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WHY

KNOW .
THE GONSTELLATIONS

The night sky is a great book of
nature filled with magnificent riches about the universe for
those who learn 1o read it. The astronomically uninitiated
cannot oven begin to imagine the wealth of material
forms and inexhaustible creativity of mother nature
hidden in the tiny patterns of the sky which the ancients
named constellations.

Over the centuries, people have marvelled and studied
the starry sky—onc of the most magnificent of all sights.
Today, to uso the words of Tsiolkovsky, we have entered
an “era of carcful study of the sky”. Spaceflight has brought
ibe stars closcr, and now even those far removed from
astronomy want o get the true meaning of this amazing
spectacle.

The ABC’s of astronomy begin with a knowledge of the

constellations, which is important both to the ordinary
lover of astronomy and to the speeialist. Just as the geog-
rapher must know his globe, so the astronomer cannot
allow himself to get lost in the stellar patterns of the night
sky.
A yporson with a good knowledge of the coustellations
and their positions relative to the horizon at various times
of the day and year is ablo to orient himself in unknown
torritory and even estimate the time. That was actually
the reason why the ancients made such a close study of the
night sky. Methods of orientation by the stars and constel-
lations arc still very important to tourists, scouts, and
snilors and pilots—in short, to everyone for whom land-
marks are not enough in their travels. And for observers
of artificial earth satellites and space vehicles, a knowledge
of the constellations is a must.



THE NAMES
OF THE
CONSTELLATIONS

The nevice {s always startled
by the strange names of the constcllations whon he begins
his study of the night sky. As a rule, even a person
with a great deal of imagination is not able to picture
what the name of the constellation calls for. For instance
The Great Bear (at least the principal portion of it} is more
like a dipper, while the randomly scattered groups of faint
stars all about it—they go by the names The Giraffe and
The Lynx—don’t resemble these at all.

No less strange is the variety of names. The night sky
accommodates constellations like The Shepherd and The
Sextant, The Hydra and The Fly, The Microscope and
The Lizard. Quite a chaotic collection, to say the least,
bui there are reasons.

The starry sky reflects a variety of historical periods and
the creative efforts of different peoples. The presently ac-
copted, so-called official, star maps with their 88 constella-
tions have brought to completion the many-centuries’
efforis of mankind and have immortalized in the sky objects
that do not always deserve it. In the history of the constel-
lations we find much that is arbitrary and often simply
absurd. At times we simply cannot find the motives for
cons{rueting a given consicHalion, and to this day there
are debatable cases as to what the designations of certain
constellations actually signify. Even the final list of 88
constellations is based not so much on logic as a desire to
preserve withont change the historically established pic-
ture of the sky.

We will not attompt to relate the history of the constel-
lations, for this is oo broad a topic, but will confine our-
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selvee tn o 1ric! deceription of the constellations by name;
later on we will descrite each consteliation fn detall sud
speal alout the onigin of fte deslgnation,

OF the £2 modern conatellations, many have come down
to ne from antiquity. They were bnown for a long time
Iifore the Christion vra and were mentioned 10 the Bilde,
in the worls of Homee, Heeod, Phale<, Ludoxas, Hippar-
ehuy and oth-r acewent weiters Here gre the names of the
riet anesent eonss)latinns. 1 ma Major (The Great Bear),
Orion {The Hunteth, Tanrus (The Buih). Cants Major (The
Greater Dog). Boules (The Shepheedd. Vesa Minor (The
Lesser Beard, Draco (The Deagon). Hercules (1ferenle),
Aqustius (The Water Bearer), Capricarnus (The Sea Goat),
Sazittariue {The Archer). Sagitta (The Arrow), Deolphinus
(The Daolphin). Lepus (The Hare). Eridanus (The Cele<tial
Haser), Cotus (The Whale), Piccis Australis (The Southern
Fuel), Carons Australis (The Souwthern Crown), Ara (The
ANar), Centaurne (The Centant), Lupne (The Woll), lydea
{Thn $1ydra). Cealrr (Thr Bowl). Corvis (The Crow), Liten
Tl Balance), Coma RBereniees (Berenice's Tlalr), Crux
1The (southesn) Crea, Gguuleus (The Little Hopee), Chro-
na Borvaltis {The Northern Crown), Ophiuchuc (The Snakee
Stranpler), Scorpio (The Seorpion). Viegn (The Visgin),
Gomini (The Twindg, Cancer (The Crab), feo (The Lion},
Auziza (The Chariotes ), Ceplicas (The Sea Monster), Caselo.
pefa {Carslapeia), Andeameds (Androneda), Pegaare (The
Wingd Hore), Aries (The Ram), Triangnlum (The Trisn.
gle). Places (The Fiehnd), Pertens (Porews), Lyra (The
1am), Cyous (The Swand, Aguila (The Eagle), Most of thew
57 comtciiationd ate of mythological origin. They include
pertorapes of tha anelent Greel myths and lgende. A star
map with fgures representing the constellattons fu shown
in g 1.

Anothr geoup of ennstellations was fist mentioned by
e astronmunee Johatn Haver, abn bn W00 pudliskhed &
maznilicent silay of thr stalar aky that jrcluded the rone
=tellatlon Pave [The Praracl), Tucana {The Toucan),
Grud (The Cesnd), Phoenix (The Phosniz), (Pleels) Volsns
CTh~ Fiyine Fisl), Hydeny (The Waterenale), Doradn (The
Swuordfih}, Chemanlean (The Chamelean), Apus (The Bipd
of Paradise}, Triargulum Audralis (The Sonthern Trianglo),
tndas (Tis lrdhn) The names of thies constrellatinne
Pripz Dack tn oo (e stmespleco of the prent grographiest




Fig. 1. Figures, of tho cireumpolar
constellations ir an 6ld star atlas.

discoveries, when Buroy di red the exotic land-
seapes . 0f unknown southern lands. There ave hardly any
mythological names left, only ihe real characters of the
epoch, such as The Indian, The Peacock or The Bird of
Paradise. - s

Gradually, discoveries opened up’the entire globe and
European scholars began to map .the. recently discovered
southern sky with new constellations. At the samo time cer-
tain blank spots in the northern Ticavens were: flled up too.
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By the end of the seventeenth contury, we find new
constellations in the list compiled by the famous Danzig
astronomer Hevelius: Camelopardns (The Giralfe), Musca
{The Fly), Monoceros (The Unicorn), Columba (The Dove),
Cancs Venatici (The Hunting Dogs), Vulpecula (The Fox),
Lacerta {The Lizard), Sextans {(The Sextant), Leo Minar
(Thc Lc=scr Lion), Lynx (The Lynx), Scutum (The Shield).

1752, a well-known student of the southern steilar
sky. the French astronomer Lacaille, added another 14
constellations: Sculptor (The Seulptor), Fornax (The Fur-
nace), Iorologium (The Clock), Reticulum (The Net),
Caelum {The Chisel), Pictor (The Painter), Ara {The Altar),
Pyxis (The Compass), Antlia [The (Aw) Pump], Octans
(Tho Octant), Circinus {The Compasses), Telescopium (The
Telczcope), AMicroscopium (The Microscope), Mensa [The
Tahle (Mountain)l. All these constellations lie in the south-
crn hemisplere of the sky. To these we need only add five
constellations. In antiguity, three of them—Carina (The
Keel}, Puppis (The Poop), and Vela (The Sails)—formed the
major portion of the constellation of Argo, the mythical
ship which according to tho ancient Greek legond carried
the famed Argonauls to Colchis, The fourth coustellation,
Scrpens (The Serpent), is remarkable in that on star charts
it occupies two separate portions of the sky. Onc might
even tlink that there are two constellations of The Serpent
next to cach other. Actually, it is one constellation divided
by Ophiuchns (The Snake-Strangler). 013 star charts depict
a man holding a snake. Modern maps have divided this
ancient Hation inte two: Oph and Serpens
The last and 88th constellation is Norma (The Square). Tt
is found in the southern sky and has just as arbitrary an
origin as The Southern Triangle.

From this brief enumeration of constellations we may
conclude that the most ancient got their nnmcs Irom mylhs;
those of the se h and h have
almost nothing to do with classical mylhn!ngy and ther
names originated in the fertile imagination of their crea-
tors,

So far we have spoken of constellations introduced by
Europeans, but this does not at all mean that the peoples
of Asia and Amcrica did not engage in mapping the night
sky. Dilferent peoples saw different things in the steltar
patterns of the heavens. For pxample, in Central Asia,
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the Kazakh tribes called the seven-star dipper of The Great
Bear “The Tethered” Horse”. The ancient Egyptians gave
. it ‘the name “Hippopotamus”. )

It i interestifg to note’thit in the seventeenth and eight-
centlt centurics’some astronomers of Burope made attempts,
for a varioty of reasons, to establish new. constellations,
al times distorting or oven eliminating those of the ancients.
For instance, fhe English astronomer Flamsteed in 1725
out, of loyal septiment named the principal star in the con-
stellation Canes” Venatici “Cor Caroli® (“Charles’ Heart™).
This preccdent was followed by the English astronomer
Hall, who at the end of the cighteenth century placed in
tho sky “Psullerium Georgii”, and the German astronomer
Bode, “The Regalia of Friedrich 11", Incidentally, in order
1o cloar up a'site for “The Regalia” of the Prussian king,
Bode “pushed aside” the arm of Andromeda, who had held
it extended for three thousand years!

Fow far things were getting out of hand is shown by the
following incident, In 1799 the noted French astronmomer
Lalande put in the sky a constellation called “Felis” (“The
Cats™). The cxplanntion he gave was this: “I like cats, 1
adoro cats. [ hope I shall be forgiven if after my sixty years
of constent labour I place onc of them in the sky.”

All these reforming actions of individual astronomers
are modest indeed besido the projects for a total “recon-
struction” of the constellations propesed by clerical cire-
les in the sevenieenth century. One of these projecis calls
for replacing the “godless pagan”™ constellations with Chris-
tian ones. Here aro some instances: Aries was converted
into the constellation The Apostle Peter, Pisces, inlo the
constellation The Apostle Matthew, and ibe like. And that
is not all. The sun was to be renamed Jesus Christ, the moon
was to become The Virgin Mary. The planets were to reform
as well: Venus would have taken the name John the Baptist!

Astronomers, it van well be understood, were frmly
ngainst any such yeform, The absurdity of the whole thing
was evident even Lo the more advanced thinkers of the church,
for if the new designations for celestial bodies were intro-
duced, one would get phrases of a definitely. impious slant,
such as “Jesus Christ slipped below the horizon™ or “Christ
was cclipsed by the Virgin Mary”l

LEven in the nincteenth century, attempts were made
(true, these were the Jast) to break up the ancient patierns.
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the Kazakh tribes called the seven-star dipper of The Great
Bear “The Tethered”Horse”. The ancient Egyptians gave
it the name “Hippopotamus”. !

It is interesting to notetliat in the seventeenth and eight-
conth conturies some astronothers of Burope made attempts,
for a vavicty ¢f reasons, to: establish new constellations,
at times distorting or even‘eliminating those of the ancients.
Yor instance, Abe English astronomer Flamsteed in (725
out of loyal sofitiment named the principal star in the con-
stollation Cands Venatici “Cor Caroli” (“Charles’ Heart”).
This precedont was followed by the English astronomer
Tall, who at the end of the eighteenth century placed in
the sky ““Psalterium Georgii”, and the German astronomer
Bode, “The Regalia of Friedrich I1". Incidentally, in order
{0 clear up a'site for “The Regalia” of the Prussian king,
Bode “pushed aside” the arm of Andromeda, who had held
it exicnded for three thousand years!

How far things were getting out of hand s shown by the
following incident, In 4799 the noted French astronomer
Lalande put in the sky a constellation called “Felis" (“The
Cats™). The oxplanation he gave was this: "I like cats, I
adore cats. [ hope [ shall be forgiven if after my sixty years
of constant labour I place one of them in the sky.”

All these reforming aclions of individual astronomers
are modest indeed beside the projects for a total “recon-
struction™ of the constellations proposed by elerical cire-
les in the soventeenth contury. One of these projects calls
for replacing the “godless pagan” constellations with Chris-
tian ones. Herc are some instances: Aries was converted
into the constellation The Apostle Peter, Pisces, into the
constellation The Apostle Matthew, and the like. Andthat
is not all. The sun was to be renamed Jesus Christ, the moon
was to become The Virgin Mary. The planets-were to reform
as well: Venus would have taken the name John the Baptist!

Astronomers, it can well he understoed, were firmly
against any such reform. The absurdity of the whole thing
was evident even to the more advanced thinkers of the chureh,
Tor if the new designations for celestial bodies were intro-
duced, one would get phrases of a definitely impious slant,
such as “Jesus Christ slipped below the horizon” or “Christ
was colipsed Dby the Virgin Mary”t

Even in the nineteenth century, abtempts were made
{true, these were tho last) to break up the ancient patterns,
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of the night sky..In 1808 certain sycephantic German
scholars proposed ehanging Orion intS the constollation of
Napoleon. The amusing thing is that ¢ven the Freoch astron-
omers found this quite out of place. H

The International Astronomical Congress of 1922 finally
established order in stellar affairs. The Regalia of Friedrich,
The Cat of Lalande snd 27 other lucklesi constellations
were discarded, and strict boundary, Tues were set up le-
tween the remaimng 88 constellations. |

Some of the delegates to the Congress prapnsed abolish-
ing the constellations altogether, substituting in their
place quad lar areas of standard size. The majority
however rejected this idea. The Congress retained the an-
cient and old designations of the constellations. True, the
modern investigator of the sky finds hardly any nced for
them since stellar work is done by means of coprdinates,
But constellations are useful in gaining an imtial and gene-
ral understanding of the night sky. And what 13 most 1m-
portant, these are monuments of ancient culture that re-
flect in a peculiar fashion the various stages in the develop~
ment of astronomy.




A GENERAL

SURVEY
OF THE
NIGHT SKY

;

Y Before taking up our study of
the individual constellations fand their sights let us exarfiine
in Drief the principal type$ of population in the stellar
world. This generahoverview/ of the picture will relieve\us
of repetitions when investigating details later om.

‘What kinds of objects“will we encounter in our observf%
tions?

Above all, stars. Spectral studies tell us that these gce~
lestial bodies are similar in nature to our sun. Stars differ
in dimensions, density, colour, and temperature. The chem-
ical composition is roughly the same; although the per-
contage content of various substances in the different stars
varjes. The dominani clements are hydrogen and helium,
the other chemical elements heing much less abundant.

The spectra of stars are cxtremely' multifarious, and
the reason is not the different chemical makeup but mainly
the very substantial difference in their temperatures.

When observing stars, one motes a variety *of colours:'.
some wiiite ,or Dbiue, others yellowish and-even red.-These
colour differences are associated with temperature iffer-
ences. The hottest stars are white and blue.* They have sur-
face lemperatuves ranging from 40,000°C to 30,000°C. *#
Then there are exceptional stars with even hotter surfaces,
of the order of 100,000°. Yellow stars—our siin is in this
calegory—are cooler with surface temperatures close lo
6,000°. And the coolest stars are red, witli'surface tempera-

'“'Slr‘mny sponking, there are no blue stars, anly bluish-white,

ho intense biue eolourof certain stars is due to thesubjective peculise-
ities of our vision.

** AR temperatures are given in Celsius (contigrade).



tures of no more than 2,000 In the deep interiors of stars
the temperatnre goes up to many mllions of degrees.

Ope ol the most mmportant physical charasteristics of
stars is thar lumnosity. Luminusity 18 described by a
number that indicates the amount of hght of a star relative
tn the sun. For sxample, if a star has a luminosity of 1,000,

“1lis means that 1t radiates ono thousand times more Light
than the sun. Stellar luminosity dopends both on the di-
mensions of the surface of the star (for cqual tempera-
tures, larger stars cmit more hight), and on 1ts tempera-
ture (amoung stars of the sume dumensions those with higher
iemperatures radiate more intensively) Stellar Iuminosis

. ties are lughly diversified. There arc starg that emit hun-
dreds of thousands of times more light than the sun. But
therg are also stars that havg luminosiics just as many
timés lower than that of oudsun Pl

“Stars with great luminosity are called gean? stars; il the
luminomty 15 law, they are dwarfs.

TThe luminosity of a star 1s one of the important char-
actbristics of its dimensions.

Stars have a great varicty of dimensions. There are giants
with diameters hundreds of times that of the sun, and there
are also rs (i1 the dwarf class) that are about the size of
the chetli™—"

¥t is interesting to nete, hewever, that the masses of
all stars are much alike, and rarcly do wo encounter one that
i> several tens of times “heavier” or “lighter” than the sun.
Which immediately suggests that the mean densities of

tars should come 1n a varwely ol siyles,

} Indced,-the substance matter of the giant stars is ex-

."“tremely tenuous, having densities thousands of times less
than the density of air at ground level. Now the so-called
white jdwarfs, which are very hot small stars, have an
averagé density lens of thousands of times that of

. water.

- ~Astrophysics has expleined the causes of this high den-
sity of stellar-matter. The interiors of white dwarfs have
fantastic temperatnres and pressures. As a result, the atoms
are totally ionized, which means that all electrons have
Leen stripped from their nuclei. The separalc oscaped elec-
trons together with the bare atomic nuclei nmow form a
superdense mixture of what is known as degenerate gas.
In o degenerato gas, the atomic nuelei, which contan the
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Canopus

L o1 i o

Fig. 2. Classes of stellar spectra.

Dbasic mass of matter, lie much closer together than under
ordinary. terrestrial conditions.

Studies of the physical nature of stars are of great 1mpor-
tance Lo modern physics. Stars are often justly called “ce-
lestial lahoratories”. By observing them we are able to
study matter under states that are frequently far beyond
the potentialities .of any carth laboratory.

A comparison of the physical nature of the sun and stars
shows that the sun is a very ordinary, run-of-the-mill star
(as Lo spectrum, colour, luminosity, dimensions, and so forth).
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As we have already pointed oul, the differences in slel-
lar speetra are due not to pecularities of ehemical com-
position but mainly to differences in the temperaturc of
the star’s atmosphere. At the prezent time astrophysics
has a nmified classification of stellar spectra. They are divid-
ol inlo classes according to lype, each class being denoted
by a leticr The following arc the spectral classes of stars:

R—-N .
O~B—-A—~F—G—-}{—M
4

There are two branches off the mam group classes R, N
and S. These classes include a relatively small number of
cool stars whose spectra exlihit bands of molecules of car-
Lon and cyanogen (classes R and N). The spectra of Class
8 reveal bands of the oxides of titaninm and zirconium,
Fig, 2 illustrates the spectra of a number of stars.

The physical characteristics of the basic spectral elasses
are summarized 1n the following table

Intermediate spectral classes such as 05, B7, A2, eto.,
have been introduced to improve the accuracy in classify-
ing stellar spectra as to intensity of lines and bands of ab-
sorption. LE the star belongs to the dwarf class, a “d” 15
prefixed, 1f to the giant clagss, a “g”, and “s” for super-
giant (for example, dMb, gA2, etc.).

The spectra of certain hot stars contain bright emission
hines and bands. In this case, the speetral class 19 designat-
ed by an additional “e”. When tho speetrnm of a star is
unusual, “p” (for particular) is added (e.g., O5e or Fip).
A knowledge of this system of symbolism 1s absolutely
necessary for anyone who wants to make use of tables of
the physical charactersstics of individual stars.

To describo the apparent brightness (apparcni brilliancc)
of stars, arbitrary umits called steller magnitudes have
been intreduced.

In antiquity, the brightest stars wore called stars of the
first magmtude, and tho faintest (just larcly visible to
the unauded eye), stars of the sixth magnitude (we shall
Jesimate ehem dos: Moz f, Mag 28 e, Subgmars as
visions and extenclons of this scale of star magnitudes made
it imperative to introdnec intermediate fractional and .

18



Classifieation of Stellar Spectra

papera: .

Class Characteylstic Temper | rypical stars

O Lines of hydrogen, helium, ionized 25,000°- ¢ Puppis
Telinm, };ml %n\!lbiply ionieed sili-  95,000° ) Orienis
con, carbon, nilrogen, and oXygen. £ Porsei
Slars with omission lines in tho i Cephei
spectrum are called Wolf-Rayet

. stars (iemperatures reach
100,000°).

B Lioes of helium, hydrogen (are in- 18,000°- = Orionis
Vonsifid as Class A is approachel), 25.000°  « Virginis

Weak B and K lines of ionized (Spiea)
caleium. 7 Tersei
7 Orionis

A Hydrogen lines very intemsive, 11,000° s Canis Ma.

4 H and K Jines of ionieed calcium joris (Sire
“ got stronger as Class F is ap- ius)
Proached;” weak metallic  lines a Lyrac (Ve-
appear. )
1 Gemino-
rum

T The 11 and K lines of ionized cal- 7.500° % Gemino.
cium and metallic lines become rum
stronger as Class G is approached.., « Canis Mi-
Hydrogen lines hecome weaker. noris
Acalelum line (. 4226 AZ appears (Procyon)
and grows stronger as Class G is « Persei
approached. Tho G band of hydro-
carhon appeavs and  hecomes
stronger.

G The M and K lines of caleiem are  6,000° « Aurigae
rominent. Line 4226 A and iron (Capella)
inc ratber prominent, Many metal. e sun
Lic lines. Hydrogen lines bcome
weaker ns Class K is approached.

G land is grominent.

X Metallic lines, particulacly H, K and ~ 4,500° o Bodtis
4326 A, are prominent; hydrogen {Arcturng)
linos hardly “perceptible. G band $ Gemino-
s promincnt. From Subelass K& - um
abisorpLion bands of titanium oxide (Pollux)
(Ti0) nro apparent. « Tauri



Continued

Class Charactertstic Tempera- | rypical stars

A Promiaent ahsorptioh bamds of tita- 2,i0u"- & Urions
mm ovide and other molecular 3,500 (Betel-
vompounds Metallic lines are no- geusc)
taceable, particularly H. K and @ Scorpn
4226 A, G band becames weaker (Antares)
The epectra of long-pornd vara- o Cott

bles (of the » Celi type) have
ermission Ines of hydrogen (desig-
natten Me)

(for very bright objects) zero and negative magnitudes
(Mag. 0, Mag.—1, and so on).

Lot I; and 7, be the brighinesses of two stars, that is,
the illumination prodnced by these stars on a receiver of
energy (the humau cye, a photographic plate, and the like),
and m, and m, the respeetive stor magnitudes. Thorough
1nvestigations have shown that these quantities are connect-
ed by a sunple rLlatwn, called Pogson’s formula:

i — 2 512mm
K
Taking the logarithms of both sides of this cquation, we
have

log% ~04 (my— my)

Thus, stars that differ in apparent brightness by one
magnitude create on the carth a difference of illumination
of abaut 2 5 times

To describe the luminosity of stars, asironomers have
introduccd the concept of absolute stellar magnitude (donot-
ed by Af). This term is to be understood as the apparent
brightness of a given star at a distance of 10 parsecs (one
parsce 15 equal to 3.26 hight years). To illusirate, the sun
has Af=Mag. 4.7. This means that from a distance of 10
parsecs the sun would appear to be a star of about the fifth
magnitude. Rigel (tho brightest star in the constellation
Orion) has M==Mag. —0.2. Using Pogson's formula we can
calenlate that Higel emits roughly 23,000 times as much
Light as our sun.

A particularly vivid picture of the physical peculiari-
tics of stars can be obtained if we take advantage of the
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spectrum-Luminesity diagram. Heferring to Figs: 3 and .4,
we have the spectral classes laid off on the horizontal axis,
and the absolute stellar magmt\\des which eharacterize
Juminosity on the vertical axis. Bach star, and the, sun
as well, has only onc distinet position on this diagram.
Studies of soveral thousand stars have demonstraled that
tho spoctrum-luminosity diagram exhibiis stars in the form
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of chains, or groups, or (as they arc fermod) sequences.
Each sequence is appropriately designated in the caption
to the diagram. To take an instance, the sun lies on the main
sequence (V), whilé the bhorizontal straight line in the
upper part of the diagram (in the region of high lpmmgs~
ities) depicts the branch of supergiants (7a). The identifi-
cation of a star in a given sequence, together with its lumi-
nosity and spectrum, gives a full deseription of the physical
properties of the star. .

In antiquity the stars were believed to be fixed and the
constellation patierns unchanged. However, al the be-
ginning of the cightcenth century it was found that some
stars have definitely moved relaiive to others since the
days of Hipparchus (first contury B.C.).

At the present time, il has been rigorously proved that
the stavs ate in motion in space. This motion can be detect-
ed in two ways: by the apparent shifting positions of cer-
tain stars and by the stellar speetrum. i

Since slars are extremely far away from the ecarth, the
apparent displacements on the celestial sphere are neg-
ligibly small and, at best, are measured in seconds of arc
per year. For this reason, although the relative positions
of the stars in the sky are gradually undergoing change,
any distortions in the familiar pallerns of the constella-
tions will become noticeable only tens of thousands of
years hence. We can notice a shift in the stellar positions
on the celestial sphere by compsring photographs of the sky
made at intervals of soveral years. Measuremenis of these
photographs may be used to compute the tangential veloci-
ty of a star (if wo know its distance from us), that is, the
velogilty perpendicular to the line of sight.

A spectral analysis permits finding the velocity of a
slar alorg the line of sight. According to the Doppler-Fizeau
principle, the spectral lines of an approaching star are shift-
ed towards the violet cnd of the spectrum; for a receding
star the shift is towards the red end. The magnitude of this
shift readily gives us the radial velocity of the star (that is,
its velocity along the line of sight).

Knowing the tangential velocity ¥z and the radial veloc-
ity Vr of a star, wo can compute the total velocity of mo-
tion in spacc. Obviously, ‘
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As a rule, total stellar velocities come out to tens of kilo-
metres a second. In this respect, our sun 15 no exception.
Together with its family of planets, the sun js moving rela-
tive Lo tlhe nearest stars with a velocity of 20 kim/s, thus
covering over a million kilometres every day. The path of
the carth in interstellar space thus comes out in the form
of a complicated helicondal ecurve.

In the direction that our solar system is moving, the
stars appear o be slowly moving outwards. This 1s the
impression one gets when approaching a wood, the trees of
which appear as a solid wall from a considerable distance.

though stellar velocities are great, there can be hardly
any chance of a collision of stars due to the enormous dis-
tances between them as compared with their diameters. These
distances are so great that the kilometre is no longer a con-
venient wnit. In stellar astronomy wo usc the light year,
whuch js the distance that light travels 1n one year (9.46X%
x40'? km), the parscc (which is 3.26 light years) and the
Kkilopursee, or a thousand parsecs. 1f we reduced the stars
to the size af pinheads, then one star would be tens of kilo-
metres from the others Using the same scale, ws would
get displacements of stars in one year of only tens of centi~
moetres.

Astronomers have established that in addition to trans-
Intional motjon, stars have rotational motions about
their axes as well.

Some stars, which to the unaided eye appear as a single
object, break up into twe components when viewed in a
telescope. These are called double stars. Some of them
arc seen from the earth in just about the same direction,
hut are great distances apart and are not physically con-
nected in any way. These are knuwn as optical doubles.

Ilowever, many of the double stars are actually close
together 1n space, are mutually attracted via gravitational
forces and revolve about their common centro of gravity
(or, more precisely, their centre of mass). These physically
conuected stellar pairs are cal]cd binary stars.

Tel observations show different-coloured
double stars of extraordimary beauty. Tt must, howover,
be kept in mind that the bright colours of double stars
are caused mainly oot by the actual Qifference in the colours
they emit but by complicated subjective errors associated
with the physiclogical peculiarities of vision of the observ-
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or. (Appendix IV contains a list of variously coloured
double stars.) . . o

The closer the stars aro to one another for the same masses, .
the shorter thoir periods of revolution about the common
contre of gravity. In some cases, these periods aro measured
in hours, in others, in ecenturies.

If a binary star has a planctary system, one would bo
able Lo see (wo sung al oncg! But do sucl star systems have
planets?

Today science gives an affirmativo answer. Cortain stars
move olong intricate wave-like curves. Theso stars atltract
their invisible companions, thus compelling the star to re-
volve about the common centre of gravity. Among the invis-
ible satollites of certain stars we have found bodies with
magses comparable Lo the masses of tho giant planels of
our solar system.: This suggests that such stars havo plane-
tary systems.

Some hinary stars congist of component stars so closo
together as to he wnresolvable even in a telescope. Then
spectral analysis comes to our aid. !

1§ we have a binary star, the componenis revolve about
& conimon centre of gravity, approaching us (in the line of
sight) and then receding. By tho Doppler-Fizean principle,
their spectra overlap yiclding a periodical doubling of the
spoetral lines, because as one star approaches us, the ether
is receding from us. A single star does not produce any
such phonomenon. Star systems thus detectod spectro-
scopieally are termed spectroscopic binaries.

In addition to double stars wo alse emcounter triple and
even multiple stars. In such systems, oo, the stellar motion
is about the common cenire of gravity.

If in a binary star system, the planes of tho erbils are
closo to tholine of sight and the stars have dilferent Juminos-
itics, there may he times whon 'one of tho compononts
will celipse its companion. For the terrestrial obsorver,
this “stellar nclipse” will amount to a reduetion in the
brightness of the binary star. Obviously, such variations of
brightnoss will bo poriodical and may bo expressed in the
form of a curvo (sec Fig. 32). Those stars are callod eclipsing
binaries or eclipsing variables,

“There aro other kinds of variablo stars as well.

In cclipsing variable stars, the variation of brightness
is due 1o optical factors {eclipses). In other variables,
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the luminesity, and lence the brightness, changes due to
physical factors. Do not confuse variation of brightness with
the twinkling of e star, which is brought about by purely
terrestrial causes (movements of air masses).

¥irst of all, physical variables include such stars as
the so-called Cepheid variables. Stars of this class periodi-
cally expand (their temperature then drops) and contract
(a heating-up process sets in). This gives rise to variations
in their apparent brightness.

The periods of variation of brightness of Cepheid varia-
bles are closely associated with their luminosity. If we find
the luminosity of a Cepheid from the period and if we know
its apparent brightness, it is easy to compute the distance
{0 this variable star and, what is most important, to the
object in which the Cepheid 1s located. This is a commonly
used method for determining the distances to stars. The
Cepheids are somotimes called “beacons of the universo”
because they give a clue to the distribution of stars in space.

Thero are some stars with periodically varying bright-
ness (like the Cepheids) but with much Ionger periods. They
go by the name long-period variables because their periods
of variation of Drightness are often measured in hundreds
of days.

In some variable stars the pulsations are rather chaotic
without any signs of periodieity. They arc called irregular
or semircgular variables.

Over 15,000 variable stars are presently on record. Their
study opens up many aspects of the physical nature of stars.

. Another class of stars incindes those which increase their
brightness to tens and hundreds of thousands of times very
rapidly, in a day or twe. Then such a star hegins to lose
brightness, first rapidly and then more slowly. In a few
yeurs it returns to Lhe same status it Lad before the onut-
burst or becomes even fainter. These are called novae. At
one time they were thought to be totally new stars. Actually,
such stars exist before their outburst. What is more, m |
some cases, apparently, there are several outbursts in the
course of the star’s lifctime. When a nova explodes, the
outer Jayers of gas of ths star raco cut at velocitics of thou-
sands of kilometres per second and gradually disperse into
interstellar space.

Qur sun belongs to the class of stable stars that arc not
subject to outbursts characteristic of the new stars,
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The outbursts of particularly bright novac (called super-
novac) produce cnormous ravefied gas clouds (ncbulae)-
with infensive emission of radio waves.

Op dark winter nights, in the constellation Taurus, one
can see a Liny closc-knit group of six faint twinkling stars.
This is the Pleiades star cluster. A telescope roveals many
more stars, over a hundred. They are all close together,
and not only in the sky but in actual space and are linked
togethor by gravitational forces. ‘

Thus, unlike constellations, which are only apparent
patterns of stars in the sky, the individual members of
which are actually far away from each otber, star clusters
are phW@ﬂﬂ L _forces_and

Jorm groups.
Star olusters with irregular outlines are called galac-

tic, or_open, star clusiers. The tens or hundreds of compo-
1ent stars aro haphazardly scattered over a small arca of
the sky. The Pleiades typify such a cluster.

Globular star clusters are different in shape. They con-
taill Gundreds of thousands of stars. There arc so many
stars in the central region of a globular cluster that they
morge into a solid radiamce.

Globular clusters are many times Jarger than galactic
clusters. Some globular clusters are two and three hundred
light .years in diameter, whereas on the average galactic
clusters are only about 10 to 20 light ycars across.

At the present time, about five hundred galactic clus-
tors and a hundred globular clusters have been recorded and
studied. Both types of clusters move in space as one whole.

The space between stars is not absolutely empty. It is
filled With ¢xtrcmely tonuous clouds of dust and gas, which
astronomers call diffuse interstellar matter.

These enormous interstellar ¢louds of Iiminous rarefied
gases and dust have become known as light diffuse nebulae.

* A typical representative is the bright nebula in thé constel®
lation Orion, which is clearly visible in ficld-glasses. The
component gases shine with a cold Jight, reflecting the light
of neighbouring hot stars. Thus, the glow of gaseous nebulae
is a luminosity like that we also sce in comets.

+ The components of light diffuse gaseous nebulac are
mainly hydrogen, oxygen, helium and nitrogen. Nebulae
are tens and occasionally hundreds of light years in diame-
tor. Like comels (and with even more justification), inter-
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stellar gaseous nebulac may he called “visjlzle_ﬂﬂgﬁnXs"
since the density of the matter is thousands o ns of
times less than that of air at sea Ievel. This is a degree of rac-
ga.nung that terrestrial technology has not yet been able
to achibve.

Interstellar space also has what is called diffuse dust
nebulae. These are clouds of minute solid dust particles
with mean diamoters of the order of a tenth of a micrometre.,
If there is a bright star nearby, its light scattered by the
dust nebula makes the latter visible. In many cases dust
nebulae belong to the class of dark nebulae. In which case
they are seen as gaping voids against the background of
the Milky Way.

There is no unsurmountable barrier between gaseous and
dust nebulae, whether light or dark. They are frequently
seen together as gas-and-dust mebulae. It may be that
in cortain cascs the glow of some ncbulae is due to the inter-
penetration (collision) of two or more clouds.

Nebulae are apparently only slight condensations in the
otherwise exiremely tenuous diffuse intersiellar matter
that we know as interstellar gas. This medium reveals ijt-
self only in spectroscopic ahservations of distant stars cans-
ing extra absorption lines. The delicate interstellar gaseons
veil is hundreds of times more tenucus than the most rare-
fied of the gaseous nebulae. It consists of atoms of hydrogen,
calcium and certain other elements.

Despite its tenuity, the diffuse intersteliar matter (gases
and dust) produces a measurable absorption of stellar
light. This was suspected as early as 1847 by the founder
of the Pulkovo Observatory, V. Struve, but it was not until
the twentieth century that absorption of light in interstel-
lar space was actually proved.

Interstellar gases and dust distort the light of distant
stars in two ways. They weaken the overall Erilliance or
brightncss (general absorption) and make the light of the
star reddor (sclcetive absorption)., Both these elects must
be taken into account when computing stellar distances,
otherwise grosd errors are possible.

A particnlar place is occupied by the so-called plane-
tary nebulac Many of them outwardly resemble the smoke
rings that skilled smokers make. In a telescope, some of
the planetary nebulae resemble tho greenish discs of distant
planets, like Uranus and Neptuno. Whence the term,
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Planctary nebulae are not large in size, ravely exceed-
ing 2 or 3 light years. In the centre, there is always a very
hot central star, the light of which is re-emitted by the neb-
ula. Therefore, as to type of emission, planetary nebulae
Delong in the class of light diffuse gaseous nebulae. However,
they have their peculiarities. Planetary ncbulac arc expand-
ing in all directions from the central star, which might have
formed the nebula.

Besides gas and dust, interstellar space is filled with fast
moving electrons and the nuclei of a variety of clements.
These make up the so-called cosmic radiation (cosmic rays).
‘There are also streams of minute packets of light ealled
photens, or the light emission of stars.

On dark autumn nighls, one can see a faintly shining
whitish band of irregular outline stretching across the sky
from horizon 4o horizon. This is the Milky Way. This band
stretches round the whole sky, going below the horizon,
spreading in and out and varying in Dbrightness.

In a telescope, the Milky Way breaks up into a multi-
tade of faint stars, which to the unaided eyc appear as a
continuous streteh of radiance.

The Milky Way forms the principal portion of stars thab
make up our Galaxy, which is an enormous stellar system -
including our sun as just another ordinary star.

+If examined from the side, our Galaxy would appear
flat like a lens. In the centre is a dense globular-like clus-
ter of massive stars forming the nucleus of the Galaxy.
Unfortunately, observations from the earth do not reveal
this because it is hidden from the terrestrial viewer by
thick clouds of dark cosmic dust. However, though the
dust blocks visible light, it lets through invisible imfrared
rays that may be received by a special instrument (called
an image converter tube). In this way astronomers study
(truo, with great difficulty) the nucleus of our stellar system.

As has already been mentioned, our Galaxy is made up
of about 450,000 million stars, which include all those we
see in the sky and the whole Milky Way. The solar system
is Jocaled mear the equatorial plane of the Galaxy, about
Lalf way between the centre and the cuter boundary. Moxe
Precisely, our sun is about 23,500 light years from the
ceutre of the Galaxy, which is close to 85,000 light years in
diameter. It should be noted that the boundary lines of the
Gnlaxy are not clear-cut and gradually fade ont.
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It will be readily realized that the Milky Way, as it
is seen in the sky, is due to our positiun within the Galaxy.
Observations from the carth show most of the stars in the
direction of the equaterial plane of the Galaxy, the smallest
numbers being 1n directions perpundicular to i, lor this
reason, among olher thungs, the galactic nucleus lics inside
the Milky Way 1n the sky, and in the absence of cosmic
dust would be seen 1n the consteliation of Sagittarins.

‘The Galaxy contains single slars, double stars, variables,
and also star eluslers and nebulae. It has been found that
the diffuse interstellar matter 1s concentrated in a relatively
thin layer in the cquatorial plano of onr stellar systcm.
Globular clusters are encountered at a wide range of dis-
tances from this plane.

Structurally, tho Galaxy 15 extremely compheated. Re-
garded from above, 1t would leok hike an enormous spiral
with arms coming out of the nucleus. The Galaxy has been
found to consist of 2 number of interpenetrating subsystems
of howogeneous ubjects (stars, star clusters, nebulac). Some
of these subsystems (for example, the subsystem of globular
star clusters) embrace our Galaxy on all sides in the form
of a gigantic globular swarm. Other subsystems, such as
that of planetary nebulae or wiite dwarfs, are “lattened”
to the equatorial plane of the Galaxy. In other words, it is
only the framework {or bulk) of stars of the Galaxy that
forms the flattencd stellar spiral.

