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For a serious amateur: This homemade 12-inch reflector, equipped with
a camera, can give high performance. (Clarence P. Custer, M.D.)

lenses and mirrors, oo o oo e
special knowledge and skill, yet hundreds of amateurs
Fove mode instruments (ot cerforn splendicly Teles
scope-making classes are held at some planetariums,
universities, and obsss=tesec_Looks on iclescope
o oo oo o booksellers.

ORGANIZATIONSOF = o oo o
oo Lolono o oo organizations. oo oo
members information on equipment, observing tech-
niques, and standard methods of reporting their work.
They set up observing programs and receive obser-
vational data from members. Data are sent to ob-
servatories for use in programs of research. Some
organizations publish news of developments that interest
amateurs. Local groups observe together, compare
“ooooon oo promote o interest oo
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TELESCOPE MOUNTINGS Since it gives such high
magnification, a telescope must have a strong, steady
mounting. The two main types of mounting are the
altazimuth and the equatorial.

The altazimuth mounting is the simpler. It allows two
motions of the telescope—up and down, an “altitude”
motion; and horizontal, an “azimuth” motion.

This is a good general-purpose mounting. It is light,
portable, and easily taken down and set up; usually it
rests on a tripod. Most telescopes with objectives of
less than 3 inches have this type of mounting.

The equatorial mounting is designed to be set up in

a certain way
ly prepared location,
though it too is used for
some\small portable tele-
“oro=n = simple  form
the equatorial has two axes
at right angles to each
other. It is an all-purpose
mounting, generally used
for serious work. To make
the most of it, we must set
e « it up properly (page 36).
Some equatorials have set-
ting circles, which make it
possible to aim the instru-

)‘ ment automatically at the

A right point in the heavens

~. (®  (pgges 50-53).
-~
4 esolution
b chimedes as it looks well resolved
; . 4 and poorly resolved.

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.

= clear, dark night - oo o o o
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.
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Region of nebulas: From this
area near the star Eta Carinae in
heavens comes
radio “noise,” which is picked up
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 tebe—=#object 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-
oo o workourway

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).

axis to prevent motion on that axis. Then, to check the
alignment, look through the finder as you move the
tube back and forth on the polar axis. If the pole
remains near the center of the field in the finder, the
alignment is good. If the alignment is poor, it can be
improved by slight readjustments of pedestal or legs.
The alignment is good enough when the pole stays
within a degze=—ofkthe center of the field in the finder
while thg-tube is moved\pn the polar axis.

Mar-/:he pavement or Ycound in some way so that the
pedestal or legs can be set Op-with-tessfuse—next time.

MOTIONS OF THE EQUATORIAL Properly placed, the
equatorial is easy to use. With both axes unclamped,
there is free motion in any direction. With the polar axis
clamped, there—is—north-and-south motion only—con-
venient for scanning the sky oo he farh roroies
With the declination axis clamped, there is east-and-west
motion only. Thus you can keep the telescope trained
on an object for a long
time ©©  moving
tube around the polar axis
to compensate for Earth’s
rotation. oo o
clock drive (page 138) can
provide this motion.

Altazimuth mounting: Following
sky objects as Earth rotates is not so
easy with this mounting as with an
equatorial. But an altazimuth can
give good service. Note use of star
diagonal, needed with refractors for
viewing objects high above horizon.
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BTN

o pen - partof asplendid range
feet high, which runs 450 miles around the west side of Mare Imbrium.
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 d seak hing—45-miles—AL 4 slightltothe sight

of Plato, the mountain Pico towers 8,000 ft. above Mare
(Lick Obs.)

Tycho (left): This is a mountain-ringed plain like CopePniess, with
. =~ = = 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!
rays’ extending toward the right.

