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Open Minds
by Tim Cole, Editor

Most often, we think of an open mind as being receptive to new ideas. Equally 
is important is the ability to discard outmoded ideas. Lately in astronomy and 
astrophysics, old ideas are hitting the scrapheap at a ferocious rate. Astronomy 
writer and educator Neil Comins figures that about 10% of the material he 
teaches will be disproved or revised before his students get their degrees. As the 
old Monty Python line goes, “My brain hurts!”
One of the great cases of closed minds has to be the great Mars Canal debate. 
It’s quite a tale of the best and worst of scientific thought. Percival Lowell has 
always been portrayed as a dreamer with an idea that turned out to be wrong. It 
doesn’t take long to see him as a obsessed dilettante, bending observations to 
make the universe fit his fantasies
As the evidence against his canal ideas piled up, Lowell didn’t give in or even 
quietly give up. Instead, he embarked on an observing program designed to 
bolster his ideas rather than test them. Other astronomers — notably Eugene 
Antoniadi — used the largest and finest telescopes they could find. Lowell 
insisted that only by stopping down the aperture could one obtain sufficient 
resolution to see his complex network of canals. That’s demonstrably wrong, 
but Lowell could never see his basic error. He could not open his mind, and his 
wealth let him hide from reality.
Lowell’s blind defence of his fantasy makes a sad cautionary tale. How many of 
us would have the strength to admit that a life’s work turned out to be dead 
wrong? Or to admit that our defence of that work was foolishly pig-headed?

“Keep an open mind— but not so open that your brains fall out. ”
It’s a flippant line, but good advice. And, as is often the case with good advice, 
it’s awfully tough to pull it off.

Cover Photo
This image of the Moon was taken by the Galileo spacecraft on 09 December 
1990, at a range of about 560,000 kilometers. The circular Orientale basin, 960 
kilometers across, is near the center; the near side is to the right, the far side to 
the left. At the upper right is the large, dark Oceanus Procellarum; below it is 
the smaller Mare Humorum. At the lower left, among the southern cratered 
highlands of the far side, is the South-Pole-Aitken basin, similar to Orientale 
but twice the diameter, much older, and more degraded by cratering and 
weathering. The cratered highlands of the near and far sides and the Maria are 
covered with scattered bright, young ray craters.
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The Two Faces of the Moon
by Simon Hammer, NRCan (Geological Survey of Canada

In my two previous lunar presentations, we’ve looked at the large-scale aspects 
of the planetary geology of the Moon, and the kinds of surface features we can 
observe through amateur telescopes that allow us to understand how the surface 
of the Moon came to look the way it does. To briefly recap, the two principal 
features we can see, apart from the heavily cratered terrain, are the light-colored 
highlands and the dark-colored lunar Mare, or “Seas.” The light-colored 
material formed when crystals of the lightweight mineral feldspar floated to the 
top of a Moon-wide magma ocean. The dark material formed when basalt lavas 
erupted into the giant basins created by large impacts. But there’s something 
fundamental missing from our story.
On the near side of the Moon, the side we can see, there are large patches of 
Mare basalt, some of which are clearly ringed by the highlands thrown up by 
forces generated by the giant collisions that formed huge impact basins some 4 
billion years ago. The dark Mare basalts were erupted some 1 billion years later 
when the heat generated by the breakdown of radioactive elements inside the 
Moon finally produced widespread melting of the Moon’s interior about 3 
billion years ago. But what about the far side of the Moon? Where are the huge 
“Seas” of 3 billion year old basalt lava? The simple answer is that, except for 
the South-Pole-Aitken Basin, they’re not there! So the question is, can lunar 
geology tell us why the Mare are all on one side of the Moon, and more 
especially, what are they all doing on our side?
Asymmetrical Moon
Let’s start with a simple observation: not only is the Moon asymmetrical on the 
surface, but its centre of mass is not at the centre of its shape. Geologically, the 
reason for the offset of the centre of gravity is because the light-weight crust, or 
the outer layer of the Moon, is thicker on the far-side than it is on the near-side, 
while the inner layers, called the mantle and the core, appear to be concentric, 
like the stone in a peach. Generally available planetary geology texts1 appear to 
attribute this difference in crustal thickness to the gravitational influence of the 
Earth, potentially relating it to the fact that the Moon always presents the same 
face to us here on Earth.

