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The Moon

The Phases of the Moon
The Moon is our neaest neighbor in space N bright, barren, and bleak, and just a quarter million
miles away roughly 100 times closer than our next neagst neighbor, Venus.

While small in sizeNjust ! the diameter of the Earth, the Moon® proximity makes it appear large,
about 0.5 degrees across when full, and brighter than any other sight in the sky except for the Sun.
It has hundeds of interesting featuees to see in a telescope. And even a modest pair of binoculars
reveals dozens of craters, mountains, and smooth seas, omaria

Figure 1 - The phases of the Moon.

The Moon revolves abund the Earth each month, and as it does so, we see it go tlough phases
(see Figue 1). When the Moon lies between the Earth and the Sun, §tfh the Onew MoonO phase
and is not visible to us. Over the next few days, the Moon gws (or OwaxesO) to aescent, then
to brst quartey when it appears half-lit, oughly one week after the new Moon. Then its face
becomes ever moe lit by the sun and enters the gibbous phase until about two weeks after the
new Moon, when it lies diectly opposite the Sun in the sky and appears fully lit. Then the MoaO
phases move in everse, when they OwaneO back thugh gibbous, last-quarter and crescent
phases, and back to new Moon again some four weeks after it was last new During the waxing
phases, the Moon is visible mostly in the evening. As it wanes,stBest seen in daylight hours.

When you see the Moon partially illuminated by the Sun, the line between bright and dark is called
the OterminatorO. Along this line, the craters, mountains and valleys stand out in statief caused
by the long shadows cast by the Sun at lunar sunset and sunrise. way from the terminator the
surface appears smoothey because the Sun casts shallower shadows.
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The Landscape of the Moon

The Moon&largest and most visible featugs are its large, Rat, gray patches calleanaria (MAH-ree-
a), the Latin plural of mae (MAH-ray), or Osea.QolYcan see themariawith the unaided eye.
some, these dark patches appear to form the outline of a face, or Oman in the moonO.

Of course, thesemaria are really not eally seas or oceans. But early telescopic observers did not
know this. The Italian astonomer Giambattista Riccioli gave them fanciful names such alglare
Tranquillitatis(OSea of fanquillityQ) an@ceanus Pocellarum (OOcean of StormsO), generally for the
imagined astological inBuences of the Moos(pbhases on the weather Although astonomers soon
realized the Moon has no waterthe names of these surface featugs remained. Observation with
telescopes and space pobes revealed the OseasOeaancient lava Rows that Rooded most of the
Moon® lowlands between 3.0 and 3.8 billion years ago.

The majormariaare shown on Figue 2. Even the smallest binoculars will clearly show them.
Leam their positions a little at time each night, and you will be on your way to understanding the
geography of another world.

Because the mariaare so smooth, they wele selected as landing site for the manned Apollo lunar
missions of 1969-1972. Figue 3 shows the position of each landing of Apollo 11 though 17;
Apollo 13 did not land because of damage to its service module on the way to the Moon. od will
not, of course, see any evidence of spacecraft landing oremnants through binoculars or even with
the most powerful backyad telescope.

Imbrium

Oreanus
i
racellorum

Figure 2 - The dark seas or MariaCon the Moon® surface.
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Figure 3 - Landing sites of six manned Apollo missions

The side of the Moon seen in Maps 1 and 2 & the only sides we ever see fsm Earth. That®
because the Moon ipbtates about its axis in the same period it takes to go ayund the Earth. This
situation aose because of tidal efects by the Earth and Moon on each other This Otidal lockingO is
seen on many moons thoughout the solar system

The Ofar sideO of the Moon was Prst imaged in the late 1839satellites. As Figue 4 shows, this
side of the Moon appears quite diferent, with few mariaand many mor craters. The far side
should not be confused with the dark side of the Moon; the far side essentially get just as much
sunlight as the side of the Moon facing Earth.

Craters

The Moon is coveed with thousands of craters, scars left by the impact of astasids and comets
over the past 4 billion years. While the Moon is too far away for us to see any craters with our
unaided eye, even a small pair of binocularsewveals dozens of craters worthy of examination. A
telescope reveals hundeds, if not thousands, moe.