”

debris, visible as

SKY COORDINATES Most star charts, such as those
ook novcagridof oo oo ines.
indicating right ascension and declination. These cor-
respond to the geographer’s lines of longitude and
‘ivuces e lines o oo oo o oo drawn between
the celestial poles, and the lines of declination are
drawn around the =1 o e
tial equator. Just as any city on Earth can be located by
stating its longitude and latitude, so any object on the
celestial sphere can be located by its right ascension
and declination.
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Earth’s nearest neighbor: This composite of the Moon, showing details
1 exquisite clarity oo oo Lo o e e
first and last quarter. The shadows on the opposite hemispheres differ
in direction. The Moon at full phase would look. flat, show litile de-
tail, because of lack of shadows. (Lick Obs.)

The Moon

"o =00 our nearest neighbor oo o
asteroids and man-made satellites. This bleak, airless
sphere is about 2,160 miles in diameter, and revolves
coovnc boviatar oo distance oo 0
miles, completing one revolution in about-2Z-deys—The
lunar orbit is an ellipse, not a true circle; so the distance
of the Moon from Earth changes.

Since the Moon rotates on its axis in the same time it
takes to revolve around Earth, the lunar hemisphere
visible to us remains about the same. Librations (appar-
ent tilting due to the Moon’s motions with respect to
Earth) make a total of about 59 per cent of the lunar
surface visible each month.

THE LIGHT OF = = i—=t all -
Moon as it does on Earth. But the Moon has no atmos-
here o o the fierce rays o o
light, therefore, gets intensely hot—something like
250°F., or hotter than boiling water. (The dark side
probably gets to 243°F. below zero!) What we call
“moonlight” is simply sunlight which the Moon is reflect-
ing toward Earth. Except during lunar eclipses, a full half
of the Moon is always lighted by the Sun. But we see this
full half only when Earth is between Sun and Moon—the
phase called full Moon. When the Moos—s—net—is—tse
with Earth and Sun, we see only part of the lighted half.

oo oior now oo a thin bright crescent oo
The rest of the disk is faintly ligkted—This—feiqt light,
called “the old Moon in the new Moon’s uc:Dis light
reflected from Earth to the Moon’s dark “de, and is
known as earthshine.

The Moon rises about 50 minutes later each night
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Lunar eclipse: Here, the Sun’s
o from the left
o0 o0 o enters
Earth’s shadow. This is not
completely dark, because
some sunlight is refracted into
it by Earth’s atmosphere. Since
red rays penetrate the atmos-
phere most easily, the Moon’s
disk looks reddish.

one = . - twooreventhree oo
or none. A total lunar eclipse lasts as much as 1 hour
© 7 minutes = long an a total solar eclipse.
o—r  the
~ familiar o0 oo

tures take on a new appearance.
oo oo oo o disk of the Sun

pletely hidden by the Moon. Butisa-upar eclipse, the
disk—e-f—t-h&Meen—ee-n—eﬁen’él:;en, eXen infEarth’s
shadow. Some ZL;he/wvlight passing throsgH Earth’s
atmosphere is refratted so that it falls on the Moon,

1 acoppery hue

Occultation: Jupiter and-satellites
appearCa eing gecalted by
the Moon. Tl shqj[;:%f“mpi-
o o o N»nr . Ne—s
just at the edge of the Moon in-
dicates that the Moon lacks an
appreciable atmosphere.

Rays
Rayed arc

Rayed arc 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
- dawn = the -

o .oro . o counter - = brightening
of zodiacal light at a point on the ecliptic opposite the
Sun. Sometimes the Gegenschein is seen when the
Cocioeal lioht s invisibl—=00k for it < hout i nian and
toward the south, near your meridian.
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Comet’s path through solar system: The orbit of a comet is a long
loop. The comet's tail generally points away from the Sun. The nearer
the comet is to the Sun, the more the tail trails out across the heavens.

Comets

The most mysterious members of the solar system are
oo o o o regular visitors e
sky, like planets; but they do visit us frequently—as
many as five or more in a year. They usually appear
suddenly, stay in view for a few weeks, then disappear.

Cooretume————— s

The firstyperson to report a new comet is honored by
having hisla e given to it. No wondejametsuss—sse
so much time iskiﬁg—fhese—elusive obj

One of the most sirikine—————tma=r yoors =§
the eighth comet discovered in 1956. The discoverers
were Arend and Roland. This was one of the few comets
to exhibit a tail both fore and aft. It beca o bright
that it could be seen with the unaided—ye despite city
lights, challenging everyone to look at it. But very few
comets become bright enough to be seen without
binoculars or a telescope.

