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The Rosetta lander, Philae, takes its first picture of  its surroundings on Comet 67P/

Churyumov-Gerasimenko.  Only a bit of  Philae's feet were in the original image; the
orientation of  the lander is shown by the superimposed cartoon of  the spacecraft.

Photo: ESA
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&AQ This feature is inspired by the questions we
have received over the years from interested
readers. If you have a question about an
astronomical topic, please send it to us.

   Date TBA (late January?) Dr. Claudia Alexander will

give the Bonestell Lecture on the Rosetta Mission. The

lecture is free and open to the public.

Mark Edwin Norris asks why the ancients thought the

Earth was flat and believed that everything circled a flat

Earth; especially since they knew that, as a ship sailed over

the horizon, the hull disappeared before the sails (due to the

curvature of  the Earth).

The short answer is: they didn’t.

By the time of  Plato, the Greeks believed the Earth was

a sphere.  We don’t know why they believed this until

Aristotle wrote that travelers noticed the change in the

positions of the constellations as they traveled north or

south (apparently, they were not as busy looking at their

smart phones as we are today).  Aristotle also noted the

round appearance of  the Earth’s shadow on the Moon

during eclipses.  Eratosthenes, a Greek philosopher in

Egypt, made an accurate measurement of  the circumfer-

ence of the Earth using the change of the length of a

shadow at noon on the same day at different latitudes.  All

of this occurred hundreds of years before the birth of

Christ.

I was taught in grade school that one of the achieve-

ments of Christopher Columbus was dispelling the belief

that the Earth was flat so I wondered how did the knowl-

edge of the spherical nature of the Earth become lost in the

dark ages?   It wasn’t lost; in mediaeval times, any educated

person knew that the Earth was spherical.

What Columbus had to sell to get financial support was

that the Earth was much smaller than most believed and the

overland route to the east was much longer than believed.

The fear wasn’t that the three ships of his fleet would sail

off the edge of the Earth but that they couldn’t hold

enough food and water to reach Asia.  That was true and it

was the discovery of the new world at the distance Colum-

bus had projected they would reach Asia that saved the

crew from imminent starvation (and Columbus from a no-

doubt murderous mutiny).

So why is there a myth that, for 1500 years or so after

the Greeks, it was believed that the Earth was flat?  The

origins appear to be nineteenth century attempts of anti-

clerical French scholars and Protestants to claim that the

Catholic Church was ignorant and suppressing science.  By

the early twentieth century, the conflict between evolution

and creationism used the flat-Earth myth for their purposes.

Astoundingly, this myth persists today in some schoolbooks,

especially in Germany and Austria!

Help Support MIRA Programs
This is the time of year when we hope you’ll add

MIRA to your list of  hard-working organizations deserving

your support.  This year we had the best intern class ever –

local high school and college students fully engaged in

MIRA’s world-class research.  Public talks, student classes at

the Hamming Center, Oliver Observing Station tours, visits

to classrooms, and local star parties – all offered free to any

who are interested.

Meanwhile, MIRA astronomers and enthusiastic volun-

teers go about the daily business of probing the mysteries

of the Universe, ranging from nearby asteroids and comets

to the formation of  stars and planets to the edges of  the

Universe.  Please join the astronomers, staff, Board mem-

bers, and volunteers in making a contribution this year to

continue our exciting programs.

One of  the most famous engravings in astronomy, showing a flat
Earth in a spherical heaven.  It first appeared in a 1888 book by
Camille Flammarion, a science fiction writer and popularizer of
science.
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What rocky things comets turn out to be!  Could it be

that comets are just asteroids that have not yet lost all their

water and other volatiles or, I suppose, that asteroids are

just dead comets?  But the overall density of the comet is

less than half that of water ice.  The comet lander, Philae,

also detected organic molecules, yet unnamed by the

scientists who built the Philae instrument that “sniffed” the

molecules.

Due to failures in the small thruster and harpoons,

Philae bounced three times as it tried to land; the first two

bounces taking about an hour each, the third only a few

minutes.  Despite the exciting landing, Philae returned all its

first-look science before failing batteries put the lander into

hibernation.  Having landed in the shadow of a cliff, the

solar panels can only recharge the batteries slowly.

As exciting as the first results are from the Rosetta

mission, they are dwarfed by the promise of more results as

the data are analyzed and what will be learned as 67P/

Churyumov-Gerasimenko approaches the Sun.  Follow the

excitement at http://sci.esa.int/rosetta/.

