Astronomically Accurate

The Problems:

A

You probably know that a year is about 365 days long…the time it takes the Earth to orbit the Sun exactly once. Mid-Summer to Mid-Summer, birthday to birthday, etc

You probably know that one in every four years is a leap year and has 366 days.

Except those century years (1300, 1700 etc) whose first two digits (13, 17 etc) are not divisible by 4…

So - exactly how long does the earth take to go round the sun (a solar year)?

B

You’ve doubtless noticed that there’s a ‘full’ moon every month, but you might not know that once every 29.5 months, there are two full moons in a calendar month, because one comes right at the start, while the second just squeezes in at the end…

So - exactly how long does it take the moon to orbit the earth (a lunar month)? 

Solutions:

A
One Astronomical year = 365.2425 days

In any period of four centuries, we have three centuries with

(25 – 1 = 24) 
leap years (the turn of the century year isn’t one)

and (100 – 24 = 76) ordinary years.

That gives

(24 x 366) + (76 x 365) = 36524 days in each of these centuries.

Every four centuries, there is one century that has a leap year in the opening year (e.g. 1600, 2000 etc), and therefore a full 25 leap years, and only 75 ordinary years.

That gives

(25 x 366) + (75 x 365) = 36525 days.

There are therefore (3 x 36524) + (1 x 36525) = 146097 days in 4 centuries, which is an average of 146097 ( 400 = 365.2425 days per year – the ‘astronomical year’.

B

Each month is approximately 30.5 days long (365 ( 12).

If we take this approximation (see (i) below), the arithmetic is very pretty… If we want to be properly precise, see (ii) below for the more accurate answer.

(i)

One lunar month ( 29.5 days

In any 29.5-month period, there are 30.5 full moons (one moon extra on top of the once-a-month norm).

So in 1 month there are (30.5 ( 29.5) full moons.

i.e. in 30.5 days there are (30.5 ( 29.5) full moons.

So in 1 day there are (30.5 ( 29.5) ( 30.5 full moons.

Which cancels nicely to (1 ( 29.5) full moons per day…

So we need 29.5 days to get one full moon…

Hence a full moon occurs every 29.5 days.

(ii)

One lunar month = 29.4193989 days

In 1 month there are (30.5 ( 29.5) full moons, as before.

Each month is, more accurately, 365 ( 12 = 30.41666666 days, however.

i.e. in 30.41666666 days there are (30.5 ( 29.5 = 1.033898305) full moons.

So in 1 day there are (1.033898305 ( 30.41666666) = 0.03399117716 (nice number!) full moons.

Hence a full moon occurs every (1 ( 0.03399117716) = 29.4193989 days.

In practice, of course, since the Moon is constantly orbiting the Earth, it has constantly changing proportions of its surface illuminated by the Sun, and can only be theoretically ‘full’ for a split instant.
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We call a ‘full’ Moon the one that appears the greatest when we can see it best.

The Moon must be directly opposite the Sun (for full-frontal illumination), and this can be at any time of day or night. The Moon looks brightest and ‘fullest’, however, when in a darkened sky during the night-time hours, and this may well not be at the same time as the theoretical ‘full’ Moon instant.