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-
oo oo moving through o oo
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.
Mercesrardenus—are the true morning and evening
“stars,” because—they—stes——sear the Sun. Only just be-
. sunrise o . 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
Cooac o o oo omorning o
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PLANET LOCATIONS, 1985-1990

For positions of Mercurr, Uranus, Neptune, and Pluto, refer to Astronomical
Almanac or other rly astronomical handbooks, or to Sky and Telescope
magazine. Asterisk (f)aindicc'es ‘morning star. Dashes indicate planet is too near

Sun for observation.
(Source: Solar and P} — ong —————— —ing
JANUARY APRIL July OCTOBER
VENUS
1985 Aquarius == *Taurus *Leo
1986 — Aries Leo Libra
1987 *Libra *Aquarius *Taurus Virgo
1988  Capricornus Taurus *Taurus *Leo
Aquarius
1989  *Ophiuchus — Cancer Scorpius
1990  Capricornus *Aquarius *Taurus —
MARS
1985 A—im—m——————r — *Leo
1986 *Libra *Sagittarius *Sagittarius Sagittarius
Capricornus
1987 Pisces Taurus Gemini *Virgo
Cancer
1988 *Libra *Capricornus *Pisces Pisces
Scorpius
1989 Pisces Taurus Cancer —
1990 *Ophiuchus *Capricornus *Pisces *Taurus
JUPITER
1985 — *Capricornus *Capricornus Capricornus
1986 Capricornus *Aquarius *Pisces Aquarius
1987 Aquarius — *Pisces *Pisces
1988 Pisces Aries *Taurus *Taurus
1989 Aries Taurus *Taurus *Gemini
Taurus
1990 Gemini Gemini = Coer
SATURN
1985 *Libra *Libra Libra Libra
1986 *Scorpius *Ophiuchus Scorpius Scorpius
1987  *Ophiuchus *Ophiuchus Ophiuchus Ophiuchus
1988  *Sagittarius *Sagittarius Sagittarius Sagittarius
1989 = *Sagittarius Sagittarius Sagittarius
1990 — *Sagittarius *Sagittarius Sagittarius

The discovery of "= oo 0 o o
for mathematical astronomy. lts presence in a certain
area of the sky was predicted before it was actually dis-
covered. Since that time it has traveled only a little
more than halfway around the Sun. lts two moons can

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
oo bright-and oo o
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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Seasons on Mars: As a polar cap
= the coming of summer
the brownish areas turn grayish-
green. Each polar cap shows a full
cycle of waxing and waning during
the Martian year.

MARS The red color of Mars and its brightness (mag-
nitude —2.8 to + 1.6) make it easy to recognize. It has
excited ' imagination oo o oo oo
and some causes of all the controversy can be seen with
a small telescope when Mars is near opposition. To
glimpse even the largest features, at least a 6-inch re-
flector or a 3-inek—efre<tor is needed. Either should
reveal the white polar caps rather distinctly; also,
grayish-to-green and reddish areas between the poles.

The polar caps (now known to be water ice) widen and
shrink according to the Martian seasons. The northern
cap will extend halfway to the equator during winter in
the northesn-kemisphere, then shrink far back in summer.
The southern polar cap varies similarly. The grayish and
greenish areas, but not the reddish ones, also show sea-
sonal changes. Occasionally a large portion of Mars is
obscured by a giant dust storm.

Rotation of Mcfrs: The ret~glanet's day is 24h 37m—slightly long:g
than Earth’s. Accoxdingly, a Martia -

for its apparent motion from one side of the disk to the other.

coelites require———————s 00 on oo e
instrument.

In 1979, photographs taken by Voyager spacecraft
‘oo aring of dustlike particles o oo

The four brightest satellites, named lo, Europa, Gan-
ymede, and Callisto, were discovered by Galileo. Their
changing relative positions are published annually in the
Almanac and other sources (pages 146-147).