All the stars of our Galaxy are in revolution about the
centre, having different orbital periods that increase with
distance from the centro, It has hoen cnloulated that the
sun together with its planets makes a complete circuit
about the galactic nuclens approximately once svery 2
miltion years, moving with an orbital velocity close to
250 ¥m/s. The solar system 1s also in motion relstive to
its neighbouring stars This meotion, which we have already
mentioned, is now directed towards the constellations Lyra
and Hercules,

= The sun and other stars nf the Galaxy perform very com-
plicated motions.

A keen-gsighted person looking in the direction of the
constellation Andromeda will see a tiny oval-shaped faintly
lumirous spot. A small telescope reveals something like
an ordinary light gescous nebula. Actually, this spot,
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Fig. 5. Tho M54 galaxy in Canes Venatici.

called the Andromeda Nebula, is quite different from a
gaseous nebula. ‘

Powerful modern telescopes are able to rosolve g gigan-
tie stellar system, in no way inferior to our Galaxy. It is
only duc Lo its great distance (Hght rays from it take noar-
Iy 1,700,000 years to reach the earth) that the ‘ncbula in
Andromeda appears as a faint pateh of luminosity, Actually,
in diameter it is groater than the Galaxy and is composed
of many tens of thousands of millions of stars, star clusters
and nobulae.

The Andromeda Nebula faces us edge-on, but still we
can easily recdgnize its spiral siructurs, the same as that
of our ewn Galaxy, The Andromeda Nebula is a neighhour- ,
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ing galaxy, one of the many millions now accessible to ob-
servation. Some are scen fat-on; others, edge-on, clearly
exhibit a dark band of dust matter.

Fig. 5 is a picture of two galaxies: an enormous spiral
galaxy and a “blob” below 1t. They are connccied by an
arm of the main galaxy. Very many galaxies are of this
connccted type. Galaxics come 1n a great variely of shapes
and do not always resemble spirals. A large number of
galaxies are in a state of complex 1nteraction and sometimes
interpenetration.

The dimensions of large galaxies are comparable with
those of our stellar system, and the distances between them
ars ronghly ten times their diameters The Andromeda
Nebula and many other galaxies rotato on their axes, or,
to put it more precisely, the component stars revolve about
the nucler of the galaxies.

Intergalactic spacc is not empty, it is filled with an ex-
tremely tenuous medinm called the intergalactic plasma.
The most distant of the observable galaxies are several
thousand millions of light years away. That 1s the radius
of the presently known universe.

Galaxies are not evenly distributed in space aud we
sometimes oncounter whole clusters of them. Certain facts
suggest that all the presently observable galaxies ara ele-
ments of a grandiose material system called the Metagalaxy.
Here, the-individual galaxies play the role of stars and
are in revolution about some kind of extremely distant
centre.

Due to the fact that the dimensions of thoe Metagalaxy
are far beyond the presently observable portion of the umi-
verse, available information 1s extremely meagre. Detailed
studies of this entity are a thing of the future.

As man pushes deeper and deeper into the universe tecl-
escopically, ho encounters mew worlds and fresh material
systems in states of continual motion and change.

The entire experience and historical practice of mankind
(the lustory of astronomy for ome thing) serve as a vivid
confirmation of the teachings of dialectical materialism
concerning the infinitude of the nmverse both in time and
in space.

Such is the general picturc of the stellar world which
we are now ahout to investigate 1n more detal.



HOW
w76 STUDY
" THE CONSTELLATIONS

- We shall study the constella-
tions in three ways: visually (naked-eye) and with binoculars’
and telescope. For our purpose that will be quite sufficient,
although astronomers investigate the stellar world with
a wide range of rodern tools of research. As a rule, they
prefor the eye to other more ohjective receptors of radiation,”
photographic plates, say. A diversified range of photoelectric
devices arc also in use in which light rays are caused to pro-
duco electric eurrent. Our knowledge of the stellar world has
been expanded greatly by the techniques of radio astronomy.
Radio telescopes—gnite hoyond the means of the amatour—
have penetrated to distances that are beyond the range of
ordinary optical telescopes. .

We have mentionoed the latest methods of studying the
noiverse in order to stress again the restricted nature of
our facilities and our problems. But even with these limited
opporlunities, studies of the constellations will be nseful
{0 all who -have an interest in the science of the stars.

Our observations will only be visual, the human eye
being the final receptor of the emissions -of the heavenly
hodics. It is matural therefore to begin a discussion of the
merits and shortcomings of this marvellous ‘organ of cog-
nition that nature has endowed us with.

Fig. 6.is a schematic diagram of the human-eye. The
oulermost layer is the cartilaginoid selera, with its forward
part called the corner. The cornca is transparent, convex
and has a spherjcal-like surface. The inner layer of the eye,
containing a ramified network of blood "vessels, is called
the choroid. In different people the forward part of the cho-
roid is coloured differently. It goes by the mame iris. The
3-3018
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Fig 6. The structure of the eye.

space between the cornea and the 1ris is filled with a trans-
parent organic substance

Take a mirror and cxamine your eyc structure. In the
eentre of the colourcd circle (the ins) is a large dark aper-
ture called the pupil. Tis role in the eye 13 that of a dia-
phragm. When the radiation entering the eye is very great,
special muscles duminish the diameter of the pupil; when
1t Is dark, the pupil dilates

Normally in full daylight the diameter of the pupil is
around 5 mm. In mght observatiens it increases to 7-8 mm,

The pupil 1s a speetal kind of entry to the inner portions
of the eye. In direet contact with it 1s a remarkable element
of the cye the crystalline lens. Nature created this natural
eonvex lens perfectly clear and with an added property
that no man-made lens possesses. Its shape can change and
hence also 1ts focal length. The muscles that eperate the
crystalline lens are able to contract and expand so that the
retina, wineli makes up the mner surface of the eye, always
produces clear-cut, focussed images. This property of the
human eye that enables us to get sharp pictures of the world
is termed accommodation.

Between the lens and the retina lies a wvitreous body,a
jelly-hke mass which is so transparent that light rays pass-
ing through the lens reach the retina without practically
any attenuation. An image of the object nnder observation
is bwilt up on the retina like on a screen. Now, how is this
fmage converted into perception?

‘The retina hus a fine-grained reticular structure, in which
the uplic nerve which enters an opening, called the blind
spot, spreads out in a network. This_part ol the eye is abso-
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tutely_insensitive to light, but the remaini
retina is covered over with light-sensit )
1wo_Kind: nes_and_rods... .

Quiwardly, the cones and rods qryly:falll’trly 7rersexppler
what their names suggest.

The rods are more’ sensitive 16 light than are the cones.
But the cones enable us to distinguish the colouration of
objects. Without them, the world would appear black-and-
white. It is a curious thing to note that the eyes of noctur-
nal animals.contain only rods, making all objects colourless.
Incidentally, human beings see the world almost excliisively
with rods in twilight, when the feeble itlumination has hardly
any cffect on the low-sensitive cones. The daylight spec-
trum of colours fades considerably and at night “all cats

~sensilive cells of the reti
Congs are dominant in 1l

are not located
T,

which froquently has to be used when observing stars:
Wiich youwaitt to get a better view of a faint star, do not
look directly at it, but somewhat obliquely. Then the e
of tlic star is obtained on that part of the rétina wiiiel
plentifully supplied with rods and we g

“Tlie hinwanvyeisatextraordinaril ceplor
of radiation. According to the investigations of Academician
S. L. Vavilav, it is even capable of distinguishing the quan-
tum nature of light,* which is guite beyond the capabili-
ties of our hest optical devices today. At the same time the
cye has scrious defects. We shall examine only those that
affect the observation of stars.

Bright stars always appear radiant. Turn your head to
the left or right and the rays will turn tao. It is obvious
that these stellar rays are illusory, that is, gemerated by
some optical effect due to the scattering of light in the crys-
talling lens and the vitreous body. To a large extent it is
caused by the irregular boundaries of the pupil.

The sensitivity of the human eyo to rays of different
wavelength differs. The eye is not gt all sensitive to the
bulk of electromagnetic waves (radio waves, infrered and
ultraviolet rays, ete.). We only see those rays whose wave-

* Beo Vavilov's book “The Eyc and the Sun,
B



lengths lie within 400 to 760 millimicrons (mnillimicrometres),
The eye 1s most sensitive to dark green rays of wavelongth
555 millimicrometres We are speaking of a normal human
eye. Deviations from this standard may bo quite apprecia-
ble, even up to complete colour blindness.

When ohscrving stars, one must have 1n view the pecul-
iar properties of Lhe human eye that are called tho Purkinge
ellect and the Galliso offect They consist in the fact that
when comparing two identically bright stars, a red onc
will appear brighter than a bluc oné, and when comparing
two equally fant stars, the opposite effeet occurs
" Generally speaking, vis@ial observations of star colour
are always encumbered by subjective errors This is partic-
nlarly evident m the ohservation of double stars (we shall
discuss this a bit later).

If one leaves a brightly lit room and goes out inte the
night to lovk at tho heavens, he will first sec only the bright-
est stars. The eye has to get used to the dark, cnly then
will it acquire the proper sensitivity This property 1s called
adaptation

It has been told that the famous Italian investigator of
Mars, Scliiaparelli, took off a whole hour sitting 1n a com-
pletely dark—room with open eyes in order to get ready for —
Only after such total adaptation did he apply
he eyepicce of the telescops—The result—was—

af Scliiuparelll sdw more than olher astronomers, who were
sard_io be “blind” compared with the “eagle’s eys” of the
Tialian, ™

‘When obscrving faint objects of tho night sky (particu-
larly nebulae), take advantago of eye adaptation, like
Schiaparélli, and let your oyes gef used to the dark. Only
then will your obscrvations be fully successful.

Assuming that we have trained our vision 1n this manner,
how many stars will be visible to the unaided human eye?

Calculations of this kind have been carried out and 1t
has been found that on the darkest might the normal human
eye is capable of distinguishing about 6,000 stars. The differ-
ent brightnesses of the stars are obvious from the very
first glimpse of the night sky.

As a rule, the naked cye cannot see stars fainter than

! the sixth magoitude. TTowever, very sharp-mighted people

under extremely favourable secing conditions claim to see
much fainter stars, For example, at the Lick Observatory
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in the United States at mountain altitude, stars of magni-
tude 8.5 have been observed on very dark and clear nights.
At times like those, tens of thousands of statvs would come
within the range of an,observer. .

The potentialities of the human eye are llmlted' not only
in perceiving the radiation of faint celestial objects, but
also in ihe ability to resolve two close-lying stars in the

", You see it an_angle close to 30
eally, thal 18 Toughly the “angle

un from theeartl—But they
. Ve, liste o Mave

shjoct s perceived ag & pornt witlont Turther detail. Know-
fng_that_tlie diameter of the rods and dones is close o 0.004
mm, and the focal leagiliof the lensis-about 23 mm, we
can caloulate that THC Limiting viewing angle at whick the
©¥0 can ros shapo of'an object and hence separate

v e minute of arc. Th 311 eab

Wl we would see &
and 'a halt motroes.

~ Quife naturally, this is an average magnitude for the
nermal eye. There are of course deviations in both directions.
But even the keenest cye sees no more than points when ob-
serving the stars, for their actual diameters are seen from
the parth at angles much less than one minute of arc.

The role of optical facilitics used Dby astronomers in
studying the universe consists essentially in improving our
vision and in overcoming the shortcomings of the human
oye.

Binoculars and toleseopes ave superier o the eye primari-
Iy in two ways: they collect more light and make possible
Ohsrl)r\'aliuns of celestial bodies at much grealer viewing
angles. .

Best suited for constellation studies ave prism.
lues? The optical qualities of the ord
very mueh inferior;- this greatly limiting their astrongy

i 7 shows a prism binocular in cross section. A ray
of light passing through the objective encounters two total _
zeflection prisms, Their purpose is twofold: firstly; they re-
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ik,

Fig. 7. A pnsm bmocular.

duce the size of the binocular, secondly, they are needed
/to obtain an ercet (uninverted) imago of the object. This is
not essential for astronomical purposes, but for terrestrial
observations it 1s and has to be taken into consideration.

The image of an object obtained in the objective is exam-
med in the eyepiece, which is actually a magnifying opti-
cal system operating like a strong magmfying glass. The
eyepreces of a binocular are connected with the body by a
screw adjustment system that cnables one to focus the image.
Focussing is further simplificd by a scale on the eyepiece
tubes: one needs only remember a given division for the
binoculars to be properly focussed.

In prism binoculars the two tubes are connected by an
axial piece, rotation abont which changes the distances
between the eyepieces. Before beginning observations, set
the binocular so that the distance between the optical axes
of its eyepieces is equal to the distance between the eyes
of the viewer.

We will not go into details of design and will note only
those qualities that are cssential in asironomical ohserva-
tions.

Sovict optical works produce a variety of prism binocu-
lars. The most common is the six-power binocular with
30-mm-diameter objective lens. This binocular has a theo-
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retical light-grasp " (light-gathering capability) 36 fimes
that of the human eye. Under good atmospheric conditions
on a dark night it is possible to sce stars down to magnitude
40.5. What this means is that about half a million stars
will be visible!

Binoculars also increase the resolving power of the human
eye. A six-power instrument is capable of resolving stars
that are separated in the sky by no less than 7.5 seconds
of arc. True, this s the limit, Practically speaking, the ve-
solving power of oplical instruments alse depends on the
atmospheric conditions, the difference in brightness of
close-lying stars, and on other factors, all of which bring the
resalving power of the instrument down below its theoreti-
cal level,

The field of view in a binocular or telescope has the shape
of a circle. The angular diameter of this circle in different
instruments varies, and in the same instrument depends
on: the power used: the higher the magnification, the smaller
the field of view.

In Soviet six-power prism binoculars, the field of view
has a diameter of 8.5 degrees, which is 17 times that of the
apparent angular diameters of the moon or sun.

We also have eight-power prism binoculars with 30-mm
objective diameier and, very rarely, ten-power binoculars
with a 50-mm objective. The latter instrument is excellent
for night-sky observations.

Results arc bad if one holds the binocular in his hand.
during astronomical observations. The hand tires quickly
and Dbogins to shake, making the star images jump about.
To avoid this, it is best to make a stand of some kind, for
example Hke in Fig. 8. Without a support or stand, astronom-
ical observations with binoculars are almost useless.

Though binoculars have definite advantages over the
unaided oye, the chief instrument for studying the con-
stellations is the telescope. In Tecent years, Soviet oplical
works have put out a large number of excelient instruments
that fully satisfy the needs of the astronomy fan. If a factory-
made insirument is not available, the devoted star-lover
with a little application can make a sufficiently good re-
flector telescope himself. -

The most clementary of the so-called school-type tele-
scopes is a 60-mm-objective rofractor equipped with two eye-
pieces (32-power and B4-power) and hes an altazimuth: -
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Fiz. 8 A simple-type stand
for  binocular.

mounting which permits of rotation about two mutually
perpendicular axes: the horizontal and verlwal. |

Siuce the molion of a eelestial body over the heavens
wvolves the sumultaneous vanation of angular altriude
above (he horizon and azymuth, the allazumulh arrange-
wnent has one essential defect. it requires corrections 1n botl
altitude and azimuth,

The small school refractor permils observing stars down
to the cleventl wagmtude, and 1t resolves two stacs 1f the
angular distance between them is not less tian 2 4 seconds
of arc. A much improveddnsirument 1s the Maksulov menis-
cus school lelescope, which has some advantages over ordi-
nary refracting telescopes.

In the refractor, the ohjective is a positive converging

lens or a system of two lenses, funcliomng jorntly as a single
converging lens (Fig. 9). .
. The objeclive, gathering rays from a celestial bndy,
praduces its image in the so-called facal plane. This mmage
1s seen throngh a strongly magnifying componnd lens system
called the eyepicce.

Both the object and the eyepece of the telescope have
definite focal lengths {which is the distance from these
lenses to the clear-cut images of distant objecis that they
yicld). It can. readily be proved that the magnifying power
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Fig. 9. Diagrams of rofractor-(top) and
reflector (F stands for focus). -

of -a telescope is equal lo ihe ratio of the focal length of
the objective to the focal length of the eyepiece. To illus-
trate, if ihe focal length of the objective is one metre and
the focal length of the cyepiece is one centimetre, the tcl-
ogeope will have a magnifying power of 100. In other words,
in such a telescope we see all celestial bodies at an angle
" one hundred times greater than with the unaided eye.
“In a reflecting telescope, the objective is a comeave par-
abolic mirror. The image it produces of an astronomical
body is usually reflceted by means of a mirror or prism into
an eyepiece at the side and mounted on-the tube of the ve-
flector. There are also refleetors that have an opening fer
the eyepiece in the principal mivror. The path of light rays
is_iluslrated in Tig. 9. e
- Though the ‘advantages of rofracting and reflecting tel-
escopes are many, they are not without essential short-
comings. Their optical systems (lenses and mirrors) intro-
duce distortions, known as aberrations, into the images .of
celestial bodies. The primcipal distortions are spherical
and chromatic aberrations. .
*The edges of a convergent lens refract the light rays of a
pavallel beam more sirongly than do the central parts.
“For this reason, thé point of convergence of the “edge” rays
(their focus) is losated closer to the lens than the focus of
the “contral” rays. This is sphorical aberration, which
causes-a smoaring of the image produced by a lens. To put.it:
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more precisely, due to spherical aberration, either the edges
of the Image are smeared (out of focus) or the ceniral por-
tions are. And it is impossible to attain identical image
definition in all 1ls portions.

Chromatic aberration 1s different. It consists in the fact
that rays of different colonrs are refracted diflerently by a
lens: violet, for instance, more strongly than red. This makes
the 1mage of a celestial body look rainbow-coloured, which
ohviously hampors observations

Te diminish aberrations, refractor objectives are made
up of two (sometimes three} lenses (see Fig 9). The first
lens 18 doubly convex, the sccond, planoconcave. Gombined,
they function as a single convergent planoconvex lens.
Eyepieces are of a similar design (Fig 10).

Tt is possible, by selccting the appropriate lens curvature
and type of glass to have the objective of a refractor practi-
cally frco from sphorical aberration Howover, it is not
possible to completely eliminatc chromatic aberration
in this way; thero will always remain a cortain (true, con-
tinuous-tone, usually bluish) colourmg of the images.

In this respect reflectors are better than refractors.
Their objectives are mirrors that do not suffer from chro-
matic aberration, and if the primary mirror 18 paraboloidal,
spherical aberration 1s greatly reduced. True, the chiel
difficulty lies 1n parabolization of the mirror, that is,
making a nigoronsly true paraboloidal shape. The accuracy
required is exceedingly great. ¥or example, when manufac-
turing the mirror of the world's largest reflector for Mount
Palomar (UBA), which 1s five metres in didmeter, the per-
missible deviations from ideal form did not cxcecd fractions
of a macrometre)

This clearly suggests the enormous difficulties 1nvolved
in making large reflecting telescopes. Making large refrac-

T 7 T
I 5 I

“ t

(a) {b) e}

Fig. 10. Dilferent types of eyepleces:
¢) Ramsden, b) Ilyughens, ¢) Kelner (acbromatic); d) Abbe {orthoscopic)

]
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Fig. 11. School meniscus telescope
(diagrammatic).

tors is not any casicr. This has brought to the fore the ne-
ocessity of designing new telescopic systems of relatively
moderate size and high optical qualities. One such system
is thie meniscus telescope invented in 1941 by Corresponding
Member of the USSR Academy of Sciences D. D. Maksutov.
At present meniscus telescopes are widely used in the USSR
and other countries. Fig. 41 is a diagrammatic scheme of
a school-type meniscus tel ) .
The light tays coming from a star pass through a thin
convexo-concave diverging lens (meniscus) before entering
the principal concave mirror of .the tolescope. Tho rays
are then reflected from the principal mirror and again enter
the meniscus lens, the central part of the inner surface of
which is silvered and thus plays the part of a convex mir-
ror, from which the tays are reflected and then enter an eye-
picee inserted in the opening of the principal mirror.
. _ Suelh, in outline, is the diagram of a meniscus telescope.
Its advantages are very essential. '
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Frg. 12. School- typa meniscrs telescope.
—stand, 2— tube J—26% eyemme IATDX eyepieee, 5 zemth Prlsm' 6- gights
for cnoosing Db]ect 7-10—¢lamp serews and fine focusstng sl

First of all, and tlus is the main idea of the memscus
telescope, the surface shape of the meniscus may be chosen
so that for a spherical surface of the principal mirror the
spherical aherration of the meniscus completely compensates
for (or eliminates) the spherical aberration of the mirror.
On the other hand, dug to the thinness of the meniscus and
its slight curvature, chromatic aberration 1s practically
nonexistent. In this way, a menscus tolescope yields clear-
cut uncoloured high-quality images.

Sccondly, the optical system of meniscus telescopes re-
quires much less cffort to manufacturc then do conven-
t1onal reflectors, This is due to the fact that both the prin-
cxp'xl mirror and the meniscus have spherical surfaces, and
this is a techmgcal advantnge over the more difficult parabol-
ic surface.
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+ Thirdly, a light ray, changes direction twice-in a menis-
cus telescope, Lhus greally reducing the length of the in-
sirament and making it more compact and convenient'to
Landle. - . . . .

Finally, the meniscus hermetically seals the tube of
the telescope, thus protecting the principal mirror from
moisture and dust, which lengthens its lifetime.

A school-type meniscus telescope (Fig. 12) is very compact:
tube length, 25 cm, height together with stand, only 40 cm.
This telescope can reach to stars of the cleventh magnitude
and has a higher resolving power than the small school
vefractor (about iwo seconds of arc). N

The rotating sot of two eyepieces offers magnifications
ol 25 and 70. Both are equipped with zenithal prisms that
simplify observations of stars close 1o the zenith. The

Fig. 13. Big schiool rofractor:
1-—tube; i

picce; ing: 4--stand; welght.
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sighting device is convenient for training tho telescope
on a given ohject.

The mounting of this meniscus tclescope 15 altazimuth,
which 15 a drawback. True, the altammuth head of the
instrument is equipped with a clamp serow and also wicrom-
eler screw, which enable the observer to move the telescope
slowly n order to follow a star as i1t moves out of the
Held of view. But this 1s really of little help

Another inconvemence s the short instrument stand.
Thys makes it necessary to provide added suppor! mn the
form of a table, or a special pillar

The mstrument has a large field of view At 25 power
its diameter is cqual to 48 mmnutes of are, at 70 power, 16
minutes of are, which 1s nearly half the apparent Iunar dise.

Despite these shortcomings, the school-type memscus
telescope has fmirly decent optical gualities and the in-
strument may be recommended for studies of the stellar shy.

The best of all schoel nstruments 1s undoubtedly the
large school refractor (Fig 13) with 80-mm objective. First
of all, its mounting 18 parallactic (equatorial) and not alt-
azimuth. In this mounting, one of the two mutually per-
pendicular axcs about which the telescope turns is dirccted
at the celestial pole (or, approximately, at the Pole Star).
Yor this rcason, when revolving about the ather axis, the
telescope follows the star, and to hold the objcet in the
field of view of the instrument, 1t 1s sufficient to use the
so-called hour screw The parallactic mounting of the in-
strument (which is removable) is connceted with a lugh,
collapsible tripod. Tlus 1s parlicularly convenient for the
observer.

We omit detailed design descriptions (as in the other
cases) and point out that the large school refractor has
all the features of a real telescope: a counterbalance weight
on the dechnation axis, two clamp serews and two mierom-
efer screws, a device for setting to the latitnde of the place
of observation, and many other featurcs. The telescope is
equipped with a diaphragm and a special light-filter for
solar observations, But we arc intcrested in the features of
this instrument that are directly related to observations
of the night sky.

The diameter of its abjective is 80 mm. 1t has three cye-
pieces 80, 40 and 28.5 power. On nights when the sceing is
good, it resolves stars down to magnitude 11.5.
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” The theoretical resolving power of the large sehool re-
fractor is 17.75. The practically obtainable power is a little
lower, for reasons given above: 27.06.

All three school telescopes are not only excellent instru-
ments for getting a general acquaintance with the constella-
tions, but are also quite suitable for certain of the simpler
seientific observations. Whaever i$ inclined 1o pass on from
a general inspection of celestial bodies fo their scientific
study (which is extremely desirable) will have to take up
the speeial literature.

A few points about how to begin are in order at this
stage.

The hardest thing for the beginner is to train his telescope
on the object of inierest. The only solution is training and
practice, and some expericnce in aiming the telescope at
terrestrial objects. When directing it, look alongthe tube
of the telescope and when the object is on the end of the upper
part of the tube, twrn the telescope so that the lateral sur-
face of the tube passes out of view. Then look into the eye-
piece and you will see the object. Tighten the clamyp screw and
then bring the image to a sharp focus.

It is advisable from the very start to make a mark on
the eyepiece tube of the telescope of the posilion of clear-
cut focus of the various eyepieces. If tho eyepiecc has not
been focussed beforehand, it is very difficult and sometimes
impossible to detect a faint star or nebula even when the
instrument is accurately trained.

In a iclescope, bright slars are not seen as points but
as tiny discs. Do not ihink that you are viewing the actual
discs. The stars are so far away from the earth that even
the largest terresirial telescopes do not emable us to view
stellar discs. The apparent stellar dises are a consequence
of a specific optical phenomenon known as diffraction.
The greater the diametor of the objective of the telescope,
the smaller the deceptive diffraction disc. Under good at-
mospheric condilions, the diffraction disc of a star is surround-
ed by several bright diffraction rings, which are optical
‘I::mlmfntiuns that naturally have nothing to do with the star
itsolf,

vDiffemm. magnifications are used for different objects.
Nebulao and star clusters are ordinarily more convenient
0 view with low-power cycpieces. And conversely, to sep-
arate close-lying and suiliciently bright double stars,
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it 15 best to use a high-power eyepiece. The best practice,
when training the telescope on an astronomical body is
1o first use a low-power eyepicce, and then change over to a
lugh-power one when the body is in the field of view. The
greater the power of the eycprece, the smaller the diameter
of the field. For this rcason, only ocxpericnced obscrvers
can train a powerful telescope straight off

When observing particularly faint objects, try the tech-
nique of “averted vision”. This is frequently done when
examining nebulac Temember that the hest 1mages are ob-
tamned when the object 1s brought into the centre of the
field of view because here the alerration of the instrument
is muchi smaller than at the edges.

The programme of observations described in this book is
witlin the range of the large school refractor telescope.
Tlns maximum programme may be used (with appropriute
amendments) when observing with other instruments.



WHERE
AND WHEN?

Let us say you have decided .to
start astronomical observations, The object of observation
has been selected, the night is clear, there is only one thing
lefl: Where is the object to be found?

The earth is spherical in shape and participates in two
kinds of motion: it rotates on its axis and revolves about
the sun. For these reasons, the night sky, or more precisely,
the apparent positions of the stars across the sky with re-
spect to the horizon depend mainly on three circumstances:
the position of the observer on the earth, the time and the
calendar date. All of which means that one cannot answer
ke question about the position of an object in the sky if
he does not know when the ohservations are to take place.
Let us again stress the fact that the position of the observer
on the earth (moxe precisely, the geographic latitude of the
site of observation) is assumed to be known. To get a better
understanding of all these problems (and this is necessary
for dealing with star maps), let us examine in gencral out-
line some of the more imporiant concepts of spherical astron-
omy.

The simplest astr ical ph that occur in the
hoavens are familiar to everyone from childhood. The sun
and moon are in motion across the sky, thousands of stars
come out at night, and, to the chagrin of astronomers, the
sky is quite often overcast.

The word “sky” itself needs to be rigorously defined,
for it is so often used by astromomers, When we are in an
open place like a field or at sea, the whole world appears
divided into two parts: the earth's surface under us and
the heavenly dome or sky above. Thus, the sky is that part
of space scen through the earth's aimospheric mantle.
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The terrcstrial gives _a_somewhat distorted
picture” 6f the cosmos. Fn-smly, cloud formations Ramper
astronomical obsérvations o a JT6atsT OF loSser sXtomt—
Secondly, of all rays coming to_ihe earth from the sun,
the atmosphere subijects tho il.e rays to_the greatesl scat-
tering. That is why the sky is blue 1n clear weatlier. Wikliout—
the mantle of air, our sky would be jet black day and night. ™
Thirdly, and lastly, the ajr mentle of the earth alteis tw-
direetion of light rays coming from celestial bodies, attenu=—
ates them (via ahsorptlon) and even modifies_fhair-colour.
That, for one thing, is why the stars seem to twinkle in all
the calours of the rambow. E—

All these distortions are still not so_great; on the whole,
in fact, we can say that the terrestrial atmosphere is highly
transparent (to the visiblc portion of the spectrum, that is).

The sky always appears as a noarly spherical dome rest-
ing round the fringes on the earth's surface, This illusion
suggested to the ancients tle jdea of a_“celestial firmament”
(celestial sphere) or a solid_vault of {he heavens. The terin
persists, yef nobedy seriously takes it in the original mean-
ing of something solid. We shall regard it to mean the opti-
cal illusion of a celestial dome.

Another 1lluswn 1s the Iack of any Ieelmg o£ dxﬂarence
in distances 10
appear_to us tc -
over the same ... .. ...

For this rcason, when astronomers consider events in
the sky, they convemently picture a_sphere of arbitrary
radius with centre in.the eye of the observer, and on the—
sutfade of “which ate pm)ecled the images ol the celestial
lmgles This arbittary sphere is termed the celestial—sphere.

7 some cases the centre of the celestial sphere 15 madeto
coincide (mentally) with the cye of an imaginary observer
located, say, at the centre of the sun or at some other point
of the universe.

The celestial sphere_is of course not_an-.actnal structure
but a ﬁmj"(ured/geometnc construction -introduced—for~
“thiz- convenience—of measurmg—the’fpparent positions of
astronomical budies, e T T
~ TheTadius 6f e celestial sphere is taken to be arbitrary
{and not necessarily very large) for the simple reason that
distances to astronomical bodxcs arc_of no jmportanee—at—
thns curly stage ge of observations and we confine ourselves .
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Observer

Fig. 14. The celestial sphere.

solely to angular measurements. You w1ll recall that angles
afdindilerent Lo the lengths of the sides, the size of the angle
romaining the same in all cases. Now imagine an observer
lacated on the surface of the earth and a celestial sphere
described around him (Fig. 14). At B‘ﬂfﬂiﬁ‘,ﬂwth
o plumb line will detetmine the Ver ine, which will
interseet Ui Gl WO points Z anm 15).
T Point dir the zeniih (Z) and the oppo-

site point is the nadir (Z').

Baé

(poley __Z.(2enith)
2, V.

28187

7 /?/ )
\\ \\\\\\

Fig. 15. The horizon coordinate
syslem, .
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Fig 16 Diurnal motlun of stars m the
cireumpolar regron.

e rrooe e tre Of the

L “proificed

. . B . _ sphere is
called the celestinl or mathematicql horizon, ——

It is quite easy to see that the mathematical horizon
does not coincide with the pisible or_observed horizon. The
latter consists of points at_which the ling_of sight of the
obsérver-touches-tie sarth’s surface. Since the plane 51 tho
mathenutical Horizon is 1o6ated above the carth’s surface,
that_borizon will always be somewhat “raiscd” above the
visible “RorTzon. o —

To simplify our drawings we shall not pieture tho earth
or the observer any more in figures cuntaining the celestial
sphere. We will presume their existence every time.

The new terms, vertical line and mathematical horizon,
now enable us to comprehend better the more elementary of
the apparent motions of the celestial bodies, say the stars.
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1t is common knowledge that the daily motion of‘the sun
aver the sky is an illusion., Actually, the earth itself is
in nearly uniform rotation and its Totalion is the cause of
the periodic change of day and night. )

The earth’s rotation generates the apparent diurnal
movemeni riot” onl of il other_celustial

JDodies om & few simple ObServa-
tions. :

‘When the sun goes down below the horizon' and the stars
come out, note some bright star in the southern part of the
sky. Noto its position with respect to some object on the
carth, then repeat the samé observation at the same spot in
half an hour or so. You will see thdt the star has shifted
its place on the sphere. It is not difficult to check any other
star as well for 1ho same displacement on the celestial sphere.
Consequently, the entire night sky appears to be revolving
about the ecarth.’

L Photo-
graph With GXposire. Due fo their apparent
miotions, Thy stars, Witl GEseribe concentric arcs, the cenire
of which is close to Polaris (Fig. 16). ‘

Thus, wo seemto have found a fixed point on the celes-
tial” sphe i Swhich all ohservable stars appear to

k.

L6
revolve. This t is called th y7 [ pale. A sim-
ilar fixed point on ‘the op ¢ of the celestial spliete

8 1he souik celéstialpole{Fig. 17). The straight line connect-
ing thie two poles Js known_as_the alaEis. WIish observ-

ght sky, one géts the f mpression that all the
stars are attached to-an invisible transpareni crystal-like
sphere (that was how the ancients pictured it) and that this
sphere is in slow rotation abont the celestial axis, executing
one complete “circuit every 24-hour' period.

I through the centre of the éelestinl sphere ‘we pass a
plan pefidicular 16 the colestial axis, it will owt the
celosiial spliovo~in--liiic called the felesiial-eguator.—The
célestial equaltT divides iKY Inlo- two lemispheres.
The one with the.Pole Star is the northern hemisphere, the
other one, the southern. It is not diificult to realize that
the celestial cquator has' the same radius-as the celestial
sphere. Cireles of this king on the surface of any sphere are
Sallgd "1l _great circles of the sphere. - ‘
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g
" South calesticl
{Nady pole

Fig. 17 Celestial equator
ang celostial meridisa:

The_apparent paths of the stars in their spparent move-
ments_over the celestis] sphere are parallel To tie eclestinl
equator, The same also goes for the a pparmml‘}ﬁ'lhs
of the sun_and moon.

et us mentally draw a plane through three points: the
eye of the obseryer, the zenith, and the north celestial pole.
ICl cut the celeshul 5phel's in a great circle, whiclris
~aNnd the olaciind smondoon The celestial meridian inter-
. . two points, the ons Tlnser

. the norih mmmm'\

. points of the horizon at
90 ngles I.o th“ae—are”hmw-n as the easl _porpt and uxe,ust
. . ati-

' . ots

e

ne.

. . o
ern part of the heavens, we note that when {hey cross
the celesiial meridian they occupy the highest position above
the horizon. Conversely. on the section of the celestial
meridian between the north celestial pole and the morth
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Fig. 48. Nonsetting
ond nontising stars.

point, a star crossing the celestial meridian will be in its
lowest position with respect to the horizon. The former
ocourrence is termed upper fransit-of a star (or any other
astronomical Dody, for that matter), the latter is the lawer
trapsit of the body.

T!

s e,
“Coniinuing obsstvations of the Tight sky, WG “n‘mrrhat‘"
the stags (for_an observer in moderate te latitudes o

ern hiemisphere

o divided inte threo gr
T5T_group are t ch in lower transit pass above the
rﬁml*“r(pom i ¥ Ihey Hever cut the line of the.
(1‘ 1 ﬂﬂ/ﬂ.\ efore on'm a grou ’—f'nonsettmg stars

upper iransit occurs below
nf. They belofig i the—
—

50 two zones of the sky is a region
h all"$tars Gut the 1ine of t tﬁmm@
1 'set{ing and Tising
rising Tand-settingTsarsT
“Tt-has—sbready—Imon - Tentioned that all stars in thexr
apparent diurnal motion (due to the axial rotation of the
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arallel to the celestial
of_any_star _from the
atural to fix the place
of a star on the celesfial sphere relative to the celestial
equator and to the horizon The angular distance of a star
frow thie celestial equator is denoted by the Greek letter 3,
and is called_the declination of that body.

Thus, the declination of nnasimnumgq,l.we»@glu
betuween “the_durection from the centre of the celesiial sphere.
to the given hody and the plane of the celestial_equator.
~ “The semcircles connecting the celestial poles are called
declination circles. One of these rircles always passes 1 thmugh
4 _given body,

" Declination is measured 1n_degrees, minutes
of arc. It has beeht agree: ‘1A .
for_bodies lying in the 1
and negative for bodics 11
immediately suggests that all
haye zero_declination and i
tion 90° (north pole) and

“Thé declinatich~alone can '
of 4 Fody on (e celestiil spherc. We must Have & second
coordinate which together with the declination will uniquely
fix_the position of a body on the celestial sphere.

This_secand coordinate is known to astronemers as the
right ascension 6, Let us see how it is determined.

d seconds

"hers a point on the celestial equator at which the
sun arriv Rr on the day of the spring equmox‘

E every
March 217 ThlsTc’iﬁt. called the poiiii of “the-vernal. equinoz
(the first point of ZArieg); 9 takcn_as. the reference origin
in_the equatorial system of coor inates. i is-desighated
by the conventional symbel 7 {which shiild #o¢ be con-
fused with—the Gresk IsWier gamma, §). "

"Lgt us draw @ declipalion tircle through the celestial
poles and a-givenbodyAs-will be seen from-Fig.- 19, the
right ascenstorrof-thehody (o) is equal to the angle between
the direction from ihe“centre of The celestialspherato the
pomntof the vernal EqUItoX And theé planc of tlis declination
circlerof the given bodys — T

“The Tight_asconsion_ of the body is reckoned c
clockwise when Iooking from the .north_celestial pnl

“Although -right-ascension (like declinalion)” Is-um angle,
it Is more convenient, for a number of reasons, to measure

tor~
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North South

Fig. 19. Equatorial coordinate system.

it in units of time than in degrees, minutes and seconds of
. e
Since the cclestial sphere executes a full cireuit in 24
hours as it revolves about the observer, it follows that an
angle of 360 degrees is equal to 24 hours of time. Henece,
every hour equals 45 degrees, and every degree equals 4
minutes of time.
The'following is a table with time and arc units correlatod:
360° equals 24 hours of lime
15 eqnals 4 hour of time
1° equals 4 minutes of time
. 15 equals 1 minute of time
1 equals.4 scconds of time B
The abbreviated notation of right asoenslon for hours,
minutes and seconds 'is h, m, s: 5h '{2m Bs.
The right ion_and declination of a celestial hody
g Wi a5 ils_celesiial egiaiorial coordinaies.
~Celesti: Tnates —are i

the _geo

hjc,_codrdi .. Tigl n_corresponding 1o Ion-

and declinatiofi to latif lmmﬁco_oﬁﬁi
nates Gan also e called equatorial; Since they- are defined
with reference to the terrestrial equator.