Philae Reports and Takes a Nap

Dust and gas – the very stuff  that makes comets the spectacular
display that they are – spray off  Comet 67P/Churyumov-
Gerasimenko.  Activity will pick up as it approaches perihelion (closest
approach to the Sun) in August of next year.

Rosetta’s camera OSIRIS, 9.6 miles above the comet’s surface,
captures the last 30 minutes of  Philae’s descent.  The descent rocket
designed to soften the landing and the harpoons designed to keep the
lander at its setdown point failed and it bounced a couple times to its
final resting place (upper right corner) in the shadow of  a cliff.  Bad
news for the solar panels; however, the first science experiments reported
back to Rosetta before the batteries were exhausted.  The image at
15:43, after the first impact, shows the depressions from the three feet
and the lander body.

Credit: Randall Munroe, XKCD.

Rosetta Scientist to Lecture at MIRA
As this issue was going to press, Dr. Claudia Alexander

of  the Jet Propulsion Laboratory, project manager and

project scientist in the U.S. Rosetta mission, agreed to deliver

the 27th anuual Bonestell Lecture. Date TBA.

Photos: ESA
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Without the ability to make testable predictions, a

scientific theory isn’t much use.  In fact, it is probably not a

scientific theory.  Historically in physics and chemistry, such

theories were encapsulated in one or a few equations.

Simple, powerful, and supremely elegant.

As with many other aspects of modern life, the advent

of computers has significantly changed the way scientists

think about complex systems like weather, molecular

biology, or astronomy.  Now dozens to thousands of

relationships can be combined with thousands to billions of

data points to create an analogy – a model – of  a complex

phenomenon.  I’ve spent most of my scientific life creating

such models as predictions of sea otter populations, motor

vehicle repair times, weather, and stellar atmospheres.

Very complicated systems, however, take on a life of

their own as the ensemble of physics and chemistry theories

combine with hundreds of  empirical relationships.  The

interactions between the multitude of components become

too intertwined to fathom as a human and the scientists

must take the quality of an untested result largely on faith

that they put in all the needed science.  Proper development

requires many failures that illuminate shortcomings in the

component theories or data.

Of course, all the component theories and data make

some sort of  approximations.  A standard joke in physics is

that of  a farmer who asks a physicist why his cows are not

producing as much milk as they used to. The scientist visits

the farm, collects a lot of  data, and returns to his office.

After a few weeks, he tells the farmer, “I have the answer,

but it only works on spherical cows in a vacuum.”

My favorite example of the massive impact of a minor

oversight in a model is the case of  cooling water.  If  one

makes a series of measurements of the density of water at

various temperature, the results look like Figure 1.  There

seem to be plenty of measurements to accurately define the

relationship: as the water cools it becomes denser.

We now apply these results to the model of  an ecosys-

tem that includes a pond.  As winter approaches, the surface

of the water cools and, being denser, sinks to the bottom as

warmer water rises to the surface to, in its turn, cool as well.

Eventually, the water at the bottom of  the pond reaches

freezing and ice forms in the pond from the bottom up.

The water above the ice continues to cool and freeze and,

when all the water is frozen, all the fish die.

Wait!  That is not what we observe.  We observe that

ice forms at the top and greatly reduces the cooling of  the

water (and the fish live happily under the ice).  What went

wrong?  It turns out there is a little downturn in the density

curve of  water at temperatures below 40 degrees F (Figure

2).  In the last few degrees before freezing, water becomes less dense.

Figure 3 shows the results at the pond; after the water mixes

to the same temperature and density right at the peak of the

density curve, the colder, less dense, water stays on top

where it eventually freezes.  It is hard to imagine a world

without effects of  the little hook in the density curve of

Modeling: A Modern Scientific Method
by Dr. Wm. Bruce Weaver

Figure 1. Measurements of the density of water as it changes
with temperature. This graph shows that the colder the water
between ice and steam, the denser the water.  With 13
measurements, we’re pretty confident that we understand this
relationship.

When we start to model a cow, it is easiest to think of  it as a
sphere; only one number, the radius, is needed to describe its size.
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tions can have enormous impacts on the complete model –

even to the point of invalidating any results from it.  Sec-

ond, like any simpler scientific theory, a model of  a com-

plex system is not to be believed until many predictions

made by it can be confirmed.

When it comes to modeling nature, it is hard to imagine

a more complex system than the Earth’s climate.  It is

certainly more complex than that of a star; if, for no other

reason, we observe much more detail up close and per-

sonal.  And many of the climate details are much more

poorly known than our example of  the cooling of  water.