Most craters were formed during an era of Oheavy bombdmentO about 3.9 billion years ago by
comets and astemwids left over fom the formation of the solar system. Because the Moon has no
air or water to eide the surface featues, we see the craters fairly unchanged &m the early days
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of the Moon. The Earth, too, was peppeed with craters at the same time as the Moon, but those
craters have ended away over the eons. The moonanaria have rlatively few craters, which
means these dark lava plains formed after the era of heavy bombdment.

The large bright aeas of the MoonN the lunar highlands N are the Moon@oldest terrain and ae
crusted with craters of every size, sm dozens of miles wide down to tiny craterlets as small as a
couple of hundred feet or less. In a telescope, you can even see craters within craters, or craters
that overlap because a meteooid smashed into an existing crater

Figure 4 - The far side of the Moon.

A telescope eveals that some large craters have a peak at their center caused by alound of the
Moon® surface after a large impact. Other large craters look less like holes and nelike walled
plains, with dark, Bat bottoms that Rooded with lava after impact.

Young craters ae surrounded by bright rays that extend radially aarss the surounding landscape.
Rays ake great splashes of molten ock ejected by the impacts. Unlike craters and mountains, rays
are best seen when illuminated moe directly by the sun, away fom the terminator In binoculars,
at full Moon, bright rays ae visible extending fom the large, young crater ycho, which is only
about 110 million years old.
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Figure 5- A detailed map of the Moon. All numbeed features are found in the Appendix; select
features visible in binoculars as discussed in the text.

Touring the MoonOs Seas

Now that you know a little about the Moon®surface, let®embark on a descriptive tour of the
major featues visible though binoculars of magnibcation of 7-10x. At a magnibcation of 10x, the
Moon appears just 25,000 miles awaysimilar to what an Apollo astonaut saw just hours befoe
entering lunar orbit.

Observing The Moon and Planets with Binoculars 5



We will tour the moon®OseasOdim east to west on the Moon, in oder of appearance as the Moon
waxes from new to full.

The appatently oval form of theMare Crisium(Sea of Crises) (#8) is the prst of the "seas" to come
into sight after new moon. It makes a very striking sight for viewing at the waxingescent phase.
It measures about two hundred and eighty by thiee hundred and bfty-pve miles in extent and is
surrounded by mountains, which can be eadily seen when the sun strikes a few days after new
moon. A spacecraft, Luna 24, landed in thisegion in 1976 and eturned a soil sample to Earth.

West of Crisium, you can see the triangular egion Palus Somnii(Marsh of Sleep) (#18); south of

this region liesMare Fecunditatis(the OSea of Fertility or FecundityO) (#9). Unlike the smooth-edged
Crisum, this sea is emarkable for its iregularly-shaped surface edges and the long @oked ObaysO
into which its southem extremity is divided.

The broad, dark-gray expanse of theMare Tranquillitatis(Sea of Tanquility) (#7) is easily
recognized. It looks mottled in some egions as a esult of ridges and elevations. Apollo 11
landed in the exteme southwest of this sea on July 20, 1969, when astnauts Neil Armstong and
Buzz Aldrin became the brst humans to walk on the Moon.

Mare Nectaris (Sea of Nectar) (#10) is connected with the Sea ofranquility by a boad strait, while
between it and the Sea of Fertility runs the lunar Pgnees Mountains (#29), which a some twelve
thousand feet high.

Mare Serenitatis (Sea of Seenity) (#6) lies northeast of the Sea ofr@nquility 1t& about four

hundred and twenty miles acoss by four hundred and thirty miles long, being very nearly of the
same area as the Caspian Sea on Earth. Semity is deeper than the Sea of flanquility and is
deepest toward the middle. Thee-quarters of its Oshar-lineO a bordered by high mountains, and
many isolated elevations and peaks ar scattered over its surface. The last manned mission to the
Moon, Apollo 17, landed at the easten end of this sea. The Sea of Sexnity is divided nearly
through the center by a narpw, bright streak, apparently starting fom the crater Tycho far in the
south. This curious steak can be radily detected in binoculars.

