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Great Nebula in Orion:.This famous object was painted as seen by the
artist in his 8-inch telescope at 200 power. The pattern of four stars
near the center is the well-known, colorful Trapezium.

are often unfavorable, any interested person in any
part of the world can become a sky observer. The aspect
of =~ place to place  the majesty
of Sun and Moon, of stars and planets and nebulas, is
‘. everywhere

This book is a guide to observing—to the use of
binoculars and telescopes, the locating of sky objects,
and what objects to look for and how best to see
them. The beginning observer should have also a book
on general astronomy. Even a little knowledge greatly
increases the pleasure of observing, and it prepares us
to undertake real astronomical projects. Most old hands
have found that the fun of amateur astronomy is greatest
when they are working on observation programs that
are scientifically useful.

OBSERVING WITH UNAIDED EYES Even an observer
without binoculars or a telescope can see many wonders
of the heavens. The important thing is to know how to
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Effect of increasing power: At left is a 7° field in Cygnus as seen
with 7x50 binoculars. At right, centered on the same star, is the re-
duced and inverted field seen through a small telescope at about 35X.
Numbers on map indicate magnitudes of stars (decimal point before
last digit omitted).

Magnitudes are sometimes rounded off:

Magnitudes Are Considered
from to as Magnitude
—1.5 —0.6 —1.0
—0:5 +0.4 0.0
+0.5 +1.4 + 1.0 ete.

On a clear, dark night, the unaided eye may detect
stars as faint as magnitude 5 or 6. Binoculars help us to
see “down” to magnitude 8 or 9, and a 6-inch telescope
to about 13.

The brightness of planets changes according to their
positions with respect to Sun and Earth. Planets outside
Earth’s orbit are brightest when Earth is between them
and the Sun. The magnitude of Mars, for example, varies
from —2.8 to +1.6, and Jupiter from —2.5 to —1.4.

Planets shine more steadily than do stars. Light from
a star reaches us as if from a tiny point, and atmospheric
interference with this thin stream of light is quite notice-
able. Light from a planet comes as if from a disk; the
stream is thicker and the atmosphere has less effect.

27
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Region of nebulas: From this
area near the star Eta Carinae in
= heavens comes
radio “‘noise,”” which is picked uvp
by radio telescopes. The illumi-
nated nebulas and the many dark
nebulas, some of which are no-
ticeable here, are interesting to
trace with optical telescopes.
(Harvard Obs.)

TELESCOPE SIGHTING
Sighting a telescope by
pointing the tube is usually
not accurate enough. Ord-
inarily we need to use the
finder. This is likely to have
a field (inverted) of 5° or
6°. If the finder has been
exactly lined up with the tuvberenobject centered in the
finder will be found to be centered in the eyepiece too.

Sighting bright objects through the finder is easy. But
for faint objects the step method may be necessary.
Consulting our chart, we note the object’s position with
respect to the nearest bright stars. Using these as sign-
posts, we work our way to the object sought.

As the tube of a reflecting telescope is moved, it may
have to be rotated on its longitudinal axis in order to
keep eyepiece and finder in positions comfortable for
viewing. In all good reflectors a rotatable tube is stand-
ard. In refractors the star diagonal allows comfortable
viewing in_any direction. Experienced observers have
the habit of estimating distances across the sky in terms
of degrees, and of using the celestial pole as the key
to directions. Distances between stars can be estimated
easily with the help of the finder (page 33).
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Earth’s nearest neighbor: This composite of the Moon, showing details
with exquisite clarity, was made by combining photographs taken at
first and last quarter. The shadows on the opposite hemispheres differ
in direction. The Moon at full phase would look flat, show little de-
tail, because of lack of shadows. (Lick Obs.)
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Based on a more detailed map published by
Sky and Telescope, © copyright 1956

Ly Sky Publishing Corp., Cambridge, Mass.
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oo pen - part of a splendid range
. run aroundthe
Big crater is Archimedes, 70 miles wide. (Lick Obs.)

