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Exploring the Sky

Lecture 7:
The Moon

Our nearest celestial neighbour has had a significant influence on all cultures throughout recorded history.  The Islamic Calendar is regulated by the appearance and behaviour of the Moon, Mayan and Aztec astronomers in pre-Columbian America based much of their mythology around the Moon and even in Scotland many megalithic stone circles – dating from up to 5000 years ago – were believed to be lunar observatories.  The term lunatic had its origins in the belief (no longer held!) that the Full Moon could induce madness.

The nearness of the Moon to the Earth is indicated by its parallax shift – about two degrees (four Full Moon diameters) from one side of the Earth to the other.  We can now measure the Moon’s distance very precisely, by bouncing laser light off ‘corner-cube’ reflectors left on its surface by the Apollo astronauts and timing how long it takes for the laser beam to return.  Since we know the speed of light, we can determine the distance using the relation distance = speed 
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 time.  The average distance of the Moon is about 384,400 km, or about 30 times the diameter of the Earth.  ‘Laser ranging’ of the Moon has allowed its orbit to be determined very precisely

Phases of the Moon

The Moon orbits the Earth once per month – which essentially explains the origin of the word ‘month’. Since the Moon does not shine itself, but simply reflects light from the Sun, during each orbit the Moon shows phases depending on the relative positions of the Earth, Moon and Sun.
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Figure 1:  Phases of the Moon

When the Moon is directly between the Earth and the Sun, the side towards us is in darkness. The Moon is invisible and we refer to it as the New Moon.  A few days later, a thin crescent is visible. This crescent waxes (grows) until First Quarter, when half of the side towards us is illuminated.  (The term ‘quarter’ comes not from the appearance of the Moon, but because the Moon is a quarter way round its orbit).  About one week later, when the Moon is directly opposite the Sun, the side towards us is fully illuminated and we see a Full Moon.  In the second half of the orbit this cycle of phases is reversed as the Moon wanes (shrinks) until the next New Moon.  The Moon rotates on its axis at the same rate as it orbits the Earth. This is why the Moon always shows the same ‘face’ towards the Earth. The other face is known as the ‘dark side’ of the Moon and is invisible from the Earth – although it is only actually dark when the Moon is Full. (In fact, the Moon ‘wobbles’ a little as it orbits the Earth so that over a 30 year period a total of 59% of the Moon’s surface is visible at some time from the Earth).

The Orbit of the Moon

Our calendar months are not all of the same length, so we must be more precise when we say that the orbital period of the Moon is one month.  The Synodic Period of the Moon is the time from one New Moon to the next, and is approximately 29.53 days.  During this time, however, the Earth will have moved some way in its orbit around the Sun, so the next New Moon will not line up with the same background stars.  The Sidereal Period of the Moon is the time taken for the Moon to return to the same point on the sky, as measured by the background stars, and is slightly less – only 27.32 days.  The Moon orbits the Earth anticlockwise, so this means that it moves about 13 degrees Eastwards per night against the background stars.

The Moon’s orbit around the Earth is inclined at an angle of 
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 to the plane of the Earth’s orbit  round the Sun.  This means that the Moon’s path across the sky is always within about 5 degrees of the Ecliptic, but does not lie exactly on it.  The points where the Moon’s orbit crosses the Ecliptic are known as the Nodes of the orbit.  Although the inclination angle of 
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 remains approximately constant over very long timescales, the position of the Nodes along the Ecliptic changes steadily as the Moon’s orbit ‘precesses’ in a manner very similar to the precession of the Earth’s polar axis.
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Figure 2: Inclination of the Moon’s Orbit to the Ecliptic

The Lunar Nodes and Eclipses

The position of the Lunar Nodes along the Ecliptic during any particular month determines whether or not a Solar Eclipse will occur.  It is an interesting coincidence that the angular sizes of the Sun and the Moon as seen from the Earth are almost identical: the Sun is very much larger than the Moon, but is also very much further away and the two effects cancel out almost exactly.  Each month the Moon will ‘overtake’ the Sun at some point on its orbit; when this happens we have a New Moon.  Generally, however, the position of the New Moon on the sky will be several Lunar (or Solar) diameters above or below the Sun.  For example, the angular diameter of the Moon (and the Sun) is 
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 degrees, so if New Moon occurs when the Moon is 
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 degrees away from one of its Nodes then the New Moon will be about 10 Lunar diameters above or below the Sun.