Along the southein shore of the Sea of Seenity extends the high range of the Haemus Mountains
(#27). South and southeast ag the Mare Vaporum (Sea of \apors) (#5),Sinus Medii(Bay of the
Center) (#4), andSinus Aestuum(Bay of Seething) (#3). At full moon, you may see t or four
dark spots in the region occupied by these Rat expanses. On the north and northwest of the Sea
of Serenity isLacus Somniorum(Lake of Sleep) (#17).

Mare Imbrium (Sea of Rains) (#2) is a fascinatinggion, not only in itself, but on account of its
surroundings. Its level is very much twken by low, winding ridges, and it®variegated by numeous
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light-colored streaks. On its northeast boder is the Sinus Iridum(Bay of Rainbows) (#16), upon
which moon gazers have exhausted the adjectives of admiration. The bay is semuitar in form,
one hundred and thirty-bve miles long and eighty-four miles bad. Its surface is dark and level. At
either end a splendid cape extends into the Sea of Rain, the easterone being called Cape
Heraclides, and the westen Cape Laplace. They ae both crowned by high peaks. Along the whole
shore of the bay runs a chain of gigantic mountains, forming the southarborder of a wild and lofty
plateau, called theSinus IridumHighlands. Of course, a telescope isequired to see the details of
this magnibcent lunar landscape, and yet much can be seen with binocularsol may glimpse the
capes at the ends of the bay ppojecting boldly into the dark, level expanse suaunding them, and
the highlights of the bodering mountains sharply contrast with the dusky semicle below. Two or
three days after brst quarterthe shadows of the peaks about the Bay of Rainbows may be seen.
Sinus Roris(Bay of Dew) (#15) above the Bay of Rainbows, and thkelare Frigoris(Sea of Cold)
(#1), ae the northemmost of the dark seas visible fom Earth.

Extending along the easten side of the disk is the geat Oceanus Piocellarum (Ocean of Storms)
(#14) southeast of which lieMare Nubium (Sea of Clouds) (#11)Mare Humorum (Sea of Moistue)
(#12) andMare Cognitum (Known Sea) (#13). Theseeagions ae irregular in outline, and boken by
ridges and mountains. D the naked eye, even the elatively small Sea of Moistw is easily seen as
a dark oval patch.

Craters and Mountains

Now, to lunar mountains and craters. The dark oval called Grimaldi (#70) can be detected on the
western limb of the Moon by the unaided eye, although itequires a sharp vision and perhaps blter
to reduce the glae of the moon. Grimaldi is simply a plain, a basin with wordown walls
containing some fourteen thousand squag miles. It&remarkable for its dark color Grimaldi is also
know to exhibit Otransient lunar phenonmenaO such as Rashes of light and patches of color and
haze. The eason for such activity is unknown and is an ara of active esearch among dedicated
amateur astonomers.

The basin called Schickhad (#62) is similar to Grimaldi, nearly as large, but it does not possess the
same dark tint in the interiorThe huge mountains aound Schickhard make it a Pne sight when the
sun is rising upon them shortly befoe full moon.

Other than themaria, the feature of the full Moon's surface that instantly attracts attention is the
remarkable brightness of the southen part of the disk, and the brilliant steaks radiating fom a
bright point near the lower edge. Of this egion, many observers emark the Moon looks like a
peeled orange. The bright point, which is the ggat crater Tycho, looks exactly like the pip of the
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orange, and the light steaks radiating fom it in all diections bear an striking esemblance to the
streaks that one sees upon an orange after the outer rind has beeremoved.

Tycho (#60) is the most famous of the MoorsZrater, though it® not the largest. It®about bfty-pve
miles acioss and three miles deep. In its center is a peak bve or six thousand feet highycho is

the radial point of the geat rays that ae caused by ejected molten ock thrown out by the impact

of a comet or asteid. Unlike many details on the MoorsGsurface, the rays ae best seen at full
Moon; they cannot be seen at all until the sun has risen to a certain elevation above them. The rays
pass straight over the most rugged egions of the moon for some 2,000 kilometers, etaining their
brilliance as far away as the Sea of Senity. Some of the rays can be seen on parts of the Moon
illuminated only by the eRected light fom the Earth.