Just as the latitude and longitude of cities of ¢ the, oarth....
Temin T ® SAEE 7S f]fe_Ehfflf Tota
of Uig
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Fig. 20 Theorem on the
altitude of the celestial pole

right ascension of the stars. Star catalogues containing in-
fornidtion about-the various Stars also indicate their equato-
rial coordinates. Now the “wandering bodies” of the heavens
(sun moon, planets, and others) are different. Their right
arﬁ ﬂeclmahons are naturally constantly undef-

1e gecgrap'hm cacrdmates _of trav-

BV
ellers on Llu- earth.
Geographié maps have coordinate grids of meridians s and

parallels. So also do maps of the stellar sky.
When travclling along a geographic meridian it will
readily be_seen that the angular altitudc of the Pole Star

with Polaris nearby behaves in a similar manner. V

easily provo that the altitude of the north_celgstial pole

above the Horizon is always equal o the ic latilude

of thai place on the carth. ~——
We Te_fer 15 Tig. 20, which depicts the earth. At any
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point on the carth, the celestial axis is parallel to the earth’s
axis and therefore the altitude of the celestial pole and the
 geographic latitin 4 #iveR place are angles with mutually
| parpendicular sides (fhe celestial axis is alb i
A Teitesitial o ile theearth's
‘obgervation is perpendicular
tothe tangent— horizontal plane), - -

These” s are therefore equal, which means that the

ortk celestial pole is equal to the geographic
the given plac, "

t Tnevitably ollows that in different latitudes
the night sky and the apparent motions of the celestial bod-
ies appear substantially different.

‘We have already learned about the night sky and the move-
ments of celestial bodies in moderate latitudes. Let
us now see how the picture changes as we move to the north
pole and to the terrestrial equator.

As we move northwards, the altitude of tho celestial
pole and Polaris will constantly be on the inerease. When
wo arrive at the north pole of the earth, the north celestial
pole will coincide with the zenith, and the celestial equator
with tho horizon. Then the altitude of the celestial pole
will be 90°, or equal to the geographic latitude of the earth’s
north pole. s

Since in their apparent diurnal motions, the stars move
parallel 1o the celestial equator, at the morth pole of. the
cnrth they will Be in motion parallel to.the horizon. Here
there are no stars that rise and set. At the north pole, all
stars of the northern homisphere of the sky are nonsetting
s;nrs, and in the southern hemisphere of tho sky, nonrising
stars.

At the north
the Tior

the "24-Tiour”_period. ~. . e
The picture is the same at the south pole of the carth, at
the cent{a of Antarctica. We will see only stais of the south-
ern hgmxsp_here of the sky, and thesouth celestial pole will
camcxdp with the zenith, However, here too, all stars during
# rotation of tho carth will describe circles on the celestial
sphero pasallel to the horizon.
te picture will be different on the terrestrial equator.
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g
the ecliptic

The geographic latitudo of all its points is zero. Hence, the
altitude of the north celestial pole should alse be zero' for
the ohserver. Thus, on the terrestrial equator._the_celestial
poles coincade with the north and south poiats, and the ce-
Iestial axis lies in_a honzen
11664 line. Hore the « (,eleahal
uil, and its pldng is perpend
Zon. Whenes it follows that all stdrs (for, ~airohEarver-onthe
’tcrrcsmal ‘equator) will be moving 1n cireles whose plancs
are perpondicular to the horizontal plane. There are ho non-
rising stars on the earth's equator. All stars—cross the-line
&F the Hnrizon twicea day, and 3T the sun weren't there, the
whole ste lar "5k would obscrvaHe lrﬁfg"a —24-hour
period. T —
The ecarllh moves round the sun and for this rea;uu ﬂm
suli“ 5 projected on different portions ofthe stellar
different_times of the_yeaT im ¢ observations from the~ earﬂl

‘This is how - * 7 the revolution

of the cartl - .annual motion

of the sun_ -
“The path 1d of constella-

tions is Known as_the eciiptic (Fag! 21). 1ne celiptic isw eir-
2]



cle_that cuts t clestial equator _at an angle of 23Y, de-
groes. The poinfs of interseclion ft slestial equator and
he ecliptic aré called this Point rnal of
) and the point of the autumnal ‘eqiinox
points of summer and winter solsti
°_to.either side g_fvlﬂe equinoctial points.
The relative configuration of the eclipticzand L the celestial
or clianges so gradually thdt in most ses il Inay
dered stable. Also fixed relalive t6 the’stars (Lo a first
P! ox‘mahon) is 1the point of the vernal equinox. In other
“words, this unagmury point in the sky behaves lxkc any
other star: it rises;”$cts and transitss -
T The lb of 1his~ Lchphc passels “through 12 constellatmns,
1 )

whit salled zod isces, Aries, Tatmr-
g, Geimini, Cancer, Leo, Virgo, Libra, Scorpio, Sngm,a—
rius, Capncom, and Aquarius.¥ Mostkofi these_constella-
tions have the names of animals, That is why the i
gave this belt the lnme zodiac, which™ means “belt of ani-
mals”. s T

Duc to the annual motion of the sun among the (‘on';Le]—
Intions, the night sky is constantly changing its appearance
during the year. A constellation which at the present time
conlains the sun (to put it more preciscly, onto which it
is projected from the earth), is not accessible to observation,
since it rises and sets logetler with the sun, transiting at
noon. A constellation opposite to the sun (say Scorpio in
December), on the contrary, is nicely visible the whole night
and transits at midnight. At the top of the map in Appendix
VII are dates which correspond to the position of the sun
on the ecliptic at the time.

Since the sun is in_constant_motion along
different cllations will transit al midnighit i
T Tliat 18 Wiy in sumnier we

|3

il consis

euhpuc.
Teven

Atfer n'h'm‘e, thie sun ref
tic and ihe eycle of famil; REeS STArls W Ohce Agaim
During the. saine Line, -thé Batih” cofipletes one “fall-orbit
.nlmul the sun. .. e




Now, after this bnief excursion into spherical astronomy,
star maps and catalogues will be much easier to understand.

To get an initial general picture of the constellations 1t
is convenient to use a moving star chart that is put out by
some planetariums.

A moving star chart gives the pattern of the night sky
for any time of the year. But don’t forget that the figures
of ihe constellationsjon a map are somewhat distorted due
to projection ol the sphere on a plane.

A star chart has the ecliptic in the form of an cceentric
circlc cutting the equator. e
“For more détails, the reader will find at the end of the
back a small star atlas made up of five maps, which indicate
stars down to the fifth magnitede and most of the sights
discussed in this book. Some objects not given on these maps
are indicated on charts of sections of the sky that accompa-
ny descriptions of the appropriate constellations.

More detailed star atlases will he needed for a deeper
study of the constellations.

Up till now we have stressed that the equatorial coor-
dinates of stars {their_right ascension and declimation)
45 not change. Actually, that is nof cxdctly§e: tho equato-
rial GoordinatCs OF stafs 4o undecrgo a slow ¢onstant ¢hange:
Fhis is dug to a special motion of the earth’d axiscalled
precession. T - - T
" Tt is a well established fact that our planet is a sphere
only to a rough approximation. Actually, the earth is shght-
ly flattened at the poles and elongated im the equatorial
zonc. To put 1t seicntifically, the carth, to a second approx-.
imation, must be considered & spheroid, which is a solid
generatéd” by rotation of ‘an” ellipse_abouf Tts minor axis:—
“J'he earth’s axis is inclined fo fhe plane of th orbit at~
66/, degrees, and”lhe suu pulling on the earth's™ equato-
rial bulge strives to tufithe earth, as it were, and make-the
éarth’s axis perpendicular to the plane of the orbyt-—This-the
san 1§ hot able to do because the varth is in rotation aboul
ils axis. Precession is due {3 the turning action of the'sun
and the axial rotation of the earth. It is a slow cone-shaped
motion of the earth’s axis. -

Precession is a complicated phenomenon, and many very
important particulars have been left ont of our brief explan-
atory note on the subject. The important thing for us to
know at this stage 15 that precession alters the position ot
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— 4000

Fig. 22. Precessional translation of
the' celestial pole ameng the constel-
lations.

the point of the vernal equinox (the first point of Aries)
and hence the equatorial coordinates of all the stars.

The sarth’s axis turns very slowly, making a complete
circuit ing. its_original “position ifi ~Tivarly
26000 vears (Fig. 22). But astronomers bave to Xriow the
precise positions of the stars in the sky and so ave compelled
to make allowance for preccssion.

Slar maps and atlases have a grid of equalorial coordi-
natos roferred o some specific instant of 1ime, For example,
the Small Atlas of A. A. Mikbailov (published in 1958)
is made up of charts of the “epoch of the cquinox of 1950™:
This expression means that the equatorial coordinates of
stars on the maps of the atlas xefor 10 the equinociial day of
4950. To compute the coordinates of the stars for any other
instgnt of time, the star atlases give special “Precession
Tables”. Knowing the place of a star in the sky for the epoch
of the atlas, it is possible to compute (with the aid of the
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precession tables) corrections to the coordinates (witl re-
spect to @ and 8) for any interval of time.

For general surveys of the sky a siar globe 15 useful; a
globe 13 also used when solving simple problems_in_spher-
ical astronomy. But cven the best globes can neyer take
the place of a star chart, one reason being that on the globe
all constellations are turned inside out: the observer is as-
sumed to be located at the centre of the globe. B
~Afew words are 1 order about the designations of objects
on a star map. The present system of designations devel-
oped gradually under a variety of circumstances and ane will
encounter symbols from different periods.

The brightest stars in a constellation are denoted by
Greok letters, the sequence of the alphabet_corrcsponding
to gradually diminishing brightness of the stars in_the con-
stellation. True, there are quite a few exceptions in this
rule. For example, in the constellation Gemini, the Bright-
est star is Pollux, which las the desigoation £, while the
second brightest star (Castor) 1s denoted by a. —

A small number "of stars—usually the™ brightest ones
have proper names in addition to the literal designation.
Tor example, Alpha (a) Canis Majoris is known by the name
Sirius, Beta (B) Geminorum is called Pollux. At times even
faiut stars have retained their ancient names. Such is Alcy-
one, the principal star in the Pleiades cluster. It is otherwise
known as 7 Tauri.

Capital Jetters (Latin alphabet) havo_been. introduecd
for a number of stars, mainly vanable stars: R, N, §,ete.,
iid even doiihle caprtals, RK, AE, TT, and so forth, ~
~ -Generally Epeaking, star designa{ions are cXtremely di-
versified. We shall have occasion to mention such stars
as Wolf 359, Lalande 21185, and the like. In astrenomical
parlanco, these names denote stars recorded in the cataloguo
of the astronomer Wolf under the number 359 or the cata-
logue of the astronomer Lalande under the number 21185,
Cortain unique objects are registered in the official cata-
logues as the “Kapteyn Star” or the “flying star of Barnard”
(Barnard's Slar). .

The “celestial inventory” is far from perfect, and the
situation will appear to be worse confounded 1l we recall
that one and tho same star 15 sometimes designated in se-
veral differont ways. Somewhat simpler are the designa-
tions of the star clusters and ncbulae. A possible reazon
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is that the first and, so to say, official and sulficiently com-
plete catalogue of thesc objeols was compiled only in the
eighteenth century, whereas star calalogues have existed
since remote antiquity.

The first catalogue of star clusters and nebulae was
published by the French astronomor Messier in 1781:-I¢
included a total of 103 of the brightest objects. Messier
didHot Ttroduce™ differentiated designations for such
extremely disparate structures as gaseous and dust nebulae,
star clusters and galaxies. For him they were only obstacles
that hampered his basic work—the search for comets. That
is why he compiled his catalogue of “obstacles” so as not
to confuse the nebulous patches of luminosity with a new
comet. In this way he did a good service to stellar astronomy.

dded. And al
cale galaxies wilh one of three conventional symb
NGC or IC) with the number in the appropriate list.

When an objest has been chosen on a stat mdp and it
has been figured out where it is locatcd in the sky at a given
time, it is still not so easy to find. One difficulty to the nov-
ice is the diilerence in scales of the actual and depicted sky,
the black sky background as contrasted with the white
background of the map, and many other things. As in every-
thing else, praciice is needed.

The best advice to the beginmer is: always proceed grad-
wally from familiar stavs and constellations to new and
unknown objects. Axiomatic though this principle is, il is
froquently ignored.

To get a betler general picture of the night sky and the
configurations and arrangement of the constellations, we
advise the reader 10 keep a star map ia front of him (Appen-
dices VI-X). On these maps, binary double and multiple
stars are indicated by lined circles, physical variables are
indicated by circled dols,
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THE CIRCUMPOLAR
CONSTELLATIONS

Polars, whick “heads” the con-
stellation Ursa Minor, aud the immediately surrounding
constellations ocoupy a portion of the night sky that is termed
the circumpolar region {see Appendix VI). For the middle
belt of the Soviet Union this region of the sky is always open
10 observation and it is therefore natural to Legin our stellar
excursion here. Also, among the circumpolar constellations
is the famous Ursa Major (The Great Bear) whose seven-
star dipper is familiar to everyons from early childhood.

Besides Ursa Minor and Ursa Major, the circumpolar con-
stellations include the constellations Cassiopeia, Copheus,
Drace, Camelopardus (The Giraffe} and Lynx. Now how do
we go about locating them in the heavens?

It is best to begin with the constellation Ursa Major.

On autumn and winter evomings its dipper, made up of seven
stars, is clearly visible in the northern part of the sky.
In spring and summer the dipper is much higher in the night
sky, and then it has to be sought in the vicinity of the ze-
nith.
In cach constellation it is important to locate the princi-
pal star, the characteristic portion of the constellation, and
only then the other parts and details. The “skeleton” of
The Great Bear is the familiar dipper.

From the dipper_of 1irsa Major_it i3 easy to find the Pole
Star (Polaris): take the two extreme stars of the dipper and
mentally draw a slightly bent line (in the difectiomuf-the—
‘convexity “Gf the dippér kandle). At a_distance of abouf
five times the separation of the siars Alpha and Deta Ur-
sae Majoris, it will pass through a second-magnitude-star,
whicki"is_I'olaris. Moving from Polaris towards~Ursa Major
the smaller dipper—vwith-a~bent-hamiterthis -is
‘of the constellation-Ursa-Minor,




- New it won’t bo difficult to find the constellation Cassio-
peia, which lies on the other side of Ursa Majar from the
Pole Star. Its principal part forms a figare that resembles
the lotter M with stretched “feet”. In certain positions,

- {his celestial letter will be seen upside down, becoming a W.

Between Cassmpcla and Ursa Minor lies the constella-
tion of Cepheus. It is not so noticeable as the other constella-
tions we have just named, and its principal stars do not
jorm a conspicuous conﬁgutatmn So to locate this constel-
lation (like others of ils kind, ineidentally) first pinpoint
the stars that interest you by proceeding from familiar
stars of other constellations. In doing so, make it a rule to
consult your star chart as a check. For example, to find
Alpha Cephei, note that it is located on the estension of
the straight line conneciing Alpha and Beta Cassiopeiae
at a distance four times the separation of these stars. Having
found Alpha Cephei, it will be easy to {ind the adjacent stars
of this constellation and then the more distant ones.

Between the constellations Ursa Major and Ursa Minor
is a long straggling constellation Draco. Its characteristic
chain of stars is connected by a broken line that culminates
in an irregular quadrilateral made up of stars which form
the head of a monster.

The constellations Camelopardus and Lynx are some of
the most inconspicuous in the whole sky. Only faint stars
aro seen here and they are hard to find between Ursa Major
and Cossiopeia. There are no recognizable shapes here at
ail, with the rosult that this is one of the darkest and poor-
est regions of the sky.

Tl nt_Greeks-rolated_amyusing legends about the

se. Major_and Utsa Miaar, rding to gie, i
days when King Licaon ruled. Arcadla,,\me_ni\e
kit Callisto, whose beauty_was so_remarkablc
.o competing with_th gud;less_Hcm
¢ "Gf Ziiis,_chiel.of_ the-Olympian_gods. The calous
Hera finally took revenge on Callistos taking advani
hlersu_Lx%Lumlet?mmf’ﬁfﬁxﬁea'C 1listo in
1. hon Calliste’s son, youn &_\vas tetummg
m OGN 30 5. 1he_bearal the door.of s house,
o_kill_it,_never_suspecling that_it _sas ]
cus,-whofor-quite_some time had been much
allisto, prevonted. the crime, At the crucm
eld the hand _of Arcas, and took Callisic io T
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sky and turned her into a beautiful constellation, Callisto's
favaurite dog was also made info # < nsiellaifon, The Lesser
Rear, Ursa Minor. Arcas d ot remain on the earfi for
long either. Zeus, i his ¢l Ior bailding-constellations;
tirued Bim into the constellation Buootes, The Shepherd.
fated for efernal time to keep watch over his mother fn th"
hsavens Thatis why the prmmpal star of the constellation
Bobtes is called Arcturas, which in Greek means “watther
of the bear”.

Still more romantic is one of the stories behind the con-
stellations of Cepheus and Cassiopeia. If we are to believe
the tales of the ancicnt Greeks, Ethiopia was under the “ule
of the legendary_King Cepheus. Once his wife, Queen Cassio-
peia, was so unprudent as, tu honst of her hpauty to thp Ne-
reids; the Sez
m:‘sy. Tthey ¢

at Tanea

monster_his ouly and

ed to a rock on the
»  fate.” At"that~time,
one of the mus\: popular legendary herues, Perseus, was per-
' r side of the
here dwelled
glance of a~
the beholder

to_stone,
But nothing could _stop_the fearless Perseus. Ho waited
uuﬂ-hey had gone to sleep, and then sovered the head of
* gngof them-—Mcdusa. At that vory instaat, from the decapi~™
body of Medusa _there _burst forth a winged horse,
Perscus _straightway.jumped on Pegasus and raced

-Ta his ihght over_Ethiopia he noticed Andromeda tied
to. the_rock At that very_moment a monSter came forili
from the depths_of the.sea_and hurled itseli at Andromeda.
Bold Perseus flung himsolf against the monster and-a-long
struggld ensued. Persous emerged viclorious for the sale
reason that he direcidal the inonster the deathly glunce of
tlis sovered liead of Medusa. The monster turned fo stone
and became an island, while Perseus unchained Andromeda
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rnegd her to Diex father. This Jong story ends with the
wedding of Perseus and Andromeda, and_the Jertile
jon of the-wmeient Greeks immorialized all these
e fanciiol figuves of the comsiellations.

itioiDFace 15 also bound up with ancient
“the Greek tale X

mythology. by gllatich
depicts a mythical dragon that guarded a_ arden
of golden apples. Another myth portrays th

on as @ m ATy SW. s

anciont myths, so marvellous, naive and charm-

ing, come to life again and again in numerous magnificent
works of art. But the constellations undoubtedly remain
the grealest monuments of all to the poetic myth-creators
of the childhood of civilizalion,

Quite different is the origin of ibe.constellati
.pardus and” Lynx. Camelopardus was first dep:
ster map Dy Barchius, nephew of the great Kepler. Tl
map was published in 1624 and although Barchius dogs not
§ay How the vonstéllation Camelopardus originated, we may
conjecture” that it appeared during the_greal (ol
i Ties 45 a i t_to_those who journeyed

really funny.
or

1ynX to_see
son why lie co P
dentally, Hevel: overrate his ingenuity and wrote
that “whoever is not satisfied with my choice can draw
something else more dear to him, but one thing isclear, and
that is that there is too nruch empty space here to allow it
to remain unfilled™.

After this general survey of the circumpolar consiolla-

titlms, let us go into amore detailed study of each one separa-
oly.

URSA MAJOR, Tho Great Bear

_On modern star maps the constellation Ursa Major ocon-
ples much more space than the seven stars that make up

the dipper and whieh aro ordiparily associated with this
ngme.
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Fig. 23. Apparent and absolute stellar
magnitudes of stars of Ursa Major.

To the naked eye, Ursa Major reveals 125 stars, among
which our own sun would be a very common star indeed.

To see the figure of a bear in this field of stars, and with
a long twisting tail too (something that no earth-dwelling
bear has, by the way) one needs a very rich imagination.
But the seven principal and brightest stars of the constella-
tion form a dipper which is so clear-cut and conspicuous
against the dark background of the night sky that this cc-
lestial dipper is the most common starting point for any
study of the constollations.

We have already mentioned that the sequence of letters
in the Greek alphabet does not always correspond, in all
constellations, to the diminishing brightness of the stars.

An instance is the dipper of Ursa Major. One is imme-
diately struck by the star Delta (3) Ursae Majoris, the ome
that starts the handle of the dipper, the faintest one in
the asterism of seven. And the brightest star in the dipper
(on tle basis of modern measurements) is Epsilon, not Alpha.

The apparent brightness of the dipper stars is close to
second magnitude, with the exception of Delta, which is
of Mag. 3.3.

In Ursa Major (Fig. 23) the stars of the dipper are the
brightest, but not the closest to us. The nearest of the suns
of Ursa Major 15 a modest little star of Mag. 7.5, which is
not visiblo to the naked eye. It may be found in a prism
binocular at the outskirts of the constellation near the bright
star Theta (©) Ursac Majoris. It takes light eight and a quar-
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tor years to cover the distance from this star to the earth,
It will be recalled that for Alpha Centauri—the nearest
star—light takes only about one half this time. Our modest
neighbour in the constellation Ursa Major has not been given
a proper name by astronomers, nor does it have a Greek let-
ter. In the star catalogue of the famous astronomer of the
eighteenth century Lalande, it goes by the number 21185.

“Lalande 21185” is the designation of this dwarf sun
that emits 200 times less light than our sun.

The stars of the dipper have both literal designations
and names, which were given them by medieval Arab astron-
omers, Duble («), Merak (f), Phecda (or Phacd) (r), Megrez
(3), Alioth (¢), Mizar (0), Benetnasch (p). Truly strange
names to the modern car. .

To the terrestrial observer, the stars of the dipper appear
to be equally distant from the earth (just like all the other
stars of the sky, incidentally). Actually, however, the near-
est of them is Benetnasch, which is four times as close as
the most distant Alioth.

If despite its great distance, Alioth appears as the bright-
est star in the dipper (when compared for identical dis-
tances), it indced deserves the name of principal star. This
naturally applies only to the dipper asterism of seven stars,
but not to the whole constellation.

Let us try a mental experiment. We shall put all the
stars of Ursa Major at the same distances from the earth
and preserve their configuration unchanged. Do you think
the constellation will remain the same? Not in the least, it
will not even be recognizable.

The little yellow star o that is hardly visible at present
will become the principal and brightest star of the constel-
lation. A number of other, very incomspicuous stars will
come 1o tho fore. In the dipper, only Benetnasch and Alioth
will stand out, the other stars will be lost in the geueral
star hackground.

The dipper of Ursa Major and, for that matter, all the
characteristic figures of the constellations were created
by chance—an aceidental combination of distances and lumi-
nosities of the component stars.

But let us return to the dipper stars. With the exception
of Dubhe, these are hot white giant stars with surface tem-
peratures of about, 10,000°; Benetnasch even has a tempera-
ture in the vicinity of 18,000°. Dubhe is an orange giant
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P8, 2. Motions ol dippor stars of
Ursa May PP

somewhat cooler than our sun with a surface temperature
close to 5,000°.

The stars of the dipper, like all stars, are in motion in
space. Here again we fail to see any umfymg pattern that
would appesr to stam from the outward likeness of the dipper
stars. Projected on the imaginary celestial sphere, the ex-
treme stars (Benetnasch and Dubhe) are racing off in one
drrection, while the other stars are hurtling 1n the opposite
direction. As a consequence, the shaps of the dipper 1s eon-
stantly changing, though very slowly. lts deformation aver
hundreds of thousands of years is shown in Fig. 24.

mon origin, and mnot just fortwtous companions in
space. .

Almost midway between the fore and rcar paws of The
Great Bear is a tiny star of Mag. 6.5. Only extremely keen-

72



sighted people can see il with the naked eye; it is seen very
well in binoculars.

This star was named after the astronomer Groombridge,
who noticed ils marvellous features. In the star catalogue
compiled by Groombridge in 1810, this unique siar goes by
the number 1830. What makes it so remarkable?

Qutwardly, there doesn't seem to be anything particular.
A small yellow star that emits roughly 1/7 the light of the
sun. It is even more of a yellow dwarf than our sun. The
unusual thing about this star is its extremely rapid motion
in space.

In onc hundrved years il covers an angular distance on
Lhe spliere just a bit over a third of the lunar dise. Tf the
stars of the dipper of Ursa Major were dispersing at that
rate, stellar motion would have been detected many cen-
turies ago. .

In the specirum of the Groombridge star, the lines are
displaced fowards the violet end. Which means that it is
approaching us (judging from the amount of displacement,
ar shift) with a velocity of 98 km/s. The total velocity of
this star in space is close to 300 km/s,

So fast is the Groombridge star moving, that it will rela-
tively soon leave the constellation Ursa Major altogether
and in 6,000 years will be located in the constellation Coma
Eer?nices; 12,000 years hence it will be in the constellation

L0

Tle erroneous views of the ancients about the immutabili-
ty of the heaverns were due largely to the fact that not a
single bright star visible to the naked eye has such a fast
rate of motion.

On a datk starry night take a careful look at Mizar,
the middle star in the handle of the dipper of Ursa Major,
Alongside it you will easily sec a tiny Taintly shining star
of the fifth magnitude. Medieval astronomers gave it the
nmgc Alcor. In Arabic these two names mean “steed” and
“rider”.

Mizar and Alcor together form the most famous and read-
ily observable double siar,

The angular distance belween Mizar and Alcor is close
to 12 minutes of are, which is slightly more than 2 third of
the apparent lunar disc. However, the apparent proximity
of these {wo stars is due only to thoir unimaginable distances
from our earth. Actually, the two stars are scparated by a
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distance at Icast 17,000 times that of the earth from the sun— .
close to 2.5%10%? km!

This i3 a truly fantastic number by terrestrial standards,
but everything 13 relative. On the cosmic scale {interstellar
distances) Alcor 1s really quite close to Mizar: in fact, 16
times closer than the sun is to Alpha Centauri. It might
even be that Mizar and Alcer make up a plysically interre-
lated system of two stars revolving about a common centre
of gravity, though no such motion has yet been detected.
Incidentally, it is difficult to see how we can expect an early
success, especially when we recall that the orbital period
of Alcor round Mizar should be in the neighbourhood of two
million years. There is nothing surprising, therefore, in
the fact that during hundreds of years of constant observa-
tions asironomers have not detected the slightest shift of
Alcor 1n its orbit.

The unaided eye sees Mizar as a single star, but even
tho smallest telescope readily resolves it into two compo-
nents This discovery was made by the astronomer Riceioli,
a contemporary of Galileo, Both stars—RMlizar A and Mizar B
-—are hot white giants. Both rcvolve about a common cen-
tre of gravity with a period of the order of twenty thousand
years.

That is not all. Spectral analysis has established that
Mizar A 1n turn consists of two stars that are almost in con-
tact whirling about in a cosmic waltz—how else can we
deseribe this system with its orbital period of only 201/,
days!

No telescope can resolve the doubls nature of this star.
Only minute spectral effects assure us that the star is indeed
double, a true bimary. A truly remarkable system of four
suns engaged in an intricate cosmic damnce.

The censtellation Ursa Major has quite a collection of
double stars. But particularly outstanding is the relatively
bright star (fourth magnitude) designated by the lelter §.
It can be found under the rear paws of The Great Bear, not
far from the conmstellation Leo Minor.

Two yellow stars, almost the smne, and very much like
our sun, revolve about a common centre of gravity with a
period of G0 years. Xi Ursae Majoris is the first Dinary for
which an orbit {one star relative to the other) was computed
(in 1830) and for which the period of revolution was reliably
determuined. It was thus demonstrated for the first time that
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Fig. 25, W Ursae Majoris type star.

the law of universal gravitation manifests itself in the world
of stars. Much later it was discovered (again by means of
spectral analysis) that the stars EA and &B arc in turn
accompanied by companion stars, for one of which the period
is 669 days and for the other only 4 days.

-Again we have a system of four suns and this time most
certainly related physically!

Carcful observations indicale that many of the stars of
Ursa Major (mainly those that are visible enly in a tele-
scope) vary in brightness, in apparent brilliance.

Of ail the variable stars of Ursa Major, let us examine
orie that belongs to the so-called class of eclipsing variables.
The star W Ursae Majoris, which we shall discuss, is by no
means ordinary. It is unique, and not only in the constella-
tion Ursa Major, but in the stellar sky at large.

The two stars that make up this system are so close that
their mutual atiraction has altered their shapes, changing
them from spherical bodies into elongated, egg-like ellips-
oids (Fig. 25). Thesa two bodies revolve about their common
centre of gravity with the bulges always pointing to each
other. 1t only takes about eight hours for them to return
to their original positions; that is how brief their period of
vi\rintion of brightness is, unparalleled by any other varia-

e star,

It will readily be seen that as these stars that male up
W Ursae Majoris circle about, the terrestrial observer sees first
2 narrow part, then a broader body. The amount of light
that the stars send to tho earth also varies accordingly.
There is no existing tcleséope that can resolve them. All the
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information we have about W Ursae Majoris has been culled
from a careful analysis of the curve of variation of apparent
brightness (light curve), which ranges between Mags. 7.8
and 8.6.

Now try to imagine how unusual our sky would he if the
sun were ke this remarkable star of the Ursa Major con-
stellation. In place of a steady bright sun we would have Lwo
egg-hke bodies slmost 1o contact circling round one another.

The constellailon Ursa Major has six bright nebulae
that appear in the Messier catalopue under the numbers 81,
82, 97, 101, 108, and 109, Five of them are very much alike
and form distant stellar systems: galaxies. The sixth nebula,
symbolized by M97 (read- “Messier 97"} 1s radically different
from the cthers.

First of all, it is not a stellar system, but an enormous
spherical cloud of luminous gas. Outwardly, it resembles
a planctary disc, wheneo the name for such structures:
planctary nebulas. Powerful telescopes reveal tho planctary
necbula of the Ursa Major constellation to be like the face of
non i)wl, That 15 why astronomoers call it (unefficially) “The

wl”,

In the centre of the nebula, as usual, is a very hot white
star. There is reason to think that the gases which form the
nebula were once ejected by the central star in some kind
of explosive process that is not yet thoroughly understood.
At any rate, the nebula is at present expandmg in all dirce-
tions from the star, which is an obvious indication of the
source.

The Owl Nebula is a very distant object and difficult to
observe., 1t is 2,280 parsecs from the earth and has an appar-
ent magnitude of about 12. Knowing the visiblo angular
diameter of the nebula, it is casy to computo that it is noar-
ly 230,000 times the diameter of the earth’s orbit. Never-
theless, this is an object within our stellar system, the Gal-
axy. It was only the imperfect tclescope of Messier that made
the astronomer confuse gaseous nchulae with other stellar
systems and list them in his cataloguc.

Among the rich treasurcs of Ursa Major hidden from the
naked cye are a multitude of galaxies. We mention only
three stellar systems: M104, M8{, and M82.

The M101 galaxy may be detected in a small telescope in
the form of a tiny patch of luminosity of stellar Mag. 8 2
not far from Mizar, above the tail of Tho Great Bear (see
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Tig. 26. The M101 galaxy.

the photograph in Fig. 26). It is a magnificent stellar spi-
ral, which, thanks to a trick of fate, we see flat-on. This
groat stollar system is composed of thousands of mijllions
of suns. Thousands, perhaps milljions, of planets in this
galaxy are inhabited by creatures thal, we conjocture, ave
listed our own Galaxy in their catalogues, for our star sys-
tem should be quite a sight from the M104 nebula. If we
imagine them to have telescopes (perhaps supertelescopes)
that would enable them to see our earth, they would not
see any human beings because in their field of view the earth
would be seen as it was about eight million years ago—ihat
is how much time it takes light to cover the stupendous
distance between M1D4 and our Galaxy!
The two other galasies—M81 and M82 of Mag. 7.9 and
9.2—form a double galaxy, a sort of apalogue of a doublc
. star, They are seen close together among the stars where the
ancient Greelss perceived the snout of The Great Bear. This
pair of star systems is at a distance of ahout 2,300 kilopar-
sees. The M84 galaxy (like M401) is a reduced version of our
own stellar system. It has a diameter about one fourth of
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¥ig 27. The M8{ galaxy.

ours, and it is turned a bit sideways towards us. But its
spiral structure stands out clearly (Fig. 27).

The M82 galaxy is quite different. We see it edge-on and
in the form of a patchy nebulous cloud. An irregular type
galaxy, that is what astronomers call such stellar systems.

The distribution o! matter in the observable portion
of the infinite universe has ene peculiarity: extreme uonuni-
formity. Stars form double, triple and other multiple sys-
tems. There is an uninterrupted sequence from them to
star clusters and galaxies. And even the stellar systems them-
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selves often unite into pairs, groups, and cven stupendous
clouds of galaxies that defy the imagination.

In Ursa Major we find three such clouds or clusters of
galaxies. The biggest family here contains three hundred
galaxies. The central portion of this cluster alone has a di-
ameter of 200 kiloparsees. However in the sky this cloud
occupies an area just a little higger than the moon’s disc.

As a whole {disregarding the secondary motjons of one
palaxy relative to another), this cluster of galaxies is re-
ceding from the earth at a velocity of 15,000 km/s! Which
is not a misprint. The speed is 10,000 times that of a bullet;
that is how fast this cloud of galaxies is racing away.

It has been established that all galaxies arc receding from
the earth, but don't think that it is because this is the worst
place in the universe. Simply, the eniire system of known
gnlaxies is in a state of expansion. Thai, incidentally, is
what causes the famous“red shift”.

Thousands of millions of years ago, a fantastically power-
ful explosion of some kind is thought by some to have
given birth to this outrushing of galaxies. It would be
meaningless, of course, to generalize and extend this con-
clusion to the entire infinite universc. But there can be
no doubt about the fact that our portion of the cosmos is
expanding.

The magnificent panorama unfolding in the constellation
Ursa Major suggests possible pathways in the evolution of
stellar worlds and the generation of galaxics. Take that
familiar couple: M81 and MB82. Judging from their spectra,
ono of them is racing away from us with a velocity of 187
km/s, the other at 74 km/s. Now this means that one of
them is receding from the other at a velocity of at least
413 km/s. Whenoe it is natural to conclude that these galaxies
were born together and at birth received some kind of ini-
tial velocities that cause the system to expand continuously.

There are a great many such instances which cogently
prove that all galaxies (like stars) aro produced in groups
:ml. of some kind of pre-stellar matter of a still unknown na-

ure.,

URSA MINOR, The Lesser Bear

The principal star of this conslellation is Polaris, the
Pole Stpr, which is the chief spectacle of the asterism.
Polaris is known not so much for its physical pecu-
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hantics (fow know abeut them), as for its proximity to the
north celestial pole. Of the bright naked-cye stars, there 15
no other that can compete with Polaris in this respect,
though with binoculars it is easy to locate a star of Mag.
6.4 (conventional symbol: 2r) that 1s closer to the celestial
pole than Polans.

The unique role of Polaris is temporary. We have had
occasion to note that the precessional motion of the earth’s
axis produccs a constant (though very slow) wandering of
the celestial pole among the constellations. Some three
thousand years ago, the star closest to the pole was Beta

rsae Minoris. In brightness 1t 1s inferior to Polans by only
a tenth of a magnitude. It even has a proper name, Kochaly,
which comes from the Arabic “Kochab-el-Shemali”, or
“star of the porth”. In China Beta Ursac Minors is known
as the “royal star”, which most likely echoes the leading-
star role of remote times, the part that is now played by the
Pale Star, Polans.

Binaculars clearly show the yellowish hue of Polaris.
1t 35 somewhat hotter than the sun with a surface tempera-
ture close to 7,000°. Polaris belongs to the supergiant star

. A . 777t modest

the sun.

»ulsating

star that increases in volume and then diminishes again.

. N

The strange stellar mechanism functions with a very strict

rhylhwm, the period belween adjacent maxima coming out
to four earth days.

Polaris hes at a distance such that a hght ray reaching
the carth today would have left Polaris 472 years ago. In
other words, we see Polaris the way it wag in the days of
Columbus!

The Pole Star is a typical Cepheid and it's a very good
thing that our sun is diffcrent, otherwise we would have
to go through comstant ups and downs of tcmperaturc and
light. Then again, replacing the sun with Polaris would
lead to catastrophic results even 1f the Jatter were not a
Cepheid, for since it emits sircams of Yight and heat nearly
10,000 times more powerful than our sun docs, Polars would
very soon wipe out all organic Jife on this earth!
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Tn the large school refractor we can see a tiny ainth-magni-
tude star right next to Polaris (18 seconds away), the com-
panien star. It was discovered in 1779 by the famous ex-
ploter of the night sky William Herschel. It may be that
this star is physically related to Polarjs, though it is not
casy 10 noto any orbital motion directly: the orbital period
of this system must be very great.

Polaris and its companion star differ very slightly as to
temporature, the companion being somewhat hoiter. But in
size, these are two totally different objects. Polaris is a
supergiani, its companion is a yellow-white star only just
slightly largerthan our sun.

Incidentally, the companion appears greenish in a tele-
scope. We have already warned the reader that the observer
in such cases is the viclim of an optical illusion, though a
beautiful one. Without it, many double stars would appear
rather drab and uninteresting.

That seems to be all the sights of Ursa Minor, this tiny
asterism thal unites a total of 20 naked-eye stars.

CASSIOPEIA

1t was November of 1572 when Tycho Brahe, Lhe famous

estronomer, was returning from Germany to his native Den-

-mark and stopped over in the picturesque old monastery
of Herrizwald. This s what Tycho Brahe relates: “One cve-
ning when, as usual, I was scanning the heavens, which I know
so well, near the zenith, to my undescribable astonishment,
I saw a bright star of unusual magnitude in the constel-
lation Cassiopeia. Struck by this discovery, 1 did not know
whether to believe my own eyes.

“The new star did not have any tail, it was not surround-
od by any nebula, it was in all respects like the other stars
of first magnitude.... In brightress it might be compared only
with Venus, when the latter is nearest the earth. Those with
keen eyes could distinguish this star in broad daylight, even
at noon. At night, when the sky was overcast and the other
slars hid behind the clouds, this new star was cven visible
through a rather thick cloud cover. .