Four lunar features (right): The crater Plato, 60 miles wide, dominates
the scene. Extending to the left and above Plato are the Alps. To
Plato’s right, near the edge of the photo, is the Straight Range, a chain
of deien—peuks—s#e#eklng—“—mles—m“nd—dugbﬂy—b—the ight
of Plato, the mountain Pico towers 8,000 ft. above Mare
(Lick Obs.)

Tycho (left): This is a mountain-ringed plain like Cope s, with
o~ ~  hundreds of miles

Pickering (right): A meteoroid approaching from the left struck the
lunar surface at a sharp angle, making a crater and strewing impac!
debris, visible as “rays” extending toward the right.
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Rays
Rayed arc

Rayed are Flames

Glow Rayed arc

Types of Auroras

Zodiacal light is a hazy band rising from the horizon
along the ecliptic just after twilight in the west, or just
before dawn in the east.

... ‘counter ~ brightening
of zodiacal light at a point on the ecliptic opposite the
Sun. Sometimes the Gegenschein is seen when the
zodiacal light is invisible—Look for it about midnight and
toward the south, near your meridian.
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clouds. Venus and Mercury in full phase show but slight detail. Uranus
and Neptune are mere dots. Only Mars shows a landscape.

they are generally called the outer, or superior, planets,

At times a superior planet appears to have a retro-
grade motion. In moving through a constellation, it
seems to slow down and then go into reverse. After a
few months the forward motion may be resumed.
Actually, planets do not “reverse.” The appearance of
reversing is due to changes in relative positions of Earth
and planets as they move in their orbits.

L e— Qe
“stars,” because—they—ster—near the Sun. Only just be-
~ sunrise . a few times a year
can Mercury be seen. Venus is visible for longer periods,
and sometimes in daylight. Mars, Jupiter, and Saturn
may be called morning or evenirg—stars when they
dominate the sky in early morning or evening.
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S ooortooo o oo Photos taken - =
two-month period show changes in the plan-
et's apparent size and its attitude. Apparent
size varies as distance from Earth changes.
(Hans Pfleumer)

to Earth and we see its lighted side
fully.

Mercury and Venus, the inferior
planets, are never in opposition. We
see their lighted faces fully only when
the Sun is between them and Earth;
then their disks are quite small. They
appear brightest and largest at the
time of greatest elongation, when the
planet and the Sun, as seen by us,
are at their greatest distance apart
— as much as 48° for Venus and 28°
for Mercury. Then we see only part
of the planet’s lighted side.

The best time to observe planets is
on moonless nights, or when they are
opposite in the sky from the Moon,
and when they are high above the
horizon. Atmospheric conditions in-
fluence seeing (page 29). At or near
full Moon, observing is poor for both
planets and stars.

OBSERVING EQUIPMENT De-
tailed study of planets requires
large, special, and expensive
equipment; but one can see and do
much with a small telescope. Cer-
tain features can be observed with
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Dance of the moons: Jupiter's four larg-
est satellites make changing patterns as
they circle the planet. Except when hidden
by the planet—=t—four can be seen with
binoculars. They were discovered in 1610
by Galileo, who was the first to use a
telescope for astronomical observing.

through telescopes. Four— Ceres, Pallas, Juno, and Vesta
— are listed in the Astronomical Almanac, which gives for
each the right ascension and declination, distance from
Earth, meridian transit time, and approximate magnitude
‘o everydayintheyear o oo oo e e
only for times when it is most favorably situated for ob-
serving, for it is only 25 miles in diameter. To locate an
asteroid, look up its position in the Almanac and check this
position in your atlas with respect to easily identified
nearby stars. Then use telescope or binoculars.

Ceres, the largest asteroid (diameter 623 miles), was
the first to be discovered. Pallas (378 miles) was the next,
then Juno (153 miles), and then Vesta (334 miles). Bright-
ness depends on size, distance from Sun and from Earth,
and angle oftxeflection of the sunlight.