The double chain of geat craterplains reaching halfway acoss the center of the moon contains
some of the grandest conbgurations of mountain, plain, and cratefhe names of the principal
ones can be leaned from the map, and you will bnd it integsting to watch them come into sight
about brst quarterand pass out of sight about thid quarter. With binoculars, some of them look
like enormous ound holes in the inner edge of the illuminated half of the moon. Theophilus (#55),
and nearby Cyrillus and Catharina & three of the bPnest walled plains on the Moon.

The Caucasus Mountains (#25) ar a mass of highlands and peaks which intsduce you to a series
of formations resembling those of the mountainous egions of the earth. The highest peak in this
range is about nineteen thousand feet high. Between the Caucasus and the Apennines (#26) lies a
level pass, or strait, connecting the Sea of Semity with the Sea of Rains. The Apennines arthe
greatest of the lunar mountains. They extend some four hunéd and sixty miles in length, and
contain one peak twenty-one thousand feet high; many others varydm twelve thousand to nearly
twenty thousand feet, much higher than the Apennines of the earth. As this range runs at a
considerable angle to the line of sunrise, its high peaks can be seen tipped with sunlight for a long
distance beyond the generally illuminated edge about the time of brst quartéven with the naked
eye the sun-touched summits of the lunar Apennines may at that time be detected as a tongue of
light projecting into the dark side of the moon. The Alps (#23) aranother mountain range of geat
elevation, whose highest peak is a good match for the Mont Blanc of Earth, after which it has been
named.

Plato (#80) is a celebrated dark and level plain, swounded by a mountain ring, and pesenting in
its interior occasional changeable phenomena which have caused much speculation, but which, of
course, lie far beyond the each of binoculars.

The great crater Copemicus (#74) bears a generaleasemblance to Tycho, and is slightly geater in
diameter but is not quite so deep. It has a cluster of peaks in the centewhose tops may be seen
with binoculars as a speck of light when the rays of the maring sun, slanting acoss the valley

Observing The Moon and Planets with Binoculars 8



illuminate them while the Roor of the crater lies in darkness. Copacus is the center of a system of
rays that resemble those of Jcho, but are very much shorter

The Planets

When attempting to view the planets with binoculars, dori@xpect too much. The featues of the
surfaces and cloud-tops of the planets ae far beyond the capabilities of even powerful binoculars.
But the difference between the appearance of a large planet and that of the stars will certainly be
obvious.

Unlike the stars, planets move about in the sky &fm week to week and month to month as they
and the Earth evolve aound the sun. In fact, planets take their name dm the ancient Geek term,
OwandezrO. @ bnd whee each planet lies in the skyyou can check online esources such as Sky
and Telescope, or printed yearly guides of the position of the Moon and planets, such as that
published by the Royal Astonomical Society of Canada.

Mer cury

Mercury, the closest planet to the sun, rapidly changes its place in the skydm week to week,
even fom day to day. Not many people ever see Metury; even the geat Nicholas Copenicus
was said to never have seen the planet in his lifetime. A powerful backyhtelescope shows no
surface detail on Mecury... it® too far away and lies to close to the sun. But compaed to viewing
with the unaided eye, the beauty of the planet is gratly incieased when viewed with binoculars.
Mercury is brilliant enough to be eadily distinguishable, even at twilight. When s@r enough fom
the sun in the sky for viewing, you may have bne views of this tiny baked world, glittering like a
globule of shining metal though the fading curtain of a sunset or the onset of a sunrise.