* “Beginning irom December of 1572 its Drilliance began
to diminigh.... It passed from the fifth magnitude to sixth
between Decembor 1573 and February 1574. The next month
the new star, having shone brightly for sevenieen montbs,
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Fig 28,

vanished without leaving any trace visible to the unarded
eye.”

If the inquisitive yund of the scholar was struck by
this unusual celestial occurrence, you can 1msgine what
confusion 1t caused in the minds of tho simple people of
Europe! Still fresh 1n their memory was the Massacre of
St. Barlliolomew. It was only a few months before the ap-
pearauce of this new star that large mmbers of Huguenots
‘were massacred by the Catholics. There was talk that tho star
m Cassiopeia forewarned of the end of the world and the
Day of Judgement. Many prepared for death.

Nothing drcadful happened, however. The world re-
mained intact, and superstitious fears vanished with the dis-
appearance of the mysterious luminary. But what actually
did take place in the depths of space in that year?

Tycho Brahe very accurately measured the equatorial
coordinates of this extraordinary star, and today we can
be sure of the very point in Cassiopeia where it burst forth.
This point is near the star x, bnt unfortunately, neither
Kappa, nor any one of the many faint stars in this region of
the sky can be called “Tyeho’s star”. Their physical charae-
teristics are just too ordinary for this.
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In 1952, exactly 380 years after these events, fechble
fluxes of cosmic radio waves were found lo be emanating
from the very spot that once generated the mew star. And
these hard-to-delect radio signals are the only remnants
of that amazing celestial fireworks. At least the only ones
that we have becn able to pick up.

On modern views, Tycho’s star is one of the so-called
supernovae. These astronomical objects ave perhaps the
most remarkable of recent discoveries. Judge for yourself,

Supernovae are exploding stars. Some sort of intricale,
as yet unresolved, processes upset the stability of such a
star and the accumulated nuclear energy is suddenly re-
Jeased in cxplosive fashjon into surrounding space. The total
quantity of cnergy ejecled in the outburst of a supernova
is truly fantastic—10% ergs!

‘When a supernova oxplodes, it blows up %o stupendous
dimensions. Then it flings off the oufer sheils of gas and
beging to coniract. Judging from a variety of data, after
the explosion a supernova becomes a superdwarf star only
a fow kilomelres across. But ihen the density of the matter
is rar@ to imagine—hundreds of thousands of tons in a pin-
head!

But what of the gascous shells? They leave the mother
star and race off in all directions to form a gaseous nebula.
In such nebulae—the remnants of explosions of supernovac
—there are many fast electrons (“relativistic”, they are
called), the accelerated motion of which jn the magnetic field
of the nebula gives rise to radio waves.

Our telescopes are not yet powerful enough to perceive
the highly contracted Tyche star or, for that matter, ils
surrounding radio nebula. Only the radio waves generaied
by this nebula tell us about the carlier cosmic cataclysm.

Cassiopeia has the most powerful source of radio waves
(callod Cassiopeia A) anywhere in the sky. The radio flux
from this region of the sky is many times more powerful
than the radio emission from Tycho’s star.-

In 1951, photographic plates sensitive to red rays were
used in recording bits of a small radio nebula associated
with Cassiopeia A. On the other hand, ancient Chiuese
chronicles moted that precisely at this spot in 369 A.D. a
very bright “guest star” made its appearance. Which means
that Cassiopeia A, the most powerful cosmic radio stalion,
originated in the outburst of a supernova,
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‘We lave mentioned two sights in the constellation Cas-
siopeia which no optical telescope can show us. Sull jt
is 1nteresting to know the places in tho sky where these
absolutely umiquo objects can be found .

The most powerful of all explosions are in supernovae;
they apparently result in irreversible changes in the star.
In some stars, similar outbursts are known to repeat, and
the smaller the energy scale of the outburst, the more fre-
quent the recurrence These are novae and nova-typu slars.

‘The constellation Cassiopeia has two very peculiar stars,
Gamma and Rho, which may be put 1n the class of nova-
type stars.

Astronomers got interested i Gamma Cassiopeiae last
century. At first glance there does not sgem to be anything
striking. But the spectrum of the star exhibits bright emis-
sion lines, which is a defimite sign of big-scale movements
of incandescent gases in the star’s atmosphere,

The brilliance of Gunma Cassioperae is known to vary
arregularly and drastically. For example, in 1937 it became
the brightest star of the constellation. It probably exper-
enced something 1n the nature of an explosion, the atmosphers
expanded and part of the gases was thrown out into space.
Afterwards, the star calmed down a bit, but sudden flares
of brightness have been observed since. There have been
periods when Gamma Cassiopeiae became a star of Mag. 1.6,
while during periods of low brightness it falls to the third
magnitude. .

Quite different 1s the hehavionr of Rho Cassiopeias. Most
of the Lume its brightuess remains unchanged at about fourth
magnitude. But then a dechne sets in and it goes to Mag.
6.2; then the star is no Jlonger visible to the unaided cye.
The reasons for these fluctuations of brightness are as yet
not known. One thing is certain: both Gamua and Rho Cas-
siopelae sre restless nonstationary stars with unstable at-
mosphores. Urravelling the mystery of siellar outbursts,
boththe grandiose and tho relatively small ones, will undoubt-
cdly enrich atomic physics with new facts and fresh concop-
tions,

Now turn to the binary star Eta Cassiopeiae. The primary
star is of Mag. 3.7 and is a yellow giant, its companion star
is of Mag. 7.4 and is a small red cool star with a surface
temperature in the vicinity of 3,000°. The two stars arc
separated in the sky by 10 seconds of are and revolve about
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. a common cenlre of gravity with a period of 526 years. They

are comparatively close to the earth: we sco events in this
binary sysiem only twenty years behind the times.

The Cassiopeia constellation has a yellow dwarf of Mag.
5,3—Mu Cassiopeiae. It is remarkable for its great speed.
Tvery sccond it recedes from us by about 100 km. In one
thousand years it covers a distance in the sky equal to
double the apparent diameter of the lunar dise. It was first
listed in the star catalogue of Tycho Brahe.

On dark nights, between the stars Della and Epsilon,
one can sce two small open stax clusters, NGC 457 and NGC
581, The former has a visible diameter of 14 and includes
50 staxs. The latier has fewer stars: 30 lecated in an area 6
across. Of the open clusters these are some of the most dis-
tant. The first is 2,100 parsces away, the second, 2,500
parsecs. These objects appear liny to the {errestrial observ-
er but they have diameters of 8.5 and 4.8 parsecs, respective-
ly. Tn a small telescope they are hardly worth speaking
" about. All the more interesting is it to compare them with
the Pleindes, which are elose to us and form ihe most im-
pressive open star eluster in the sky.

CEPHEUS, The Sea Monster -

The tall young man with the fine regular fcalures was
deaf and dumb. Every starry night he would observe with
close attention ome of the stars of the constellation Ce-
pheus, the one listed in the star catalogues under the letter
Delta. At times the star would appear brighter than usual,
at others, fainter. Could tlis be an optical illusion? So
strange these fluctuations of brightness.

Days and wecks passed and, finally, there could no long-
er be any doubl. With the regularity of clockwork, Delta
Cepliei reached a mayimum cvery five and a quarter days
and then smoothly diminished to lowcst brightuess. :

The brightaess of the star at various inslents of time was
computed, a light curve was drawn that indicated a period-
ical twinkling of Delta Cephei. More, a whole new class
of variable stars was discovered and named Cepheids in
henour of the type object of the class.

The discoveror was John Goodricke, born in HoHaund,
educated in England. A year hefote the discovery of the
- first Copheid in 1782, the Royal Society of London awarded
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him the Copley Medal, its highest award, for the discovery
of the variability of Algel, onc of the principal stars in
the constellation Perseus 'This talented investigator died
very young, in 1786, at the age of 21. Tiut astronomers ars
Iucky in that their names become associated with the long-
est living of all objects, astronomical bodies.

If you want to see for yourself that Delta Cephey varies,
repeal what Goodricke did. No need to fear, this is casy
enough Near Delta Ceplier we sec the stars Zeta (Mag 3.6),
Epsilon (Mag. 4 2) and Nu (Mag 4.5). Let us now compare
the brightness of the variable star with that of the constant
“comparison star”, Supposo that at the time of observation,
Delta Cepher 15 dohmitoly fanter than Zeta, but brnighter
than Epsilon We mentally divide the interval of brightness
bstween the comparison stars 1nte 10 equal parts and attempt
to estimate the position the yariable star would cccupy 1n
this interval, If, say, Delta Cephei is just as many times
fainter than Zota as 1t is brighter than Epsilon, then the
estimate of brightness may be wntten like this: <5852
At ather times we may obtain different evaluations: {387z
or ¢634e. Xnowing the magnitudes of ¢ and e, 1t is easy
to compute the brightness of the varable by preportional
division. Delta Cephey is sometimes fainter than Epsion,
and then for the comparison stars we can toke ¢ and v ore
ang v.

In the coursc of two or three weeks you will have made a
dozen or so estymates. Now you can consiruct a curve of
the brightness variation of Delta Cephei: horizontally,
lay off the time, vortically, the apparent brightness. The
more observations, the more obvious becomes the periodic
nature of brightpess variation of Delta Cephei.

‘We repeat that the brightness of Delta Cephei varios
with remarkable regularity, Its period has becn determined
to within 5.366306 days! The character of the variation
of brightness hardly at all changes from period to period,
and so for Cepheids and other periodically variable stars
astropomers consiruct an overall (or mean) curve, reducing
all observations to a single period (Fig 29).

The rapad rise 1n brightness to Mag. 3.6 and the relative-
ly slow dcoline to 4.3 arc characteristic both of Delta Cophet
and of other stars like it, which are termed Cepheids. Obser-
vations indicate that other physical features of Dolta Cephoi
vary in step with s colour, ure, line-
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of-sight ) velocity. The spectral class fluctuates as well:
at maximum brightness, Delta Ceplei is a star of class FO,
at minimum, its spectrum is characteristic of stars in class
GO,

It was no casy job to figure out all these intricate phenom-
ena, but now the nature of Cepheid variations. has been
largely clarified. They are white-yellow giants in which,

. for some unknown reasons, the inner equilibrium has been
upset. Like a pendulum, they are constantly pulsating with
consequent changes in brighlmess and other physical fea-
tures. The pulsations of the Cepheids, like everything in the
world of slars, arc on a tremondous scale. Their radii change
by mitlions of kilometres, which however is, on the aver-
age, only about 5 per cent of the mean stellar radius.

When o Cepheid is contracted to the limit, the surface
temperature is highest and the star reaches peak brightness,
Conversely, the largest dimensions correspond to lowest
temperature and minimwn brightness.

The picture here at home would be terrible indeed if -
our sun were a Cepheid. But the sun is a yellow dwarl, and
Cepheids are white-yellow giants. There is very little in
common botween them.

This constellation has another bright Copheid, Beta
Cophei, with a very briof period of brightness variation—
only 0.19 day—and the amplitude is small as woll: Mag,
0.05. To the naked eye it is always of equal brightness,
but extremely sensitive astronomical photometers delect
even such minute flustuations of brightness. And they recur
just as regularly as those in Delta Cephei. But Beta Cephei
is not a iypically “classical Cepleid”. It belongs o a spe-
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cial class of variable stars of the Beta Canis Majoris type.
Tley are all much hotter than ordmary Cepheids and are
hot white giants. Fluctuations of Lrightness are partly due
to pulsations, bul there is every reason to behieve that they
are supplemented by complicaled phenomena occurring in
the atmosphercs of the stars. Thero 1s still much to learn
here. Meanwhile, stars of the Beta Copher type are considered
to be a variety of the Cepheids.

Midway bLetween Alpha and Delta Cephei, not far from
the straight line joiming thesc two stars, 15 a unique star,
Mu Cephei. William Ilerschel was the first to notice its
unusual dark red colour; he called it the “garnet star”.
The most beautiful of all bright naked-eye stars, this red
sun shines radiantly ju the depths of space like a trans-
lucent droplet of bloud. To appreciate the colour of Mu
Cephei, take binoculars and first look at the white star
Alpha Cephe:, then at the red Leauty. This 1s no optical
illusion nor is it any kind of complex psychophysiological
effect; it is simply one of the coolest of stars with a surface
temperaturc that hardly exceeds 2,000°

Mu Cephei is quite a distance from the earth, and we
see 1t with a “lag” of about one thousand years. Never-
theless, Mu Cephei is one of the few stars whose diameter
was measured directly (by means of an interfcrometer).
It turned out to be one of the largest of all stars with a
diameter mearly 1,500 times that of our sun.

It bas been noticed that the brightness of Mu Cephei 15
not constant, but vames rather irregularly with the ampli-
tnde sometimes reaching Mag. 0.6. The Soviet variable-
star specialist V. Tsesevich was able, with great difficulty,
1o establish that these apparently random fluctuations of
brightness aro governed by certain regularitics. The compli-
cated light curve of Mu Cephei (Fig, 30) may be regardod as
the resnlt of a combination of three fluctuations with pe-
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riods of 90, 750 and 4,675 days. This type of star is called
a semiregular variable; Mu Cephei is a typical ropresenta-
tive of one of the subclasses of these stars.

Tt is still difficult to say definitely what causes the bright-
ness fluctuations of stars like Mu Cephei. There are obvi-

. ously random (or, belter, semiregular) pulsations and some
kind of nonperiodic eruptions of incandescent gases from the
interior into the atmosphere. At any rate, therc are abso-
lutcly no reasons for regarding these supergiant red pulsat-
ing goliaths as “cxtinct” stars (as Flaminarion of last cen-
tury thought).

The constellation Cepheus has two remarkable double
stars. Not new ones, but the familiar Delta and Beta Cephei.

The mosi important of these Copheids bas a companion
of Mag. 7.5 at an angular distance of 41", The golden-yel-
low Cepheid and its bluish companion star form one of the
most beautiful elose star-pairs in the whole sky.

Still more exciting is the Beta Cephei system. The pri-
mary star is a spectral binary with an orbital period egual
to the period of brightuess variation: 0.19 day. The eighth-
magnitude blue companien star is at a distance of 8 from
the primary white star. The companion undoubtedly re-
volves yound the primary (or, to be more oxact, hoth stars
revolve about {heir common contre of gravity) with a peri-
od of apparently 50 years. What we have here is a physical
system of three stars, and the primary is a variable of a
very complex nature that is posing no small number of
quostions to present-day astronomers.

BRACO, The Dragon

The brightest star of this constellation, Gamma Draco-
nis, is involved in a curious and very instructive story.
In1725, James Bradley, Professor of mathematics and astron-
omy ai Oxford Universily, decided to prove the truth of
Copernicus' hypothesis. Although 182 years had passed since
the publication of the book of the great Polish astronomer,
his ideas about the motion of the earth round the sun were
ilill only a conjecture of genius without any supporting
cls,

If the cartk does move round the sun, the close-lying
stars should exhibit a shift on the distant-star background,
deseribing in the course of a year tiny ellipses that would
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be a kund of reflection of the earth’s orlut on the celestial

sphere.

The farther away an object, the smaller the apparent
parallactic displacement (shift). Reeall how objects shift
their positions when viewed from the window of a moving
train  Telegraph poles fly by against the background of
a distant wood, the landscape changes, hut mare slowly;
the clonds, and partticularly the sun, appear to be moving
along with the tram with no change at all in position.

The stars are unimaginably far away from the earth,
That Copermeus was aware of. And therefore their parallactic
shifts are so small as to be heyond detection Neither Coper-
nicus nor his immediate followers were able to deteet any
shift,

Then James Bradley deeided to try hus hand n this diffi-
cnlt ficld. He secured s telescope (with attached microme-
ter on the eyepiece) to the wall of a house and aimed 1t straight
at the zenith. This was done on purpese because near the
zemth there 15 less atmospheric distortion of celestial bodies.
0Of the bnight stars uear the pole of the ecliptie, only one,
Gamma Dracoais, passes through the zenith of Oxford every
mght, That 1s why Bradley chose this one for ns parallactic
measurements.

We shall not go into the details of this delicate and
time-consuming job, which took about three years The in-
teresting thing swas the result: Bradley discovered a period-
1¢ shift in Gamma Draconis, to put it moro preciscly, he
found certain periodic variations in 1ts equatorial coordi-
nates. But 1t was defimitely no parallactic shaft. Firstly, 16 was
too big (about 20"), secondly, the direction was not that to
be expected. Later 1t was found that other stars as well
experience such shifts doring the year, and what s most
remarkable, with the same amphitude of about 20"

Bradley went in search of one thing and diseovered quite
another: an optical phenomenon that received the name
aberration of light. Essentially it 15 this. Imagine you are
standing under an umbrella m a downpour with the rain
coming straight down. While you stand, the ambreila han-
dle 15 in a vertical positioa, but as soon as yon hegin to run,
your hand instinctively ainclines the umbrella in the di-
rection of motion.

Now compare that with a similar situation. Light rays
are moving vertically [roru a star 10 the zenith to an observer
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on the earth, Here, the tclescope is the umbrella, If the earth
were standing at rest, the telescope would remain pointed
to the zenith. But the earth is in motion and the velocily
6f light combines with the velocity of the star relative to
the observer. Due to this combination of two velocities,
the light rays from the star will become inclined and the

‘observer will see the star a bit shifted from the zenith in the

direction of motion of the observer.

Bradley not only discovered a new phenomenon of nature,
bul also demonstrated experimentally Chat the earth does
indeed move round the sun, for there would be no aberration
if that were not so.

Another interesting sight in the Draco constellation
4§ tho remarkably bright planetary nebula located a short
distance away from Zeta Draconis.

1t is clearly visible in the large school refractor as a
roundish relatively bright nebulous patch of the eighth
magnitude. This nebula has the designation NGC 6543.

As carly as 1864, the English astronomer Huggins chose
the nebula in Draco as a test for ihe first spectroscopic
observations of these mysterious objects. Spectral analy-
sis was only taking its first steps when Huggins observed
tho spectrum of the Draco Nebula visually by attaching the
spectroscope to the eyepiece of his telescope. And greal was
his amazement wher in place of the customary rainbow band
of the absorption spectrum, which is typical of most stars,
he saw only three bright coloured lines against an ahso-
lutely dark background. Contrary to expectation, the Draco
Nobula was found to consist of luminous gases and not
stars. For the first time, the spectroscope demonstrated in-
disputably the existence in space of enormous clouds of
rarefied luminous gases in addition to stars and planets.

Today we know many more interesting things aboul the
_Drz\cn Nebula. Tor one, its distanco: 1,000 parsecs, and
its diameter: about 7,000 astronomical units.

The nebula is expanding in all dircctions from its nucleus,
which is a vory hot star of the cleventh magnitude visible
in powerful telescopes ab the centre of the nebula. This is
one of the hotigsl known stars. [t has a surface temperature
of close to 57,000°.

We have heen speaking of the expansion of the ncbula,
but vemember that this is seen only by the shift of spee-
tral lines. Qutwardly, the ncbula looks the same as in its
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photograph—unchanged. Only centuries hence will astrono-
mers get pictures of the nebula that are snbstantially differ-
ent from today’s photes. At a distance nearly all objects
of the stellar world appear calm and immutable. Photo-
graphs Teveal a complex inner structure of the Draco Nebula,
which 15 not typreal of the classical planetary nebulae like
the one in the constellation Lyra For this reason, the Draco
Nebula s regarded as an auomalous planetary nebula.

Of the double stars in Draco, pay attention to three:
Nu, Epsilon and Mu. Nu 1s 1n the head of The Dragon. It
consists of two fourth-magnitude stars separated by an
wnterval of 61”7, This 1s an optical double that 1s readily
distingmishable oven in an opera glass. You can test the keen-
ness of your eyesight by Nu Draconis: 1f you can resolve
this star into two components on a dark transparent starry
night, your vision is excellent

And for the big school refractor there is an cyesight test
{a test of resolving power) in the form of two other double-
star systems. Both pairs are physical doubles, or hnery
systems, The primary n the Epsilon Draconis system 1
of Mag. 4.0, at an angular distance of 3".3 it has a compan-
ion of Mag. 7.6. The star Mu Draconis consists of two com-
panents of equal brightness (Mag. 5 8) separated by an in-
terval of 2. ‘I'he system has a period of close to 1,500 years.

Remember that these double-star systems are difficult
objects even for the three-inch school refractor, and are much
beyond the range of smaller instruments.

CAMELOPARDUS, The Giraffe

This constellation is distinguished by the fact that all
its stars are fainter than the fourth magnitude. The only
ohject that deserves attention in this asterism is a rather
bright (Mag. 6) open (galactic) star cluster NGG 1502, only
six minntes of arc in diameter. It is easy to find using bin-
oculars, but only a large telescope shows it effectively.

LYHNX, The Lynx

We have already had occasion to say that the constel-
lation Lynx is the poorest region of tho heavens, as far as °
stars go. True, thc constellation has two stars brightor
than fourth magnitude, but they are entirely uninteresting,
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Tust to test yourself in locating faint stars, try finding the
position of Alpha Lyncis, an orange star of Mag. 3.2
located on the prolongation of the rear paws of The Great
Bear, For astronomers of course there is no division into
first-rate and second-rate stars, Everything observable is
of intercst. That is one reason why they have made such a
thorough study of the spectrum of Alpha Lyncis, of its tem-
perature, its motion in space; and they have found that this
inconspicuous orange sun is distant from ours about 50
parsees. Such information is built wp not only for naked-
eye objeets, but for many thousands of suns that can only
De reached by telescope. What difficult painstaking work!
Astronomers strive not only to count the stars, but to fill
in their star catalogues with all kinds of information about
overy single one, And there is good reason. Without these
particulars, these details, we would never be able to build
up a general picture of the stellar world. The great whale
consists of muititudes of individual entities.



CONSTELLATIONS
OF THE
RUTUMN SKY

From the constantly wisible cir~
cumpolar constellations Jet us now proceed to comstella-
tions that are characteristic of each of the four seasons: au-
tumn, winter, spring and summer. This division 1nto seasons
is of course arbitrary. For instance, during the long winter
nighis one can see not only purely winter constellations,
but autumn (early in the eveming) and spring (just before
moreping} and even some of tho summer constellations be-
tween eveming twilight and sunrmse. For this reason, let
us agree to regard the night sky for specific days of the
year and at one timo of night. To 1llustrate, we shall regard
the autumn mght sky as the range of consicllations open to
the view of an obscrver on Octobex 15 at 22 hours (10 p.m )
local time. For the winter sky we take January 15 at 22
hours, and for the spring, April 15 at 22 hours, For the sum-
mer sky {because we make an cxception due to the white
nights) we take July 45 at 23 hours. After thus very neces-
sary brief specification, et us take an overall view of the typ-
jcal night sky of autumn (Fig. 31).

In the southern half of the sky, roughly over the south
point, half-way from the horizen, we see an enormous
square made up of four stars of about the same brightness.
From 1ts upper left corner is a tiny choin of three stars that
curves eastwards and shghtly upwards. On the whole, this
seven-star asterism 1s a good deal like the dipper of Ursa
Minor, only much bigger. The "Great Square” (minus upper
left-hand corner) is the principal portion of the constella-
tion Pegasus The handle of the dipper is formed by the
brightest stars of the constellation Andromeda.

There is another star of the same brightness as the main
stars of Andromeda. It lies on the cxtension of the handle
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and is the principal star of Perseus, Alpha Persei. The con-
stellation itself features a triangle made up of the stars o, f},
and 8.

Underncath the Andromeda chain of stars, in the south-
eastern part of the sky, are {wo nearly equally bright stars
ihal-represent the constellation Aries. Pegasus, Andromeda,
Perseus and Aries are the most prominent conslellalions
of the autumn sky. The others can be found by proceeding
from these 1post important constellations.

Botween Andromeda and Avies lies a tiny comstellation
Triangalum. The triangle itself, composed of stars e, p and
1 is not conspicuous; what is more, a multitude of triangles
can be constructed by joining up various f{riplels of stars:

Still less prominent is the constellation Lacerta, The
Lizard, a group of faint stars bounded by the borderlines
of the constellations Pegasus, Andromeda, Cassiopeia,
Cephens, apd Cygnus. To the right of Aries is a large con-
stellation, Pisces, which also lacks bright stars. Under Aries
and Pisoes js a rather big patch of sky occupied by the con-
stellation Celus, The Whale, the outlines of which even a
fertile imagination cannot conjure wp. The names of the
autumn copstellations have a variegated origin. Familiar
heross of wythology sre evident in -Pegasus, Andromeda,
and Perscys. Just as ancient are the constellations Trian-
gulum, Aries, Pisces, and Cetus. The sole significance of
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the first lies in its name. The same goes for Aries, which on
anclent maps of the shy is demeted as a ram or lamb. Ap-
other strange sight on these maps 1s the constellation Pisces:
two fish with ther tails Lied with a nbbun. According to
one of the legends, 11 ancient times at the beganmng of spring
when the sun entered tlus cunstellation, there began a pe-
riod of rain and foods, whence the reason for this uncalled-
for name. The origin of the Cetus constellation 1s also rath-
er obscure. The most popular legend was that in this re-
gion of the mght shy the ancient Greeks immortalized the sea
maonster that almost swallowed poor Andromeda.

Tho constellation Lacerta is the product of unbridled
fantasy, or, better still, the whim of the Danzig astrono-
mer Hevelius. In 1690 Hevelius gave the name Lacerta,
The Lizard, to a group of faint stars in this part of the shy.
‘The reasen? Simply because there was still space for a small
animal, and the stars might be likened to scintillations on
the scales of an elegant reptile.

PEGASUS, The Winged Horse

Like in many other constellations, the alpha star is not
the brightest in Pegasus, It 1s somewhat fainter than Ep-
silon Pegasi, the brightest star of the constellation. To
the right and just above this star is the mam spectacle of
the Pegasus constellation: a bright globular star cluster.
Binoculars skow it as a round luminous nebulous patch, but
on a dark clear night the largo school reflcctor reveals a
wealth of structural detail. The patch 15 definitely round,
but the surface brightness varics i different parts, The core
of the spot is ihe brightest, and the brightness diminishes
in all directions away towards the fringes. If you have good
eyesight and some experience 1n astronomical observations,
you will undoubtedly notice that the fringes of the patch
scintiliate Iike the lights of a distant city. Apply the avert-
ed-vision technigue in thesc obscevatioms at tho very limit
of wvisihality.

In large telescopes, the globular star cluster of Pegasus
is readilv resolved into componcnt stars. True, this has to
do only with the cdges of the cluster, and not the central
Tegions where there are 50 many stars so densely packed
that the eye of the terrestrial observer sces only a solid bril-
liance.
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The globular clpster M35 (or NGC 7080) s one of the
most distant: about 40,000 light years away. In the best
photographs, the globular cluster of Pegasus has an angular
“diameter of 15 minutes of arc, which is half the disc of the
moon! That enables us to compute that the actual diameter
of this cosmie siructure is close to 165 light years. It has
beon cstimated that this sphere contains about six million
suns. If there are inhabited planets somewhere in the centre
" of the cluster, their inhabitants see a sky quite diffevent
from ours. Tens of thousands of stars brighter than Venus
studding the firmament and producing a picture of unimagi-
nable beauty!

What remarkable siructures are these globular star clus-

ters, or, perhaps it would he hetter to say, spheres of stars,
As yet unfathomed forces generated, out of pre-stellar mat-
ter, this cnormous stellar system, which is something inter-
mediate between double and multiple stars, on the one
hand, and the giant galaxies, on the other.
. Globular clustors are strangely inhabited. The predom-
inant dwellers are gianls; true, therc arc no particularly
hot or supergiant types. But there are conspicuous cool
teddish giants with surface lemperatures of from 2,000° to
4,000°, Globular clusters have multitudes of variable stars,
mainly Cepheids. .

Although the star cluster in Pegasus, like most cosmic
“Pleﬂw, appears to be static and unchanging, actually the

rsﬂﬂation is guite different. First pf all, the cluster itself,"
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45 a whole, is in motion and its spectrum indicates that it is
approaching us at the rate of 114 km/s. Also, each star of
the cluster descrilies a fanciful curve about the cenlre and
pouses one of the most involved of all modern problems of
celestial mechanics. Finally, certain globular clusters arc
somewhat flattened, which is a definite sign of axial rota-
tion of the whole “sphere of stars”.

Globular star clusters aroc one of the oldest objects of our
Gualaxy. They lave extremely high stabilities and can go on
existing without disintegrating for mullions upon millions
of years|

The right upper corner of the “Great Square” of Pegasus,
Beta Pegasi, is intnguing. Just a short time ago, it was
listed in catalogues of variable stars as an unknown type.
Now Lhe matter has been fully cleared up. The red giant
Beta Pegasi is an érregular varinble with a brightness oseil-
lating from Mag. 2.4 to 2.8. We thus have another type of
stellar variability, perhaps ome of the most comphcated,
due to the fact that there does not seem to be any faw gov-
erning the variation of brightness. It may Dbe that in stars
of this type {red irregular variables), slight fluctuations of
surface temperature bring about perceptible oscillations of
their atmospheric transparency. In these relatively cool
atmospheres there are clouds of titania, the optical proper-
ties of which (transparency) are very sensitive even to small
fluctuations of tewmperature. This is only a hypothesis, of
course, and may be very far from actuality.

ANDROMEDA

The Arab astronomer Al-Sufi, living in the tenth century
A.D., described a “small celestial cloudlet” that is easy to
see an dark nights near the star v of the constellation Andro-
meda. In Europe ailention was brought to this ohject only
in the seventeenth century when astronomer Simen Marius,
a contemporary of Galileo and his helper in the first telescap-
ic observations of the sky, scrutinized this strange celestial
nebula in December 1612. Wrote Marius, “The brightness
inereascs ns one approaches the central portion. It resembles
a lit candlc if looked at through a transparcnt horn plate.”

Several decades later, the nebula in Andromeda was
studied by Edmund Halley, friend and pupil of the great
Newton. In his opinion, small nebulous patches are nothing
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other than light coming from unmeasurable space located
in the regions of the ether and filied with a spread-out self-
luminous medium. Other astronomers, of a religious bent,
like Durham, insisted that in this spot, the “cclestial
crystalline firmament” is somewhat thinner than usual and
for this reason unuttered light streams from the kingdom
of heaven onto the sinning earth. - -

The true nature of the Andromeda Nebula was not de-
ciphered in the nineteenth century either. The “celestial
firmament” was then forgotten, but heated debates raged
about whether the nebula was made up of luminous gases -
or stars, whether it 1ay outside our stellar system or within
the vicinity of the sunr giving birth to a pew planetary sys-
tem,

As is the rule in such cases, the problem was resolved when
new and powerful tools of investigation appeared. In 1924
Edwin Hubblé, the noted American astronomer, resolved
the Apdromeda Nebula into its component stars with the
100-inch reflector of the Mount Wilson Observatory. For
the first time, astronomers looked upon a magnificent stellar
system with thousands of millions of suns and, perhaps,
milllinns of inhabited planets—in short, a neighbouring
galaxy. .

Resolution of the Andromeda Nebula into soparate stars
immediately solved the problem of distance from the earth.
What had proved too difficult 'to do with respect to the
nobula as a whele became a relatively simple task as re-
gards the component stars. Utilizing the physical proper-
ties of some of them, it was demonsirated quite cogently
that the Andromeda Nebula does not lie within our Galaxy,
but a great distance bayond: 520 kiloparsecs according to
the latest estimates. That is how estragalactic astronomy,
one of the most rapidly developing branches of the science
of the sky, gob started. .

Tgxc Andromeds Nebula is the only galaxy visible to the
-Wnaided eye. It has a magnitude of 4.3. On dark nights
this “nebulous star” is rather conspicuous and can be lo-
cated without especially keen sight.

The nebuln appesrs as a small oval-shaped luminous
Patoh whose greatest diameter is about 1/4 of a degree (15).
Bn} this is not the entire nebula, only the central portion,
\\:luch is the brightest. Good photographs of the Andromeda
Nebula picture it with muech greater 'dimensions:’ close fo
kS

99



Fig. 33 Andromeda Nebula.

160" in length and about 40" in widlh (Fig. 33). In other
words, the nebula covers an area nearly seven times that of
the lunar discl And still this is not the whols pebula. Mi-
crophotometers {iustruments used Lo measure the black ateas
in negatives of astronomical objecls) perceive the action
of light on emulsion where the eye sees nothing. Applied
{o the negatives of the Andromeda Nebula, it broadened
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the image of this unique -structure to the “astronomical”
dimensions of 270" (or 4°.5) in length and 240" (or 4°) in
width! This means that the Andromeds Nebula occupies
an arca in the sky of 44 square degrees, or 70 times the ex-
tent.of the-full moon! If our vision were as sensitive as mi-
crophotometers, the Andromeda Nebula would appear about
the size of one-third the dipper in Ursa Major.

A -certain smiearedness {a dwindling decline) round the
fringes is characteristic of all galaxies. This suggests that
interfalactic space is not empty at all, but is filled with
& tenuous medium called the intergalactic plasma. Gen-
cerally .speaking, it Is even more natural to presume that
galaxies are d jons jn the ubiqui all-permeating
material medium that completely fills the observable part
of the universe.

-There is'yot another point of interest. The Andromeda
Nebula appears to our eye as an oval patch, but the micro-
photometer sces ‘it as nearly spherical. This property of
the Andromeda Nebula makes it akin to our own Galaxy
and to other spiral stellar systems. Their flat’ lens-like shape
is only apparent. To be more precise, the flat dise forms
only ihe chief portion of the stars of the Galaxy. A con-
siderable iportion makes up a spherical-like veil, a very
lraHspnrent “sphera” that includes the equatorial “lens” as
well, .

. The Andromeda Nebula js the best studied of all known
galaxics. Wo know structural details of this “island uni-
verse® that most likely are not known to the intelligent
beings within it

The Andromedn Nebula is a gigantic stellar spiral 27
kiloparsecs across, which we see neither flat- or edge-on;
but-hali-turned, 'so to speak. Qur own Galaxy, the Milky
Way, appears just about the samc from the Andromeda
Nebula: B . :

The two' galaxies have much in common. Enormous
spiral ‘arms of stars emerge from the huge centrdl sphere-
shaped condensations of predominantly yellow dwarf stars
(the nuclei , of* galaxies). On recently obtained excollent
coloured photographs of the Andromeda Nebula, the arms
appear bluish in contrast to the yellowish central nucleus.
This is quite natural because the nucleus is made up chiefy
°f_)'0110\v stars like ‘our sun, whereas the silhouctte of the
spival arms is duo to Lot bluc-white giants.
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New stars, novae, periodically flare up in the Andro-
meda Nebula, numerous Copheids twinkle brighter and
fainter in pseillation, and there are undoubtedly many more
familiar classes of variable stars. In 1885 there was even
an outburst of a supernova, which shone for a short time as
brilliantly as a thousand million stars of that galazy!

Inside the Andromeda Nebula and round about it are
some 140 globular stur clusters registered to dule that are
very much like similar objects of our own Galaxy. This
neighbouring galaxy also has galactic star clusters and gas-
eous nebulae and clouds of minute particles of cosmic
dust. These clouds explain the numerous dark gaps, against
the otherwiso Iuminous stellar background, that are clearly
seen on photographs of the Andromeda Nehnla.

The stars of the Andromeda Nebula revolve about the
central nucleus just like tho stars of our own stellar system.
One should not take the term ‘“rotation” too literally.
Galaxies like the Andromeda Nebula do not rotate as a
whole, like, say, a phonograph record. On the other band,
we cannot picture the motions of the stars as completely
analogous to those of planets of the solar system. Reality
lies some place between these two extremes: the rotation of
a solid body and the Keplerian revolution of the planets.
In the Galaxy, the angular velocity of rotation diminishes
with incrcasing distance from the centire, but moere slowly
than by Kepler's laws. That is only the most general pic-
ture of the revolution of spiral galaxies. The details are
very complicated and have not yet been fully resolved.

It may be that some of the stars in the Andromsda Nchula
have planets with intelligent beings, particularly since
there are so many stars of the same type as our sun. If there
are centres of civilization, they are most likely concenirated
fn the nucleus of the nebula which consists of solar-like
stars. Tho mecon distances betwecn individunl stars are
much smaller than in the arms of the spiral and this would
simplify commumcation between civilizations. Who knows,
perhaps thinking beings in the nucleus of the Andromeda
Nebula Lave long since established the Great Circle of
Cosmic Commonwealth which was spoken of in such glow-
jng terms in the “Andromeda Nebula™ of the Soviet writer
aud seientist 1. Efremov.

The Andromeda Nebula is surrounded by a retinue of
four much smaller stellar systems. The chief one, an el-
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liptical galaxy, M32 visible in the large school refractor
was discovered as far back as the eighteenth century. It
is about 0.8 kiloparses aeross and has a population of
roughly a thousand million stars. Just as sparsely populai-
ed is another dwarf galaxy, NGC 205, though-it is twice
the size of the former. The other two companion galaxies,
discovered only in 1944, are very much like these. Along-
side such tiny stellar systems, the Andromeda Nebula and
our Milky Way are simply giants. But that shouldn't make
us self-complacent in any sense, for the nuwmnber of recorded
giant galaxies is already in the millions.

The Andromeda constellation has yet another splendid
sight—the triple star Gamma Andromedae, lo which the
Aral astronomers gave the name Alamak. The primary,
a yellow second-magnitude star with an orange tinge, has
a fifth-mognitude companion star at a distance of 40",
The companion—a hot bluish star—itself consists of two
components separated by a distance of 0".3. This lalter
pair is undoubtedly relaied physically: il bas long since
exhibited orbital motion with a period of 56 years. This
double system is not resolvable in school-type telescopes,
but the first pair is a beautiful double star with highly
contrasting colours of the component stars that are greatly
enhanced by physiological effects. Tt might very well be
that this too is a physical double (binary), but no orbital
motion has as yet been delected.

Alamak and its double component are very far away from
the carth—125 parsecs.

Omicron Andromedae is another interesting star, a var-
inble of unknown type with a brightness that flucluates
botween Mags. 8.5 and 4.0. Judging by the spectrum, Omic-
ron Andromedae consists of two hot stars whirling about
a common contre of gravity with a period close to one and
a lalf days.

PERSEUS

On old star maps, Perseus is depicted in a warrior-like
attitude. In his right hand he helds high a sword, and in
his left the terrible head of Medusa. Observing the heavens
in the Middle Ages, the Arabs noticed that ono cye of Medusa
was fixed and steady, while the other varied in brightness
from time to time. Struck by this speciacle, they called the
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“winking” eye of Medusa the Demon Star (Algol in Arabic),
This 15 Beta Persei.