1 Planetary Geology References:
The New Solar System, 4th Edition: Eds. Beatty, Peterson and Chaikin, 
Cambridge University Press, 1999;
Planetary Landscapes, 2nd Edition: Greely, Chapman and Hall, 1994;
Universe, 6th Edition: Freedman and Kaufmann, Freeman and Company, 2002.
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How do we know that the crust is thinner on the near side? When satellites such 
Lunar Orbiter and Clementine systematically orbited the Moon, the different 
crustal thicknesses influenced the Moon’s gravity field, tugging on the satellites 
as they passed over different parts of the lunar surface. By measuring the effects 
of gravity on the satellite orbits, planetary geologists can calculate models for 
the thickness distribution of the lunar crust. What all this means is that if a 
magma or lava is produced at a given level within the lunar interior (i.e. the 
mantle), it has further to travel in order to reach the surface on the far side, 
compared with the near side. Lava cools as it rises, so there’s a greater chance 
that the lava will freeze before it gets to the surface on the far side. Therefore, 
there are more lunar Mare on the near side.
Magma Buoyancy
Actually, its just a little more complicated than that! Bubbles and hot-air 
balloons rise because they are lighter than the stuff they are rising through, 
whether it’s air or water, cooking oil or custard! In part, lava rises for the same 
reason: because it’s lighter than the stuff it’s moving through. And the reason it’s 
lighter is because it’s hotter!
The lunar crust is about 70 km thick on the far side: Most importantly, it is 
denser in the lower part and lighter in the upper part. When we say that the lunar 
crust is thinner on the near side, this means that much of the upper lighter part is 
missing. Therefore, lavas only have to rise through the lower, denser part to get 
very close to the lunar surface. In contrast, on the far side, the same lava has to 
rise through a good thickness of light crust before it reaches the surface. If the 
lava is not hot enough, it will be too heavy to rise through light lunar crust, so it 
gets trapped underground where it freezes and stops moving. What all this 
means is that Mare lavas reached the surface of the Moon on the near side much 
more easily than on the far side.
An Experiment in Oil and Honey
If you’ve followed me this far, I have to admit that this idea of light magma 
rising through dense lunar crust 3 billion years ago — when the crust was still 
warm enough to flow and make way for the rising lava — can be a bit awkward 
to take in without seeing it for yourselves. So I’ve put together a demonstration 
made from everyday materials to simulate what I mean.
Many years ago, I built a perspex box in order to reproduce a famous 
experiment very familiar to many geologists. Into the box, I poured liquid honey 
and really dirty sump oil from a truck engine. The honey was transparent and 
relatively dense, whereas the sump oil was opaque (black!) and relatively light. 
After sealing the perspex box, I left it to sit for 24 hours so that all of the light 
sump oil floated upwards and ended up on top of the dense honey. Then I put 
the whole thing into the fridge for 6 hours to cool it right down.
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Why did I prepare the experiment this way? Because the honey simulates the 
dense lower lunar crust, and the light sump oil simulates hot magma, or molten 
rock. What 1 was going to do next was to flip the perspex box over so that the 
light oil (magma) would lie underneath the dense honey (lower lunar crust). The 
reason for cooling the experiment was to increase the viscosity of the honey and 
oil so as to slow things down in order to be able to photograph what was about 
to happen.
When 1 flipped the perspex box over, the light magma (you have to get into the 
spirit of this!) began to collect together in the middle of the base of the box, and 
to rise. It rose toward the top of the dense lower lunar crust in two large bubbles. 
As they reached the boundary between the top of the dense lower lunar crust 
(honey) and the light upper lunar crust (above the perspex box), the magma 
bubbles spread out horizontally because they could rise any further. Of course, 
in the experiment, the magma bubbles were trapped by the rigid perspex lid of 
my box. In the real Moon, they were prevented from rising further because the 
light crust was as light as the hot magmas. Remember that hot bubbles only rise 
because they are lighter than what they are rising though!

Thick Light upper crust on Far Side

Black Columns: Basaltic Magma
The accompanying picture pretty well sums things up. On the far side of the 
Moon, lava that has risen through the dense, lower part of the lunar crust gets 
trapped below the thick, light, upper crust. On the near side, the lava finds itself 
below a very thin upper crust that it can easily break through and flood the old 
impact basins. Hence the two faces of the Moon look very different!
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Lunar History
Here’s a quick reminder of what I’ve tried to show you in these three lunar 
presentations:
• The Moon is almost as old as the Earth (~4.5 billion years!).
• It formed as a the result of an unimaginable collision between a body the size 

of Mars and the early Earth.
• It condensed from a ring system, similar in form to the rings of Saturn.
• It developed asymmetrically, with two very different looking faces.
• Its crust is the result of light crystals floating to the top of a magma ocean.
• The big dark patches are made of 3 billion year-old lava that filled the 

interiors of giant impact basins that formed a billion years earlier.
• After all that, impact cratering continued at a much slower rate. For 

example the impact crater Copernicus formed about 1 billion years 
ago, and Tycho “only” 100 million years ago

Most importantly, our Moon, so easily visible with any amateur telescope, 
shows us evidence of the very same processes that have affected all of the rocky 
planets of our Solar System. She may blot out your favorite galaxy tonight, but 
she’s a source of wonder in her own right.