One interesting sight is the shadow of a satellite crossing
oo oo the cloud-like structure
“bands,” across the middle of the disk. These show changes
in color and extent. Among them, and visible in a small
telescope, is the so-called Red Spot — still unexplained.

Eclipses and occultations of the Jovian satellites make
good observing. In fact, when the planet is well placed for
observation, it is a rare night when some interesting phe-
nomenon cannot be witnessed. Jupiter is one of the most
satisfying of all objects for small telescopes.

SATURN, second-largest planet, is a ball of frozen hydro-
gen, methane, and ammonia, probesly with a rocky core.
Its magnitude varies from about —0.4 to +0.9. When it
oo oo steady yellow light oo o oo
manding object in the sky, and it vies with Jupiter in beauty

Transit of satelli ss Jupiter’s disk:
o two sfog‘:swn
oo oo shadow~ n

a
In other stages satellite is i;&isible.
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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 oo oo
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 of<eflection of the sunlight.

JUPITER, the largé pleq%f\,".i;a ball of hydrogen, with
some helium, ammonia, an es-o.%i;:; gases. |t may
have no hard surface — just a shell of ffo=en 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

6.4
days

39.44
yrs.

Pluto
3,664
2,670
4,700
2,500
247.7

2,677
2,910
31,000
164.8
yrs.
23
2.5

Neptune
30.058

1,782.80 2,793.50
1,606
to
1,960
32,000
84.0
yrs.
22+
3.8

Uranus
19.182

9.539
886.14
744
to
1,028
75,100
29.46
yrs.
10"14m
18.5
17

Saturn

5.203
483.32
367
to
600
88,700
11.86
yrs.
9h50™
45.3
16

Jupiter

1.524
141.54
35
to
248
4,218
687.0
days
2437
17.9

THE PLANETS
Mars

1.000*
92.90
7,927
365.3
days
23"56™

Earth

0.723
67.20
25
to
161
7,526
224.7
days
244.0
days
60.8

35.96
50
to

136

3,025

88.0
days

58.65

days
10.9

1
{

Mercury Venus

1 day

mical units* 0.387
1yr
—e

miles
rom Earth: |

m

%

million miles
t

?

diameter of disk:
seconds of arc**

Sun:
o
millio|
Earth
Period of rotation:
Ear
Appr
Visible in:

©  revolution

Mean—s
Diameter: miles
No. of moons

Distan

N0

3-inch tel.
6-inch tel.

+14
yellow
-e.

ial

+7.6
yellow

31'05".

+5.7
green

-0.4
to
+0.9
—
31'59". Approximate mean diameter of Moon

>

—-25
to
-1.4
yellowt yellowt

—2.8
+1.6
redf

i3

4.4
-3.3

7

to
+1.1

-1.9
orangef yellowf

32 —09 207 ann

**Approximate mean diameter of Sun

*Astronomical

Sa=n—d

Color



Utopia

so indistinct and

large

Ct i |

i)

today
streams
of
life - visible
through
dark
blue
exciting

small planets

the dark

within

The face of a
differen

we know exactly where to look
n d the
mistake

remains the same

SN

distan



A FEW FAMOUS STAR CLUSTERS

M—Messier’s list NGC—Dreyer's New General Catalogue A—Dunlop’s catalo

Position (1950)

Constellation Object RA Dec Type Remarks
Avuriga M38 05"25™ +35.8° Open Cruciform
Avriga M37 05"49™ +32.6° Open Fine open cluster

"Praesepe’’ (Beehive);

o
Cancer M44 08"37™ +20.2° Open Visible fo eye
Canes Venatici M3 130" +28.6° Globular  SoParable with 4 fo &:i
elescopes

Cassiopeia M103 01"30™ +60.4° Open Good field with red star
Centaurus NGC 3766  11"34™ —61.3° Open Fine in binoculars

or A289
Centaurus ) .. ... Spectacular
Crux NGC 4755  12'51™ —60.1° Open ;Colodul cluster around

or A301 (red star)
Cygnus M39 A1"30™ +48.2° Open Bright; large
Gemini M35 06"06™ +24.4° Open Use binoculars