In Burope the variability of Algol was first naticed in
1667 by the Italian and math tician Mi i
True, he was not able to figure out the law of variation
of brightuess in Algol. This was dene by John Goodricke.
On every clear night between 1782 and 1783 he estimated
the brightness of Algol and succeeded in establishing a
rigorous pemodicity n the twinkling of the eye of Medusa.

For two and a half days Algol inaintains a constant
brightness of Mag. 2.2. But then during nearly nine hours
the brightness dechines to Mag. 3.5 and then again rises to
its former level. The time interval between two successive
mimma of this vamnable star is close to 2 days 21 hours
(tho latost data indicate that Algol has a period of 2 days
20 hours 45 minutes 55.65 seconds).

Goodricke did not confine lumsell to this alone, He gave
a perfectly correct explanation of the variability of Algol.
He said that if it weren't too early to attempt to reason
about the causes of this verlability, he would presume tho
existence of a larger body revolving about Algal.

For about two hundred years this brilliant conjecture
of Goodricke remained only a hypothesis. But in 1859 the
spectrum of Algol revealed perindic displacements of the
spectral lines with a shift period exactly coinciding with
the period of variation of brightness. This was final proof
that Algol is a spectral binary star and the flictuations
of brightness arc due to periodic eclipses of the primary
by its companion.

Algol was the first eclipsing varable star discavered.
To date, about 2,000 such stars have been recorded. Quite
naturally, Algol is the best studied of them all. We know
many remarkable things about this Tuminary.

Fig. 34 shows the light curve of the Uemon Star. To
the uninitiated it tells but little, but to the astronomer
it is extremely eloquent.

You probably notice that between the two prinepal
minima (of a “depth™ of Mag. 1.27) there is a smaller second-
ary minimum. The eye does not perceive it (becauso of 8
“depth” of only Mag. 0.06), but modern astrophotomatric
techniques reveal a secondary minimum. This means that
Algal’s companion star is not altogether dark, but only
shines less brightly than the primary star. Then the light

104




0. 20 40 60 Hours

g T T T

Sun

Fig. 34, Brightness variation
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curve will reflect both eclipses: when the primary is par-
tially blotted out by the companion star (main minimum)
and when the companion goes behind the primary (second-
ary minimum). In both cases there is a diminution (true,
in_varying degrees) of the total brilliance of the system.

Let us- take a closer look at Fig. 34. The brightness of
Algol changes somewhat from primary to secondary mini-
mum and back again: the light curve first goes wpwards
and then, after the secondary minimum, down again. This
is known as the phase effeci. The analogy with the lunar
phases or, more completely, with the phases of the inferior
Dlanets, is obvious. The primary star illuminates the dark-
o companion, and on it (despite its luminescence) arise
continuously varying phases. That, strietly speaking, is
why Algol is constantly changing in brightness.

The limited scope of this book does uot-allow us to take
up other fine effects that are reflected in the curve of bright-
tiess: varlation of cclipsing variables. But it may be added
-that for Algol-type stars we are able to compute the orbits
of the components, their dimensions, masses, densities,

- and many other properties. Here ave a few particulars about .
Algol: the primary stav is a bluish-white giant. with a surface
tomperature of about 15,000°. It has a diameter of 5,800,000
km {compared to the sun's 1,394,000 km). The companion
Is somewhat smaller (being about 4 million’ kilometres in
(h‘nmemr) and cooler. But this is a typically yellow star

with surface temperature of about 7,000°, which is 4,000°
hotter than the surface temperature of the sun. fsn’t it
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amazing that a phase cffect can occur on such a brilliant
surface?

Note also the fact that the temperature difference of
several thousand degrees is quite sufficient to produce
this eclipse effect which we perceive with the naked eye
without any additional photometric devices.

The distance between the centre of Algol and its cooler
companion fs nearly 10,400,000 km (by contrast, the ra-
dus of Mercury's orbit is close to 58 million km), Fig.34
shows the orbit of the companion abont the prunary star
and the components of the system relative to the sun.

The masses of the two stars have been computed with
the aid of the gencralized law of Kepler, The companion
star is of the same mass as the sun, while the primary is
4.8 times as massive. And both stars are extremely tenu-
ous. The mean densities of Algol and its companion (com-
pared with the mean density of the sun taken as unity)
are 0.07 and (.04, respectively.

It has long been noted that the period of variation of
Lrightness of Algol is not constant. It fluctuates withmn a
narrow folerval but in a very complicated fashion. The
reason was found just recently: this remarkable Demon Star
i3 not a double but a triple star! Algol las a third distant
companion with a period round the primary of 1.87 ter-
rostrial years. Tho plane of its orbit is such that 1t does
uot cause any eclipses. But it gives rise to perturbatiuns
in the motion of Algol and the first companion star; these
in turn produce oscillations of the period. A truly amaz-
ing star this twinkling eye of Medusa: a spectral-triplo
and eclipsing variable star distant from the sun 32 parsecs.

There i3 another bright variable in this constellation,
Rho Persei. This is a red cool star, a semiregular variable.
Its brightness fluctuates between Mags. 3.2 and 3.5, 1t has
a rather clear-cut period of 33 to 35 days, onto which are
perhaps superimposed certain long-period fluctuations of
Lrightness witl: a period of about 1,100 days.

Tlalf-way between the stars Alpha Persei and Delta
Cassiopeiac is one of the most beautiful open star clusters.
The eye sees an elongated Iuminous patch of irregular out-
line. Take e low-power telescape and you will see a mar-
wvellous clusler of stars. Hundreds of scintillating points
aro haphazardly scattercd about the field of wview. It is
immediatcly evident that the cluster is a double system
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Fig‘ 35. Open star clusters
and k Persei.

with two centres of stellar condensation. That is why it is
designated with two letters ¥ and h Persei (Fig. 35).

Although both clusters appear equally distant from the
carth, they aren't. Cluster h is 1,900 parsecs away, and
cluster y is 2,000 parsecs distant. They have nearly the same
linear diameters: 17 parsecs in the case of & and 14 parsecs
in the case of y. Of fhe bright open star clusters, these two
have the biggest populations: cluster 4 has about 300
stars, and cluster y, about 200. As has already been pointed
out, star clusters are not fortuitous aggregates of stars
cncountered in a limited portion of space {the probability
of such an event is close to zero), but a commonwealth of
objects generated jointly out of some kind of pre-stellar
forms of matter.

The prominent Soviet nstromomer Academician V. Am-
bartsumyan demonstrated, as far back as 1947, that certain
of these stellar groups, steller associations®, arc very young
by cosmic standards; in other words, the process of star
formation is still continuing today.

* Stellar associations are groups of relatively elose-lying (10 to 160
parsecs} stars of a similar, comparatively rare type,
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It 15 a remarkable fact that the clusters ¥ and % Persci
are the central portion, a sort of nucleus, of une of the best
known stellar associations. In the cosmic environs of these
clusters, at distances roaching to about 10 diameters of
each of them, a relatively large number (75) of supergiant
hot stars have been discovered. These stars are rave in any
case, and such a combination of them in a relatively small
regron of space is obviously not fortuitous. An accidental
encounter of 75 stars in this part of our stellar cily with
its population of 150 thousand million suns is just as improb-
able as a chance mecting of 75 acquaintances on the strects
of Moscow.

This means that the association in Perseus (like other
stellar associations) is a group of jointly formed stars.
[f the association consists mainly of very hot supergiant
stars, it is called an O association. Characteristic of O
associations is that they have one or several "nuelei”, the
role of which is often played by open star clusters made up
of hot stars. The clusters y and % Porsei aro just such hot
clusters, Perscus has yet another O association grouped
about the supergiant hot star Zota Persei. This association
also includes a small open star cluster located near, the star.

The second O association in Perseus, or Perseus II, as
it 1s conventionally known, 1s less numerous than the first.
It consists of only 12 stars, including the very hot white
star Xi Persei (the surface temperature is close to 30,000°).
This closest stellar association {only 290 parsecs away) has
the fullowing dimensivns in the picture plane: 50x30 par-

secs.
In 1953, the Dutch astronomer Blauw discovered that
the compouent slars of the association Persens I are racing
away in all directions from the central part. Take a look
at Fig. 36, which shows the association Perseus II. The
arrows indicate the direction of motian, and the lengths
correspond to the distances these stars will have covered
in the sky in 500,000 years from now. .
Blauw estimated that the mean velocity of cxpansion of
the Porseus IT association is close to 12 km/s, This then
suggests (via simple computalion) that roughly 1,300,000
years ago the stars of the association were concentrated in
a very small, practically pointlike, volums of space. Tn
other words, the Perseus TI assaciation originated approx-
imately 1,300,000 years ago. I'his is a very short time
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Fig. 36. Star association Perseus I1,

when speaking of slars. If we consider thal stellar life-
times are menasured in tens of thousands of millions of
Yyears, the stars of the Perseus I1 association must be viewed
s newly born infants. On the scale of a human lifespan
{say 70 :years), the age of associalion slars corresponds to
the first day of an infant.

Turn your binoculars to this part of the sky and take
a look at these new-horn stars. Not a single lelescope shows
us stars that could be considered the “parents” of stellar
associations, Academician Ambarisuinyan adduces cogent
arguments to support his view that tlese as yet unknown
pre-stellar bodies that nobody has ever observed should
have colossal rescrves of cnorgy within small dimensions
and fantastic densitics. Some eslimates suggest thal a piece
oL pre-stellar matter the size of a pinhead should weigh
lmpdrcds of thousands of tons. Such are the extraordinary
objects that the constellation Perseus, or raiber, more
Properly, its two stellar associations offer us.
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ARIES, The Ram

‘fhe constellation Aries is poor in objects of interest.
Yet there is a thing or two.

One of the features of the Aries constellation is the triple
star ¢, B, 4, which is i on the sur ing back-
ground af faint stars. Gamma Arijetis is a binary star made
up of practically twin compenents. They are hot white-blue
stars with a surface temperature of about 11,000° and are
separaled by an angular distance of 8, making this paw
an easy object even for school telescopes.

It is nateworthy that Gamma Arietis is the first tele-
scopically discovered double star. Its double nature was
discovered in 1664 by the famous physicist Robert Hooke.
In this conmection he wrote that it consisted of two tiny
stars very close together and that he had never before en-
countered such a thing in the heavens.

Another interesting sight is the donble star Lambda
Arietis, which consists of a fifth and an eighth magnitude
star separated by 387 Since 1781, when their relative po-
sitions were first measured, they have remained fixed in
relation to one another. But they arc both maving in the
same direction in space and with the same velocity, which
can hardly be accidental. In such cases it is common to say
that the orbital motion is not noticeable due to the very
great periods of revolution.

TRIAHGULUM, The Triangle

This tiny consiellation with only 15 naked-aye stars
Lias oue of the closest and best studied galaxies, M33. Look
for it to the right of Alpha Trianguli in the approximale
direction of Beta Andromedae, or Mirach (Fig. 37).

The reader must be warned that the M33 galaxy is not
casy to locate Although 1t 1s the brightest galaxy after
the Andromeda Nebula (its integral brightness heing equal
to that of a magnitude 6.2 star), its surface brightness is
low and it should be observed only on the darkest of nights.

In the school telescope you will see & tiny circular Inmi-
nous dot without any detail. Remember that at this instant
your eye is receiving rays that this distant (though neigh-
bouring) slollar system sent off 1,800,000 years agol

The 133 galaxy is a splendid sight on good photographs
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Fig. 37. The M33 nebula in the
Triangulum constollation. -

(Fig. 38). We sec it nearly flat, its spiral arms beautifully
displayed. They are much more developed than in the
Aundromeda Nebula or in our Galaxy. The nucleus of M33
occupies a correspondingly smaller volume.

The galaxy in Triangulum is only about a third the
diamoter of the Andromeda Nebula, which has alout 100
times the number of stars of the former. The Triangulum
galaxy has revealed about 50 variables, mostly Cepheids,
It also has gaseous nebulae, whose spectra resemble very
closely our own galactic nebulae. The nucleus apparently
conceatrates mainly hot stars, which distinguishes M33
from the Andromeda Nebula and from our own Milky Way.

It is interesting to note that in photographs taken with
ared filter the M33 galaxy appoars smeared and completely
loses its spiral structure. Which is not surprising, since -
the spirals consist of hot stars that radiate bluish rays of
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TFig. 78. A photograph of the M33 galaxy ,

short wavelength, while the spherical “halo” about a spiral
galaxy (and this goes for M33 as well) includes a multitude
of red giants. They are the ones that produce the solid veil
on photographs in red light, blotting out the spiral silhou-
ette of M33. This instance illustrates the fact that galaxies
(and other objects as well} Iook dilferent in differsnt Light.

PISCES, The Fishes

The principal star, Alpha Piscium, is al the same time
its chicf sight. Binoculars rcadily show Alpha Piscium to
be a hot blue star with a surface temperature of ahout
10,000°. 1ts magnitude is 4.3. At a distance of 2.05 from
the primary star is a companian that is just as hot but
somewhat smaller in size (Mag. 5.2). Tt is difficult to resolve
this pair in the large school refractor, but under favourable
conditions it is still possible

‘This is a binary star with a period of 720 years about the
common centre of gravity. Spectral analysis has demonstrat-
ed that each of the components is in tutn a spectral hinary.
Hero again we have a quadruple star (muitiple star). Four
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suns physically related and divided into two couples eir-
cling about a mathematical point called the centre of grav-
ity of the system. And the same laws of colestial mechanics
operaie in this distant group of four suns (40 parsecs away)
as in our own solar system.

CETUS, The Whale

The constellation Cetus is one of the largest in the sky.
It comprises exactly 100 stars visible to the uraided eye.
Which of them' is the brightest? Rather a simple ques-
tion, il would seem, but the answer is not quite ordinary:
it all depends on the time. Things change, and at differont
times wo get different results. The clue to this peculjar
situation Hes in the fact that the brightest (at times, that
is) star in the constellation Cetus is a variable star.

This was first noticed by a contemporary of Galileo and
ane of the best ohservers of that period, David Fabricius.
The discovery was made guite by accident. On the morning
of August 13, 1536, Fabricius was emgaged in observing
Mercury. There were no telescopes in those days and he
was about to measure the angular distance bebween that
planct and a third-magnitude star in the Cetus constella-
tion. He had mever scen the star before and did not find
it on any star map or globe. Incidentally, both maps and
globes were inaccurate, and to miss some rather faint siar
was not really an exceptional case.

Still, being a conscientious observer, Fabricius began to
follow this star. By the end of August it had reached a mag-
nitude of 2, but in September it became faint, and in the
middle of Octoher disappeared completely. Being fully
convinced that this was a nova like the one observed by
Tycho Brahe in 4572, Fabricius ceased observations.

You can imagine his amazement thirteen years later, in
February of 1609, wien he again saw this remarkable star.

By the middle of the seventeenth century it was finally
e_stnhlishcd that the mysterious star of the Cetus constella-
tion is a variable with a very long period of brightness flue-
tuation and a large amplitude. Thus the Europeans dis-
covered the first type star of a mew class of long-period
vatiable stars. Hevelius gave the name Mira (The Wonder-
Tuly fo this wnusual star of Cetus. The physical properties
of Mira fully justify the name.
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Fig. 39, Laght curve of Omicron Ceti.

Mira Ceti (Omicron Cet1) changes in brightness between
Mags. 3.4 and 9.3. Which makes 1t one of the hrightest
stars 1n the constellation st maximum brightness, and even
beyond the reach of binoculars at minimum (Fig. 39).

These figures are mean values of the brightness of Mira
at times of maximum and minimum. On occaswon, how-
ever, Mira becomes a second-magnitude star, or the bright-
¢est in the constellation Cetus. And there ave cases when
at mmimum brightness it declines to Mag. 104,

Neither is the period constant. It has an average of 331.62
days. From period to period there is a perceptible change
in the shape of the light eurve. This variability of Mira
and other long-period variables distinguishes them from
the Cepheids with their almost stable periods and bLight
CITVES.

Hoth Mira and all other variables of this type are without
exception cool red giants with very low surface temperatures
(about 2,000°). Thewr atmospheres are s0 ¢ool that the spee-
tra of long-period variables contain abundant absorption
bands of a variety of chemical compounds (titania and cir-
conia, for example). These compounds are extremely sensi-
tive to even slight fuctuations of temperature, which im-
mediately find expression in oscillations nf band intensity-
It is precisely for this rcason that fluctuations of brightness
in long-period variables have a very great amplitude in
visible rays, whereas the total radiation of the star varies
but slightly.

‘At maximum brightness, the spectra of Mira and similar
stars exhibit bright emission lines of hydrogen and certain
metals. At minimum brightness, they turn intc absorption
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lines. Long-period variables pulsate like the Cepheids,
as witness the periodic shifts in the lines of their spectra.

How are we to account for the variability of Mira and
e other stars of this class® When red giants pulsate, their
surface temperatures vary as well, which immediately affects
the optical properties of the atmospheres (this does not occur
in the hotter Cepheids). As the temperature rises, the chem-
ical compounds disintegrate and the atmospheres become
more lransparent; cooling reverses the process, A certain
role js also played by the hot hydrogen masses which at
maximum brightness are ejected into the atmospbere and
increase the brightness of the star (they are the ones that pro-
duce the bright emission lines of the spectrum). That is the
most likely explanation of the remarkable changes exhibited
by Mira Ceti. In 1919 it was noticed that a second specirum
bolenging to some very hot white star is superimposed on
tho Mira speetrum, Four years later, a 10th-magnitude hot
companion star was discovered right next to Mira, at a
distance of only 0”.9. It apparently makes a complete cir-
cuit about the primary in a fow hundred years. It has been
suspected that this companion is in furn a variable star of
an unknown type. This tight association of two utterly differ-
ent  stars (different as to physical characteristics), and
variables to hoot, is an extremely curious fact.

Wo can only rejoice in the fact that our sun does not
bolong to the class of long-periodic variables. In the vis-
ible part of the spectrum, Mira's radiation varies some
hundredfold from maximum to minimum. With solar emis-
sion fluctuating in that manner, the organic world of the
earth would most Hkely perish. There is hardly any chance,
therefore, that Mira and other similar stars have inhabitable
DPlanets about them. N

In the constellation Cotus you will find a bright star
of Mag. 3.5 which is quite different. Tau Ceti has come to
the fore in recent years and is easy to find on any star map.

Tau Ceti has a very high proper motion, covering nearly
2" ncross the sky in one year. This is a sure sign of prox-
Imity to he carth. True enough, Tau Ceti is one of the near-
est stars, Only 12 light years away.

Tau Ceti is a yellow dwarf much like our own sun, but
slightly smaller and cooler. Like the sun, it too apparently
rotates slowly on its axis (the sun's rotational period is
slose to a month). The hot stars of spectral class A and other
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“earlier” Lypes rotate very rapudly, lhundreds of times fast-
er than the sun. Beginming with stars of spectral class
there 15 a sudden jumpanrate of rotation. There 15 consider-
able support for the view that this jump 18 duc to the effect
of planets 1n orbit round the caoler stars. These planets take
up the major portion of the total motion {angular moumen-
tum), just like in the solar system, and for this reason the
mother stars have a very slow rate of axial rotation.

These are the reasons which suggest that Tau Ceti is
not only outwardly similar to the sun, but perhaps has
wnhabitable planets as well. The suspicion 1s so strong that
for several months the radio telescopes of Amerjcan astron-
omers have been tuned in to Taw Ceti in the hope of re-
ceiving some hand of radio signals from our distant “intelli-
gent brothers”, So far the cosmos is not talking, but who can
say that this aundacious endeavour will not culminale in
2 brulhant discovery that could usher 1n a lotally new epoch?

Meanwhile, it is definitely worth lacating Tau Ceti in
the sky and getting a good view of this cousin sun of ours
that may be tending a distant civilization very much like
our own.

LACERTA, The Lizard

There is not much of interest here. The constellation
has only one star brighter than fourth magnitude and enly
35 stars visible to the naked eye.

The principal star, Alpha Lacertae, is a hot blue giant
28 parsecs from the carth, It is definitely no sight because
astronomers have multitudes of this kind. But stifl Lacerta
has a thing or two to tell us.

In the summer of 1936 1 was returning from Kazakhstan
where } had observed a total solar eclipse in the expedi-
tion of the Moscow Section of the USSR Aslronnmic-Geo-
detic Society. In the train we learned that at the very same
time, our colleaguo in the Society, Sergei Norman, ha
discovered a nova in the constellation Lacerta.

I rememler very well this tall modest blue-cyed Moscow
schoolboy, a great devotee of astromomy. He specialized
in observations of variablc sters. Like any other “vari-
able man”, Norman knew his constellations well, He im-
mediately noticed a bright new star that flared up in tho
constellation Lacerta. Unfortunately, Sergei Norman was
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not able o make his dream come true and become a profes-
sional astronomer (he soon died of a grave illness), but
his name will not be forgotten by those wlho love the science
af the sky.

Nova Lacertae 1936 reached Mag. 2.1, becoming brighter
{han the stars of the dipper of Ursa Major. There have been
no brighter novae since then. Having attained maximum
brightness, this lypical nova gradually declined, finally
falling to Mag. 45.3. Now the former nova can he found
only in the most powerful modern telescopes. There is cvery
probability that some centuries hence it will again flare
up—typical novae {apparently unlike supernovae) have re-
peated outhursts. Who will be ficst to see the fresh flare-up
of Sergel Norman's star? What unimaginable heights will
I?le technology of terrestrial eivilization have reached by
then?

1t is my desire that this little episode should spark read-
o5 Lo study variable stars, for this is a division of astron-
omy where with small expenditures (but with great per-
sistonce and patience) the amateur astronomer can make
fundamental seientific discoveries.



CONSTELLATIONS
OF THE
WINTER SKY

The starry sky is perhaps never
so0 beauliful as in winter. The secret Lies not only in the
transparcney of clear frosty nights, their long duration and
in the blackness which so contrasts with the whiteness of
the earth’s snowcover. The winter night sky is rich in bright
stars and impressive constellations.

Mid-winter, February 15, at 10 p.m. (or 22 hours). In the
southern part of the sky, just a bit to the left of the celestial
meridian is the conspicuous giant figure of the legendary
hunter Orion. His belt displays three hot white stars ¢, e
and 3, and on his right shoulder is the brilliant reddish
star Detelgeuse. Although this star is Alpha Orionis, 1t is
not the brightest star of the constellation, It is Rigel, or
Beta Orionis, that is Drightest (Fig. 40).

On old star maps the celestial hunter Orion is surrounded
by animals. To the right and up a bit is an enraged bull,
Taurus, one eye of which is the star Aldeharan (Alpha Tau-
i). Orion 1s not afraid of the bull and holds high in his hand
a cudgel. He is also guarded by two true dogs: Canis Major
and Canis Minor. Each of these constellations has a star
of the first magnitude: Sirius in Canis Major-—tho most
brilliant star in the heavens—and Procyon—a slightly
less brilliant luminary in Camis Minor.

Incidentally, Lepus, The Hare, distracts Canis Major,
The Greater Dog, as it springs from under the feet of Orion.
The principal star in this constellation is Alpha Leporis
(Mag. 2.6}, which forms one of the vertices of a nearly equi-
latera! triangle, the other two bewg Rige! and Kappa
Orionis.

This whole panorama of celestial hunting was drawn on
the sky millenia ago, and the above-mentioned group of
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constellations is of the same venerable age as, for instance,
The Great Bear, Ursa Major.

Just as anecient are two other bright winter constella-
tions: Gemini (The Twins) and Auriga (The Charioteer).
The stars Alpha and Beta Geminorum (these ave easy to
find just left of Orion) were called Castor and Pollux, after
the mythological twins whose father was the mighly Zeus
and whoso mother was the light-minded earth beauty Leda.

Near tho zenith we see a very bright yeilowish star Capella,
the chief star of the consteliation Auriga. The word Capel-
Ja means “she-goat”. Old star maps depicted a small goat
carried on tho shoulders of the giant Auriga. According to
anciont Greek legends, the constellation Auriga immortal-
izes the Athenian King Erichton who inveated the chariot.
And the goai on his shoulders is the mythical she-goat
Ama]tl\ca that was supposed to have suckled the great

cus,

Of the winter constellations, only two do not have any
Dbright stars. To the right of Orion is the conmstellation
Lridanus, depicting a mythical river in which Phacthon,
{he unfortunate son of Heljos (the sun god) was drowned. He
was punished for disobeying his father. This “river” con-
Linues far below the horizon and ends in the southern hem-
isphere of the night sky with tlie bright star Achernar.

To the left of Orion is the only “young” winter con-
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stellation, Monoceros, The Unicorn. It made its appearance
on star maps after the invention of the telescope, in 1624,
and depicts a mythical animal, the unicorn—a crass he-
tween a horse and rhinoceros—that [ligured frequently in
medieval storics.

Except Eridanus and Monoceres, all the other winter
constellations may be found without any difficulty hecause
of their brilliant stars.

ORION, The Hunter

There is no other constellation 1n the skics with so many
exciting sights and easily observable objects as Crion.
First of all, let us get acquainted with the principal stars.

Rigel, Beta Orioms, is the brightest star in the constel-
lation. It 1s a bluish-white star with a surface temperature
of about 13,000°, It has nn apparcnt magnitude of 0.3 and
yet it is hard to believe that this star emits 23,000 times
more light than does onr sun. Rigel's great luminosity is
due Lo the fact that it is very hot and also very large. Its
diameter 15 33 times that of the sun! Rigel is justly a super-
giant.

Rige! is a triple star. The largo school refractor reveals
a_hot white seventh itude ion at a distance
of 9°. The spectrum of the companion star reveals a closc-
lying pair of stars circling ahont a common centre of gravity
just ahout every 10 days. Rigel and its companions are very
far away from us, 200 parsecs distaat.

Great though Rigel 1s, the red star Betelgeuse (Alpha
Orionis) is incomparably greater. This is indeed a titan,
and unlikc most other stars it has a perccivablo disc. At
any rate, its diameter has been repeatedly mcasured with
an interferometer and has been jound to be 450 times that
af our sun! If Detelgeuse taak the place of the sun, it would
swallow up all the planets out to and including Mars. Just
as tragic would it be to substitule Rigel for cur sun. This
raging hot bluish-white supergiant would burn to ashes
the whole organic kingdom of tho carth.

Betelgouse 1s a semircgular variable star with a fanciful
light curve that exhibits two oscillations: with periods of
180 and 2,070 days It is interesting to notc that there is
good agreement between the fluctuations of brightness and
changes in the diameter of Betelgeuse as determined by in-

120



F x—/)ﬁ» *Auriga
/

.

\}‘f Gerntnt .

AN o
f""\\ \/ //&urus
a &
s i

A&
(Sirius) “2‘}{ 8

8
S Canis Major
C

Fig. 41.

terforometer. At maximum brightness the diameter of the
star is 8 minimum (and the temperature is highest), at min-
imum, just the reverse. This means that fluctuations qf
lrightness in Betelgouse and similar stars are due to semi-
regular pulsations. .

The star Bellatrix, Gamma Orionis, falls short of Rigel
and Botelgense in brightness. But it is also a hot giant,
oven hotter than Rigel, for Bellatrix has a surface temper~
ature of over 20,000°. The name Bellatrix means “female
warrior”, Medieval books on astrology state that “women
born under Lhis star are happy and loquacious™.

Tho fourth star (Kappa Orionis) has no proper name. It
})‘gﬂo(i)sooa hot giant and has a surface temperature of about

The thrce stars that make up the belt of the celestial
lunter are pxtremely interesting. Zota and Delta Orionis
belong to the rare spectral class O and have surface tem-
Terabures in excess of 25,000°. The third star, Epsilon
Orionis, s physically very much like Kappa Orionis.
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There are two more O class stars 1n Orion that we have
to locate, Sigma and Lambda. Lambda Orionis is the hot-
test of all the bright stars of this constellation (with a sur-
face temperature 1 the vicinity of 30,0007,

Under Orion’s belt, whers modern star maps indicate
the stars Theta and Tola and where the old maps show the
sword of the celestial hunter, the unaided eye will dis-
tinguish a tiny blur, a luminous patch. This is the famous
QOrion Nebula, whose photographs are just as popular as
those of the Andromeda Nebula.

It 1s strange that apparently neither the ancient ner
medieval astronowers kpew auything about ilus nebula.
And particularly amazing is the fact that Galileo missed
the Orion Nebuls as well, though ke studied tins remarkable
constellation with his telescope with great care. It was
first detected 1n 1618 by the astronomer Ziesatus, and even
then hy aceident, when observing a hright comet. Be that
as it may, bt since then the Orion Nebula has been ane of
those objects Lhat astronomers never lose interest in,

In binoculars the nebula appears as a hazy luminous
smear of irregular outline. Photographs clearly reveal a
complex structure and the impressive size of the nebula
(Fig. 42). The facts suggest that the Orion Nebula “envol-
ops” mearly the entire constellation, but the naked eye
(as in the case of the Andromeda Nehula) sees only the
densest and brightest central portion.

These two brightest nebulae—in Andromeda and Qrion—
are totally different objects. The Andromeda Nebula is a
colossal and very distant stellar system mads up of tens of
thousands of millions of suns, The Orion Nebula is much
smaller (with a mean diameter of close to 5 parspes) and
15 a cloud of extremely tenuous gases (mainly lydrogen).
The Andromeda Nebula is a ncighbouring galaxy. The
QOrion Nebula lies within our own Galaxy and i3 350 parsecs
from the sun.

The mean denslty of this gaseous, or diffuse, nebula {to
distingmish it from the planctary nebulae) is 10V times
Jess than air density at sea Jevel. In other words, one milli-
gram of ilns matter occupies a volume of 100 cubic kilo-
metres! The best vacuums attained in our laboratories are
millions of times denser than the Orion Nebula!

And still tho total mass of thfs immense structure, which
more than comets deserves tho appellation of “visible
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Fig. 42. The Orion Nebala,

nothing”, is stupendous. The matter of the Orion Nebula
could go to make abowt onc thousand of our suns or over
three hundred million planets the size of the earth.
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Fig. 43. Star motions in the Trape-
zmm in Orion (numbers indicate
absolnte magnitude).

That is how the “astronomical” scale of the Orjon Nebula
makes it very weighty eoven with an almost negligible
mean density. To make the comparison more pictorral: if
the earth were reduced to the size of a pinhead, the Orion
Nehula on this scale would occupy a volume the size of the
earth,

The Orion Nebula shines brightly. But this is cold light
due mainly to processes of luminescence excited by hot
stars pearby or even embedded within it.

‘When examining the Oricn Nebula, you will probably
notice a star, Theta Orionis. Properly speaking, this is
not ene star but a whole system of six! Four of the bright-
er ones, which appear to mark the vertices of an imagivary
trapezium, aro clearly visible in small telescopes (Fig. 43).
The fifth and sixth stars of this marvellous system werc
discovered only in 1826 and 1830 because they are so fant
{about Mag. 11) and becausc they are nbout 4* away from
1he other stars. The remarkable thing about these six stars
is that they are hot giants like the ones wo have already
discussed.

Could this multitude of hot giants in one small region
of space —the constellation of Orion—be accidental? Defi-
nitely not. This is a typical stcllar O association and its
nucleus is the sextuple star Theta Orionis

Hot giants are typical spendthrifts, Rigel, for instance,
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converts about 80,000 million tons of its matter into radia-
tion every second! At this rate, Rigel would go bankrupl
in 10 million years. But Rigel's brilliance indicates that
there is much iime ghead, hence it is not yet 10,000,000
years old.

By human standards, 10,000,000 years is quitc some time.
But on the scale of evolution on the earth this isn’t very
much at all. The dinosaurs became extinet tens of millions
of years ago and so they never saw Rigel. Astronomically
speaking, this is a veritable infant!

The other hot giants of the Orion O association {one of
the closest to us at a distance of 380 parsecs) are just as

oung.

The youthfulness of this association also follows from
quitc a different consideration. Academician Ambartsumyan
believes that in the Trapezium of Orion (and other similar
multiple systems), the motions of the components cannoi he
periodical, which is 1o say that they cannot occur in closed
sinchanging orbits. Systems of the trapezium type have
to break up, and they have to do so in an astronomically -
brief span of time. Ambartsumyan has estimated that the
sextuple Trapezium of Qrion is only a few million years old.
Which again supports the view that the O association in
Orion developed quite recently out of some kind of pre-stel-
Ioe matter.

‘The Orion Nebula has a multitude of peculiar types of
variables called T Tauri stars after their type star. As a
rule, these are not hot giants, quite the reverse, they are
cool yellow, orange, and red dwarfs with prominent emis-
sion lines in the spectrum. They vary haphazardly in bright-
ness, and there is evidence ihat {ho oscillations ave due to
frequent though nonperiodic cjections of hot luminous gases
from the interior into the atmosphere of the star. Generally
speaking, type T Tauri stars physically give the improssion
of erratic, so-called nonstationary stars. This fact alome
is an indication of their relative young age.

Actually that is the case. T Tauri stars have been proved
beyond a doubt to form T associations of their own and to
have ages of only several million years.

The Orion constellation contains three T associations,
of which the richest (with 220 stars) is concentrated in
the region of the star T Orionis not far from the very bright~
est part of the Orion Nebula.
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The constellation Orion is hike a boiling “celestial caul-
dron” where new worlds and stars are being born. The
gigantic Orion Nebula and the O and T associations im-
mersed 1n 1t create the impression of something young, just
born and far removed from any kind of calm equilibrium,
This impression is strengthened by two more facts worthy
of attention.

The first 1s that the Orion Nebula and the accompanying
young stars are in rotation about a certain axis. This ro-
tation was established by the Soviet stellar researcher
P. Parenago. The second fact is the rapid flight of three
hot stars from the Orion Nebula: AE Aurigae, 53 Arictis,
and Mu Columbae. These stars left Lhe central portion of
the Orion constellation about two and a half million ycars
ago and are now racing out in different directions with a
velooity exceeding 400 km/s! Apparently, some kind of
an_ outburst threw them from the O association of Orion
cither at the time of birth or in a period soon afferwards.

The Orion constellalion is indeed one of the most restless
places in the sky. Quite definitely we are witnessing great
cosinic events, which, 1t is true, develop slowly by human
scales

TAURUS, The Bull

The mythical King Atlas had seven daughters: Aleyone,
Taygeta, Merope, Celaeno, Electra, Asterope, and Maia.
Under circumstances that are rather obscure (scveral con-
tradictory versions have come down to us), these sisters
were turned into a group of tiny faintly glowing stars that
have beautified the constellation Taurus since time immemo-
rial. At any rate the Pleiades (as this star cluster is called)
are mentioned in the Bible and by Homer and Hesiod.
We are told that at one time all seven Pleiades were of
the same brilliance, hut that later, Merope was so_careless
as to e married (o a mortal and then her star faded.

Test the keenness of your sight: How many stars do
you see clearly in the Pleiades? If it is 6 or 7, you have
normal eycsight, if more, then you are sharp-sighted. Fer-
sons with exceptional vision can distinguish about ten stars
in the Pleiades. But Galileo with his crudo telescopo was
ghle to count 36 stars in the Pleiades group.

Take a pair of binoculars and enjoy the beauty of this
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magnificent open slar cluster. Check with a map of the
Pleiades (tho name means “multitude” in Greek) and find
the principal stars of the cinster. You will find the parents
of these celestial sisters, their father Atlas and their mather
Pleione (Fig. 44).

The brightest star of the Pleiades is Aleyone (Bta Tauri)
next to which is a triangle of tiny stars, the oplical compan-
ions of Alcyone. The principal stars of the Pleiades are
those that liave heen given mythical names; they are hot
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Fig. 45 The ncbula associated with the Pleiades.

white giants with surface temperalures not less than 15,000°,
Alongside them, our sun would appear a feeble star of the
tenth magnitude. But among the tens of stars that make up
this cluster, there are cooler stars than Alcyone and there
are some whose physical characteristics are very much like
those of our sun. This is an astertsm of highly diversified
stars, not of all types though (there are no red giants, for
instance).

The DPleiades are one of the closest open star clusters
being at a distance of only 130 parsecs from the earth.
That is what makes them look so effective even to the naked
eye. In the sky they occupy an area several times that of
the Jull moon (this is bard to believe, isn’t it?) and in space
are spread out in all directions to 22 light years. As in other
open star clusters, the stars of the Pleiades arc flying off
in space along almost parailel routes and with just ubuut
the samo velocities.

The Pleiades are a2 much more compact group than any
other O association, but they are very young too. Repeated
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attempts have been made to figure out their age. According
10 cstimates published in 1953, 280 of the Pleiades stars
were born 2.5 million years ago at the earlicst. If that is
50, then the age of the Plelades is of the same order of
magnilude as that of humanity here on carthl

A tenuous transparent nebula, in the form of a haze in
which the Pleiades are immersed, was discovered way back
in 1859 (Fig. 45). Unlike the Orion Nebula, this is not 2
sel{-luminous nebula. It simply reflects the light of the Pleia-
des stars within it and consists mainly of solid minute par-
licles of cosmic dust.

Tle principal star of Taurus is yellowish-orange Aldebaran.
I is situated (in the sky but not in space) in the very midst
of an open star cluster, the Hyades (Fig. 46). This asterism
tonsists of approximately iwo hundred stars surrounding
A‘mnl)m‘nn, Their proper motions arc in the direction of z
single point in the sky, the so-called vertex, close to Betel-
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geusc (Fig. 47). In the Hyades the motions proper of the
stars arc very considerable and it is easy to locate the ver-
tex, which is not very definite in the case of the Pleiades.
For this reason, clusters such as these—they are percepti-
bly in translation—are called moving clusters.

Of course, all the Hyades stars are moving parallel in
space and the apparent convergemce of their paths in a
vertex is due to perspective, like the receding tracks of a
railway.

In make up, the Hyades are probably ne less diversified
than the Pleiades. But on the whole, the Hyades are cooler
and smaller than the Pleiades. There are a good many
stars like tho sun here and even several red giants. The
Hyades have ne enveloping nebula like the Pleiades, which
is another indication of considerable age. Judging from
« range of information, the Hyades are about one thousand
million years old. -

The Hyades ace the closest star clusler, & mere 40 parsecs
distant. 1t is nearly spherical and has a mean diameter of
close to 33 light years. It has been calculated that about
80,000 years ago the Hyades passed by our sun at their clos-
esi, which was half the present distance. In 85 million years
the Hyades will have receded so far that they will occupy
an arca less than full moon, and the brightest stars now
perfectly visible to the naked eye will become faint objests
of the twelfth magnitude, So you ses, celestial picturss are
changeable oo, but so is everything else in this world.

As we have alrcady pointed out, Aldebaran does not
belong to thoe Hyades. This cool orange giant is nearly 30
times the dimmeier of the sun and js- distant 21 parsecs.

