What can you deduce about Ziggy? Notes on Assignment 1.

This is what I deduced from the data. Needless to say, I wasn’t really expecting any of you to deduce all of this! Even getting part way with this difficult problem is a formidable achievement, and I was very impressed with the quality of what you handed in.

First a note on grammar (as LOTS of you got this wrong).

It’s = It is

Its = belonging to it.

When I was an undergraduate my lecture endlessly criticised me for exactly this mistake, and I’m glad (in retrospect) that he did!

Deductions from the First Data Set.

Where are we on Ziggy?

As the stars do circles around the Zenith, we must be on one of the poles of Ziggy. It is a bit hard to measure from the pictures, but stars seem to take around 40 hours to do one complete circle, so the “day” of Ziggy is around 40 hours.

As the “moon” is full when it is directly overhead, the Sun must be directly below us, so we are at mid winter. We will not see the Sun at our location for three Ziggy months, though we have no way of knowing how long a Ziggy month may be.

As our location will experience a six month night, and we are in the middle of it, and it is still quite warm, it would presumably get very hot during the “day”. The average temperature of Ziggy is thus probably somewhat hotter than that of the Earth. As Ziggy has a Sun which is similar (G-type) to our own, this may mean that Ziggy lies closer to its Sun than the Earth does, and hence has a shorter year.

Ziggy’s Mass.

As Ziggy’s gravity is 23% weaker than that of the Earth, and surface gravity is given by:


[image: image1.wmf]2

r

GM

g

=

,

Ziggy’s mass could be 23% less than Earth’s, if it had the same radius. Alternatively, if it had Earth’s mass, the radius would have to be (1.23 larger. Many other permutations are possible, subject to satisfying the equation above. As we know g and G, we can rearrange to get 
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, giving the radius in terms of the assumed mass.

The “Moon”

The Moon must be in a polar orbit – one that passes over both poles of Ziggy, otherwise it could never be directly overhead at our location. The spiral motion is caused by a combination of its slow orbital motion (dropping it lower in the sky) and the rather faster spin of Ziggy.

As the moon appears twice as large as Earth’s moon (ie. it has an angular diameter of 1 degree), you would expect it to appear 4 times brighter (twice the diameter equals four times the area). Instead, it is 10 times brighter. This could mean either that the Sunlight it is reflecting is brighter or that it has a more reflective surface. If Ziggy does lie closer to its Sun (as suggested by the temperature), that would be consistent with a brighter Moon.

The moon drops by 60 degrees in 120 hours. It must thus take 720 hours (30 days) to complete its orbit around Ziggy.

The Two Blue Things.

These blue objects are moving pretty fast across the sky. They cover roughly two moon diameters per hour. Given than the moon appears twice as large as the Earth’s Moon, and the Earth’s moon covers half a degree (which you could deduce from its size and distance, and was also mentioned in the bulletin board), this means that they are travelling at roughly two degrees per hour.

What speed does this correspond to? That depends on the distance. If an object lies at distance D and is travelling at right-angles to our line-of-sight at speed V, then in time T it will appear to have moved an angle ( = VT/D (where ( is measured in radians. Strictly speaking is should be sin(() = VT/D, but for small angles, sin(() ~ tan(() ~ (: the small angle approximation).

Using this equation (which is only basic geometry), you find that if these sources were as far away as a plausible nearby planet (say half an AU), they would need to be travelling at a whopping 700 km/s. This is a ridiculously high velocity for any planet – orbital velocities in our solar system are more like 30 km/s or less.

So these two objects are probably in orbit around Ziggy – quite a low orbit, to account for their rapid motions. They could be natural or artificial small satellites.

Deductions from the Second Data Set.

As radio waves take 4.56 seconds to travel to the surface of the Moon and back, the Moon’s surface must be (4.56/2) c = 6.8 ( 108m away from you. As the moon has an apparent diameter of one degree (=(/180 radians), it must have a diameter of around 6.8( 108 (/180 = 12,000 km. So it’s a very big moon – about the same size as the Earth!

The spectrum of the day side of the “Moon” is a typical G-type star spectrum (I actually pinched one of Alpha Centauri). It shows Calcium, Magnesium and Hydrogen absorption lines, to name but a few. All of which is typical for a star like this. So all we are seeing is reflected sunlight.

The night side spectrum is much more interesting. There are a series of absorption-bands, with intense infra-red radiation leaking out at wavelengths between the absorption bands. This indicates that the surface of the “Moon” is very hot, but that we do not usually see the surface as the atmosphere usually blocks the IR radiation. The variability of its spectrum is thus due to weather, allowing variable amounts of the IR out. The images show this: demonstrating that something is swirling around on the surface. So the “Moon” is hot, and surrounded by clouds that efficiently reflect sunlight but block most infra-red wavelengths. The spectra and images are actually of Venus (taken with the 2.3m telescope at Siding Spring), which has atmospheric absorption due to CO2 and swirling clouds of H2SO4 (sulphuric acid). I wasn’t expecting anyone to figure this out!

Orbits and Masses

Knowing the orbital period and distance to this very large “Moon”, you can at least constrain a few orbital parameters.

Let us hypothesize that Ziggy is much more massive than the “Moon”, so that Ziggy is essentially stationary while the “Moon” orbits us. We roughly know the radius of the Moon’s orbit (we know how far away its surface is, and how big it is. The only unknown is how far we are from the centre of Ziggy – ie. Ziggy’s radius. But that is unlikely to make a vast difference). Thus divide the circumference of its orbit by the period to deduce its orbital velocity v.

To be in a stable circular orbit, centrifugal force mv2/r must balance the gravitational attraction of Ziggy, GMm/r2. Equating, we find that the mass of the “Moon” cancels and M = v2r/G = 3( 1025kg – roughly four times the mass of the Earth.

So is this plausible? Given this mass, we can use fact that Ziggy’s gravity is 23% weaker than the Earth’s to deduce the radius of Ziggy: 16,000 km. Big, as you would expect to give such low gravity despite such a large mass. The density of Ziggy would thus be 1,700 km/m3 (dividing the mass by the volume) which seems awfully low – only slightly denser than water, and a lot less dense than any rocky planet in our solar system. This density is more like that of a gas giant.

So perhaps our assumption is wrong and Ziggy is actually orbiting this “Moon”, which would thus need to be far more massive than Ziggy. The same calculation now applies to the orbit of Ziggy, so the Moon would need the same mass - 3( 1025kg. Given its smaller size, this gives a reasonable density. This would require, however, that Ziggy be far less massive – say M<3( 1023kg. This would give Ziggy a radius of only 1,600 km, but a very high density of 16,600 kg/m3. It’s hard to imagine what would give Ziggy such a huge density (a planet with a lead core?). So the best guess is that the truth lies somewhere between these two extremes – that Ziggy and the “Moon” have broadly comparable masses and are orbiting around a point lying somewhere between them.

As a matter of fact (not that you could have deduced this), when setting up this exercise I gave Ziggy a radius of 11,197 km. Both Ziggy and its moon have the same mass – 1.5(1025 kg. Their orbits have a radius of 3.5(108m. As the moon subtends one degree, its diameter is 12,043km.
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