Fred Lossing Observatory Reports
by Al Seaman, FLO Committee Chair
22 February 2002
When the road into FLO was cleared after the last snowfall, that got rid of the 
top layer of snow before the rain and mild weather started and minimized the 
mess on the road. Now that it has turned cold, the remaining ice and packed 
snow on the road should firm up and provide a good driving surface.
The mound space in front of the observatory was also cleared down to the ice 
layer, and the pathway was cleared of ice down to the cement. The site should 
be a bit more user friendly than it has been for a while.
I should also note that there will probably be astronomy classes from the Mill 
of Kintail visiting FLO in the early evening on several Saturdays as part of our 
co-operation with Mississippi Valley Conservation. Anyone planning to come 
out Saturdays should be aware that it might be a bit busy until approximately 
9:30 p.m.
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RASC National Council Meeting, 26 January 2002
by Robert Dick, Ottawa Centre Representative
Ottawa has the second largest Centre in the Society with 10.4% of the RASC 
membership. This is up from 8% in 1997. With such a large Centre, we have 
three representatives on National Council. In attendance were 34 members and 
representatives of the Society.
The Report of our Executive Secretary makes you wonder how any one could 
do that much! In 3-1/2 months, Bonnie Bird handled almost 2,500 e-mails. She 
and Isaac processed about 2300 memberships, information requests and orders 
from the relatively new and very active RASC eStore.
The Treasurer’s Report contained a balanced budget — until being tweaked by 
Council. Our projected income may be a bit over $400,000. But general 
operations and extraordinary expenses quickly consume this money. The most 
expensive item in the budget is the cost of our publications ($170,000) followed 
by the cost of servicing members ($78,000).
A few extraordinary expenses are:
• new computer for National Office to replace our Executive Secretary’s Pl 

machine, service contact, and new high speed internet connection (about 
$7,000)

• the rental of a booth at the STAO Conference for educators in November 
2002 ($2,500)

• a grant to the Calgary Centre to repair and upgrade their observatory ($5,000) 
All other committee expenses are less than $20,000.
There are a lot of other small items to round out the budget. The finance 
committee carefully considered all of these and few were re-considered by 
Council.
As expected, the main discussion centred on the report from the Constitution 
Committee over the de-coupling of fees. There continued to be 
misunderstanding on the mechanism to de-couple the National and Centre fees. 
If you are confused by it, speak to your National Council Representatives or 
Centre Executive. However, the appropriate Bylaw amendments were approved 
by National Council and will go before the National membership at the General 
in Montreal in May.
The last item was information on the 2002 General Assembly. It will be held in 
Montreal during the long weekend of May 17-19. We have a few brochures for 
those who would like to attend the General Assembly. See me at the meetings if 
you would like a copy or visit the Montreal Centre Web Site for more 
information. By the way, the 2003 General Assembly will be in Vancouver.
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The Big Library Book Sale
by Rob McCallum, Past Librarian

At the December meeting, the Centre sold off a number of surplus books from 
the library. This went well — in total, we sold 50 books, raising $695. This 
should be a great relief for Richard Kicksee, our new librarian — he just moved, 
in part, so he would have a place to store RASC books. There are a handful of 
books remaining; if you are interested, see Richard or one of his able assistants
after the meetings. The remaining books, and their prices, are:

• Amateur Astronomy, Moore (1968 ed.)........................................... $5
• Coming of Age in the Milky Way, Ferris.........................................$8
• Handbook for Telescope Making, Howard, (1962 ed.)  ................$5
• Introduction to Astronomical Image Processing, Berry................... $15
• Observational Astronomy for Amateurs, Sidgwick (1971 ed.)........$5
• Observe -  Eclipses, Levy................................................................. $7
• Photoelectric Photometry of Variable Stars, Hall & Genet..............$8
• Planets and Perception, Sheehan...................................................... $12
• Telescopes for Skygazing, Paul (2nd ed.).......................................... $5

All the books sold (and the remaining books above) are duplicates of books 
already in the library, so this sale hasn’t weakened what we have available for 
members to borrow. In fact, the funds raised will allow Richard to buy new 
books and further enhance our already impressive collection. (On that topic: the 
library cabinet is bursting at the seams. Borrow books, everyone!)
Much of the credit for the sale rests with Stan Mott. Centre librarian for many 
years from the 60’s until around 1990, Stan remains a loyal supporter of the 
library and many of the books sold in December (and many added to the library 
at the same time) were donated by Stan. Thank you, Stan!
Also, three new books have just been purchased and will be added to the library 
next month:

• The New Solar System (4th Edition)
• Advanced Skywatching
• Practical Astrophotography