The Taurus constellation contains yet another extra-
ordinary sight, tho famous Crab Nebula (Fig. 48). It lies
near a bright star, Zeta Tauti, but this is a difficult object
to locate. Only on very dark transparent nights is it visible
in a telescope or strong binoculars as a minule luminous
oval patch about 6 by 4° in size.

When in 4758 Messier was searching this part of the
sky for n comet, he nearly confused it with the then un-
known Crab Nebuwla. It was precisely this irritating cir-
cumstance that pushed him to compile his now famous
cataloguo of nebutae, in which the Crab Nebula is recorded
ag number one.

“Interference No. 47 has of late attracted much nttention.
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Fig 48 The Crab Nebula.

This is one of the most powerful sources of cosmic radio
emission. In the catalogues of radio astronomers it 15 desig-
nated as Taurus A. Good photographs ol the nebula show
it to Le crab-like in appearance: flaments of the nebula
resemble antennae and limbs.

It was here that in 1054 a supernova burst forth. What
is left now is a small extremely hot star of ninth magunitude
with a very unusual spectrum. A remarkable thing about
the Crab Nebula is that the gases which go to make it up
are flying out in all directions from this star with a velocity
of about 1,000 km/s. Even photlographs taken at 20- to
3C-year intervals reveal the Crab Nobula as expand-
ing.

Can there he any doubt that what we see here 13 the form-
er supernova and the gases that shot out in a stupendous
cxplosfon. Incidentally, tho strange star in the centre of
tho nebula has a temperature (Judging by the spectrum) of
at least 150,000°, which is quite impossible for ordinary
stars,

Nebulae which intensively emit radio waves are known
as radio ncbulae. The constellation Taurus certainly has
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the most remarkable radic nebula, the nature of which has
not yet been fully deciphered.

In comparison with this celestial rarity, other interest-
ing objects of the Taurus constellation, like the optical
double stars Theta, Sigma, Kappa or the eclipsing binary
Lambda (with amplitude from Mag. 3.5 to 4.0 and with
a period of 3.95 days) deserve only brief mention.

CANIS MAIOR, The Greater Dog

The Dog Days—or canicular days—aof hot summer. The
name comes from the principal star of the constellation
Canis Major, Sirius, which is the Drightest star in the whole
sky-and in Greek means “brillant™.

At one time in ancient Egypt, during the days close to
the summer solstice, Sirius appeared for the first time in -
the rays of the rising sun. This time of year was deter-
mined with exactitude by the Egyptian priests because soon
afterwards the Nile River overilowed.

Sirius, chief star of Canis Major, was for a long time
called the Dog Star. But in Latin, dog is “canis”, hence
the phrase canicular days for the sultry summer period.
This was thought to be a time of unrest and there was a
helief that dogs went mad during this peried and that
maladies prevailed.

Today, we no longer look at Sirius with fear, but with
wonderment. This is truly a magnificent jewel of the skies,
and despite the scintillating rainbow of colour, the star
_Is a pronounced blue.

Sirins is the brightest star of all. Tt has a magnitude of
~1.4. Canopus is the only other star with a negalive mag-
nitude.

Sirius is one of the closest stars too, sevenlh in order of
distance from the sun. A spaceship hurtling away at 10 km/s
would reach Sirius in 300,000 years. Light covers this dis-
tanco in 9 years. Sirius is roughly twice as large across and
twiece as heavy and twice as hot as the sun. But its luminos-
is 24 times that of the sun and to replace our sun with
Sirius would make it unbearably hot on the earth, so hot,
in fact, that the oceans would probably boil away.

irins has a very substantial proper motion: 1”.3 per
Year. Line displacement in its spectrum indicates that the
distauce hetween the sun and this brightest of stars is in-
creasing at the rate of § kmn/s.
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In his study of the flight of Sirius in space, the famous
German astronomer and mathematician Besscl pointed out,
as far back as 3844, that the trajectory of this star when
projected on the celestial sphere deplcts a strange type of
wave-like curve. Bessel attributed this wobbling of Sirius
to the perturbing action of an invisible companion star
circling together with the primary (Sirius) about a common
centre of gravity with a period of 50 years.

Bessel's theoretical predietion was later brilliantly con-
firmed. In January of 1862, the noted American optician
Alvan Clark was testing a mew 18-inch refractor and dis-
covered next to Sirius a tiny star which subsequently ex-
hibited the orbital motion se accurately predicted by Bes-
sel's caleulations. This was a triumph of “gravitational
astronomy” in ne way inferior to the historic discovery
of Neptune.

Sirius’ companion star is a white star of Mag. 8.6. At
1ts largest separation from Sirius (about 117) it is readily
picked up even by small telescopes, but as it approaches
Sirius, observations become progressively more difficult.

Sirjus® companion is sometimes called the “Puppy Star”
and was the first white dwarf to be discovered. We now know
denser stars than this, but at the timo of discovery its phys-
ical properties appeared to be ntterly unbelievable. The
Puppy has nearly the same mass as the sun, but its diameter
is only threc times that of the earth. This brings up ils
mean density =o high that a matchbox full of such matter
would weigh a ton! Today we arc inclined to view such
stars as bankrupt in the sense that they have used up their
whole supply of hydrogen fuel and remain luminous solely
due to a very slow process of contraction. The state of
matter in this companion star and in other white dwarfs
may be described as a d e gas. To T e
this term moans a mixture of fonized atoms and free electrons
under tremendous pressure. Though such plasma is denser
than steel, it is a_gas hecause it possesses the elasticity
peculiar to pases. Studies of the companion of Sirius have
demonstrated that matter in stellar interiors can exist in
unusual states and all this greatly enriches atomic physies.
Sirfes’ companion was the body that suwgestod for stazs the
name “celestial laboratories”.

Belaw Sirius it is easy to find, especially with binoculars,
tho star o®. This is a typical representative (type star) of
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a very raro class, the so-called Wolf-Rayet stars. The broad
emission lines in their spectra indicate that these stars are
losing gas at a iremendous rate with velocities of several
thousands of kilometres a second. Their atmospheres are
extremely extended, and the rapidity of the processes leaves
- no doubt that a star in this state cannot last for more than
& hundred thousand years. Now this means that the star o
Canis Majoris is one of the youngest stars obsexvable in the
sky.
‘Midway between Sirius and o® is a bright open star clus-
ter M44. Tt is comparatively poor in stars but looks rather
jmpressive in a small telescope. This swarm of stars, 7.4
parsecs across, is nearly 50 times farther away than Sirius.

In the consiellation Canis Major is a unique pair of stars
designated by the letters UW. It is an eclipsing variable
with an amplitude of 4.5 to 4.8 stellar magnitude and a
period of 4.4 days. Both components of the system are
extremely rare supergiants of the spoctral class 08. Judging
by the light curve, they are so close together that their
mutual gravitational attraction has produced ellipsoidal
shapes. We have already encountered a similar case in W
Ursae Majoris. But the most unusual thing is the mass of
the supergiants of the UW Canis Majoris system. These are
the most massive known stars. Each one “weighs” 71,500 X
X10% tons, which is about 30 times that of the sun and nearly
10 million times the mass of the earth!

It is now time to mention Beta Canis Majoris, a star
very much like the familiar Beta Cephei (mentioned in the
chapter dealing with the Cepheus constellation), this myste-
rious varfable star with slight but regular periodic fluctua~
tions of brightness.

CANIS MINOR, The Lesser Dog

Although the principal star of the constellation Canis
Minor—yellowish Procyon—is inferior to Sirius in size,
temperature and luminosity, there is mueh in common
between these stars. '

They both head small constellations in which not a single
other star can compete with them in brightness. Both stars
Dave white dwarf companions, the storics behind the discoy-
eries of which are very much alike.

Along with his studies of the motion of Sirius, Bessel
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noticed sumilar wave-like deviations 1n the proper motion
of Procyon as well Here loo Bessel suspected the existence
of an invisible body perturbing the motion of Procyon.

Curiously, in that same 1802 when Clark saw the com-
panion of Sirius, a German astronomer, Auwers, computed
the orbit of the unobserved companion of Procyon. Only
34 years later did Scheberle, at the Lick Observatory, dis-
cover the celestial body predicted half a century before.
This was the third time such a prediction had come trus,
repeating the Neptune story. Here is what we know today
about Procyon and its compamion.

Procyon is a yellowish star of Mag. 0.5 with a luminosity
only 58 times that of the sun. It {s somewhat larger than
the sun and a bit hotter, the surface temperature reaching
nearly 7,000°. Like Sirius, Procyon is one of our neighbour-
ing stars at a mere distance of 3.5 parsecs. On the whole,
there is nothing outstanding about Procyen and if it weren 't
for its proximity to the earth (and thercfore its appreciable
brightoess), we would probably not pay any attention to
it at all.

But the companion stac is quite a dilferent matter. It
is quite impossible for the amatcur astronomer to see this
11th-magnitude star at a mean distance of 4° from Irocyon.
It emits 40 times less light than does Sirius’ compunion
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and is even a denser white dwarf than the Puppy Star.
But thero can be no doubt about the similarity of these
4wo unions of utterly unlike stars (Sirius and Procyon with
their dwarf companion stars).

GEMINI, The Twins

Castor and Pollux are the iwo principal and the two
brightest stars of the constellation Gemini. Their names
suggest that they should be somewhat alike. Nature, how-
over, disregards myths and endowed these stars with com-
pletely difierent properties. Castor is a multiple star, the
two chief componenis of which are hot blue siars. Pollux
is a cool orange single star. Pollux is closer to us than Cas-
lor (10 and 14 parsecs, respectively). Actually, Pollux is
quite an ordinary star, whereas Castor is one of the most
unusual of stars.

In the Jarge school refractor you can easily sec that Cas-
tor consists of two blue stars of Mag. 2.0 and 2.9 separated
by a distance of 4”1, This was the first double star {bina-
ry) in which William Herschel in 1804 detected an obvieus
orbital motion with a period (recently computed) of 341
years, The two stars are separated by a distance of 76 as-
tronomical unjfs.

At 73° from this pair of stars, which have the conven-
tional designations Castor A and Castor B, we see a ninth-
magnitude star, Castor C. Unlike the first two hot giants,
Castor C is a small cool dwarf of reddish hue. The distance
botween it and the two mair stars is at least 960 astronomi-
cal units. “Af least” because the measured distance is a
projection of the true distance on the celestial sphere.
During the past century and a half, observations of Castor G
bave not revealed any signs of orbital motion, which is
.not surprising since its period about the centre of gravity
of the system is at any rate not less than several tems of
thousands of yoars!

When a careful study was made of the spectra of these
three stars, it developed that cach of them is a spectral
hinary. Castor A and Castor B form two pairs of twin stars
separated by distances of only 10,000,000 kilometres, which
is 1/8 the distance between the sun and Mercury! This
l‘}l]ghly intimate wnion of four stars must produce cllipsoidal

apes.
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Castor C consists of two twin dwarls separated by 2.7
million kilometres, which is merely twice the size of the
sun. The orhits of these stars are such that Castor C is an
cclipsing variable star with a period of enly 49 hours.
The two other more sizable pairs orhit about their commen
centre of gravity more slowly: 9 days in the Castor A sys-
tem and 3 days in the Castor B system.

Thus, Castor is a sextuple star like Theta Orionis. Who
knows, perhaps there are planets there too, in which case
habitants witness the spectacle of six suns at ancel

After this family of six stars whose origin represents
a great mystery to cosmogonists, the binary star Delta
Geminorum will seem quite ordinary. Still, Iat us try. tc
resolve it. The pramary star is a yellowish giant of magni-
tude 3,5, at a distance of 6*.8 is a small red companion of
Mag, 8.2.

Tho Gemini constellation has two bright variable stars,
Ong, Zeta Geminorum is a Cepheid that periodically oseil~
lates in brightness with an amphtude ranging from Mag.

0 4.3, The period is close to 10 days but fluctuates
somewhat. The second variable, Eta Geminorum, is inter-
esting in that it is a spectral binary and an eclipsing var-
iuble with a period of 2,884 days and also a semiregular
variable with a mean period of 233 days and an amplitude
of magnitude from 31 to 3.9. Such cases of cowhinations
of different types of variability in one star aro not so rare.

Not far fram this variable is an open star cluster M35.
It occupies abaut the same area in the sky as the full moon,
actnally, however, it has a mean diameter of about 7 par-
secs. Tt 13 20 times greater than the Hyades and about
800 parseca distant,

Binoculars show many tiny faintly shining stars studding
the area, quite & few of whick are hot giants, The more
powerful the telescope, the more stars appear in the field
of view. Accurdmg to the nuled xstrunumer ul Inst century,
Lassel, this *
something
tion may b -
in part per
Even school-type telescopes reveal the star swarm in Go-
mini as a very besutiful sight.



AURIGA, The Gharioteer

We fecl we must warn the reader that the stars which
we shall now discuss appear very ordinary in school tele-
scopes. And there is nothing remarkable about them when
viewed in the world’s largest telescopes either. But still
they are unusual. Telescopic observations, however, did
not help to bring out any remarkable features; it is the
light curve and the character of the spectrum that are so
remarkable, ) :

Let us begin with Capella: a brilliant yellow star of
Mag. 0.09. This is the principal star of the constellation
Auriga. When its physical properties were still poorly
studied, some astronomers considered Capella a twin of the
sun. Similarities there are, but only in colour and tempera-
ture. Otherwise, Capella is quite different from the sun.

Capella, it turns out, consists of two very close-lying
vellow giant stars. One of them is 12 times the diameter
of the sun and 4.2 times ils mass, the other is somewhat
smaller and lighter. 1t is 7 times the solar diameter and
3.3 times as massive. The distance between the centres of
these stars is nearly equal to the radius of the earth’s orbit.
For this reason, we can picture the Capella system if we
imagine Capella A (the primary) taking the place of our
sun, and Capella B the place of the earth. The first of these
stars will outshine the sun 440 times, the second 70 times.
. The angular distance between Capella A and Capella B
is extremely small, only 0.05, which lies at the very limit
af the resolving power of the greatest telescopes in the world.
But a spectral analysis convincingly demonstrates the double
nature of Capella; and it is easy to find the period of revo-
lution of this system of two suns from the periodic shift
of spectral lines: it is close to 104 days.

Photoelociric moasurements have shown that Beta Au-
Tigao- is the second brightest (after Capella) star in this
constellation. The difference in magnitude is 0.1, bub it
vaties its brightness with great regularity. An analysis of
the spectrum and the light curvo has proved sufficient to
tell us some interesting things about this eclipsing variable.
Both components are hot blue gianis as alike as twins.
'[:hmr radii are 1.9 million km, they are 2.4 times as mas-
SIve as the sun, They have absolutely identical densities
w0 luminosities. The distance between their centres comes
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out Lo only 12.5 million km, and the poriod of revolution
is 3.96 days.

Diametrically opposite are the two stars that make np
the Zeta Aurigae system (Fig. 50). The two stars aro quite
unlike, One of them 1s a very hot blue-white star 13 times
more massive than our sun and 4 times bigger in dinmcter.
The second component is a reddish-orange cool supergiant
32 times more massive than the sun and 293 times greater
in diameter. This star 1s enormous, so big in fact that if
placed at the centre of the solar system it would swallow
up Mercury, Venus, the earth and just fall short of Mars.

The blue star has a surface temperature of 45,000°, the
red one, 3,160°. But the latter emits 1,900 times more
light than the sun and the former only 400 times more
light. The blue one revolves about the red star in an orbit
that is just about the orbit of Jupiter. By pure accident,
the line of sight of the terrestrial observer lies almost in
the plane of this orbit, and we can therefore scoc how one
of tho stars periodically blots out the other When the red
star eclipses the blue star, the brightness changes but slight-
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Fig, 51. The system Epsilon (g}
Aurigae.

ly at first, as if a nearly transparent haze were enveloping
it. This haze is an ¢normous atmosphere of the red super-
giant. Spectral studies indicate that in it calcium promi-
nences sometimes leap out to 233 million kilometres, which
is 1.5 times the earth-sun distance.

The period of the Zota Aurigac system is 972 days, and
full cclipse of the bluc star by tho red star lasts nearly
40 days.

Stupendous as the scale of these phenomena may scem,
they fall far short of what was discovered in the eclipsing
variable system of Epsilon Aurigac. Nature surely did not
skimp on wonders to startle the human imagination.

1t is already interesting to learn that Epsilon Aurigae is
an eclipsing variable with the largest known period of
variation of brightness: 27 years. The amplitude of vari-
ation-is 0.75, which means that at maximum Epsilon Auri-
gae is twice as bright as at minimum.

A detailed analysis of the spectrum and light curve of
Epsilon Aurigae carried out in 1937 by the prominent
American astrophysicists D. Kuiper, O. Struve, and B.
Strbmgren led to surprising conclusions.

The Epsilon Aurigae system consists of two stars, a vis-
ible ane and an invisible one. The ouo we see in the con-
stellation Auriga as a yellowish star with & mean magnitede
of 4 is an enormous supergiant with a surface temperature
of 6,300°. This star is 36 times more massive than the sun’
and 190 times greater in diameter. But these dimensions
are nothing compared with those of the second star, which
is the largest of any that we know. It has a diameler 2,700
times that of the sun. It could casily accommodate all the
p]anels of the solar system in their orbits out to Saturn
Inclusive. Fig. 5§ shows the Epsilon Aurigse system to a
relative scale.
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Despite its horrific size, the second component’s Iuminos-
iy 1s small and just about equal to solar luminosity,
The greatest of all stars has an apparent magnitude of
close to 16; it is separated from jts neighbour by aa angu-
lar distance of 07.03. Considering the great difference in the
apparent Drilliance of the componenis, we may be sure
that it is sull impossible to resolve the pair optically.

Why is it that with such immense dimensions Epsilon A
has such a Jow luminosity? The secret lies in the fact that
Epsilon 1s a very cool star (1,350° at the surface) and it
emits mostly invisible inirared rays. Also, the mean den-
sity is so small that Epsilon A 1s transparent: that is why
no changes occur in the specirum when the companion is
eclipsed by the primary. But then why does the brightness
of Epsilon B fluctuate?

American astronomers are of the opinion that Epsilon B,
which radiates 10,000 times more light thau the sun, ion-
izes the closest-lying outermost layers of the infrared star
Epsilon A. The result is an *jonization spot” which moves
over the surface layers of the atmosphere of Epsilon A as
Epsilon B moves. When A is behind B and the ionization
spot blots it out from the terrestrial observer, Epsilon B
becomes fainter because ionlzation gases are less trauspar-
ent than ionized gases. This ingeni explanation fully
accounts for all observational events.

That is how much information may be extracted from an
analysis of light rays, which are the basic link conpecting
us with the stars.

The constellation Auriga is richk not ouly in extraordizary
eclipsing variable stars, hut in open star clusters too. Using
binoculars or telescope, locate three clusters, M36, M37,
and M38, which actually form a triple cluster. (Look for
them between Theta Aurigee and Beta Tauri.) In the main
they consist of hot whitc stars of spectral class B with a
slight admizture of cooler stars like the sun, Together, the
three clusters contain about 350 stars, the brightest and
richest being M37. Like M36, it is at a distance of 1,100
parsees, whereas M38 is closer: 850 parsecs. Their trus
diameters lie somewhere between 6 and 11 parsees.

The jons of Saviet suggest that the
entire assemblage of open star clusters form a plane sub-
systern in our Galaxy.
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WONGCEROS, The Unicorn

In this extensive constellation poor in bright stars {only
one is brighter than fourth magnitude), there is only one
sight 1o sec, the marvellous diffuse nebula known to astron-
omers as the Socket-Shaped Nebula (Fig.=52). Good pho-
tographs do secm to resemble a socket (disc-shaped); it
might even be classed as a planetary nebula.

But, we repeal, this is a diffuse nebula lighted up from

.

Fig. 52. The Sockel-Shaped Nobula.



inside by very hot O cluss stars. It bas an apparent di-
ameter twice that of Lthe moen, and 1t 1s 1,100 parsecs dis-
tant from us.

ERIDANUS, The Celestial River

In the constellation Enidanus you will find a triple star
o®. The primary is of Mag. 4.6, and at a distance exceeding
a mnute of arc it has a companion of Mag. 9 7, which in
turn is a binary (third component 1s of Mag. 11 2).

The primary star is similar to our sun. but somewhat
smaller and cocler. The second star is a very cool red dwarf
roughly onpe-fifth the volume and mass of the sun. The
third star is a white dwarf 50 times smaller than the sun,
but with a density cxcceding the solar denmsity 64,000
times. The white and red dwarfs are whirling about with a
period of 250 yrars and together circle the primary in an
enormous orbit with a period that has not yet been reliably
determined. This stellar triple is a neighbour, only 5 par-
secs away.

The star Epsilon Eridani (Mug. 4 2} is remarkable for
the fact that it is one of two stars of the northern hemi-
sphere that may have inhabitable planets. At any rate, like
Tau Cati, this star is in the centre of attention. It is uader
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radio observation with radio telescopes. So far there are na
“call signals” of artificial origin, but let us be patient,
for the experiment has only just begun.

There scems to be some hope of success, the point being
that Epsilon Eridani is much like the sun. It is a single
star, rather cool, even somewhat cooler than the sun, com-
parable with it as to dimensions and mass, and is in slow
rotation on its axis. This latter circumstance may be regard-
ed at least as indirectly suggestive of a planetary system
around Epsilon Eridani. The star is a bit closer to us than
Tau Ceti: only about 3 parsecs away. When future genera-
tions begin to conquer the galactic environs of the sun,
Epsilon Eridani will most Iikely be included in the plans
of the first interstellar expeditions.



CONSTELLATIONS
OF THE
SPRING SKY

How dark the spring nights
are. Three months ago at this same hour the southcrn
half of the sky was studded with seven of the brightest
stars. And now only three first-magnitude stars are left
shiping brilliantly on the background of just a few faint
spring stars.

April 15, 10 p.m, A bit to the right of the eslestial merid-
jan and nearly midway from the south point to the zenith
is the constellation Leo, in which we can easily pick out
the sithouette of the mane and body of the king of animals.
The principal star of this constellation is Regulus.

Two bright stars are visible in the southeast. The one
above and somewhat brighter 13 the orange star Arcturus,
the brightest of the spring stars and the principal star
of Bobtes. A bit lower and to the mght of Arcturus is the
bluish star Spica, chief in the constellation Virgo. Leo,
Bobtes and Virgo are the most important and most im-
pressive of the spring constellations (sce Appendix IX).

" To the right of Leo is the comstellation Cancer; above
Leo is the inconspicuous tiny constellation Leo Minor. To
the right of Bobles one can sec the constellations Canis
Venatici and Coma Berenices; to the right of Virgo, and
slightly below it, we find an 1rregular quadrilateral made
up of stars of almost the same brightness that form the
constellation Corvus. In the long straggling constellation
Hydra it is easy to find culy the comparatively bright star
Alpha Hydrae (second magmitnde). But Crater and Sextans,
which fit in between Leo and Hydra, sre so unimpressive
that it 1s simply impossible to find any clear-cut outlines.
Below Spica to the loft, low on the horizon, nre two stars:
Alpha and Beta Librae of Mag. 2.8 and 2.6, respectively.

Somg of the spring constellations have names of curious
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origin, Leo immortalizes the Nemean Lion, strangled by
Hercules in one of his twelve labours. Incidentally, we
find here another victim of Hercules' prowess: the Lernaean
Hydra. In his struggle with this nine-headed monster, Her-
cules displayed great inventiveness and despite help given
1o Hydra Dy the mammoth Cancer (which has likewise
found a place in the spring skies) he finally vanquished them.

We already know the story of Bobtes, the son of the
nymph Callisto. The origin of the constellation Virgo is
not quife clear. According to one of the ancient versions,
it is the goddess of agriculture Ceres. At any rate, the old
star maps depict celestial Virgo as holding a ripe spike-—
the star Spica--in her hand.

There is an amusing legend connected with the constel-
lation Coma Berenices. The Egyptian King Ptolemasus
Evergeta (third century B.G.) had a beautiful wife, Queen
Berenices. She had magnificent hair that fell low down
around her waist. When Ptolemaeus went off to war, his
saddened wife took an ocath to the gods to sacrifice her
hair if only the gods would save her dear husband and
return him unharmed.

Soon Piolemaeus returned safe and sound and was fer-
Tibly upset to see his wife shorn of her beautiful hajr. The
astronomer Conon calmed the king and queen by saying
that the gods took Berenice’s hair to the sky to beautify
the heavens eternally.

The constellation Libra is ome of the most ancient, but
Wo are not sure what made the ancients place this sim-
plest of mensuring instruments in the sky. It might be
that Libra and Virgo (with the spike Spica) reflected the
mundane intorests of the ancient traders and farmors.

On old maps of the sky, Corvus and Crater lie on Hydra.
Tho CGrow (Corvus) picks at The Hydra, and The Bowl
(Crater) looks very tipsy, ready to fall at any moment.
What could this strange combination of totally different
objects mean? No one recalls amy traces of the origin of
these most ancient of constellations. True, there is a story
1o the offect that it was in this spot of the fitmament that
the crow was placed which was sent, hy Apolle with a bowl
for water to perform some religious rite. The crow did not
fulfill Apolio’s wisk, and so as punishment it was forever
placed on the back of the loathsome smake-like celestial
monster together with the bowl.

1
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The remaining three constellations of the spring sky—
Leo Minor, Canes Venatici, and Sextans—are of very recent
origin. They were i duced in the sov th century
by Hevelius, who, as we recall, was extremely inventive
but never with good reasoun.

Leo Minor was put in the sky for astrological reasons.
Astrologers attributed evil influence to the two celestial
Bears, Ursa Major nnd Ursa Minor, and te Leo, The Lion;
and s0 as mot to upset tradition, Hevelius placed between
Leo and Ursa Mujor an animal with just as pernicious an
influence—a cub lion, or Les Minor.

In the heavens where we now see the constellation Canes
Venatici, Hevelius drew two dogs attacking The Great Bear.
Since Hevelius put the leashes of these dogs in the hands
af Boates, it turns out that the son of Callisto is for some
unknown reason setting the dogs on ns mother. This strange
invention of Hevelius 15 more hike a prank than a reasonable
innovation.

Completely oul of place is Sexlans, The Sextant, which
Hevelins placed at the feet of Leo, The Lion. Ilevelius
remawned true to style. This is how he explains it: “Its
place is here not because the configuration of stars resem-
bles this instrument and pot because it suits the pesilion
but because it served me in verifying the pesitions of stars
between 1658 and 1679, and evil humans destroyed 1% to-
gether with my observatory and averything that 1 had,
putting it to the flames of a terrible conflagration. That
is why T placed this work of Vulean to the honour and glory
of Urania, and astrologers will find that this monument
is rightly placed between Leo and Hydra, both fierce ani-
mals.”

We should unt blame Ievelius too much, for he took
advantage of the right of the discoverer, the right to give
any name to a newly discovered object, and hs lttle wor-
ried that future generations would find 1t hard to under-
stapd his reasons.

LEQ, The Lion

We shall first make the acquaintance of Regnlus, the
chief star of this copstellation. In the list of the twenty
braghtest stars of the sky, Regulus takes last place. This
is a hot white star with a surfaec temperature of abont
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14,000° it is 140 times as luminous as our sun. At the
distance of Sirius, Regulus would appear six times as bright
as this brightest star of the heavens. But since Regulus is
ten times farther away than Sirius, its apparcnt magnitude
is only 1.3,

Regulus is a large star—2.8 times the solar diameter.
A telescope will reveal this body to be a double star, the
companion, 177" of arc away, is a yellow star of Mag. 7.6
and physically much like our sun. Although no orbital
motion has yet been detected, the common features of the
motions proper of Regulus and its sun-like companion star
suggest that hoth stars are physically related. But Regulus
has yet another companion, a faint thirteenth-magnitude
star, which to all appearances seems to be a white dwarf
of the same type as the Puppy Star. Three totally unlike
stf\rs connected into a single physical system. These eceen-
teic families continue to stump astronomers. .

On the other hand, there is a very ordinary double star
Gomma Leonis. The orange and yellow stars (Mags. 2.6,
and 3.8) aro separated by 4” of arc. The orbital motion has
long sines heon studied and found to have a period of 619
Yyears,

We find a smaller poriod (181 years) of revolution about
the common contre of gravity in the double-star sysiem
Tota Leonis. The two hot bluish-yellow components are
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separated by only 45 astronomical units, which is less
than the distance from the sun to Plute,

The constellation Leo has some interesting galaxies, but
they aro beyond the range of school telescopes.

LED MINOR, The Lesser Lian

This constellation, by the whim of Hevelius, ncludes a
score of faint stars, not a siugle one of which could attract
our attention.

VIRGO, The Virgin

The chief star is Spica, which is brighter and hotter
and much larger than Hegulus. Siz hundred suns shining
together would produce the flux of radiation emitted by
Spica. Alongside it our sun wonld appear small and insig-
nificant.

Although Spica is farther away than Regulus (48 par-
secs), it is somewhat brighter (Mag, 1.2). A telescope does
not reveal any companion stars ahout Spiea, but photo-
electric measurements have picked up very slight fluctua-
tions of amplitude (Mag. 0.1) and strictly periodie oseal-
lations of brighiness. Spica is an ecclipsing varable.
This is a very close couple with a period of only 4 days.

A very nteresting star is Gamma Virginis (Fig. 55),
a binary star consisting of twa yellowish-white twin stars
that are practically identical physically. They are sepa-
rated by about 57 of arc and in 1718 Bradley had already
made a thorough study of this pair. Since then the stars
have gone through nearly one and a half crbits about their
common centre of gravity, because the period of this phys-
jcal system Is equal to 172 years. The centres of the stars
are scparated by an interval of 44 astromomical units, and
the whole system is at a distance of 10 parsecs.

In the upper part of the constellation Virgo, in a portion
of the sky bhounded by tbe stars Epsilon, Delta, Gamma,
Eta, Beta, and Om(rmn, is an enormous concentration of

galaxies ~ “  ‘em of systems™,
a fantas oo : about two and
a half 1 verses) liko our

own. The centre of this cloud is faur million parsces from
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Fig. 35. Orbit of the binary
star Gamma Virginis.

us and the whole system is racing away from us, in accord
with the famous red-shift law, with a velocity of 1,200 km/s.

Unfortunately, even the brightest of the galaxics of
this cloud has an integrated brilliance of about Mag. 10
and they ave therefore heyond the range of any school tel-
escope.

CRATER, The Bowl

There is simply nothing interesting in this constellation
that borders on Virgo and consists of twenty naked-eye
stars,

GORVUS, The Grow

Of the four stars Delta, Beta, Epsilon and Gamma that
make up the outlinc of Corvus, the firsi and brightest
(Mag. 3) is a binary star. The large school refractor re-
veals, 24” of arc away, a companion red star of Mag. 8.
Tho brightest star of all is Gamma Corvi, of Mag. 2.6.
Thi¢ is a hot while giant at about the same distance from
us (40 parsecs) as the physically similar star Delta Corvi.
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SEXTAHS, The Sextant

There are no sights for us in this constellation of 25
stars.

BOBTES, The Shepherd

The principal star of the constellation Bobtes s Arctu-
rus, the frst star detected 1n daylight with a telescope.
This was done 1n 1635 by a contemporary of Galileo, the
Prench astronomer Moraine In those times, one person
freguently combined the professions of astronomer and as-
trologer Moraine did too, he was one of the last astrologers
of France and cast the horoscope of Louis XIV.

Today, anyone can repeat Moraine’s observations, pro-
vided that he knows the position of Arcturus in the day sky
with sufficient accuracy. Arcturus is a very bright star
{Mag. 0.2), occupying sixth place in the list of the bright-
est stars of tho heavens Evon the inexperienced observer
is struck by tho crange hue of Arcturus.

Comparcd with the sun, Arcturus is huge (26 times great-
er in diamoter) and for this rcason can be called an orange
giant. However it is somewhat cooler than the sun (sur-
face temperature about 5,000°), but ity proximuty to the
carth (11 parsecs away) and its large size cnable Arcturus
toncompete in apparent brilliancy with such titans as Ca-
pella,

Arcturus has a very considerable proper motion: in rough-
ly 800 wyears it covers an angular distance equal to the
apparent dise of the moon. It 1s therefors mot surprising
that Arcturus was the first star which Halley (in 1717)
found to have an obvious motion in space. In those days
any refutation of the false 1dea of the fixaty of the stars
was not only of purcly scientific interest, it had a great
philosophical impact as well.

The constellation Bodtes has a number of interesting
double stars. V. Struve, founder of the Pulkovo Olserva-
tory, considercd Epsilon Bodtis to bo the most beautiful of
all double stars. And it really is, a bright yellow primary
of Mag. & and right woxt to 1t, about 37 of ave away, is 2
bluish sizxth-magnitude companion. The prumary itsel is,
in addition, a spectral binary, which gives us a system
of threo suns, not two,
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The star Pi Boétis consisis of two hot blue stars (Mags.
4.9 and 5.8) separated by 5.6 of are. Each of them, if to
judge by the spectrum, is in turn a double, which gives
us a quadruple star,

In a telescope it is easy to resolve the heausiful double
star Xi Bootis. The primary is an orange star of Mag. 4.9
that has a companion of Mag. 6.8 at a distance of 5.3.
In this pair the components are separated by only 32 as-
ironomical units; the period of revolution is 150 years.

A truly remarkable star is the binary system Zeta Bos-
tis made up of two bhot blue stars (of Mag, 4.6) revolving
about a common centre of gravity in 123 years along an
extremely clongated orbit (the eccentricity is 0.96). It is
too bad that the components are separated by an interval
of only 1”.2 so that a school telescope cannot resolve them.
Right next to Epsilon Boédtis is a reddish fifth-magnitude
star designated W. Some observers claim that this star
fades at times to Mag. 5.4. Others bave never noticed any
change in brighiness at all. To this day we do not know
for sure whether it is a constant or variable star. Perhaps
the roader will help us to solve this problem.

LIBRA, The Balance, or The Seales

There are two sights in this small constellation. The
first is Alpha Librae, tho second brightest star in Libra
after Beta Librac. A field-glass already reveals that the
primary hot blue star (Mag. 2.8) bas a yellowish companion
of Mag. 5.3 at a short distance of 5 of arc. The two stars
beve similar proper motions, but the emormous distance
belweon them easts doubt on their boing a physically relat-
od systom of stars.

The star Delta Librae is a well-studied cclipsing variable
With a number of specific foatures. Both components are
of nearly the same size (radii: 2.4 and 2.5 million km).
But the smaller one is a hot blue giant 2.7 times more
massive than our sun, while the larger one is a yellow
glant much like Capella, but only 1.2 times the solar mass.
The eontros of these stars are soparated by a mean distance
of only 8.6 million km; the period of revolution is 2.33
df})‘s- An carth-bound observer can sometimes sec Delta
Librae fade from Mag. 4.8 to 5.9. Since the yellow star is
2ot 0 luminous as the blue one, there is a secondary min-
Taum abont Mag. 0.1 deep.
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CANES VEHATICI, The Hunting Dogs

The reader is by now so used to arbitrary names for
various constellations that he will probably not be sur-
prised to lcarn that Alpha Canum Venaticorum was once
known as Cor Caroli, Charles’ Heart. Yes, the same King
of lngland, Charles 11, who did everything to avenge the
supporters of Gromwell for the killing of his father, It was
the monarch-minded Edmuand Talley that put this venge-
ful “heart” 1o the sky; it was due to his efforts that the
star maps of that period depicted a crown on a heart under
the tail of The Great Bear.

Halley’s invention did not last for long, but the star
so fancifully named is quite worthy of our attention. Tius
15 undoubtedly one of the most remarkable stars known
to astronomers.

First of all, Alpha Canum Venaticorum is one of the
most heautiful double stars. The primary is a hot blue
giant of Mag. 2.9 with 4 yellowish companion (Mag. 5.4)
20" of arc away. Each of these stars is in turn a spectral
binary with a period of several days. But the most curious
thing of all is that Alpha Canum Venaticorum is a magnet-
ically variable star.

Comparatively rocontly, 1n a fine analysis of the spec-
trum, this star was found to have a very strong and, what
is more, variable magnetic feld whose intensity fluctuates
between minus 4,000 and plus 5,000 gauss (the sign indi-
cates the direction of the field), Compare this with the
strength of the sun’s magnetic field which does not exceed
50 gauss.

‘When di galaxies, ast y books usually give
photographs of the Andromeda Nebula and the nebula in
Canes Venatici (see Fig, 5). In Messier's catalogue il Is
numbered 51, M5{. Tt is very elfective with the magnif-
icent spiral seen flat-on. Despite the static character of
photographs, the structure of the galaxy creates the im-
pression of being very dynamic. There is another strange
fealure. At the end of the spiral arm of the galaxy (moving
downwards in the photograph) we see a curious condensa-
tion, u sort of appendage that definitely spoils the har-
mony of the general picture.

Only recently tho noted Soviet astronomer B. A. Voron-
tsov-Velyaminov succecded in proving that the photographic
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Fig. 56. Tho double galaxy M51.

plato recorded not one but two galaxies connected by this
common spiral arm. Vorentsov-Velyaminov discovered in
the depths of the Metagalaxy several other double and
connected galaxies remarkably similar to M51. Thus, what
We see in Figs. 5 and 56 is no freak of naturc but a cortain
regularity, a definite stage in the evolution of (at least
some) galaxies.

The “other interconnected and interacting galaxies arc
very far away and come within the range of only powerful
telescopes. But M51 is relatively close (“only” 2,500 kilo-
parsecs away), and its apparent integrated brightness is of
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Mag. 8.9. This double galaxy is well werth locating in the
sky, and although school telescopes will of course not show
the richness of detail that we find in Fig. 5, it will be excit-
ing to see a fant bazy patch, the hight of thousands of
millions of stars reaching us after a journey that has lasted
over 8 million years!

The pumary galaxy of thus pair is one-fifth the diametoer
of our Galaxy. In the sky both M5 galaxies are scen as a
nebulous spot 14’ of are across, which is just about one
half the apparent diameter of the moon's disc. The double
galaxy 3151 is racing away from us ai 426 km/s—so says
the red shift in its spectrum.

Canes Venatici hias (at Declination 28° 53°, Right Ascen-
sion 13h 37m.6) a comparatively bright (Mag. 7.2) globular
cluster M3. Its apparent diameter measures 22’ and it is
distant from ns 14 kiloparsecs. The lines in the spectrum
of the cluster are shifted to the violet, which means that
the M3 cluster {s approaching us and with quite a velocity,
150 kmfs.