JUPITER, the large plen%t\,".i:ea ball of hydrogen, with
some helium, ammonia, an es-o,f\og:; gases. It may
have no hard surface — just a shell of tFozen gases thick-
ening toward the relatively small core, probably rock.
With a magnitude of about — 2.5 to about — 1.4, Jupiter
is one of the sky’s brightest objects. It has 16 satellites,
four of which, at a magnitude of about 6, are conspicuous
in a small telescope and can be seen with binoculars. Two
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Comets are apparently planet-sized members of our
solar system, but of uncertain origin. They shine by re-
flecting sunlight, as planets do; and they glow as sunlight
ionizes gases in them. Besides gases, they contain
enormous concentrations of larger particles, perhaps
meteoritic material. Some comets have no tail at all, but
in others it is spectacular in form and length. The tail ap-
pears to be made of material thrown off from the head.

POINTERS FOR OBSERVERS Comets may appear in
any part of the sky at any time of year. Many an ob-
server searches for comets every clear night. By scanning
a different zone each evening, he can cover much of the
sky during a week. Looking for new comets or for the
return of old ones is good sport.

Many observing groups divide up the patrol work.
Binoculars can be used, but a 3- to 6-inch telescope is
better. Use low power for a wide field.

Once a comet is found, a camera attached to the

Comet Mrkos: This new comet appeared in 1957, The series of photos
was made over a span of several days. (Mt. Wilson and Palomar Obs.)
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End of a bolide: A meteor breaks up with a flare and a bang.

Meteors

During every clear night, needle-like streaks of light are
seen cutting across the sky. One, two—a dozen or more—
may be seen in an hour. Often called “shooting stars,”
the objects that make these trails are actually bits of
stone and iron from outer space, called meteors or
meteoroids. They race into our atmosphere with such
speed—up to 44 miles per second—that friction with the
air heats them to incandescence. Most turn to vapor

and dust long before they reach the ground.

o ge—————ary
Frequently their trail remains visible, for some time.
Fireballs that explode are ”bolidesp

Most meteors are no bigger thanvice grains, and they
become incandescent 50 to—Z5—miles up. Larger ones
break up during their fiery trip through our atmosphere,
~ fragments of these . few cen-
turies a really big one hits, such as the meteor that
made Meteor Crater in Arizona.
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Omes———temtay=—T—zle==d globular cluster, visible t—un=<ed
eyes gliﬂers—ina.bii:-uchern-eonﬁeueﬁemh—resembles—rhe
Aocthern hemienheN~—=goor 0 cluster—e————d

Stars

The galaxies—the—illiens of island universes in space—
are made up of stars, planets and smaller bodies, gas,
and dust. All the stars are spheres of glowing gas; many
are millions of miles in diameter. Some are 10,000 times
as thin as Earth’s air at sea level, and some are so dense
that @ cupful of their substance would weigh tons on
Earth. Star interiors have temperatures measured in
millions of degrees, and at their surfaces temperatures
up to 55,000°F. are common. Probably many, if not
most, stars are ringed by planets.

All stars visible in small telescopes are within our own
galaxy. The nearest-snets-Earth-is-41light vears away
—26 trillion miles. Even this nearest star, Proxima Cen-
tauri, is so distant that in the greatest telescopes it
is a mere point of light.
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served without optical aid. This star is actually a double,
with two members revolving about a common center. The
variation occu one memberspasses in front of the
other—thus cu::i;zkoﬁ*pe:r its light—at regular in-
tervals. With Algol the eeffpse occurs in about 4 hours,
at intervals of abou+2% days. At maximum Algol is at
about 2.2 magnitude, and at minimum about 3.5.

Pulsating variables are single stars that eontract and
expand at-regular-intervals. Theietight output increases
and decreases accordingly.

Cicron Cotmmmmm——ornc o the==0= o o o
ables, rises from a faint 10th mégnﬁz to 3d (at times
even 2nd) in about 150 days. It tskes—abeut180-days
to fade again to minimum. Because of this great range
in brightness it has been mistaken for a nova.

Beehive (Praesepe) cluster: This open star group (M44), a fine show in
binoculars, is located about 14° southeast of Pollux. (Yerkes Obs.)
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AAVSO chart—Zhe observer aness of the variable
star Omicron Ceti (smWigﬁ:eMer) by reference
o0 oon-ud Oy stars that do Wet==+y in brightness.