Venus

Venus is, under favorable cicumstances, much more interesting for binocular observations.
Because they lie closer to the sun than the Earth, &hus, like Mecury, goes through phases much
like the Moon. The cescent phase, whee the angular span of the planet is largest, can be
glimpsed with a powerful glass when the planet is neast the Earth and sun (a position called
inferior conjunction). Even when the form of the planet cannot be seen, its brilliance makes it an
attractive sight. \énus is embedded in a dense blanket of permanent cloud cover that adds to the
reRectivity of the planet, but which means youOll see no surface feasir Just watching the dance

of Venus across the sky as it moves cyclically sm evening OstarO to muing OstarO and back again
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is a delight in itself. Aside fsm the sun and the Moon, \énus is the brightest object in the night
sky.

Mars

Mars is smaller and moe distant than \enus, and it®too far away to display surface detail in
binoculars. Yet when it©at or near opposition, that is, opposite the sun in our sky and closest to
Earth, it is a superb object even for a binoculars because of the contrast its deegddish-yellow
color presents with most stars. It can often be seen close to the moon and stars, and the beauty of
this proximity is in some cases geatly enhanced in binoculars.

Jupiter

Jupiter, although much mote distant than Mars, is a far moe conspicuous object in the sky
because of its immense size. Binoculars dér too little magnibcation to show the banded clouds
and features such as the famed ORed SpotC), which is an immense hurricane-like storm that has
persisted for hundeds of years. But even a modest glass will show Jupites@ur moons, which,
as they revolve aound the giant planet, pesent a miniatue of the solar system.

If you can®spot all four of Jupiter®largest moons, chances ae one or more of them lies either
between you and the planet, or behind the planet, or buried in the planet's shadoyor else so
close to the planet as to be concealed by its brilliance. The positions of the moons, named lo,
Europa, Ganymede, and Callisto, can be found in the print or online edition of Sky ana[Escope
and other almanacs.

Figure 6 - Jupiter and its four largest moons

Of course, since the motions of JupitesCsatellites, particularly of the inner ones, arvery rapid,

their positions ae continually changing, and their conbgurations ardifferent each night, and

indeed, from hour to hour. If you have any doubt about which moon is which, or think they may be
little stars, you have only to cagfully note their position and then look at them again the next
evening. You may even notice their motion in the course of a single evening, if you begin early and
follow them for thiee or four hours. It is impossible to describe the peculiar attractions of the scene
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presented by the geat planet and his four little moons on a sene evening to an observer armed
with good binoculars. Piobably much of the impessiveness of the spectacle comes fsm the
knowledge that those little points of light, shining in aaw are, at every instant, under the
gravitational infBuence of Jupiterand that as we look upon them, obediently making their
revolutions, never venturing beyond a certain distance awaye behold the forces to which our
own planet is subject as it evolves apbund the sun, to whose contol even Jupiter in his tun
submits.

Saturn

The beautiful planet Satun requires for the observation of its rings magnifying powers far beyond
those of binoculars. It would be well, howeverfor you to trace its slow motion among the stars
with the aid of an almanac. ¥u may be able to see, under favorable caumstances, the largest of
its eight moons, Titan, which has a brightness of magnitude 8.5: faint, but still within the range of
most binoculars.

The Outer Planets

It may appear somewhat pesumptuous to place Uranus, a planet which equired the telescope

and the eye of Wlliam Herschel to discoverin a list of objects for binoculars. But Uranus was likely
seen many times befoe Herschel®discovery being simply mistaken, on account of the slowness
of its motion, for a Pxed starWhen near opposition fom the sun, Uranus looks as bright as a sixth-
magnitude star and can be easily detected with the naked eye when its position is known. Wth
binoculars, this distant planet can be watched as it moves deliberately onwdrin its gigantic orbit.
Its passage by neighboring stars is an exceedingly intesting sight; it®in this way that you may
most easily bPnd the planet. Armed with binoculars, a star map, and positional informatiorfin an
almanac or periodical such asSky and Telescope, you can discem the location of Uranus and
assure yourself of the existence of the planet by watching its motion against the backgund stars
from night to night.