COMA BERERICES, Berenice's Hair

1t is worth taking a close look at this constellabion first
with the unaided eye and then with binoculars. In the
right half there is a large group of faint stars that resemble
a flock of crane. Perbaps, like Conon, we ¢an pieturo herc
a shock of magnificently scintillating hair of the beautiful
Berenice. But we would like to point out that inside this
“flock” and along the boundary lines powerful telescopes
revenl a tremendous number af galaxies. Here in Coma
Derenices 15 yet another cloud of galaxies, only slightly
smaller than the cloud in Virgo: 4,000 stellar systems as
against 2,500. But 1t may be that many galaxies in the
cloud of the constcllation Coma Berenices are not visible
simply because they are too faint to be seen—remember,
this cloud is 25 million parsecs away! Again, by the law
of the red shift, it is receding from us at the staggering
speed of 7,400 km/s.

After this fantastic picture (which, unfortunstely, js with-
in the rapge of pnly the most powerful telescopes), let us
turn to the star Alpha Comae Borenices. Right noxt to
this modest fifth-magnitude star, school telescopes will pick
up the globular star cluster M53. It has an iutegrated bright-
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noss of 8.7 and an apparent diameter of 16”. The cluster
is moving away from the earth with a velocity of 100 km/s
and is already distant 20 kiloparsces.

HYDRA, The Hydra

Below Spica soree 10° we can sometimes see two stars
of about the same brilliance (Mag. 3), sometimes only one,
the brighter. This is Gamma Hydrae, the other fainter one
that is not always visible to the naked eye is the long-
period variable R Hydrae.

This is an enormous and very cool star with bright cmis-
sion lines in its spectrum and is, physically, much like
the star Mira Ceti, The amplitude of brightness variation
in R Hydrae is very great: from 3.5 to 10.9. The peaks
of brightness are separated by a time of 387 days, just
about one torrestrial year. R Hydrae is a typical long-
period variable, and everything that was said about the
reasons for the oscillations of brightness of Mira Ceti {see
p. 144) fully applies to R Hydrae as well.

Near the star Mu Hydrae is 2 planetary nebula, but due
1o its faintness (Mag. 9.7) and iiny apparent diameter
{only 0°.7) it can be found only in rather large telescopes.
At best, school telescopes reveal a barely perceptible neb-
ulous point of light.

CAHGER, The Crab

Let us try to find Gamma and Delta Cancri, two of tho
vory hrightest stars in this otherwise faint-star constella-
tion. Between them and a bit to the right is a nehulous
star clearly seen with the naked eye. No matter how keen-
sighted you are, this strange fuzzy object, called Epsilon
in_olden times, will not reveal the slightest structure.

Nevertheless, Epsilon Caneri is not a star, but one of
the most remarkable of the open clusters of our skies. From
time out of memory it has been known as the Beehive,
TPracsepe.

. Pmc§cpc—the celestial Bechive—is a minute cloudlet and
s ancient times was considered a good indicator of the
weather, though modern metcorology thinks otherwise. Only
Calileo was able to figure out what this patch of haze really

157



. et e
.- .
- ¥ .
-, . § P . .
K .o o
. 8 - Cancer M
. -
. ‘ . ..
. e ° ‘
. . .
. - J
- b .

Fig. 57 The star closter Praesepe.

represents, In the field of his telescope the Beshive broke
down into a multitude of fuointly glowing stars (Fig. 57).

Take a look at this swarm of stars in a pair of hinoculars
ar a low-pnwered telescope and you will understand Gali-
leo’s excitement when words failed him to describe this
magnificent spectacle.

Pracsope is a typical open star olustor (designated M44).
It is only a little farther away than the Pleiades (160 par-
secs). The hundred or so stars that make up the Beehive
occupy in space an area about 5 parsecs across. Telescopes
reveal stars in the Bechive between sixth and eleventh
magnitudes, most of them being hot white giants with a
slight admixture of cooler stors [ike our sun. Both of these
star clusters ere far inferior in spatial density (number
of stars per unit volume) to the very dense globular star
clasters, particularly in the central regions, Cancer has yet
apether open star cluster, MB7, It lies just a little way
to the mght of Alpha Cancri and is very easy to locate.
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Here is the full identification card of this stellar swarm.
Distance: 800 parsecs, diameter: about 4 pavsecs. M67 has
80 stars from tenth io fourteenth magnitude, most of them
(likc in the Beehive) are hot white giants.

Pracsepe and MB7 are twins. But how different they
appear to the terrestrial viewer! Praescpe is seen clearly
to the naked eye as a nchulous star of Mag. 3.7; M67 has
an integrated brightness of Mag. 7.3 and appears as a bright-
ly glowing spot in the school telescope. The reason for
this is distance: Praesepe is nearly 6 times closer than M87.

The constellation Cancer has a remarkable multiple star
Zeta () Cancri. The ancients regarded it as a single star,
-and quite an ordinary one, of the fifth magnitude. In 1656
Tobias Mayer, whosec name was mentioned in connection
with the Andromeda Nebula, resolved Zeta Cancri. In 1781,
affer the observations of William Herschel, Zeta Caneri
was considercd a triple star. Today we know that the out-
wardly modest little star Zeta is actually a complex system
of five stars—a quintuple!

The principal yellow star A (Mag. 5.7) is like our sun
and at a distance of 4”.2 of arc away there is a hot blue
companion of Mag. 6.0 (star B). Six seconds of arc from
star A is a tiny sixth-magnitude star C, which in turn has
a companion star of Mag. 7.8 (star D). Finally, spectral
analysis shows that star B has a companion too, star E.

This whole complicated system of five stars has heen
thoroughly studied and we know the periods of revolution
of the different pairs. For instance, stars A and B orbit
about their common centre of gravity in 60 years, Star C
cireles about them with a period of 1,137 years, and turns
(together with D) round a common centre of gravity with
a period of 17.6 years. That is how complicated things
¢an get, simple though they may be on the surface.

Turn_your telescope to this most complex of naked-
e¥e spring stars. What do you think you will see in your
field of view?



CONSTELLATIONS
QF THE
SUMMER SKY

Short light summer evenings are
the worst time of the year for astronomers. In the northern
latitudes we have the so-called white nights and, of course,
no work at all, as far as viewing the stars is concerned.

This time we shall change our system and record the time
of 23:00 hours on July 15. In the middle latitudes of the
Soviet Union the sky is still ralher light at this time, so
only the brightest stars are visible. But wo shall describe
all the sights of the sucrmer constellations, even the faint-
est objects, in the hope that the reader will be able to
locate them and take a better look at the end of spring ar
on the dark nights of August and September.

On a light twilight summer sky, the first stars to come
out are thres bright stars, Vega (Alpha Lyras), Deneb
{Alpha Cygni) and Altair (Alpha Aquilag). They form the
vertices of an enormous “summer triangle”, the chief fea-
ture of our northern summer night sky.

On dark nights in August, next to the bluish Vega and a
bit lower onc can see four faint stars that form the ver-
tices of an imaginary parallelogram. This is the small con-
stellation of Lyra, The Lyro, the musical {nstrument once
played upon by Orpheus, the mythical musician that cven
held the dwellers of Hades spellbound. Tho characteristie
feature of the constellation Cygnus is a cross, the tip of whick
is marked by the white star Deneb. Old star maps show
Cyguus, The Swan, flying down to earth. The Greeks claimed
that this was the mighty Zeus, hiding from the jealousy of
Hera and flying to a tryst with Loda, the future mother
of Castor and Pellux.

Not far from Altair, ahove and bolow this bright blus
star, are two bright stars, Gamma and Beta Aquilae. They
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form, .together with Delta Aquilae to the right, the char-
acteristic figure of this small constellation. According to
ancient Greek legends, here in the sky is immortalized the
vulture which for 40,000 years had consumed the liver of
Promethous bound to a rock —the hero Prometheus who took
from Olympus the light of knowledge and bestowed it upon
man and who. for this act was punished by tho enraged gods.

To the right of Lyra is the constellation Hercules. Star
maps show his characteristic figure. Hercules it was—
mighty horo of old—who cudgeled to death the fierce Ne-
mean Lion and strangled the many-headed Lornacan Hydra
and performed ten other great labours. Hevelius® pictur-
csque sevenieonth-century map of tho sky shows Hercules
strangling the Hydra with a mighty hand that is already
carrying the skin of the Nemean Lion. It is not clear at
all why tradition bas Horcules pictured upside down among
the other constellations,

Under Hercules are Ophiuchus and Serpens, two rather
irregularly outlined constellations. These extremely ancient
constellations are apparently unrelated by any myth and
depict only what their names indicate: The Snake-Stran-
glor and The Serpent. . .

But the neighbouring constellation Corona Borealis is
featured by a tiara or hoop of stars at the head of which
is Gemma (Alpha Coronac Borealis) and has a beautiful
logend to go with it. .

The beautiful Ariadne, captured by the mythical hero
Theseus and then pitilessly forsaken by him on the sea
shore, ‘was erying out for help. Finally, the god Bacchus
appeared, and wishing to immortalize the memory of tho
suferer, took the wreath from the head of Ariadno and
threw il inte the sky. While in flight, the precious stones
turned into stars, which from that time on form the con-
stellation Corona Borealis. . N

In tho southern part of tho celestial sphere, in rogions
closo to the Lorizon we sec a chain of ancient.constellations
Aqunnus, Capricornus, Sagittarius, and Scorpio with the
hright red star Anlares. These constellations do not have
Any conspievous features and are usually. found by’ proceed-
ing from individual stars. N BTN

_Like Opbiuchus, Aquarius (The Water Bearer) docs not
Signiy anything more than tho name indicates: simply @ man
pouring water. Tho neighbouring constellation of Capri-
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cornus portrays & mythical animal, a tross between a goat
and a fish. Ai any rate, ihe being depicted on pictorial
star maps in this region of the sky has the head of a goat
and a scales-covered fish-tail,

The constellation Sagittarins 15 of more definite origin,
It portrays the Centaur Hiron, a mythical half-men half-
horse and hero of many legends cugendered by the poeti-
cal impginotion of the ancicnt Grecks.

It is hard to say what caused the ancient observers of
the sky to introduce the constellation Scorpio. At any
rate, Scorpio is one of the mast ancient of the constella-
tions. In the legend abont the tragic fate of Phaithon,
son of Helios the sun, who perished for disobeying his
father, we learn that it was a celestial Scorpion that fright-
ened the youth and was the direct cause of his death.

In the summer sky there are a number of small and out-
wardly inconspicuous constellations, such as Delphinus,
Equuleus, Vulpecula, Sagitta, and Scutum,

Of these eonstellations, Delphinus is the most prominent.
Its characteristic figure is a small diamond-shaped quad-
ruplo of stars with a tiny chain of threc faint stars moving
downwards on the right. Just a little imagination is re-
quired to see the enormous head of a dolphin and the fail
drooping towards the horizon.

Upwards from Delphinus and to the right, immediately
over Aliair, is a constellation, Sagitta, in which the stars
Gamma, Delta, Alpha and Beta form something like tho
tailpiece of a flying arrow.

Both these small constellations are very aucient, just as
old, say, as The Great Bear, Orion or Cassiopeia. The other
constetlations are much younger.

Equuleus, The Little Horse, was first mentioned in the
catalogue of the famous astronomer of antiquity Hipparchus
(first century B.C.). It is hard Lo say what compelled Hip-
parchus to introduce this constellation but since that time
the star maps carry the upturned muzzle of a colt right
next to the winged horse of Pepssus,

The constellations Vulpecula and Scutum were invented
by Hevelius (1690). The former was proposed because, said
Tiovelius, “the fox is an wolmzl of goile and ghutony kike
the eagle”, and so it is quite natural for them to be side
by side in the sky. As for Scutum, patriotic sentiment got
the botter of the Polish astronomer—Hevelius called it
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Seutum Sobieskii (The Shield of Sobieski). This is the only
constellation in the sky that is associated with a concrete
historical personage: the Polish King and gemeral John
Sobieski.

LYRA, The Lyre

The famous planetary nebula in the constellation Lyra
is remjniscent of a smoke ring, but the analogy ends there,
for the Lyra Nebula Isnot a ring at all but a cosmic struc-
ture more like Liollow thick-walled and somewhat flaitened
gaseous sphore. Round the fringes (Fig. 58), the line of
vision pierces a greater thickness of the nebula than in the
centre, that is why the edges appear brighter. But the cen-
tral regions of the nebula are much brighter than the sur-
rounding black background of the sky. So here again we
see gas cmitting light.

On a coloured photograph, the edges of the planetary
nebula of Lyra are a reddish-erimson, while the ecentral

Fig. 58. Tho planetary nebula in Lyra.



regions are greenish. The colouz- 15 due to the gases tlxab
make up the nebula. T

due te emissions of : e
radiation is generatec

tion, the gases of the ncbula luminesce under the lxghb
of the central star,

The photograph shows several stars, but only the central
one 18 related to the nebula. The others make up the steilar
background, some of them are closer than the nebula,
others are farther away.

The central nucleus of the Lyra Nebula is a star with
excoptional characteristies. It has a surfacc temperaturo of
75,000° and is rightly considered one of the hottest stars.
Its powerful uliraviolet radiation makes the gases of the
nebula luminesce; in visible rays the Lyra Nebula is many
tens of times brighter than its marvellous nucleus.

It is casy to find the planetary nebula, for it lies nearly
midway between the stars Gamma and Bota, Lyrac. In a
school telescope it appears as a small oval laminous nebu-
lesity. The real dimensions of this object are very impres-
sive: the mean diameter of the Lyra Nebula is close to
70,000 astronomical umits, which is almost 700 times that
of the solar system! But at its distance of 660 parsccs the
Lyra Nebunla has a mean appareat diameter of only about
a minute of arc.

Spectral studies show the Lyra Nebula as expanding in
all directions from the central star with a velocity cleso
to 49 km/s. The natural presumption is that the central
star has released gases that we now see in thoe form of a
plavetary pehula. This expl. ion, however,
number of diffioulties and at the present time the prablem
of the origin of planctary nobulac has not been solved de~
finitively.

The small constellation Lyra has a mumber of very in-
teresting stars. In the centre of attention is Vega, the bright-
est star in the northern hemisphere of the sky (Mag. 0.1).
Train your (low-power} telescope on it and you will see
a faraway blue sun. In observations of this kind tho theoret-
ically derived “solar-likeness” of bright stars becomes
almost physically tangible. Vega is a hot bluc giant two
and a half times tho diameter of our sun. As far back as
1837, V. Struve determined the distance to Vega and ob-
tained a figure closs to the modern estimate (8 parsecs).
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Fig. 59.

Physically, Vega is like Sirius but is somewhat larger and
hotter.

Next to Vega there is a remarkable multiple star Epsilon
Lyrac. A keen-sighted person will clearly see two stars of
the fifth magnitude separated by 3'28” of arc, This pair
is particularly impressive when viewed in binoculars.

telescope will reveal that each of the components of

Epsilon Lyrae is in turn a double star (the componenls
being separated by 27.8 and 2°.3 of arc). All four stars
are lue giants resembling Sirius. And these four Siriuses
form a physically related system of four suns! In each of
the pairs the poriods of revolution are incomparably short-
¢r than the.stupendous interval of time during which both
Pairs ‘circuit their common cenire of gravity.
. The vonstellation Lyra has a number of interesting var-
fable stars too. On the northern fringe of the constellation,
ot far from Vega, is the semiregular variable R Lyrae.
his is a cool red giant with fluctuations of brightness be-
tween Mags. 4.0 and 5.0, The mean peried is close to 50
days, though the time intervals botween successive maxi-
ma and minima may be quite different.

Take your binoculars and look east of this variable and
You will find another variable, RR Lyrae. Jt is a Cepheid,
but- somewhat different from Delta Cephei. The varisble
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RR Lyrac heads the class of short-period Cepheids with
a period of brightness oscillation less than one day. By
contrast, the “classical” Cepheids of the Delta Cephei type
are called long-period Cepheids with periods in excess of
one day.

RNt Lyrae varies in brightness from Mag. 7.1 to 8.0.
It oscillates very rapidly with a period of 0.57 day. During
this time, changes occur both in the brightness and the
spectral class of the star (from A2 to F0), and, naturally,
the temperature.

The difference between short-period and long-period Ceph-
elds is not confined solely to the period. There are more
deep-soated differences. For ope thing, type RR Lyrae
stars are enccuntered at all imaginable distances from the
galactic equator, wheroas the classical Cepheids (type star:
Delta Cophei) exhibit an obvious concentration towards the
median equatorial plane of the Galaxy. In other weords,
Cepheids of the RR Lyrac type are stars of spherical sub-
systems, whereas Delte Cephei type Copheids belong ta
stars of plane subsystems. This is evidence of different
origin of the two classes of Cepheids, despite the outward
similarity in the forms of the light curves.

However, the most remarkable variable of this constel-
lation is the matchless (in many respects) variable Bela
Lyrae. This star, the variability of which was detected by
Gaadricke, is the type star of a special subclass of eclipsing
variahles. Unlike Algol, Beta Lyrae is constantly changing
brightness between Mags. 3.4 and 4.3 with a period of
42.92 days. There is also a clear-cut second minimum
(Mag. 3.8) Iocated midway between the main ones.

The observed light curve would appear to be quite nicely
explained by the scheme of two ellipsoidal stars of different
brightness revolving about a common centre of gravity.
The total surface area presented by the two components
of Bota Lyrae facing the observer is constantly changing,
thus accounting for the continuous fluctuations in bright-
ness. However, the very 13 d ferm of of
Beta Lyrae and its strange variations are not in the Icast
compatible with this oversimple scheme. A great deal of
offort was spent before the true nature of Beta Lyrae was
deciphered.

This variable star, whicli appears single to the nahed
oye, actually consists of two very close-lying ellipsoidai
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Fig, 60. Tho structure of the Beta
Lytae system.

stars. The larger one is a hot bluish-white glant with a
surface temperature of about 15,000°. The smaller star is
twice as cool (spectral class F) and its radiation is lost
in the powerful fluxes of light emitted by the primary
star. But that is not all. There is a comstant streaming of
gases from the primary to the companion with the gases
flowing round the companion star and again returning to
the primary (Fig. 60). However, the revolution of the com-
panion star about the primary and the inertness of the
gases result in a part of the gases ejected hy the primary
loaving the stars completely and forming an enormous
guscous spiral in space. Perhaps the reader will recall tho
whirling spark wheels of holiday fireworks. It might give
somo idea of what this is like.
be gaseous tail is continnouslty being scaltered in space,
l)u_t it i3 also receiving new portions of gas ejected by the
- primary star. The result is a kind of dynamic equilibrium,
and the paseous tail is always seen veiling the spectrum
of Beta Lyrae. Quite accidentally, the line of sight is close
to the plane in which this gaseous tail lies. If we saw Beta
L.yrne from above or below, it would appear as a very or-
dinary constant star.
. Gaseous tails have been found in a number of other stars,
In some cases they take the shape of a ring. At a close dis-
tance such stars’ would resemble Saturn, True, both the
aseous rings and the gaseous tail of Beta Lyrae are unstable
and they are kept in existence solely by the gas flows that
e constyntly erupting from the stars.
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The Lyra constellation is an example of how a small
asterism may somelumes contain a very large number of
excellent sights within the range of observation of even
school telescopes.

CYGNUS, The Swan

In Cygnus the first sight 1s the principal star Deneb.
It is an enormous sun second only to Rigel. Six thousands
of our suns would be needed to create the flux of radiation
emitted into space by Denebl This hot and very distant
blue giant (it is 470 parsecs away) is 35 times the sun
i‘liﬁamuter, but in our sky it is only a bright star of Mag.

Near Deneb, alongside Epsilon Cygni, is a well-known
diffuse nebula, the North America Nebula, named after the
continent that 1t resembles. It comes within the range of
photographic observation only in powerful telescopes and
is at about the same distance away as Deneb, which causes
it to glow. Cygnus has two more remarkable gascous nebulae
very much like cirrus clouds (Fig. 61). But unfortunately,
these objects are all beyond the range of school telescopes.
Still we can enjoy the beauty of the bright open star clus-
ter M39 located a shorl distance from Rho Gygni. M39
is a star-poor cluster with only 25 hot white giants. In the
sky it occupies an area equal to the apparent disc of the
moen, actually it is 2.4 parsecs across and 260 parsecs dis-
tant. Desides Deneb, the constellation Cygnus has a number
of interesting double stars. First of all, Beta Cygni, which
lies at the base of the “cross™ of the constellation. It is
called Albireo. Once the reader gets a glimpse of this star,
he will doubtlessly apree that Albireo is the most beautiful
double (binary) star. The primary is an orange star of Mag-
3.2 with a hot white companion of Mag. 5.4 at a distance
of 34".6 of arc. Duc to the physiological cffects of visiog,
Albireo has a golden-yellow tint when viewed telescopically
and its companion is blue. Despite the considerable dis-
tance between the components, this pair is a physical
double—a binary—though the period of revolution is very
great. Albireo is jusi a bit cleser to us thap Deneb: 125
parsecs distant.

Delta Cygni (the right tip of the “cross”) is alse a binary,
but much more difficult to resslve. The distance between
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Fig. 61. The nebula in Cygnus.

the ‘primary blue giant (Mag. 3.4) and its 6.4-magnitude
companion -is only 2”.4. The period has heen reliably de-
termined and found to be equal to 537 years.

. Of particular interest is the double star 61 Cygni. This
is one of the first stars whose distance away from us was
detormined. It was done by Bessel in 1837. As one of lis
contemporaries put it, “for the first time, a sounding Iead
tossed into the depths of the universe has rcached bottom”.
Oﬂll"nﬂer the scientific feats of Struve, Bessel and others
Tos it obvious that the stars are actually distant suns.
This Wwas experimental confirmation of the speculative ideas
of Giordano Bruno.

Tho pair of stars in 61 Cygni is very close to the earth:
0."13' 3.4 parsecs distant. There are only about ten sfars
knows to he closor 1o the carth; Sirius is one and it is the
closest. of the brightest stars and the brightest one of all,
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Both orange components of 61 Cygni have the same
spectral class of K5, but one is nearly a stsllar magnitude
brighter than the other (5.6 as against 6.4). This couple is
easily resclved by school telescopes since the angular sepa-
ration of the components is 277 of arc, which corresponds
to an actual distance of 82 astronomical units—somewhat
less than the diameter of our planetary system. The two
suns have a 720-year period of revolution round their com-
won centre of gravity.

In recent times 61 Cygpi has atiracted more attention
due to the fact that the brighter component was found to
have an invisible companion of very small mass. The exist-
ence of a companion star was suggested to the American
astronomer Strand by certain irregularities (perturbations)
in the molion of the star. A. N. Deitch of Pulkovo Observ-
atory then carried out a detailed investigation of the
problem. He recently reported that the dark invisible com-
panion of component A has a semimajor orbital axis of 2.3
astronomical units and a mass of G.0{2 solar mass. 4 body
of this mass cannot be a star in the ordinary sense of the
ward and should be more like Jupiter plysically (the Io-
vian mass is aboul ope-thonsandth the solar).

In this respect, 61 Cygni is not alone: a number of other
stars have been found to have dark invisible companions.
It may be that in some cases the averall perturbing in-
fluence of scveral such satellites is viewed by asironomers
ag the action of a single star, thus obtaining an
unrealistically large value of mass. If that is so, the actual
masses of some dark invisible satellites of many stars are
similar to the masses of the larger planets of the solar sys-
tem. But then we are cntitled to say that tho plapetary
systems of other stars have already become the subject of
direct (true, only “gravitationsl”, so to say) observations.

As for the dark satellite in the 61 Cygni system, we can
take it to bo an “extinet” star or one with a very low light
output because the orbit is extremely elongated, which i3
not characleristic of planels but rather typical of binary
stars.

Tho constellation Cygnus also has two unusual variable
stars. One of them was detected in 1687 by the German
astronomer Kirch. It is the long-period variable Chi Cygni-
At peak brightncss 1t becomes a star of Mag, 2.3, excecded
only by Deneh and Gamma Cygni. Then the cross in Cygnus
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becomes {uller, hecause Chi Cygni is located in the eentral
portion of the staff. But at minimum it is beyond the range
of the unaided eye. Neither can it be seen in a school tele-
scope because Chi Cyeni is then a star of Mag. 14.3. The
mammoth dark red star Chi Cygni is one of the coolest
stars with a surface temperature of only 1,600° It takes
Chi Cygni nearly 407 days to go through a full cycle of
Dbrightness variation. Take a look and see if this exciting
star is visible in the heavens. On the same staff of the cross,
near Gamma Cygni, is another peculiar star of about sixth
magnitude. If is P Cygni. In 4600, the astronomer Janson
noticed in this area an unknown bright star of the third
magnitude. For several years ils brightness continued un-
diminished and then bepan to decline. Between 1649 and
1923 this strange star was visible only in a telescope. From
then on the brightness has varied irregularly between fifth
and sixth magnitude, and now the star has come {0 a stand-
still in-just that state.

The specirum of P Cygni is characteristic of hot super-
giants, but has many peculiarities reminiscent of the spec-
tra of novae. According to a hypothesis of Voronisov-
Velyaminov, stars of the P Cygni type (therc arc about
ascore of thom) are “unsuccessful” novae. After the out-
burst of 1600, I Cygni did mot return to the original state
a3 typical novae do, but got stuck somewbere at an inter-
_mediate stage. It is hard to say what its future will be,
but apparently such anomalons novae (which is the accepted
esignation for stars of the P Cygni type) are in a state of
unstable equilibrium. Only the future will show whether
it will flare up again or, on the contrary, will fade out
drastically,

AQUILA, The Eagle

Altair, or Alpha Aquilae, is a hot blue star very close
to us (5 parsecs away). It is only 8 times as luminous as
the sun and 2.2 times the solar diameter. Beside the giant
Deneh, Altair is quite ordinary. The spectrum of Altair
tells us that the intervening distance is becoming smaller
at the rate of 26 km every second. And that scems to com-
PM? the pieture of this very run-of-the-mill star.

Dlys-cﬂy under Allair and closer fo the horizon we see
# bright Cepheid, Bta Aquilae, ts veriable cliaracter was
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discovered by John Goodricke’s friend and noighbour Ed-
ward Tigott (1750-1807), a marvellous investigator of var-
1gble stars. The discovery was made at the end of 1783,
which was one year before the discovery of Delta Cophoi.
Strictly speaking, it would be more appropriate to call
variable stars “Aquilids™ and not Cepheids, but the latter -
name is the historically accepted one. The variable Eta
Aquilae is a very ordinary and typical Cepheid with a period
of 7.284duy5 and brightness fluctuations between Mags. 3.7
and 4.4,

The Aquila constellation has a number of faint double
stars (for instance, 2 Aquilae) but they are hardly worth
discussing after the magnificent sights of the constellation
Cygnus, The Swan.

HERCULES

Thes constellation is outstending first of )l because it
contains the apez, or the imaginary point in the direction
of which our whole solar system together with the sun is
moving.

‘When walking through a thick forest, the trecs ahead
appear to move apart, those left behind on the contrary
appear to como together. In the sky we have the same effect,
to some extenl. Of course there are no really fixed stars,
everything is 1 motion in nature. But the motions of stars
observed from the earth have a certain component produced *
by the molion of the sun (and hence the earth). Those stars
in the sky that lie in the direction of the sun’s motion
appear to be moving apart, while those in the opposite
direction exhibit the reverse effect. A very detajled analysis
of all these phenomena has enabled us to determine the
equatorial coordinates of the apex. They are

18 hours Right Ascension (a) and -~380° Declination (3)

A star map shows that the apex lies close to the star
Nu Hereulis. That {s the direction in which our solar system
is moving at a velocity of 20 km/s. In one day we cover
about two~ million” kilometres.

This is the motion of the sun relative to the nearest
stars. Do not confuse it with the revolution of the solar
system about the centre of the Galaxy, which js at a speed
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of 250 lun/s and, in the present epoch, is directed towards
the constellation Copheus.

The extensive constellation.Hercules contains 140 naked-
eye stars and has quite a number of sights. First of all,
the extreordinary star Alpla Merculis. Of the bright stars,
it is the largest, far superior in this respect even to Betol-
geuse. Our imagination is staggered by the size of this
titan: a red giant of giants 800 times the diameter of the sun,

Like Botelgeuse, Alpha Herculis is a semiregular variable
star of the Mu Cephei type. Two oscillations stand out in
the otherwise complicated and at first glance completely
laphazard light curve. One has a long period (close to 6
years) and an amplitude of Mag. 0.5. On this are superim-
posed other oscillations with variable amplitudes (from
Mag. 0.3 to 1.0) and periods (from 50 to 130 days). It was
no easy job to untangle this mess of change.

At r distance of 4”.6 from Alpha Herculis we see a yellow
companion of Mag. 5.4 that completes a full circuit round
the primary star in 411 years. In turn, this companion
star is a spectral binary with a period close to 52 days;
Loth stars are surrounded by an expanding shell of gas.

We have already encountered globular star clusters, but
hero in the Hercules constellation there are two really
oulstanding structurcs of this kind.

The brighter one is the globular cluster M13, which is
¢asy to find in binoculars between the stars Eta and Zeta
Hereulis. In a three-inch telescope it breaks down round
the fringes into separate stars. How beautiful are these
myriad points of light scintillating round the mammoth
sphere of stars (Fig. 62).

The globular cluster M43 contains about half a million
stars, mainly of the later spectral classes. Unlike the ga-
lnctic clusters that are mainly made up of hot giants, the
brightest stars of globular star clusters (and this includes
M13) are cool red giants. Hot blue silars are rarilies here.
Globular clusters apparently have quite a few stars that
tesemble our sun.

Globular clusters exhibit a large number of variable
Stass (M43 has about 15 variables), mainly short-period
Cephefds. All globular clusters are very distant objects.
“Or example, it takes light 23,000 years to cover the dis-
tance from us to M43,

To date about a hundred globular star clusters have
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Fig. 62, The globular star cluster M{3,

been retorded. In our Galaxy-—apparently in other gal-
axies too—they form a spherical subsystem.

Globular clusters are huge agglomorations of stars meas-
uring between 130 and 300 light years across. An interest-
ing feature is that these spheres of stars have no dust or
gaseous nebulae. But although the interstellar spaco there
is very transparent the appearatics of the sky, particularly
in the central portion of a gl cluster, is
Imagine thonsands of stars as bright as Venus and thon-
sands more like Sirius covering the whale vault of the sky!

Globular clusters are very stablo structures. We do not
kuow how they eriginated hut we can safely say that they
will ga on existing without any fundamental changes for
many millions of millions of years!

Almost midway Between tiie stars Ipta and [Sta Eerculis
is a second glabular cluster M92. It is farther away than
M13 (7.3 kiloparsecs) and is poorer in stars, hut in the
sky it covers a larger area (30" of arc compared with the
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91’ apparent diameter of M13). The M92 cluster is also
ynusual in composition with many hot giants. In fact in
this respect it is a unique object.

CORONA BOREALIS, The Narthern Grown

At 5 in the morning of February 9, 1946, Alexei Kamen-
chuk, trackman of the Amur Railway noticed an unknown
star in the constellation Corona Borealis. It was even bright-
er than Gemma, the principal star of the constellation,
and completely distorted the customary outline. This mod-
est lover of astronomy reported his finding to the Pulkove
Observatory, and scon the news of the oulburst of a nova
in the constellation Corona Borealis spread round the globe.

Generally speaking, this was not an entircly new star.
Exactly 80 years before, in 1866, it had flared up and since
that time had been recorded in star catalogues as the recur-
ring nova T Coronae Borealis. This star, we now know defi-
nitely, belongs to the category of so-called nova-type stars,
novae in miniature, if you like. Their outbursts are plLysi-
cally very much like the explosions of conventional novac
with the sole difference that nova-type stars have much
smallor amplitudes of brightness variation (8 magnitudes
ag compared with the 12 magnitudes of real novae).

The prominent Soviet investigators of variables, B. Ku-
karkin ‘aud P. Parenago, in 1934 discovered an important
relationship between the brightness amplitudes of nova-
typo stars and ihe fime interval betwecn suecessive out-
bursts. The smaller the smplitude, the more frequent the
outbursts. For typical novae with a i2-magnitude ampli-
Iml_e of brightness fluctuation, the outbursts should repeat
at intervals of only 5,000 years on an average. That is why
we lm}’e never been able to observe fwice the flare up of
A -typical nova: astronomical science is still too young.

Knowing the variations of brightness of T Coronac Bo-
sealis up fo 1866, Sovict scientists predicted the next cut-
burst (on the hasis of the 8.6-magnitude amplitude) in SO
Jears, The discovery of A. Kamenchuk confirmed the fact
;‘;‘:z this relationship has the force of a statistical law of

e,
’ Between outbursts, T Coronae Borealis is a star of Mag.
and has o vory unusual complicated spectrum: a combi-
nation of the typical class M3 spectrnm and the “hot”
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Fig, 63, The light curve of
R Coronae Borealis.

spectrm BO. Apparently, T Coronae Borealis, which is
800 parsecs from the carth, 1s a system of two stars: a cool
rod giant and a hot white dwarf, the latier (judging from
all the information) being the nova-typo star.

The Corona Borealis constellation has yet another nova-
type star with the designation R. The behaviour of this
object is highly eccentric. Most of the time R Coronae
Borealis may be seen as a sixth-magnitude star with very
small and ijrregular fluctuations of brightpess. But at
times it suddenly and drastically fades away several stellar
magnitudes (Fig. 63). There were times when R Coronae
Borealis bacame a star of the tenth magnitude and even the
fifteenth magnitude. And the star stays at minimum bright-
ness for various periods from several months to a number
of years, after which it again returns to normal. Judgng
from the hight curve, R Coronae Borealis is a sort of nova
turned mside out. Typical novae and nova-type stars flare
up from time to time; the R Coronae Borealis type of star,
on the contrary, exhibits recurring decreases of brightness.
At minimum, these stars have spectra with bright emission
lines, and this gives vs the right to place them in the cale-
gory of nova-type stars.

Stars of the R Coronse Boreslis type have unusual at-
mospheres consisting mainly of carbon atoms. Some cf
these stars have specira that put them in tho raro spectral
class R. Perhaps the R Coronae Borealis stars dimunish in
brightness bocause of occasional blurring of their atma-
splieres due to unknown causes. Al any rate they are such
unusual stars that the reader will undoubtedly want to
find time and take a look to find out what the brightness
of B Coronae Borealis is today.

Let us take a look at two more stars. Gemma, an enor-
mous hot blue star, that careful studies have shown to be
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an eclipsing variable and a spectral binary with a _period
of abous 17 days and an amplitude of Mag. 0.4,

Another interesting object is the barely distinguishable
naked-eye double star Sigma (s) Coronae Borealis. It con-
sists of two stars separated by 6°.0 of arc. This system has
a very clongated orbit (eccentricity 0.78) with a period of
1,000 days. The brighter component, Class T8, is in turn
a spectral binary with a period of only 1.14 days. Thus,
strictly speaking, the tiny star Sigma Coronae Borealis is
a very curious triple star.

EQUULEUS, The Little Horse

This constellation and Caelum are the two smallest con-

stellations in the whole sky. Together they have only a
score of naked-eye stars. But The Little Horse has a very
cutious iriple star Epsilon Equulei. At a distance of about
117 from the primary fifth-magnitude star is a eompanion
of the seventh magnitude. The brighter component is in
turn a binary, and a very close one that only the biggest
telescopes are capable of separating. The orbit of this star
is extromely elongated {having an ecceniricity of 0.70),
and the eireuit round the common centro of gravily takes
10! days.
. S0 you see, multiple systems are ratlier common objects
in the stellar skies. Their large numbers argue in support
of the joint, group, generation of the stars, since it is impos-
sible to account for multiple systems by the “capture”
of stars in accidental encounters.

DELPHINUS, The Doiphin

Train your telescope op Gamma Delphini. This is a
double star, the principal component of which is an exact
copy of our sun. At a distance of about 10" of are from the
drimary yellow star of Mag. 4.5 we see a companion star
Mag. 5.5) somewhat hotter and ish in appearance.
This is undoubtedly a pure binary, but the period of revolu-
ton is very great, probably amounting to several thousand
Years, Pay special ‘attention to the primary star, the yellow
one. From this star (perhaps from one of its planets, who
knows) our sun looks just the same.
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SAGITTA, The Arrow

Thero are no objects of interest in this tiny constellation,
if we discount the Cepheid S Sagittae, whose brightness
changes in 8.38 days from Mag. 58 to 7.0 and back again.

VULPECULA, The Fox

Planetary nebulae do not always resemble the -discs of
planets. It is rather the excepiion than the rule. Planetary

Fig. 64. The planetary nehula in the constellation Vulpecula.



nebulae come in a great variety and complexity of forms,
at least, outwardly.

In the constellation Vulpecula there is a Dbright large
(apparent size 8’ by 4') planetary nebula of a very faneiful
shapo (Fig. 64). It was lirst discovered by Messier in 1764
and rccorded in his catalogue under number 27. In bin-
ooulars the nebula appears guite clearly outlined, and in
school telescopes it is possible to discern some definite
shape.

Like other planetary nebulae, it is lighted up by a cen-
trally located hot star with a surface temperature of 100,000°)
The reader probably remembers from the planetary nebula

~"of Lyra that the “lighting-up” mechanism consists in lumi-
nescence of the atoms of the nebula due to ultravielot emis-
sions of the “central star.

The nebula in Vulpecula is a rather distant object—300
parsecs away—with a mean diameter of 240,000 astro-
nomical units. T

We repeat that the origin of planetary mebulae still
remains a mystery. Various hypotheses that regard these
nebulae as resulting from the ejection of gases from the
atmospheres of the ceniral stars encounter considerable
difficulties. The Soviet astronomer G. A. Gurzadyan has
advanced a hypothesis which copsiders planetary nebulae
as the remnants of primitive “pre-stellar” matter that went
to form the central star. The future will show just how
close this comes to reality.

Like Sagitta, Vulpecula has a relatively bright Cepheid
T Vulpeculae, which varies in brightness between Mags.
59 and 6.8 and back again in 4.44 doys.

SOUTUM, The Stiield

+ This minate constellation with its 20 naked-eye stars
Hes in the midst of the Milky Way, if we may say so. Right
here in Scutum, on a dark clear night we sce a bright star
Cl,ﬁud {Fig. 65), ono of the many components of the Milky

. It is particularly prominent in the southern regions
of the Soviet Union.

Lie constellation Scutum will bo seen to have two bright
?Pcn stz}r clusters. The first one is located alongside the
ong-period variable R Scuti, has a diamoter of 12’ of
¢ and contains about 200 stars, mainly white giaats

w
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Fig. B5. The star cloud 1n the ronstellation Scutum.

with a slight admixture of stars of the laler spociral classes.
The cluster has a true diameter of 5.5 parsecs and lies at
a distance of 1,800 parsecs.