Obser ﬁeﬁ—of—vefie-blz) is a field of research in
o the s=2 oo cle—n o e

f————0————r  ~  embers
of the American-Asso<istian of Variable Star Observers
(AAVSO), whelive <!t sver the world. These observers
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Plesetary nebula (NGC 7293) in
Aquarius: Like the Ring Nebula
in Lyra (M57), this planetary is
a cloud of expanding geses—£rom
an exploded star. (Mt. Wilson)

DIFFUSE NEBULAS With-
in our galaxy are great
clouds of gas and dust
o diffuse
lactie~—nebulas. Some are
dark, some bright. Typical
- dark—nes—~
in the constellaﬁ:.Zas Crux,
Cepheus, Cygnus, and Scorpius. They look like ragged
~ o t-he ' the k————— ey~

In the “sword” of Orion is the typica bzighf nebula
M42, faint to the eye but impressive in bifoeslars—end
small telescopes (see pages 7 and 125). It is about 26
light years across and 2,000 light years distant.

Diffuse nebulas are usually less dense than the air
that remains in the best vacuum that man can make
in the laboratory. Their gases and dust may be ma-
terial from which stars are now forming. These nebulas
shine by reflecting the light
of nearby stars, or by
glowing like fluorescent
lamps as starlight strikes
them.

The so-called planetary
nebula, a common type,

Rho Ophiuchi region: Strong con-
trasts between stars and dark
©~ oo - brought out in time
exposure photo. (Harvard Obs.)




The Crab Nebula (M1) in Taurus: The spe<trum of this diffuse nebula
indicates an expansion rate—of—sssu o second
astronomers in the 11th century reported a nova (exploding star) at
this location. M1 is faint but rather well defined in small telescopes.
Color appears only in time exposures. (Mt. Wiken asgd Palomar Obs.)

consists of gas ap y blown out By a star during
catastroph- ~— .~ = ~n envelope
$——e—a————|———e—_ =
a ring, as does the Ring Nebula in Lyra. 9’\‘“

Diffuse nebulas within the amateur’s range indlude
the Crab Nebula in Taurus, the Great Looped Nebula in
Dorado, and the Lagoon Nebula in Sagittarius.

Messieg listed as nebulas many objects which we know
cowd o N le— 0 te——o o e o
' classify the . = . present
knowledge of them.
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FILMS AND EXPOSURES A plateholder for a small tel-
escope usually takes 24 x 34 or 3V4 x 4V4 film; for 6- to
12-inch telescopes, 4 x 5 film. In cameras, use roll film.

For black-and-white photography, panchromatic film is
recommended. Since few commercial firms develop and
print black-and-white well, the amateur might learn to do
this himself. For color, commercial lab work is usually
acceptable. Films range from low-speed (ASA 25), with
high color intensity, to ASA 1000 or higher, which is
grainier. Color prints can be interesting, but slides show
more detail.

The faster the film, the shorter the exposure can be at a
given magnification. (If using an eyepiece that enlarges
two times, multiply exposure time by four; if threg-times,

Partial lunar eclipse: Su ve-£xposures show Moon risthg partially
eclipsed, thes—ssa y emerging—om shadow of Earth. Exposures
were made at 5-minute intervals. (Americesdysesm—sibleteretttistory)
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Comet Bennett 19611 showing secondary tail. Photographed on April

Sl it e singm—m————————————5

10 seconds. (Dennis Milon)

. a  remarkable ph @ cor ugust 16,
10700 The cxposure wos [ oceree—==% fon £l (Richard
e

Berry and Robert Burnham, Sky and Telesfo




Meteor shower: This phofogrﬁh—MeWm shower

was taken from Kitt Peak, Arizona, on N&vember about 12"
Universal Time. This shower is the greatest for which there u
records, with a peak rate of 40 meteors per sesoss~for d—si=sle
vern\The shower had a sharp peak k=<t the rate wos—ever 1,000
mete§rs pey minute—for a single—skses£r for OM the orig-
inal pxn&/70 Leonid meteors are seen on this 3%2-minute exposure.