. P "Great Cluster’’;

Hercules MI13 16"40™ +36.6° Globular ’ some resolution in 6-in.
Lacerta 75 22"13" +49.6° Open Good field
Pegasus M15 21"28™ +12.0° Globular _ Bright

NGC 869 Nan o ; Double cluster; red star
Faiveus andgg4 02187 +56.97 Open " center
Perseus M34 02"39™ +42.5° Open Large field; visible to ey
Sagittarius M23 1;::.';4"‘ - 19.0: Open Use telescope; low pow
Scorpius Mé 17"37™ —32.2° Open ' butterfly wing
Scorpius M7 17°51™ —34.8° Open Bright; vidblo—%aai;D
Scutum M1 18"48™ —06.3° Open Bright
Taurus M45 03"44™ +24.0° Open “Pleiades”; visible to ey
Triangulum NGC 6025 15"59" —60.4° Open Bright

Australe or A304

Tucana NGC 104 00"22™ —72.4° Globular  "47 Tucanae”; visible tc

or A8 eye
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Many are irregular; they have no definite period of
variation.

Regulesr—s+iekle—stars—diffeia-the amount they vary
and in the lengths of their periods, but their behavior is
fairly predictable. Irregylar variables are unpredictable.
They may remain cn/tﬁe a——ij—n " o
of time before they begin to vary; or they are continually
varying.

The short-period regular variables are of—t-woegi dy
eclipsing and pulsating. The best example of an Iigging
variable is Algol (8 Persei), for its variation can be ob-

Comets are apparently planet-sized members of our
Sol0r oo bo o uncertain origing o o
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-
oo o oo o oo thrown o from the o

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.)




telescope will be useful. Because film can store up light,
much more of a comet can be seen on a photograph than
through the telescope. For long exposure, follow the comet
(p. 132). Since comets change positions against the back-
ground of stars, stars in the photograph will trail.

A comet can be superb in a small telescope. Usually it is
a faint, glowmg ob|ec1 with a hazy tail so thin that stars

shine - head the concentrated
part is(the nuclevs—the-he=ymaterial around it, the coma.
The nuctess=es~ke 100 to 50,000 miles in diameter; the

head, 30,000 to over 1,000,000 miles across. The tail, if
any, may spread widely and stretch out 100 million miles.
It usually points away from the Sun, because of pressure of
light and the solar wind. Tails change in appearance daily;
changes can be sketched or photographed.

PERIODIC COMETS Some comets travel in elliptical or-
bits and, after a period of time, return again. (Most comets
do not.) Most famous of the ““repeaters” is Halley’s comet,
observed closely in 1682 by Edmund Halley, the English
astronomer. He discovered that its orbit was elliptical and
predicted itsxquld return in
1758 (it did). I\ was seen
many times befork Halley’s
day. perhaps as

s oo tapestry.
which chronicles the Nor-
man conquest of England by
William the Conqueror.

Halley's Comet, May 29, 1910:
oo regular~ o
have made it the begt known of

hundreds of stars, and in a
large telescope these appear
enveloped in -~ o
nous gas. The Hyade a
another fine d
Best of all is the
Cluster in Perseus,
Some clusters vésy faint to
o o0 magieally o0 0
thousands of stars when the
telescope is trained on them.
Look at M13—one of the best.
To the eye alone it looks like
a hazy star. In binoculars it is
a little round cloud =
S ile=—o—~ 0 otin o
resclve the‘-TtP:rs. This glob-
vlar may have 100,000!
Contrast M13 with M44, a
beautiful -~ o the
our large telescopes ¢
tect about 400 s

) -ght
OUWW
Some stars-show a regular
variation in a<gw hours, some

over a period of~many days,
and others over several years.

The effect of exposure: Photos of
Hercules cluster, M13, were made
with exposures of 6, 15, 37, and 95
minutes (tfop to bottom) with 60-inch
reflector. (Mt. Wilson)
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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 o oo oo o o 0
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.