If, on other hand, New Moon occurs when the Moon is very close to one of the Nodes, then the New Moon and the Sun are almost exactly aligned and the Earth may lie in the Moon’s shadow – resulting in a Solar Eclipse.
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Figure 3: Basic Geometry of a Solar Eclipse

Figure 4 (not to scale!) shows the shadow cast by the Moon  . The central part of the shadow is known as the umbra; any part of the Earth that lies in the umbra at the time of the eclipse will experience a total eclipse – i.e. the New Moon will completely cover the Sun’s disk.  The outer part of the Moon’s shadow is the penumbra; any part of the Earth that lies in the penumbra at the time of the eclipse will experience a partial eclipse – i.e. the New Moon will only partially cover the Sun’s disk.  The total eclipse zone is only about 20 km across on the Earth’s surface, although it can sweep across a substantial number of countries as the Earth rotates beneath it.  For example, in August 1999 a Solar eclipse occurred which was total in Cornwall, and also across parts of continental Europe, the Middle East and India - although it was only a partial eclipse in Glasgow.

Because the Moon’s orbit around the Earth is not a perfect circle, the Earth-Moon distance is not exactly constant. Thus, sometimes an eclipse can occur when the apparent size of the Moon is slightly smaller than the apparent size of the Sun. This is called an Annular Eclipse, because a thin circle (annulus) of light is still visible around the Sun even during totality.  An Annular Eclipse of the Sun was visible from the far North of Scotland in May 2003.
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Figure 4:  A Total Lunar Eclipse

If Full Moon occurs when the Moon is close to one of the Nodes then the Sun, Earth and Moon are again almost perfectly aligned, only this time the Moon lies in the shadow of the Earth – resulting in a Lunar Eclipse.  Again, the eclipse may be partial or total, depending on whether the Moon passes through the umbral or penumbral part of the Earth’s shadow.  During the eclipse, the Earth’s shadow is seen to creep across the disk of the Full Moon (indeed Lunar Eclipses were seen by some clever Greek astronomers as proof that the Earth was round, since the shadow of the Earth was always seen to be curved).  The Moon does not disappear from view during a total Lunar eclipse, however, since sunlight can still ‘bend’ around the Earth’s atmosphere to illuminate it. As blue light is scattered by the Earth’s atmosphere more effectively than red light, the Moon appears a copper red colour during a total Lunar eclipse.

Because the Earth’s shadow is much larger than the Moon’s shadow, a Lunar eclipse will typically be visible over a much larger portion of the Earth’s surface.  Hence Lunar eclipses are visible from, e.g., the UK much more frequently than Solar eclipses.  

The Nodes of the Moon’s orbit complete one full circuit of the Ecliptic in about 18 years 11 days – a period known as the Saros.  At the end of each Saros, the cycle of partial and total Solar and Lunar eclipses begins again. Ancient astronomers were aware of the Saros cycle, and so were able to predict the occurrence of Eclipses with considerable success.

The Moon and the Tides

The Moon may not be able to induce lunacy, but it still exerts an important and regular influence on our daily lives through the tides. As the Moon passes over the Earth’s oceans, water on their surface is slightly closer to the Moon – and so feels a slightly stronger gravitational pull – than the ocean floor.  This causes the water level to rise, both directly beneath the Moon and also, for similar reasons, at the same time on the opposite side of the Earth.  As the Earth rotates beneath the Moon, the position of these high water levels constantly changes, resulting in changing tides along the Earth’s coastlines.
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Figure 5:  The Tidal bulge of the Earth’s Oceans  (not to scale!)

Although the Moon’s gravity is the stronger effect, the Earth’s tides are also due in part to the gravitational pull of the Sun. This means that the height of the tides varies depending on the position of the Sun and Moon.  At Full Moon or New Moon, the Earth, Sun and Moon are aligned. The tidal pull of the Sun and Moon then act together and the tides are at their highest – these are known as Spring tides.  At First Quarter or Third Quarter, on the other hand, the Earth, Sun and Moon are at right angles. The tidal pull of the Sun and Moon then act against each other and the tides are at their lowest – these are known as Neap tides.
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Figure 6:  Spring and Neap Tides

Of course the Earth also exerts a tidal pull on the Moon – considerably greater than that of the Moon on the Earth because the Earth is much more massive.  Over the lifetime of the Solar System these ‘Moontides’ have resulted in the Moon becoming tidally locked, so that (as remarked previously) it shows the same face towards the Earth throughout its orbit.
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