Twe—poi-m—me-#eos—ere—seen—righ.r\a;:: radiant in the Sickle of Leo.
The brightest star is Regulus. Thi otegrsph—was taken with a

105mm lens at /3.5, using 120 size Tri-X film that was developed
for 12 minutes in D-19. (Dennis Milon)




ee

ee




place

act

devised to make it easier to

a—s sz

the beginning
continues
the next day

Cere

is

Gie—sche™m

or

bridge



is progress
a

clock that keeps ou
Y/

insz
ide
a sky of any

s—h a d—e
L™y
v e-d
2r i /

below the horizon

t h e i—r
hand on a circuit
with in
the difference between
daylight a—n

vil




Light

s\e—a /r—in?

content the same old
lifetime

of pleasure C_\b
e

eventually want something more
o—r

|——ess

s-e——e€ fhe
a._._d

following



P e a-c e
in one
turn  the fuss of
focusing again and again

hold
\ing

your

purpose

farther from the

a—w—~n

c—o/e/
through 8
filter s
transmits and \s

absorb-s




W‘°/c?/ s

used to cut down

the glare of

light—ed
eye s
glass
planets
i n a
store
th a t
f—eg
e |—s perfectly safe
and
neutral
s 1o darlle
_S'O h\
n e
an K2er
SECOND

Chc an c e



f |—————ing
A \e—e/ too big to take on

vacation t he
would-be s—I acker whose
purpose
peaked
or slid out of the way
h ome b o—a e
\r——:!j\d
up the wind
t r a P
Cp—e d
in
the
prism

Backyard



- : s D)

the
curs—e
v
t—u e
out into the y—e



I—O\S_i/-n\g

the open end of a
c I i f e
against dust made wz
e
the o——a-th
covered the mirror
| e t
dew

e
=3
\t oO——vu vaporate

n
Ke—s_

b—r—o
pieces in a separate, padded box
o—y——

d
o
e
Cv/ s
so
correct Q——n

common




take

from the
e— a r t h

tiny piece of grit

th
\ t\Y\
en ouch o

face with your fingers

ur

f e e |
the
clear water and dry air
?
e—a-d tg book
he

S

h eye/

wit/ close

d




t
/
mirror ed r

the
last

job

a
\r—th

never try to force

on e

out what is wrong

t
b r—e a—/

o)

r o u
I—h/ 1 e in
g——~h
your m—e
cardboard h e—lsg
sure t

of

h

your own reﬂecﬁg

O————n



|—e-t

g—o
of
the
electric
§——-——tress of
work
of
making
a
cal—endar
‘ A% i
t
\}- e entire

galax y



w

o

k

etc.

ich

catalog
of

Making Your Own

mythological
origins

o r e

practical

Heaven Ss
The Stars Belong to Everyone /ay

-_/W
any



his
following
pared

down to
a plot for
elsewhere
Symbols
are explained in
a single
th-ough—t

the custom
)

altered lines
are drawn
to mythological
figures
%
the %
o
to
the
e nd
of
A,
S
*,



Lacsrea

e A

&
K
&

Variable a-s
boundaries

AN\/O ar—e



I—e—\'












e

L
N—G—u

5 /P_\
\GA—S
/ \ /\s
\w v
PrseEE——T 5 O "

y,
—

A

SNl /—\A\K_e /
T el—cARMeORMS.

A
Sy A

~~—MICROSCOPI

EEEEEE \C
xme s







how

convenient
that

when you are facing away

can see
th
part of
me
the
invisible
s
that cuts
phere
the

. e
line /
w

o






Among

the staxmape(pages /-wi\cz
h e

a /i mp
s 2
le

drawing

Sy

ooks
-/ :
: 2
ea

S

O—i\
n s




shi
esereing. T2 —uni

s

Clessa 1'\
c >
/—ure
the raters
e
vening

con/lu\p

S@ S S

in
srious sizes, TA———=Olbserveto
h

:lo o\-f

f-r u—r f:

:a—tions

a
cir.

(Js<erpenf—) 2|/°r




Flying Horse s

clus?er,\ ‘ )
turn,

[} n e

Y homemade
h in e—q——r

Fish\ sight
circle

E B

(CHstences, : )
p
t
a\inJ
sails of ship—)
: D




W E MAY know
oO—————ur

y\ ne ve
outh Cr
e n

Q
7]

edit
The Story of
self r e member
years
devoted t o

n

V e

countless evenings sketching

(i—o—n

h

ow
to




formative
joy

ing