Do clouds reflect more heat into space or hold more heat

in?  What is the effect of  soot in the air? Volcanic chemicals

in the stratosphere?  What are the mechanisms that exchange

heat between oceans and land?  Water vapor is one of  the

strongest greenhouse gasses but its cycles are not well

understood yet.  What are the relative impacts of natural

climate change and human activity?   It is no surprise that the

many climate models disagree with each other and didn’t

predict the slowdown in global warming over the last 16

years.

The good news is that, like our example with freezing

water, as the models fail to correctly predict the changes in

the climate, these failures point to ways to improve the

physics and chemistry that go into them.  The most difficult

part of this work will be in teasing out the relative impacts

of the undeniable effects of human activity and the natural

changes in climate – especially in the face of natural cycles

water.

So we’ve learned two lessons from this example.  First,

and most obvious, small errors or incomplete approxima-

Figure 2.  What we missed.  In the last four degrees before freezing,
the density of  the water decreases.  Note that we’ve changed from
Fahrenheit to Centigrade.  4°C is about 40°F; on a good day, the
temperature in Monterey is 20° or 68°F.

Figure 3a.  Summer and winter in the pond. In the winter, the
fish live happily below a layer of ice that protects them from the
freezing air temperatures.

Figure 3b.  The dynamics of  a pond ‘turnover’.  In the spring after
the ice melts, the cold water at the top sinks and the (slightly) warmer,
less dense, water from the bottom rises.  During the summer, the
warmer water at the top floats above the densest (4°C) water at the
bottom.  In the fall, as the water at the top cools and becomes more
dense, it sinks, mixing with the colder bottom water until it separates
with the less dense, 1°C water at the top, permitting the ice to form
and the densest water (4°C)water to rest at the bottom.

Consider an (almost) spherical, smooth, uniform Sun...

Continuied on following page...



6 MIRA NEWSLETTER

The Winter Sky
by Arthur Babcock

Lick Observatory Update

Administrators at the University of California have

reversed their decision to close Lick Observatory, offering a

very spartan budget to keep the mountain-top observatory

open.  On 29 October of this year, the UC offered a $1.5

million/year budget to the observatory which has operated

above San Jose since 1888.  Many supporters, including

MIRA, had campaigned to keep the observatory open.

Probably most significant was the letter to UC President

Janet Napolitano from 35 members of the California

delegation to Congress.

The financial situation and the uncertainly have led to the

reduction of the Lick staff from 24 just three years ago to

14 today.  The funding was offered from the University of

California Observatories so it was taken from an already

depleted $5 million budget used to operate the Keck

Observatory in Hawaii, and design and build the Thirty

Meter Telescope.

MIRA is happy to see that one of the reasons cited was

the ability of Lick to continue to do important astronomy;

in the past, many astronomers who have access to the

largest telescopes have argued that only such telescopes can

do the most important research.  This is demonstrably

untrue; smaller telescopes more than contribute an equal

share of  the most important research; see www.mira.org/

research/smallTel2.pdf.

This is just a temporary reprieve for Lick.  Pressure to

shift the funds to the largest telescopes will not abate, but

Lick now seems secure for at least a few more years.

Continuing a subject mentioned in the last issue of the

Newsletter, winter is really the best season in which to

observe the variable star Algol in the constellation Perseus.

At the start of the quarter, Algol transits (i.e., crosses the

meridian and is at its highest point in the sky) around

9:15pm, and so is comfortably placed for evening observa-

tion. I have identified a couple of  dates when Algol’s

minima occur at convenient times, and when the Moon is

not around to distract one. On Saturday, 24 January,

minimum occurs at 8:49:45pm PST. Sunset takes place at

5:22. Three weeks later, on Monday, 16 February, minimum

occurs at 7:21:14pm, by which time it will be fully dark. I

didn’t see a good opportunity in March; by then Algol is

well toward the western horizon during evening hours

anyway. You might want to review my discussion in the Fall

2014 Newsletter. If  you don’t save your newsletters (gasp!),

you can find past issues on the MIRA website.

Planets

This quarter is a good one for observing planets. In

January, it is possible to observe all five of  the naked-eye

planets in one night, although you need to be able to see the

western horizon to get Mercury and Venus, and miss some

sleep to see Saturn. Jupiter will be the star planet for

observation this quarter. Not only is it well placed for

evening observation, but the interactions of  the Galilean

satellites with the planet offer some great observing oppor-

tunities (see below).

Mercury is easily observed in the evening sky during

the first three weeks of  January. From the 8th to the 12th, it

is within one degree of  Venus. It then becomes lost in the

glare of the Sun until it reappears in the morning sky in

February.