Stan, with many others, has been a regular and generous supporter of the coffee 
fund for many years. The fund currently has a bit of extra money available. 
Anne and Art Fraser had suggested it be used to purchase some books for the 
library so those who have donated to the fund can benefit from it. The Centre is 
pleased to support this suggestion by paying for the three new books in this way.
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Ottawa Centre Bulletin Board

For Sale: Celestron 5½" Schmidt-Newtonian Telescope
Celestron f/3.64 Comet Catcher (5½-inch Schmidt-Newtonian) telescope, with 
Polaris equatorial mount, adjustable wooden tripod and accessory tray. Includes 
full aperture glass solar filter, eyepiece and dew shield. An extremely portable, 
yet solid rig. I’ve spent many enjoyable sessions working through the Messier 
List, observing the Moon and planets, and sketching sunspots. The slow-motion 
controls make it very easy to keep objects centred in the eyepiece. The telescope 
tube assembly is only 19 inches (45 cm) long and can be threaded directly onto 
a camera tripod. Asking $850. Please call Brian at 836-3366.

For Sale: Coulter Odyssey 8" Dobsonian Telescope
Coulter Odyssey 8-inch f/4.5 Dobsonian reflector, with eyepiece and helical 
focuser. This beginner-friendly telescope offers serious aperture and a fast, easy 
setup. The views are nice and bright, with excellent contrast in showpiece 
objects such as the M42 Orion Nebula. Asking $325. Please call Brian at 
836-3366.

For Sale: 6" f/10 Newtonian Telescope
• Hand-ground and figured mirror and secondary flat made in 1961 by L.H. 

Sparey of the Royal Astronomical Society in London.
• Very rigid primary cell of micarta on an aluminum base with adjustable 

spring suspension. Secondary mount has an adjustable inner support on 
spherical base, attached to the tube at four points.

• Tube is 1/4" varnish-impregnated paper, 60” long, with a large accessory 
platform for a finderscope or camera.

• Tube mount is a plate with rings to permit tube rotation.
• Prime focus is outside the optical tube and permits prime focus photography. 

Focus tube mount is large to permit accessory attachments.
• Includes a basic wooden tripod and miscellaneous accessories.
Asking $400. Contact Robert Edgar at: Phone: (613) 679-4718 
Fax: (613) 679-4779 or e-mail: era2000@hawk.igs.net.

Starlight Theatre
Need containers for a precious eyepiece? Bring it in and pick a Skypiece 
container that fits.
If you are learning your way around the sky, you will find our Celestial Sphere
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videotape or star maps very useful. They are great for beginners or as presents 
for beginners. We also have teaching materials for educators. A description of 
these and other items is on our web site (www.s t a r l i g h t - t h e a t r e .c a ) . Buy at 
the RASC meetings for discounts and save on shipping and handling charges.
We set up after every meeting beside the coffee table. We accept cash and 
checks made out to Starlght Theatre.
Contact Robert Dick at s l t @st a r l i g h t - t h e a t r e . c a  

Optiks
Do you get a headache while using your favourite binoculars? Did you drop 
them in the water, and now you cannot see through them? Do you hear 
something rattle when you shake the binoculars?
If you can answer yes! to any of these questions, or have questions about 
binoculars, telescopes or any other optical instrument, call OPTIKS (Barry 
Matthews) at (613) 829-5251 for fast and reasonable repairs done locally.

For Sale: Atlas of Finest NGC Objects, Messier Atlas
Atlas o f Finest NGC Objects covers 110 FNGC objects and over 130 other 
NGC objects on 107 charts. Charts are 3 x 4 degrees with limiting magnitude of 
12.4. Info on objects is summarized at the bottom of each page. Includes 26- 
page, mag. 7.3 Star Atlas. 145 pages. Messier Atlas covers all Messier objects; 
same format as FNGC Atlas. 140 pages. Both atlases available in “Correct 
Image” and “Mirror E/W” formats. Prices are $20.00 each atlas or both for 
$35.00. For more information, call Harry Adams at (613) 584-4804 or e-mail 
far.star@sympatico.ca

Want fame, fortune, and international stature?
Sorry, I can’t promise you any of those things. But share your opinions, 
knowledge, and experiences with your fellow astronomers of the Ottawa 
Centre. What makes a good AstroNotes article? Here are a few ideas:
• Reviews of books, software, TV programs, etc.
• How-to articles
• Success stories (or horror stories!)
• Observing reports
A good length is 300 to 600 words. Illustrations should fit into about half a 
page. Remember that illustrations with fine details may not print well.
It’s probably simplest to submit your articles via e-mail, but almost any 
format will do — including marks on paper!
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Next RASC Ottawa Centre Meeting

Canada Science and Technology Museum 
8:00 PM Friday 05 April 2002

Clear Skies!
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