To the south, 1n lhe opposite corner of the constella-
tion lics a somewhat fainter cluster made up of 75 stars
and occupying a volume 6.6 parsecs across. This is ons of
the most distant clusters, it is 2,300 parsees away.

SERPENS, The Serpent

We have mentioned elsewhers that the coostellation
Serpons consists of two disjointed parts. The western part
is called Serpens Caput (the Scrpent’s Head) bocause plc-
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torial star maps depict this portion; the eastern “piece”
. is Serpens Cauda (the Serpent’s Tail).

In the constellation Serpens note first of all twe double
stars. The Serpent’s Tail has a star, Delta Serpentis, resolv-
able in school telescopes into two yellowish stars of Mags.
4.2 and 5.2, separated by 4" of arc. This is a physically
related pair, a true binary, with a very big period of revolu-
tion of apparently many hundreds of years.

The Serpent’s Head also has a heautiful double star,
Theta Serpentis. The two yellow-greenish stars of Mags.
4.5 and 3, separated by 21” of arc, resemble the vicious
oyes of a serpent. Although there is a tremendous distance
between the component stars, their proper motions are
definitely related, indicating a physically unified system.

By now the reader has seen no small number of globular
star clusters, but still the “sphere of stars” M5, which lics
in tho tail of tho serpent, is something to see. It is a very
bright swarm of stars and beautiful cven in binoculars.
In school telescopes, we can already sce separato stars
round the fringes. Physically, the globular cluster in Ser-
pens is much like the stellar sphere in Hercules (Mi13).
M5 is 8.3 kiloparsecs away and contains approximately
60,000 stars.

Serpens also has a Dright diffuse nebuia, M16. 1t lies
in the head of the serpent on the southern boundary of the
constellation, In the sky it oceupies about the same area
as the moon’s disc and is distant 1,400 parsecs. The lumi-
nosity of the nebula is due to the superhot class O star
within it,

OPHIUCHUS, The Snake-Strangler

In the cxtensive comstellation Ophiuchus, try to find a
littlo star {Mag. 9.7) studied by the noted American astron-
omer ' Barnard (for Epoch 1900 its Right Asccnsion is
174 5_2 m.9 and Declination --4° 25'). This is no fixed star
even in a figurative sense. “The flying star of Barnard”,
35 aslronomers sometimes call it, has an unusually high
Tale of proper motion. In one year it covers 107.27 of arc
on-the cclestial sphere, and in 188 years it shifts its posi-
tion by an amount equal to the moon's dise. If all the stars
were so restless, the configurations of the constellations
would change within a few generations.

181



Barnard’s star 1s a cool red dwari that emits 2,500 times
less light than the sun. It is precisely for this reason that
Barnard’s star, though close to the parth {enly 1.8 parsces
distant), is lost among the great multitude of faint ninth-
and tenth-magnitude stars. But 1f you succeed in locating
it, only a few years of obscrvations will demonstrate its
actual motion 1n spacel

The star 70 Ophiuchi 15 a well-studied binary. Two orange
stars of Mags. 42 and 5.9, separated at the present time
by an interval of 4”.8 of are, are in constant revelntion about
a common centre of gravity with a period of 87,85 years.
The more massive star has 88% solar mass, that of the other
component is scmewhat less massive (72% solar mass).
The orbit is rather elongated (eccentricity 0.50) and the
two suns are comparatively close to the earth (at a distance
of 5.4 parsecs).

Tho constellation Ophiuchus has four bright globular
star clusters united in two couples., The first lies in the
middle of the constellation, somewhat below the celestial
equator (M12 and M10). They are 5.8 and 5.0 kiloparsecs
distant, respectively. They both contain roughly the same
number of stars, but the M12 cluster has more hot stars than
does the M10 cluster.

The other two “stellar spheres” may be found close to
the southern boundary of the constellation (M62 and M19).
They are both at the same distance from the earth (6.9 kilo-
parsecs), but M19 has more stars. The MB2 cluster has
fower stars and they are somewhat cooler. This is a rather
rore instance of a double globular cluster, a sort of ana-
logue of a double (binary) star.

To the north of the star 70 Ophiuchi is a planetary nebula
NGC 6572. It 1s rather small (9,000 astronomical units
across, which is 27 times legs than the diameter of the Vulpe-
cula Nebula) and 1s not so hright as ether familiar planctary
nehulae. It takes light 4,000 years to bring information to us
about this distant and rather ordinary object.

AQUARIUS, The Water Bearer

The stor Zots Aquarii was Drst separated into two com-
ponents in 4777. Since then astronomers have discovered
orbital motion with a period (according to the latest find-
ings) of 361 years. Both components are yellowish stars
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of Mags. 4.4 and 4.6 separated at the present time by only
27 of arc. Yor school telescopes this is definitely a very diffi-
cult object.

But the observer will be rewardod by another object
in the Aquarius constellation. This is the unique planetary
nehula NGC 7293 (located near Upsilon Aquarii). It is the
Irightest and largest planctary nebula in the skies. What
is more, it fully justifies its name, for in a telescope one
cap sec a bright and slightly flattened dise. The nebula
has apparent dimensions of 15’ by 12’. The true mean di-
ameler is close to 300,000 astronomical units, which is ¢on-
siderably in excess of the dimensions of all other known
planctary nebulae. -

This mammoth nebula is lighted up by an absolutely
cxceptional star—the hottest of all known stars with a
surface temperature equal to 430,000°! We are 480 parsecs
away from this heat.

Messier’s catalogue records under number 2 a bright
globular cluster, which, like the nebula NGC 7293, is one
of the chief sights of the constellation Aquarius. It is very

* lbright, very Iarge’ (apparent diamcter: 47%) and consists
mainly of comparatively hot stars. In a number of stars it
even exceeds the famous cluster in Hercules (M13), but it
15 n0% s0 impressive due to its great distance of 5.8 kilo-
parsees. .

CAPRICORNUS, The Sea Goat

This otherwise commonplace confliguration has two bright
stars of interest, Alpha and Beta Capricorai. Turn your
binceulass on one of them and you will see that it is a double
slar, An optical double. The component stars (Alpba, and
Alphe,) are in no way rclated physically and are slowly
moving apart. ‘The only consolation is that each ome of
them is separately a real pure binary star. Both pairs, how-
over, are so closely connected that no school telescope
Is copable of resolving them.

. After the bright globular cluster M2, the stellar swarm
‘“‘C“I’ricnrm\s {M30), near Zeta Capricorni, will not sur-
prise the observer. Jt is smallor, not so brilliant; although,
l",kﬂ M2, it consists of comparatively ot stars. It is 12,6
MXDI‘?\I:SOCS distant and is coming closer at the rate of 100
Eilometres every second; so says the shilt of spectral lines.
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We may remark at this point that the motions of globular
clusters have not been studied very thoroughly, and the
hinc-of-sight velocities of these objects reflect both their own
“proper” velocities and also the velocity of our earth in its
complicated flight round the centre of the Galaxy.

SAGITTARIUS, The Archer

While observing galaxies that are similar in structure
to our awn stellar system, we see that there are much lar-
ger numbers af stars per unit volume in the central regions
than.on the outskirts. To illustrate, look at the photograph
of the Andromeda Nebula on page 100. In the centre of this
galaxy {s a promunent dense and spherical stellar nucleus.
There are o many stars here and they are so densely packed
together that 1t was only 1n 1944 that the American astro-
nomer Baade ficst succeeded in resolving the nuclons of the
Andromeda Nebula into separate stars.

There can be no doubt that our Galaxy too has a similar
star-like nucleus. We can calenlate from stellar velocities
{directions and mapgnitudes) where this galactic nuclens
should be located on the cclestial sphere, Here s what
has been found. the approxamate equatorial coordinates
of the galactic ceulro are:

Right Ascension. 17h 38m; Declination: —30°
(Epoch, 1900)

A star map shows this point to be located in the constella-
tion Sagittarins. (An extended objest, the nmncleus of tho
Galaxy reaches over into the constellations Scutum, Scer-
pio, and Ophiuchus as well) Yes, here in Sagittarius is
the magmificent nuclevs of the Galaxy, the massivo as-
semblage of stars whose combined atiraction compels all
the other stars of the Galaxy 1o revolve zbout them. Natn-
rally, the stars of the nucleus arc also in revolution about
this mathematical point—the common centre of gravity
of our whole stellar system. It was recently established
that the dynamic centres of our Galaxy and the Andromeds
Nebula (and possibly other stellar systems as well) are
distinguished by strange small-size objects (with diamoters
of the order of 20 parsecs), apparently extremely dense
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Fig. 66. Infraved-ray photograph
of part of the galaclic nucleus.

globular formations that are powerful sources of radio emis-
sion,

Unfortunately, none of this is visible even in the most
powerful of modern optical lelescopes. The galactic nueleus
is enveloped by cxtremely thick clouds of dark dust that
blocks visible rays. But this same cosmic dust freely passes
the invisible infrared rays and radio waves. This has ena-
bled astronomers to photograph in infrared rays a part of
the galactic nucleus (Fig. 66) and also to study the nucleus
with the facilities of radio astronomy.

Still, it is vory interesting to find in the sky the brighiest
and most “steilar” portion of our Galaxy hidden by a dark
tosmic dust shroud. If interstellar space were perfectly
transparent, we would not have to explain where the galac-
tie nueleus is located, it would be the most brilliant object
in the heavens aiter the sun and moon. The enormous and
very bright “stellar spot” in the comstellation Sagittarius
would reign supreme. It would cover an area in the sky hun-
dreds of times greater than the apparent arca of the full
moon. Objects here on the earth would cast shadows due to
the Yight shed by the galactic nucleus.
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Nature has deprived us of this magmficent might. Still
and all, the constellation Sagittarius is extremely rich in
star clusters and nebulae well within the range of general
observation. Let us look into this matter.

t would be tiresome indeed to describe in detail each
one of the ten bright star clusters of Sagittarius. Let us list
them in a table and then describe the most fuleresting ob-
jeets.

1.
NaC| M| a0 ! 3000 ‘ d | m | N pl;lxxsac-c pa[rgs'cc Sp | Type
br min Mag.
6495 23 17 51.0 —19°00° 35° 60120 0.6 6.0 BY Open
6520 — 475671 —2754 5 7.5 2 0.7 4.0 — Ditto
6531 21 47 58.6 —2230 12 7.0 35 1.5 5.4 BD Diito
6603 24 18127 —1839 4 1t &0 50 58 — Ditto
6611 16 18432 —1349 25 66 55 17 120 — Ditto
6121 4 16175 —2617 26 %4 — 23 15 Globular
G626 28 18227 4810 15 85 — 40 — Ditto
6656 22 18303 —2400 35 65 — 30 25 — Dittn
0724 — 43528 3348 43 77T — 1060 — _ Thitn
6R0% 55 19337 ~-3(10 20 Tt 38 45 Ditto

The first two columns give the designations in NGC and
Messier's cataloguo, The next two indicate the equatorial
coordinates of the elustor for the Epoch 1900. Then comes
the diameter of tho cluster (d) i minutes of arc, its in-
tegrated photographic brightness {m), the number of com-
penent stars (V), the distance (r) in kiloparsecs, tho diame-
ter (D) in parsces, tho integrated spectrum (Sp) and, finally,
tho type of cluster.

The most romarkable of the open clusters is M23. Among
the globular clusters, of particular interest is the brightest
of all, M4, True, in middle latitudes M4 is hard to observe
beeauso it is juss above the horizou, but 1o the south of the
Soviet Union this is a marvellous object. Another feature
of the M4 cluster is that 1t 15 the closest of all globular
clusters,

The globular cluster 122 1s distinguished for its large
number of stars (about 7 million). It is 14 times more popu-
lous than the globular cluster 1n Hercules (M13).
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Sagittarius has three large bright diffuse nebulae. All
pertinent information about these throe objects is tabulated
lelow: .

B - Dimen- D,
1 %00 | Peo | stons S0, | pacgee| Name

e

hr min
20 17 56.3 © —23°02" 27'x2Y 8,
& 17 58.0 —2423 35x60 5.
17 1815.0 —16813 27 %46 7

6.9 06 670 Tripte
6.8 055 770 Lagoon
8.9 ADs 1,000 Omege

5
8

The letter m stands for the integrated photographic bright-
ness of the nebula, m,, is the brilliance of the “illuminating”
star of the mebula, and Sp,, is its spectrum.

Nebulae are usually named on the basis of shape and
appearance, but this is often quite arbitrary.

The constellation Sagittarius contains two T associa-
tions. The first is an aggregate of stars in the vicinity of
nebula M8, the second, in the neighbourhood of nebula
M20. These two associations are about equally distant
from the earth, 1.3 and 1.4 kiloparsecs, respectively.

SCORPIO, The Scorpion

_ The reader may not know that the planet Mars lhas a
competitor in the sky, at least that is what those thought
who named the principal star of Scorpio Antares (Arcs is
the Greelk name ‘for Mars). This bright star (Mag. 1.2) is
indeed much like Mars in colour. But Mars, like all other
qunuls, shines with an even calm light, while Antares
lwinkles, the more so because it is close to tho horizom,
which is another reason for its red colour,

A_nlarus is a red giant somewhat hotter than Betelgeuse,
tadiating the combined light of 700 of our sums. It takes
light newsly 173 Years 10 cover the distance that separates
W from Antares’

Al o distance of 2".9 from Antares is a companion, a
bluo star of Mag. 6.5 that emits 17 times more light than
our sun. It is no easy job to find Anfares’ companion in
the bright rays of the primary star.

187



Scorpio is a constellation in which new stars (novae)
frequently burst forth. One of them, which flared up in
134 B.C., caused the faraaus ancient Greek astronomer Hip-
parchus to make a list of the stars. This was the first star
catalogue in Europe. In those days, nova outbursts wore
philosophically important, if we may say so, for they en-
gendered doubt in the false and preconceived idea of the
immutability of the “heavens”.

Scorpio has a very large number of different variable
stars too We draw attention to only one, the eclipsing
variable Mu Scorpii. Fudging fraom the light curve, this
star consists of two hot giant cllipsoadal components (with
spectra B3 and BO, respectively) revolving about a common
centro of gravity in 1.45 days. During one eyele the bright-
ness of the star varies from Mag. 3.00 to Mag. 3.31 and
has a secondary minimum of Mag. 3.20.

The system Beta Scorpii consists of four stars. At a dis-
tance of 137 7 of arc from the primary hot white star (Mag.
2.6) we can find a magnitude 5.1 companion star which
is just as hot. Beta Scorpii 1s also a spectroscopic binary
with a period of 6.8 days. Finally, at a distance of C".8
it has another, fourth, companion of Mag. 97. We have
frequently encounfered multiple stars and it might be in
place at this poinl to say that double and multiple stars
are apparently the rule and that single stars are the excep-
tion.

Like Sagittarius, the constellation Scorpie is very rich
1n star clustors, Siz of the brightest are tabulated below
with their principal characteristics:

v,
Noct M I %o ‘ P | 4|7 l g ‘;‘,‘;cm‘,’éec sp | Tye
B min
6281 — 16470 —41°38' 227 6 40 13 84 Open
6242 — 16488 —3020 40 7 44 06 18 Ditto
6405 6 17335 —3200 55 46 80 04 64 B5 Ditto
6416 — 47378 —3218 20 7 35 06 3.6 Ditto
6475 7 {T47.3 —3547 70 3.5 80 0.25 53 B> Ditto
6093 — 46144 —2245 7 84 — 110 — KO Globular



A glance at this table will suggest for observation two
remarkable open clusters, M7 and M6. In integrated bright-
ness the former is second only to the Pleiades. This is one
of the closest and brightest open clusters. The latter one
{MB) is somewhat more distant and therefore fainter, al-
though they both have about the same number of stars.

The star Zeta Scorpii is the brightest of all known stars,
We do not mean apparent brightness (it has magnitude
3.7) but luminosity: it radiates nearly 400,000 $imes more
light than our sunl Sad to say, in the USSR it is visible only
in the southern rogions because of a large south declination
(b= —42° 121).

Of all the constellations that we have discussed, Seorpio
is the southernmost. Its southern boundary is 45° from the
<tlestial equator, which makes the constellation visible
only partly in the mid-latitudes of the Soviet Union. This
brings us to the limit of constellations in the southern hem~
isphere observable from the territory of the USSR.



THE NIGHT
SKY

OF
ANTARCTICA

‘We shall not give a detailed
description of the southern sky because our beook is for the
northern hemisphere of the earth. But more and more peo-
ple are travelling to southern couuntries and it may be of
interest and use to take a closer glance at the night sky of
the southern hemisphere.

Let us 1magine ourselves m the centre of the cold Antarc-
tic contirent, at the point where the imaginary terrestrial
axis pierces the surface of the earth and moves out into the
star-studded skics to infimty.

This axis does not encounter a single notable star that
would come anywhere near Polaris in brightness! The
southern polar region is extremely poor in bright stars.
This is the constellation Octans. It is rather exiensive
but has only three stars brighter than fifth magniinde. They
are all quite a distance from the celestial pole. The part of
pele star in the southern skies is played by tho barcly dis-
tinguishable sixth-magnitude star Sigma Qectantis, whicl
is 54’ from the pole. OF all naked-eye stars, Sigma Octaulis
is clogest to the south eclestial pole. But it is so faint that
it could never have played the part Polaris does for voy-
agers in the northern hemisphere of the earth.

The sky viewed from tho south pole exhibits five new
bright stars. The brightest is sccond only to Sirius. Tins
18 Ganopus, the chicf star in the constellation Carina.
Despite its great distance from the carth (Camopus is 180
light years away), Alpha Carinae competes successfully
with Sirius, reaching Mag. —09. Canopus is a yellow sn-
pergiant with a surface temperature of 7,600°, It is 85 times
the djameter of the sun and has a luminosity 1,200 times .
solar luminosity.
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+ Another outstanding star is Achernar, principal star of
the familiar constellation Eridanus, This is a white super-
giant with a surface temperature of 15,600° that radiates
800 times more light than the sun and is 3.4 times the solar
diamoter, Such are the physical characteristics of Achernar.
It has a magnitude of 0.6 and is 43.5 parsecs distant from
the earth,

The three other bright stars are located in the same neigh-
hpurhood: Alpha Centauri, Beta Centauri, and Alpha Cru-
ois. Their magnitudes are, respectively, 0.3, 0.9 and 1.4,
making Alpha Contauri the third brightest star in the whole
sky (after Sirius and Ganopus).

Beta Contauri and Alpha Crucis are rather similar. They
@e very hot white supergiants with surface temperatures
of 22,500° radiating 800 and 900 times morc light than
our sun. They are, respectively, 62.5 and 67 parsecs distant.

At en altitude of 30° we sec anotler Leight star that
¢an slso bo seen by observers in the northern hemisphere
of the earth, This is Fomathaut, or Alpha Piscis Australis,
which is- visible on summer nights Jow on the southern
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horizon in the northern hemisphere. There is nothing ex-
ceptional about this star; 1t is a blue star of moderate size
similar, physically, to Sirius or Altair. It is only 11 times
more luminous and 3.2 greater in diameter than our sun,
Fomalhaut is one of the closest stars, being only 70 parsecs
distant.

A closc look at the star map of the southern sky {seo Ap-
pendix) does not reveal any cxpressive patterns among the
southern constellations, The prettiest one is the famouns
constellation Crux. The name was given by contemporaries
of Magellan (16th century). The four brightest stars (Alpha,
Beta, Gamma, and Delta) suggest the points of an imagi-
nary celestial eross.

Nearby 15 the coustellation Centaurus with its charac-
teristic triungle of bright stars (Alpha, Beta, Epsilon).
The constellations of Carina, Puppis, and Vela, which were
onco combined in the single constellation Argo Navis, have
a large number of bright stars randemly strewn about that
do not bear any resemblance at all to the silhouette of a
ship of old. Still less appropriate are the names of the re-
maimng new constellations of the southern skies, Chamac-
leon, Pictor, and others.

A telescopic scarch of the Antarctic sky will reveal a
large number of double stars, multiple stars. star clus-
ters and nebulae. Let us take only the most outstanding
or really unique objects.

The chief sight. of the Antarctic sky is undoubtedly Alpha
Centauri, the closest of all stars. Every devotee of astron-
omy covets the sight of this closest sun. Though few have
the opportunity to see 1t, a few details about the fameus
star are well worth knowing.

Alpha Centauri is a triple star. The primary is a yel-
low star very much like our sun and at a separation of
17°.7 has a very bright orange companion of Mag, 1.7. The
companion star 1s one-third as luminous as our sun and
its surface temperature is only 4,400° In mass and size,
both stars are very similar to the sun, their period of revo-
lution is close to 80 years. The third component of this
triple system is the star Proxima (which means closest)
Centauri. It is 2,400 astronomical units closer to us than
the principal yellow star.

Proxima Centauri is a cool red dwarf that emits 20,000
times loss light than does our sun. The angular distance
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Fig. 68. The Large Magellanic Cloud-

between Proxima and the chiel components of Alpha Cen-
1auri is very great, approximately four apparent Jumar
diameters. Jf Proxima were replaced even by such an ordi-
nary star as our sun, Alpha Centauri would become one of
the most beautiful triple stars in the terrestrial sky. But
Proxima is a red star of the eleventh magnitude and is
quite lost in the multitude of other telescopic stars. The
period of revolution of Proxima ahout the common centre
of gravity of the system is very great, not less than several
thousands of years.

The constellation Carina has two very bright and open
star clusters located close to the carth. Their coordinates
for Epoeh 1900 ave:

Righ! Ascension: 9h 58m.5; Declination: ~~59°38" and
Right Ascension: 40k 02m.2; Declination: —58°08"

The fixst cansists of 460 stars, the sccond, 130. Both are
at a distance of 400 parsecs from the earth.

Yery impressive are twe globular star clusters 47 Tucanae
and Omega Centauri. They have integrated brightness close
1o §ifth magnitude, while their apparent diameters are,
respectively, 54" and 65, which are conmsiderably in ex-
cess of the angular dismeters of all other globular star
clusters. They are 5.8 and 5.0 parsecs away, Tespectively.
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Fig 69 'The Small Magellame Clond,

The 47 Tucanae cluster is the most populous of the known
glohular clusters, comhining tens of millions of stars!

Unmatched anywhere else in the sky arc tho famous
Magellame Clouds: the Large Magellanic Cloud and the
Small Magellanic Cleud. The former is seen jn the constel-
lation Dorado, the latter in the constellation Tucana. On
a dark starry night they are indeed like some kind of strange
glowing fixed clouds. But in a half hour of viewing you
will sec that they are in motion together with the whole
celestinl sphere and their relative positivns to the stars
remain unchanged, which is an important sign of theiwr
cosmic pature.

The Large Magellanic Cloud (Fig. €8), is rcminiscent
of the Segner wheel of schooldays, the Small Magellanic
Cloud looks hike a boxer’s punclung bag (Fig. 69). The
Magellame Clouds occupy a large area in the sky. The
Lange Cloud is 12° acrosy, or 24 times the disnrcter of s
moon’s disc The Small Cloud 1s 8° in diameter.

The Magellanic Clouds were first described by a com-
panion of Magellan and s biographer Pigafetta. Observers
always remark on the similarity of the Mageilanic Clouds
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with our Milky Way. The Clouds appear to be picces torn
off the Milky Way.

There is more than just this superficial similarity. Tel-
escopic observalions reveal the stellar nature of these
romarkable structures. They are cnormous stellar systems,
the closest of their kind to us, and companions of our own
Galaxy. They consist of many tens of millions of stars,
including over 2,000 known variables, several tens of star
clusiers and nebulae. Light takes nearly 125,000 years
1o come from the Magellanic Clouds but their cenires are
separated by half thal distance.

In actual size, the Magellanic Clouds fall {ar short of
our Galaxy and the Andromeda Nebula., Still, the Large
Cloud is abous 20,000 lght years ir diameter and the Small
Cloud is close to 17,000 light years across. The Large Mag-
ellanic Cloud is comparable to the M33 galaxy of the con-
stellation Triangulum (9 kiloparsecs in diameter); if they
weren’t so close to our Galaxy, both clouds might be re-
garded as quite independent star systems.

Some of the objecis of the southern celestial hemisphere
are not at all visible in the latitudes of the Soviet Union.
Unfortunately, they include the Magellanie Clouds, Alpha
Coentauri end nearly all the other sights we have just men-
tioned. But Conopus can he seen in the extreme south (south
of latitude 38°) en winter nights low on the horizon.

To some it may be of sporting interest 1o get a glimpse
of a few of the typically southern constellations. At Mos-
cow’s latitude, one can sce portions of the following con-
sleflations low on the horizom:

Discis Australis {(with Fomalbaut), Sculpter, and For-
nax on autumn evenings;

_Caelum, Columba, Puppis, and Pyxis on winter cve-
nings;

Antlia, Centnurus, and Lupus on spring evenings;

Microscopium on summer evenings.

On the otber hand, it js inferesting to note that from
the south pole in the Antarctic one can sce such familiar
constellations as, for instance, Canis Major (with Sirius),
Swrpit?, Sagittarius, Capricornus, and many others. When
observing these constellalions in the northern hemisphere
of the earth, remember that they are also a constant adorn-
ment of the starry skics of the south.
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THE MILKY
WAY

AND

THE Z0DIAC

The Milky Way is a faintly
luminous, frregularly outhned helt stretching across the
entire sky. It varies in width from broad sections exceeding
15° across to narrow patches of only a few degrees.

Thke Milky Way passes through the following constclla-
tions: Monoceros, Canis Minor, Orion, Gemini, Taurus,
Auriga, Perseus, Camelopardus, Cassiopeia, Andromeda,
Cepheus, Lacerta, Cygnus, Vulpecula, Lyra, Sagitla, Aquila,
Scutum, Sagittarius, Ophiuchus, Corona Australis, Scorpio,
Norma, Lupus, Trnangulum Australis, Centaurus, Circinus,
Crux, Musca, Carina, Vela, and Puppis.

The patchy structure of the Milky Way is immediately
apparent to the eye. It 13 very inhomogeneous; along with
dull, hardly visible portions, there arc “star clouds” which
are so bright that they may often be confused with ordinary
rain clouds. These structural features of the Milky Way
are due mamly to two factors: 1) a real nonuniform dis-
tribution of stars m the Galaxy, where star clouds may be
regarded as a kind of element of structure; 2) the presence
of an absorbing medium that imparts to the Milky Way
fanciful shapes 1n the form of dark nebulae diversified in
outling and size. To this we need only add that the appar-
ont concentration of stars in the sky in the region of the
Milky Way is caused, as wo have already pointed out, by
the disc-like shape of the Galaxy. If our stellar system were
of the structure of a globular cluster and if wo were located
at its centre, there would bo no Milky Way in the sky. The
stars would be scattered over the celestial sphere in a rather
uniform fashion.

Inside the Milky Way we can note & sort of median lino,
the so-called gnlactic equator. On the celestial sphere it
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is a great circle inclined to the planc of the celestial equa-
tor at an angle of 62° The celestial equator and the gala_cnc
equator intersect in two points located in the co_nstellauons
Aquila and Monoceros. The two points, 90° distant from
the galactic equator, are called tho poles of the Galazy.
The north polo of the Galaxy lies in the constellation Cozz‘xa
Berenices (Right Ascension: 12h 40m, Declination: 4-289),
the south pole, in the constellation Sculptor (Right Ascen-
sion: Oh 40m, Declination: —~28°). When studying the
Gnlaxy it is convenient to use the galactic system of coor-
dinates in which the galactic cquator is the basic great
circle. :

The most convenient time for observing the Milky Way
is on the dark nights of August and the first half of Sop-
{pmber, The patchiness of the Milky Way is particularly
¢vident in the constellation Cygnus. A very prominent
feature is the exceedingly bright and dense star cloud in
the constellation Scutum. There are also several bright
star clouds in the constellaiion Sagittarivs, but they are
not so impressive as those in Scutum due to the low position
on the ltorizon,

From Deneb, the Milky Way falls to the horizon in two
brillinnt streams. This “Great Slit”, as it is sometimes
ealled, is due io numerous and comparatively close dark
nebulac that bloek out bright regions of the Milky Way in
these spots. In the southern lemisphere of the sky, near
The Southern Cross, one can sec the famous Coal Sack, a
piteh Dblack patch of the Milky Way which seventcenth-
century observers considered to be a real “helo in the sky”.
Actually, it is a dark cloud of cosmic “smoke” that oh-
scures the stellar worlds beyond.

For a delailed picturo of the structure of the Milky Way,
sce the special maps given in the Appendix. Naked-eye
observations should be combined with binocular studies of
the stractural features of the Milky Way. These observa-
tions are quite obviously nseful, for anyone who simply Tooks
at the Milky Way will see with 1he unaided eye the complex
structure of the Galaxy and the colvssal masses of dark
cosmie matter that absorbs light.

We conclude our story of the starry sky with a few re-
marks ahout the star-Jike luminaries that occasionally “spoil”
the customary patterns of the constellations and may puz-
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zle the novice. These are the planets, not all of them, only
the brightest.

‘We exclude Mercury, which constantly hides in the rays
of the sun and 1s never seen here on the starry sky back-
ground. Uranus, Neptune and Pluto will never bother anyone
1 studying the constellations because they are so faint.
The same goes for the tiny planets called asteroids. But
the four plancts, Venus, Mars, Jupiter and Saturn, are
among the brightest objects in the sky, and can easily be
taken for stars. To avoid such confusion, lcarn well the
twelve constellations of the Zodiac (see p. 61), Add Ophiu-
chus, which docs not belong to the Zodiac, but contains
a good portion of the ccliptic,

Venus, Mars, Jupiter and Saturn are observable only in
the zodiacal constellations Secondly, remember that unlike
bright stars the planets do not twinkle. True, if planets
are viewed just above the horizon and if the atmosphere 15
not calm, they do twinkle a hit.

Next, each of the above-mentioned planets has a char-
actenistic colour Venus is a brilliant white, Jupiter is
a yellowish-white, Mars is reddish, and Saturn is a drab-
yellow. Venus 18 seen in tho western and eastern parts of
the sky and appears in the rays of the rising and setting sun
{during perieds of maxxmum brilliance) before any of the
stars. Mars, Jupiter and Saturn may be seen at any hour of
the night.

The distance between the planets and the sun is con-
stantly changing and this means that their apparent bright-
ness varies as well. The brightest of all the planets is Venus;
it reaches Mag. —4.8. Murs has a maximum brightness
of —1.6, Jupiter, —-2.3, Saturn, —0.9. Remember that
the brightness of all the planets varies over a broad range;
for instance, Mars at its greatest recession from the earth
appears as a totally inconspicuous reddish star of the second
magnitude.

Finally, the chief peculiarity of the planets, these “wan-
derers” of space, is their movements among tho constella-
tions. If the precise position of a planet is noted on a star
map and then observed again in two or three weeks, tho
shift 1n position of the planet (with the exception of Saturn)
among the stars will become obvious.

To summarize, then, when studying the zodiacal con-
stellations, bo ready to meet any one of the bright planels.
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Incidentally, you can be prepared for an cncounter of a
planet in a specific place because Astronomical calendars,
which are published every year, and other similar publica-
tions (Almanacs, for example) give brief information on
the visibility of the planets.

You are now acquainted with the chief sights and won-
ders of the night sky. True, it is only a first and superficial
acquaintance, but if it has escited some interest in the
world of ouler space and its multifarious kingdom of celes-
tial bodies, you will probably want to continue to study the
heavons as an astronomy fan and perhaps make contribu-
tions 1o the scjence of astronomy. If 2o, the author will feel
his task fulfilled.



APPENDIX |

The Constellations

5o

§ | g |s8°

Nominative & N -1 b o))

case 2 Genitive case g |5z é_‘.::

£ I
Andromeda N | Andromedas And | 722 | 100
Aantlia S | Anthae Ant | 2391 20
Apus S | Apodis aps | 28| 20
Aquarius Aquarn Agr | 90| 90
Aquila Aquilas Aql | 62| T
Ara S | Arae Ara | 237| 30
Arles Aretes Ari 4411 50
Aunga N | Aurgae Auc | 657 90
Bogtes Bobtis Bod 207 90
Caelum S | Caelr Cae 125 10
¢ d N | Camelopard Cam | 757 50
Cancer Canery Coc | 506 60
Canes Venatic N | Canum Venaticorum | Gyn | 465 | 30
Canis Major Cants Majoris CMa | 380{ 80
Canls Minor Canis Mivonis Cwm | 1831 20
Capricornus Capricormu Cap 414 50
Carina 5 | Carmae Car | 49%) 410
Casstopela N | Cassioperae Cas 58| 90
Centaurus S | Centaurs Cen [1,000 | 150
Cepheus N | Cepher Cep | s8¢ 60
Cetus Cet1 Cet 1,250 [ 100
Chamaeleon S | Chamacleontis Cha | 432 20
Circinus S | Circm G @ 20
Columba 8§ | Columbze Col 270 | 40
Coma Berenices Comae Berenices Com [ 286 | 50
Corona Australts S | Coronas Australis CrdA | 128 25
Corona Boreahs Coronae Doreahs CeB | £70| 20
Corvus Corvi Crv 184 ) 15
Crater Crateris Crt 2821 20
Crux S | Croas Cru e8| 30
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Appendiz I (continued)

5=

By (%5

Nominaflve § |« ceattive case g | =g | gES

ease ] & 128 | T

3 % | B5 | BEE

& & | 25 | EE2

Cygous N | Cygni Cyg | 8041 150
Delphinus Delplini Del | 189 30
Dorado s | Doradus Dor | 11| 20
Draco N Draconis Dra 1,083 80
Equuleus Equulei Equ| 22| 10
Eridanus Eridani Bri 1,138 100
Fornox Fornacis For 398 35
Gomint Geminorum Gem 514 70
Grus 8 Gruis Gru 366 30
Hercules Hereulis Her [1,225 1 140
Tierologinm 5 Horologii Hor 249 20
Hydra Hydrao Hya {1,900 | 120
Hydrus s Hydri Hyi 2431 20
Tndus S Indi Ind 204 20
Lacerta N Lacertae Lac 201 35
Leo Leonis Leo 947 70
Leo Minor Leonis Minoris LM 232 20
Lepus Leporis Lop | 200 40
Libra Librae Lib 538 50
Lupus S Lupi Lup 334 0
Lyax N | Lyncis Lyn | 55| 60
Lyra N | Lyrao Lye | 281 45
Mensa s Mensae Men 153 15
1 ) S i pii Mic 210 20
Monoceros Manocorotis Men 482 85
Musca s Museso Mus 138 30
Norma 5 Normae Nor 165 20
Octans S Ostantis Oct 291 35
Ophinchus Qphiuchi oph | 048] 100
rion Orionis Ori 594 | 120
l:n\'u By Pavonis Pav 378 43
Pegacus Pogasi Peg 1,421 100
1‘0|'$(‘ s N Pergel Per 615 80
i,:lé:t:;lx 5_ l‘!xormcns Phe 469 40
s Picloris Pic 247 30




Appendiz I (tontinued)

Nomtnatl glx Eé:
ominative = s P
case % Genitive case 5 ig “éﬁi
& £ |38 (252

Pisces Piscium Pse 889 75
Fiscis Austrahis Piscis Australis PsA 245 25
Puppis Puppis Pup | 673 | 140
Pyxis Pyxidis Pyx 22 25
Beticulum 8 Rebicult Ret 114 15
Sagitta Sagrttae Sge 80 20
Segittarius Sagittarp Sgr | 867 | 115
Seorpio Scorpn Seo 497 | 100
Sculptor Sculptoris Sl | 475{ 80
Scutum Seoti Sct 109 20
Serpens Serpentis Ser 637 | 60
Sextans Sextants Sex. 314 25
Taurus Taurt Tau { 797 ( 125
Telescopium S | Telescopu Tel | 252 | 30
Triangnlum Trianguli Tri | 132] 15
Triangalum Trianguly

Australe 5 Australis TrA $10 20
Tucana 5 | Tucanas Tue | 205] 25
Ursa Major N | Ursao Majoris UMa (1,280 | 125
Ursa Minor N { Ursae Minoris UM | 286 20
Vela S Velarum Vel 500 | 110
Virgo Virginis Vir {1,280) 9%
Volans s Volantis Val 141 20
Vulpecnla Vulpeculas val | 28| 45

APPERDIX 11
The Groek Alphabet

A, o alpha 2, ¢ zetn A, A lambda
U, §  beta H, 7 eta M, p ou
r, y gamma A, 8,0 theta 5 v omu -
A, & delta I, ¢ dotn g & x
F. & epsilen K, =x Xkappa Q, o omicron



roe
Loes

Lau

X, 7z chi

upsilon w, 4 psi

phii

Q, o omeg

APPENDIX 111

Somo Bright Double Stars with Sharply Contrasting Colours
{seo diagrams at the back of the book)

Star A B P Colour
{Mag.) (Mag.)

1 And 2.3 5.1 10" | Orange and blue
«Cvn | 28 5.4 20 | Yellow and violet
8 Cyg 3.2 5.4 35 | Yellow and biuc
e Boi 2.7 5.1 3 Yellow and green
2 Her 3.5 5.4 5 | Yellow and hiao
« Seo 1.2 6.5 3 Orange and green
1 Her 4.5 5.5 11 {Red and cmerald
© Hya | 3.8 5.0 0.3 | Yollow and blue
» Gowm 3.7 8.5 7 Orange and blue
7 Per 3.9 8.5 28 Yellow and Dblae

% Cas 3.7 7.4 9 Yellow and purple
% Ter 3.2 8.4 10 | White and violet
1 Cne 4.2 6.6 31 Yellow and blue
8 Sce 2.9 5.4 14 | White and greenish-yellow




@ se0

R
Mog 12

mizu?i

Colours: Y-yellow ~ Rered
B-blue w-white
C-green 0-orange

Positaon and Colours of Certain Doublp Stars
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APPENDIX 1V

Sehematic Gharts of the Milky Way

+30°
0°
[ 13
40"
Ophiuchus
i

. @7

XK

1. The Milky Wey in the constellations Scorpio, Saglitarius, Scatum,
Aquita, Vilpecula,
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2. The Muky Way in the constellations Cygous, Lacesta, Cephens,
Cassiapera.
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3. The Milky Way in the constollations Cassiopoia, Perseus, Auriga,



4. Tho Milky Way in the constellations Taurns, Monoeros, Puppls,

APPENDIX V

Maps of the Night Sky
(sce coloured inserts)
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