Unusually slow, bright—sstess=arg called “fireballs.”
Frequently their trail remains visikls, for some time.
Fireballs that explode are ”bolideséj

Most meteors are no bigger than‘ice grains, and they
become incandescent 50 to—Z5—iles up. Larger ones
“reclun cunno the s fiery trip through oo o
~ fragments of these = . .~ few cen-
turies a really big one hits, such as the meteor that
made Meteor Crater in Arizona.

atlas does not show them, refer to a list of Messier
objects and plot them in your atlas. Then see how many
you can locate.

OBSERVING TIPS Binoculars will help you to view
stars and clusters, but the small aperture and low power
are severely limiting. A 3- to 6-inch refractor, or a 6- to
12-inch reflector, is ferbetter—An-equatesial with setting
circles is best, because when properly oriented it can
be trained on faint objects easily. The so-called rich-
field telescope, with iséw:::cus a wide field
provides fine views of clustérs-end nebulas.

The best time to observe is when the atmosphere is
still and clear,
tween the Moon’s last quarter and first quarter. Observe
double stars when the seeing is especially good; that is,
when the stars look like steady points of light and do
not twigkle much. All stars are best observed when well
above% horizon.

ooNa——— |k both eyes open, to
relieve strain. Leori—b—md:)uthe most of a quick
glance. If the obseling eye tires, close it now and
then to rest it, and then
open it af the eyepiece.

When using a refrac-
tor, observe with the
dew cap on. This helps
to keep out extraneous
light and darkens the

Why Alyol winks: When one
Sl e Ame——e - ras o
oo o oo the light
dims. The cycle takes 23% days.
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THE ASTRO-CAMERA Objects such as planets are mere
specks in pictures taken with a camera alone. A tele-
scope must therefore be used, with either an astro-
camera or an ordinary camera. An astro-camera, which
can be bought or made at home, is essentially a light-
G box oo inct:?long, painted flat black inside,
with a film holder at-#fie rear. At the froptit has a mova-
ble adapter tube which fits into the :ygi:ce holder. The
telescope objestive serves as the carrera lens.

To find the proper position for the film holder, remove
it and substitete—s—gresnd-glass—helder—Lgzeund side
toward objective). Adjust the camera so as to get the
best obtainable~im==ge the glass (wear your eye
glasses, if-yed use the %hlehediusﬁng). Then replace
the film holder. For a larger image use an eyepiece in
the adapter. Focus with a ground glass.

If the astro-camera lacks a regular shutter, control the
exposure by using the slide that protects the film in the
L | d
cannot be made in this way. For pistures of Sun and
Moon, which i—ve—s o N-a-s—t o
an old—cﬂﬁf:ac:n be built into the astreycamera. Or a
makeshift zu r can be
made out of a laxge piece
of cardboard. In Ms—est

o~Sh't\¢'Jel':ouf Va o;}—inch
wide, g——a—"
How it was done: For picture on

next page, camera was mounted
on equatorml telescope. In final

phase, ph ?'r watched
u

o ster small tele-
scope on fhe mo ngy turning
a micrometer screw to p the
object sighted. Thus sfgs did
not trail. (John Stofan)

served without optical aid. This star is actually a double,
with two members revolving about a common center. The
variation occu one membes-passes in front of the
other—thus cu::i;‘;koﬁ\pait its light—at regular in-
tervals. With Algol the e#fipse 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 contract and
expand at—=egular=ntervals. Thei=Egkt output increases
and decreases accordingly.

Cricron Cotemm——011c o the==o0= (oo of v
ables, rises from a faint 10th m&snigde to 3d (at times
even 2nd) in about 150 days. It t&kes—ebsut 180 days
to fade again to minimum. Because of this great range
.~ be mistaken fora

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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02140, q, & : Scate:1°/2mm
02(4.03 |(a) o ot
055027 1678 ~3°/2
Period 332d. Magn. 3.7 - 9.2

2h ivan : 2% 30" 240" z"}/a"
I |

..

