, leaving behind a legacy of commitment to education and cultural
diplomacy.
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Alcor

Dubhe

Alkaid Alioth

Phad Merak

The Big Dipper with names of stars.

All stars of the Dipper are more powerful
than the sun. Except Dubhe which is somewhat orange, all other
stars are white. Orange color means lower surface temperature.
The magnitude, luminosity and distance of these stars from us are
given below.

Mag. Lum. Distance
(power times sun)
Alkaid 1.9 600 200 1y.
Mizar 2.0 70 20 ly.
Alioth 1.8 85 70 ly.
Magrez 3+3 20 65 ly.
Phad 2.4 75 90 ly.
Merk 2.4 65 80 1ly.
Dubhe 1.8 140 100 1ly.
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Vega

Ly
CYGNUS .

AQUILA

The Summer Triangle

<™ wortn

Little s Star
Dipper ,/
Ursa Minor (The Tittle Bear)
/

/
’
4

Big Dipper
Ursa Major (The Big Bear)

To find the North Star ( Polaris ), take
the help of two pointer stars away from
the Big Dipper handle. Draw an imaginary
line from the inner star to the outer

star and extend it all the way up. It will
lead to the North Star.
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During Autumn
(Looking North)

Q‘Jr

Big Dipper
’
’,/0 thtle Dipper
North Star
/
4
’
4 Cenheus
Cassopeia

Andromeda a
)

alaxy
Perseus N ( M.

Andromeda

Pegasus P

Constellations
of the royal
family. 7he

Big Lipper can
also be used to
find their posi-
tion.
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Altair CASSIOPEIA
/
Deneb v
/
SUMMER /
TRIANGLE .
’ North St
Vega \ ¢ "or . capella
\ 7 — '
\ \ \
\ / 1 Pl
n / \ o TAURUS
4 - .
ﬂ o
4\ Y T AURIGA
/ \ G
4 \
i THE BIG DIPPER
g = Mizar - -
? ' e S
> . ; 9 T o Castor
Fal - . ° )
, \
/ \ Pollux GEMINI

4 | . ; ’ll(IH

[ 3
[ LEO

{ Regulus

Finding constellations and stars
with the help of Big Dipper
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Castor
Pollux

Procyon

Sirus

GEMINI

Betelgeuse_

com - - -

CANIS MAJOR

AURIGA

Rigel

Capella

¢ Pleiades

TAURUS
-

\\\\ Aldebaran

Finding constellations and stars
with the help of Orion.
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SUMMARY: THIRTY YEARS AGO, THE LATE MR. NARINDER KUMAR CHAUHAN PENNED
THIS BOOK, BUT DUE TO HIS UNTIMELY PASSING, IT REMAINED UNPUBLISHED. NOW,
AFTER THREE DECADES, HIS FAMILY HAS LOVINGLY BROUGHT IT TO LIFE, METICULOUSLY
UPDATING AND REFINING THEORIGINAL CONTENT, AND PRESENTING IT WITH ENTIRELY NEW
ILLUSTRATIONS, DESIGN, AND ARTWORK. THIS LONG-AWAITED RELEASE PAYS TRIBUTE TO
THE AUTHOR'S LEGACY AND BRINGSHIS VISION TO A NEW GENERATION OF READERS. IT IS
A STORY OF THE UNIVERSE — HOW THE UNIVERSE BEGAN, STARS FORMED AND HOW THEY
SHINE AND DIE. ALSO CONTAINS INFORMATION ABOUT SOME OF THE BIGGEST STARS,
STAR GALAKIES, CONSTELLATIONS AND OUR OWN SOLAR SYSTEM.
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