Venus is visible low in the west at the start of  the

quarter. On 21 February, it comes within a half  a degree of

Mars. It will remain visible in the evening sky through the

end of the period.

Mars spends the entire quarter in the western sky. On

21 February, in addition to the conjunction with Venus, it

will be 1.5 degrees south of the Moon. On 11 March, Mars

will be within 0.3 degree of Uranus (the two planets will fit

nicely into a single field with most amateur telescopes).

Jupiter is well placed for observation during the entire

quarter. Jupiter’s interactions with its moons, alluded to

above, have not been discussed recently in the Newsletter, so

that either amplify or reduce the effects of  human activity.

So claiming a model is “settled science” is wrong in

two ways.  First, it implies that such science is true.  But

theories are not “true” until all possible tests are exhausted

– an impossible task.  The second is that a basic test of

theories – their ability to predict – has failed so far at the

level that impacts us.  But each year will bring refinements

in the models and another year of  observed climate

change.  To a scientist it is interesting because it is obviously

very unsettled.

But now, back in the Universe, consider a spherical

star...

NEXT TIME: modeling stars and MIRA’s efforts to bring

a new approach to understanding what our observations

tell us about the intimate details of these most common

denizens of the Universe.
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let us define the terms that apply to the events that will

transpire on 23 January. One or more Galilean moons can

pass in front of the disc of Jupiter as seen from Earth; that

is called a satellite transit. Or one or more moons can cast its

shadow on the surface of the planet; that is a shadow transit.
Depending on the position of the Sun, there can be a

satellite transit with no shadow transit, or a shadow transit

without a satellite transit. Or there can be both, and that is

what will happen on the evening of  23 January, when three
Galilean moons (Io, Callisto, and Europa) will cast their

shadow on the planet to

make a triple shadow transit
(the last such event until

2032!), and all three will

pass in front of the

planet’s disc in a triple
satellite transit. The times

given below are the

midpoints of each event,

but the action starts well

before these midpoints

and it goes on for some

time (over two hours for

the transit of Callisto). I

suggest starting to observe

Jupiter as early as possible.

Triple shadow transit:

10:28pm PST, 23 January.

Triple satellite transit:

11:08pm PST, 23 January.

As if that were not

enough, the Galilean

satellites during December

and January also interact

with each other, as when one

moon occults another. See

the January issue of  Sky
and Telescope.

Saturn will be visible in the dawn sky in January and

February. In March, it will rise after midnight.

Uranus will be visible in the western evening sky

during January and February; it disappears in the glare of

the Sun in mid-March. Uranus will be occulted by the

Moon twelve times during 2015. Occultations of solar

system objects are often visible from selected areas on the

Earth, and the first event, on 25 January, is not an occulta-

tion for us (instead, Uranus will pass within 0.6 degree of

the Moon). On 21 February, the occultation of  Uranus will

be visible from the U.S., but occurs during daylight (about

2pm PST). My sources indicate, however, that the event will

A computer simulation, made with Starry Night software, of
the triple shadow transit that will occur the evening of  23 January.
There are three moons and three shadows (one fuzzy) in this image.

be visible in a telescope.

Neptune joins Mercury, Venus, Mars, and Uranus low

in the western sky in January. On 19 January, it will be 0.2

degree north of  Mars. In February, it disappears in the glare

of the Sun, and it reappears in the morning sky in March.

Meteor Showers

The best meteor shower of the quarter is the Quadran-

tids, with a predicted peak in the evening of  3 January.

Unfortunately, the Moon is nearly full (98% illuminated),

and will wash out most of

the meteors.

Comets

Comet C/2014 Q2

(Lovejoy), discovered last

August by Australian

amateur astronomer Terry

Lovejoy, is brightening

nicely and by some predic-

tions may reach magnitude

6 or even 5 in early January.

Seiichi Yoshida’s home page

is a good source of finder

charts for comets: http://

www.aerith.net.

Eclipses

There are no eclipses

during the quarter visible

from the Central Coast.

Indeed, there are no eclipses

visible from any part of the

world during the period, so

don’t feel bad.
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*  *  *
The Monterey Institute for Research in Astronomy owns and operates

the Oliver Observing Station under permit from the U.S. Dept. of
Agriculture-Forest Service.

*  *  *
The Monterey Institute for Research in Astronomy owns and operates

the Richard W. Hamming Astronomy Center and the Ralph Knox Shops

through an arrangement with the U.S. Dept. of  Education.
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