[ | :
AAVS 0. Practice Charr
N S | R.wH 1951

S0 t—he observerw.béghiness of the variable
star Omicron Ceti (smWi t center) by reference

oo on=ud Thy stars that do Wst==+y in brightness.

e t—o————|— = . search
v the s— e?el&—@eminual observations
f—0—————r .  embers

of the American-Assosistian of Variable Star Observers
(AAVSO), (heTve—=Tover the world. These observers

Backyard LG5 0 @ee———gra—————i—~
.y e rP—H |D)
r | sy

posure through el

on—e  Cp
The Sky Observer's Camera

The hu&%d as to the faintness
oo Nke—e ~/But as photographic
film  exposed longer and longer, i~ register the
images of fainter and fainter objects. This ig-the main
reason why oo o o0 by N
into space than could astronomers of a cerftury ago.
¢=———a———n—n—ot oo
with any kind of camera—even an old box Brownie. For
more stiking—pietures—use a camera with a long-focus
portrait lens or a telescopic lens. Advanced work demands
a telescope and film holder, or telescope and camera.
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Plenetary nebula (NGC 7293) in
Aquarius: Like the Ring Nebula
in Lyra (M57), this planetary is
a cloud of expanding geses—fom
an exploded star. (Mt. Wilson)

DIFFUSE NEBULAS With-
in our galaxy are great
clouds of gas and dust
oo diffuse o0 o
lactie~~nebulas. Some are
dark, some bright. Typical
- dark—nes—~ -
in the constellqti:zas Crux,
Cepheus, Cygnus, and Scorpius. They look like ragged
oo ot-he - the k—————ey~

In the “sword” of Orion is the typicalbsight nebula
M42, faint to the eye but impressive in biZoeu-lars—eﬁd
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
© = brought out in time
exposure photo. (Harvard Obs.)

The Crab Nebula (M1) in Taurus: The spgetrum of this diffuse nebula
V?ﬁ?)a

indicates an expansion rate-of—=bsu o second o
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 asd Palomar Obs.)

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

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

Messiag listed as nebulas many objects which we know
now” are Nsle==lor  clustee—=bodern lisis of Messier
~ - classify the oo oo o o0 present
knowledge of them.
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meridians (north-south lines) about 15° apart. The Standard Time in a
place is the local mean time of a standard meridian near the center of the
zone. ST meridians begin at 0° longitude (Greenwich, England).

Greenwich Civil Time (GCT): Local Mean Time (LMT) of 0° longitude.
Universal Time (UT): Greenwich Civil Time. Used in astronomy and
navigation.

oo teroo oo devised to make it easier to
exact time interval between dates. The perigd begins January 1, 4713
B.C. It counts the days since then regardless Zf changes made meanwhile
in our everyday civil calendars.

Julian Day (JD): Number of the day since the beginning of JP. The Julian
Day begins at noon UT and continues right through the night, measuring
24 hours consecutively, to noon UT of the next day.

Astronomical Day: Julian Day. Begins at noon UT.

Sidereal Time (ST or SidT): ““Star time.” Used in astronomy and naviga-
tion. Based on Sidereal Day (explanation below).

The Julian Day number for January 1, 1985, is 2446067;
for January 1, 1986, it is 2446432; and so on.

The Julian Day represen&;&;:nvenienf way to keep
observing records. If you used ovr=everyday (Gregorian)
¢———o0 uld write “night of January 1-2, 1986,"
but by using :;:%D*ne r
you only hav
last 3 or 4 figores, like thos)
067 por-5432-

SNereal Time, or “Star
Time,” is based on~the in-
terval between h&o succes-

sive ¢ ossm%]\ star
over meridian.