Neptune, alas, is beyond the each of all but the most diligent binocular observerlt can be found
in the same way as Uranus, but at magnitude 8 it shines merthan 6x fainter than Uranus, so a

careful eye is equired to spot this distant world at all. Pluto, whether you consider it a planet or
not, if far beyond the each of binocular observers, and indeed most backyat telescopes.
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Appendix - A Detailed Map of the Moon

Here is a list of the detailed featugs in the map of Figue 5. Most of the maria are visible in

binoculars, but a telescope is equired to see all the craters, mountains, and other featws listed
here.

North:

1-# Mae Frigoris (Sea of Cold)
##2-# Marlmbrium (Sea of Rains)
##3-# Sinus Aestuum (Bay of Seething)

Northeast:

##4-# Sinus Medii (Bay of the Center)
##5-# MarVaporum (Sea of \Apors)

##6-# MarSerenitatis (Sea of Seenity)
##7-# MarTranquillitatis (Sea of fanquillity)
##8-# MarCrisium (Sea of Crises)

17-# Lacus Somniorum (Lake of Sleep)
18-# Palus Somnii (Marsh of Sleep)

19-# Mae Anguis (Sea of Snakes)

20-# Mae Undarum (Sea of Véves)

Southeast:

##9-# MarFecunditatis (Sea of Fecundity)
10-# Mae Nectaris (Sea of Nectar)

21-# Mae Spumans (Sea of Foam)

Southwest:

11-# Mae Nubium (Sea of Clouds)

12-# Mae Humorum (Sea of Moistue)

13-# Mae Cognitum (Known Sea)

22-# Palus Epidemiarum (Marsh of Diseases)

West:
14-# Oceanus Pocellarum (Ocean of Storms)

Northwest:
15-# Sinus Roris (Bay of Dew)
16-# Sinus Iridum (Bay of Rainbows)
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Mountains

Northeast:

23-# Montes Alpes

24-# \allis Alpes (Alpine ¥lley)
25-# Montes Caucasus

26-# Montes Apenninus

27-# Montes Haemus

28-# Montes aurus

Southeast:
29-# Montes Pyenaeus

Southwest:
30-# Rupes Recta (Straight W) [Geological Fault]
31-# Montes Riphaeus

Northwest:

32-# \allis Schrsteri (Schrster's \lley) [Northwest of Crater Aristarhus, 73, and North of Crater
Herodotus]

33-# Montes Jura

Craters

Northeast:

34-# Crater Aristotle [on the East part of MarFrigoris, 1]
35-# Crater Cassini
36-# Crater Eudoxus
37-# Crater Endymion
38-# Crater Hecules
39-# Crater Atlas

40-# Crater Mecurius
41-# Crater Posidonius
42-# Crater Zeno

43-# Crater Le Monnier
44-# Crater Plinius
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45-# Crater Mruvius
46-# Criter Cleomedes
A47-# Crater Aruntius
48-# Crater Manilius
49-# Crater Achimedes
50-# Crater Autolycus
51-# Crater Aristillus

Southeast:

52-# Crater Langenus

53-# Crater Goclenius

54-# Crater Hypatia

55-# Crater Theophilus

56-# Crater Rhaeticus [Crater Hippahus is directly South of Crater Rhaeticus]
57-# Crater Stevinus

58-# Crater Ptolemaeus

59-# Crater Vilter

Southwest:

60-# Crater Yycho

61-# Crater Pitatus
62-# Crater Schickad
63-# Crater Campanus
64-# Crater Bulliadus
65-# Crater Fra Maw
66-# Crater Gassendi
67-# Crater Byrgius
68-# Crater Billy [Mons Hansteen is to the North of Crater Billy]
69-# Crater CrYger
70-# Crater Grimaldi
71-# Crater Riccioli

Northwest:

72-# Crater Kepler

73-# Crater Aristathus [Crater Heodotus is West of Crater Aristachus]

74-# Crater Copenicus

75-# Crater Pytheas

76-# Crater Eratosthenes [near the Southwestarextreme of Montes Apenninus, 26]
77-# Crater Mairan

Observing The Moon and Planets with Binoculars 14



78-# Crater Tmocharis

79-# Crater Harpalus [Crater Pythagoras is North of Crater Harpalus]
80-# Crater Plato
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