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“Nope! There are no hidden gremlins holding the Earth up!”
Clayton Derkson carefully checks out our magnetically ‘levitated’ globe of the Earth.

Open House Coming up�� February 16
Newsletter #100 is sponsored by the ASTTBC

[Applied Science Technologists and Technicians of British Columbia].
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Random Thoughts

A Suggestion: I think there should be a sequel to The Sopranos, on TV, that is even more ‘macho’. However,
they should call it The Baritones.
A Query: If a vacuum is ‘nothing’, why do we need vacuum cleaners?
I wanted to try helicopter skiing, but couldn’t find skis that fit the helicopter.
I once tried fly fishing, but the flies wouldn’t catch the worms on my hook!

This Newsletter is a
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Home: 962 Sycamore Drive
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E-mail: grgore@telus.net

Over 39,700 visitors have
enjoyed the

BIG Little Science Centre!

Thank You!

Mrs. Critchley’s class at Westmount Elementary
School donated to the BIG Little Science Centre

Telus recently donated $2,000 to the BIG Little
Science Centre. Thank you, Telus, for your
continuing support.

ASTTBC is sponsoring the second Invitational
Science Day Camp, and is also sponsoring this issue
of the Newsletter. We really appreciate the support of
the Applied Science Technologists and
Technicians of British Columbia.

Thanks to Extra Foods Kamloops for helping with
supplies for the annual Crystal Growing contest.

How Jeans Mutate

G. R. Gore
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Charles Babbage (1791 -1871)

A Very Difficult Mathematical and Mechanical Genius
Dr. C. J. (Kip) Anastasiou

Professor Emeritus, Faculty of Education, University of British Columbia

Charles Babbage was born the son of a tough-minded successful banker, and was given a
privileged education. Like his father, he was a very headstrong young man who developed an interest
in mathematics at a very early age. British mathematics was still based on Newtonian math and the
French mathematicians Babbage was reading were far in advance. When Babbage made it to
Cambridge, he was very disappointed in the knowledge of the Math professors. He and some friends
established a campus society dedicated to the improvement of mathematics at Cambridge, with
impressive success. While preparing for graduation, he was touted for the top mathematics graduate
but before students could graduate, they had to defend a religious thesis. He chose, to the horror of all
of his friends, to prove the existence of God. If his friends were horrified, his professors were
scandalized, calling it blasphemy! He immediately, without recourse, was given a DESCENDAS! This
meant he failed the year and received no degree. His Daddy was no end annoyed. On top of that, he
went off and married the delightful love of his life, Georgiana. Nevertheless, he got a top job with an
insurance company and proceeded to forcefully suggest reforms to the then corrupt industry. Of
course, he was immediately fired but he was not done with them; he wrote a book about the insurance
industry that was colossally honest and published it. He did get a Cambridge degree a couple of years
later.

He had a fabulously inventive mind, his inventions including the first ophthalmoscope, shoes
for walking on water, and important improvements for the diving bell, which he insisted on testing
himself at the bottom of the English Channel.

As a young man, he was employed to check the accuracy of astronomical tables for the Royal
Astronomical Society (of which he was a co-founder). He was constantly frustrated by the errors in
calculation or entry and in exasperation, blurted out “If only we could calculate by steam!”. That set
his mind going and he began designing a calculating machine, not run by steam, but with the turn of a
crank! It was to be a machine of levers and cogwheels� thousands of them� in fact about 25,000,
and would have stood well over 2 m high! It was never completed for very complicated reasons
among which was that he was always finding a better way, leading to the design of his Difference
Engine #2. Construction wasn’t started until 1989, when the London Science Museum used
Babbage’s drawings. It was finished for the bi-centennial of Babbage’s birth in 1991 and with the
turn of the crank, it produced calculations to 31 significant figures!

Even before he completed the design of Difference Engine #2, he was already designing his
Analytical Machine, a machine that his supporters claimed could calculate anything and could even
create music. It was programmed by four sets of punch cards and consisted of a Mill (think: modern
day processor), and a store (think: memory) and it even had its own printer! Ada, the naughty Duchess
of Lovelace (and daughter of the even naughtier, Lord Byron) took on the job of programmer and
showed how it could calculate Bernoulli numbers or musical numbers. She was smart. It is no surprise
that most people thought he was more than a bit around the bend. This was 1840, for goodness sake!
I believe, Alan Turing proposed the basis for the modern computer in 1936.

Charles Babbage died a bitter old man weeks before his 80th birthday. Only one carriage
followed his cortège. Babbage would be delighted with today’s reverence.

http://www.sciencemuseum.org.uk/onlinestuff/stories/babbage.aspx
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Lump Sulfur Pouring Molten Sulfur into Water

Crystalline Sulfur
Gordon Gore Photos

Sulfur Molecule Model [ S8 ]
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Sulfur
by David McKinnon Ph.D.