This interval is the Sidereal
Day, equal to about
23" 56™ — about 4 minutes
short of a solar day. This

13h 18m
Sidereal Time
~ - bridge

FILMS AND EXPOSURES A plateholder for a small tel-
escope usually takes 24 x 3V 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 t7hmes,

Partial lunar ecllpse Su xposures show Moon risfhg partially
eclipsed, the-a—g-m y emerglng—ﬁom shadow of Earth. Exposures
G ey —— s
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Meteor shower: This pho'ogra-ph—ei—the—l—?éé—beea&d—m:or shower

was taken from Kitt Peak, Arizona, on N&vember bout 12h
Universal Time. This shower is the greatest for which there v
rate recosds, with a peak rate of 40 meteors per sesors—for Csimsle
ver\The shower had a sharp peak bst the rate w ver
) t—o  g——e—" o»em the orig-

inal pxint”/70 Leonid meteors are seen on this 3)2-minute exposure.

T——o—m-— r .igh.y\at\f:: radiant in the Sickle of Leo.
The brightest star is Regulus. Thi O———w
105mm lens at /3.5, using 120 size Tri-X film that was developed

for 12 minutes in D-19. (Dennis Milon)

AURORAS AND METEORS For auroras any camera is
Geell e i s W e—a————t
give results with short exposures. Try color as well as black
and white, exposing from 1/25 second up to 30 minutes,
depending on the brilliance of the aureza, aperture, and
film type. For an average aurora, try 2 seconds on Ekta-
ct;eme%@—ﬁ-lm,—wi—f-h—fell—e-pemfe.—&m—ﬁester film may
s/ oo oo that billow and flicker

S0 oo oo oo when a shower is due
p. 101). Keep camera pointed a little to the side of the
i e ASA 200, exposing 10 to 30 minutes.

CLUSTERS AND NEBULA righter open star clus-
ters, such as the Pleiades and the Double Cluster in Per-
seus, can be photograpkedby<camerar—using fast film (such
o lit—ho——————————s———e o

globular clusters and nebulas require a telescope with a
good equ risJQ::ning preferably with setting cirgles.
A hand flow-motiorm<rizeds usosle-a<tackdrive izbdtter.
R igh-speed film, try 15 minute, mo%Wifh a
superfast Schmidt-type telescopic cowess—a=azing re-
sults are possible with a 10-
migute exposure. In gen-
z?l, the faster the film,
e-{ainter the object that
be registered. With
mell_telescopes, only the
bri:l:ﬂe\rglo lar clusters
and nebulas cay be photo-
graphed satisfacteri

nd
e

ith a Speed Graphic.
(Charles z%‘es)




THE SUN CAUTION! Read pages 66-68.

When using camera alone, place a gray filter over the
lens. When the Sun is in full eclipse, no filter is necessary.
With ASA 100 color film, expose 1/25 second at /8 for
promizeasss-1& second to 3 seconds at f/8 for the corona.
Any exposure over 1 second will require guiding.

For the full Sun, slowfilm, small apertures, and short
exposures are called for. Exposures vary, but a good guide
is 1/1000 second at f/64 for the primary image on an
ordinaryday oo oo oo cecof o
for a small telescope. For sunspots, photograph the en-
e e e e e m—e
page 67) to reduce the aperture to 2 inches or less.
Experiment with different apertures.

MOON, PLANETS, AND COMETS The Moon is bright
enough for slow oo 0 o L s
1/100 to 10 seconds at f/12, depending on phz:e/zfufahe
Moon, equipment, and enlargement attempted”. For a

starter, try the Mooa—etfirst quarter on ASA 100 film at
1/50 through the telescope.

Mars; Saturn, and Venus ar zst photo-
genic planets. Use the an eyepiete. Try fast

- panchromatic film seconds and longer. Guiding
occciiors oo oo oo agood photo of
lercure bun Ui Heniine s e ot the————i=s
can be photographed like stars.

All photos of the heavens should be carefully examined
for any trace of a comet. Faint comets usually appear on
Slnos oore o oo shapeless haze o oo o oo
with your camera, use full aperture with fast color or
panchromatic film, and expose several minutes. Guiding is
necessary. For a small, faint comet, use the telescope and
increase exposure time.

132

Comet Benne" o how secondary tail. Pho'ogruphed on April
S it o sing———— —s

10 seconds. (Dennis Milon)
. a  remarkable cor ~Lg ogust
on

1970. The exposure was 5 se:o - f ch
Berry and Robert Burnham, Sky and Tel. ope)
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