The element sulfur is usually found as a yellow powder, or as lemon yellow orthorhombic1 crystals, and it often figures
as such in mineral collections. Despite its pretty appearance, sulfur has a bad reputation, and is associated with geothermal
and infernal regions, e.g. fire and brimstone. Sulfur is found as the native, that is, the uncombined state, but most is now
produced as a by-product of the oil and gas industry by a process called hydrodesulfurization and further application of
the Claus2 process. It is a very important by-product, as vast quantities of sulfur are converted into sulfuric acid, which is
a basic raw material for industry. The amount of sulfuric acid produced in a country is an indicator of the amount of
industrial development. Large quantities of sulfur are also used in the vulcanization of rubber.

Sulfur has many allotropes, forms of the element that have different crystal shapes. At high school, I was taught
that there were three allotropes, but this is now known to be simplistic. In fact, there are over thirty sulfur allotropes, more
than any other element. In the orthorhombic form, there are eight sulfur atoms joined together in a crown shaped ring.
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The sulfur molecule

Sulfur dissolves readily in carbon disulfide and evaporation gives nice orthorhombic crystals. While the
orthorhombic shape is stable at room temperature, at higher temperature the sulfur atoms, although still as an S8 ring,
favour a monoclinic3 or needle-shaped crystal form. These can be obtained by melting sulfur, cooling it to form a crust,
and pouring off the melt. Under the crust, needle-shaped crystals are obtained. These are meta-stable and gradually revert
to the orthorhombic form at room temperature.

By appropriate chemical syntheses or manipulations, sulfur atoms can be combined into different sized rings, e.g.
S12 or S18. Smaller sized rings, S7 and S6 are known too. In fact, regular S8 sulfur contains small amounts of these.

When sulfur is heated it first melts about 1150 C to form a pale yellow liquid, A slow rate of heating gives a lower
melting point than the regular 1150 C above, because the heat has had time to convert more S8 sulfur into S7 0r S6 and
these lower the melting point. With stronger heating, the pale yellow melt turns reddish, and it remains quite viscous.
What is happening is that the heat is breaking the weak sulfur-sulfur bonds, and the S8 chains then join end to end to make
long Sx molecules, which have a high viscosity. If this viscous mixture is poured into water, it cools to form a rubbery like
material. This was earlier described as another sulfur allotrope, but in fact, it is a mixture of at least two allotropic forms,
and perhaps has a helical structure. The rubber-like material gradually hardens as it converts back to the S8 orthorhombic
form.

With even stronger heating, the molten sulfur becomes darker and darker red as more sulfur-sulfur bonds break to
form smaller and smaller fragments, with a reduction in viscosity. These have unpaired electrons at their ends, and absorb
in the blue end of the spectrum, which is why the material has a dark red colour.

By the way, sulfur is virtually odourless. When people talk about a sulfur smell, they mean either hydrogen
sulfide or sulfur dioxide. Elemental sulfur is also non-toxic. In contrast, hydrogen sulfide and sulfur dioxide are very
toxic.

_______________________________________________________________________________________________
1Orthorhombic means that the three crystal axes meet at 900, but that the three crystal dimensions are not equal.

2 The Claus process essentially reacts hydrogen sulfide with sulfur dioxide to make elemental sulfur and water. The sulfur
dioxide itself is made by oxidation of hydrogen sulfide.

3In monoclinic crystals, only two of the axes meet at 900.
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What’s Ahead at the BIG Little Science Centre?

THIRD ANNUAL CRYSTAL-GROWING CONTEST
Who can grow the heaviest crystal and the largest perfect crystal?

This year’s chemical is Rochelle Salt.
For information on how to obtain a class kit

Phone Gord Stewart at 554-2572, or e-mail Gord@blscs.org .

Pro-D Science Day Camps for Kids
May 5 2008

Third Invitational Science Day Camp
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K.T.T.A. Teacher In-Service Workshops
Friday, February 22 2008

Workshop #1 (Morning Session)

(Intermediate or Junior Secondary)

Light and Colour

Presenter: Gordon Gore

Are you looking for ideas for teaching Light and Colour? This very ‘hands-on’ session will feature about

20 stations where you can try out activities that you can use with your own students.

Workshop #2 (Afternoon Session)

(Primary)

Matter Magic! – For Primary Teachers

Presenter: Adele Stapleton

When students examine materials in the world around them, they become aware of a wide variety of similarities and
differences in the properties of those materials – for example, the way they look, feel, sound, or change.

• Discover some fun science activities to help primary students develop an understanding that solids, liquids and
gases take up space and have mass.

• In science, what do we call the ‘stuff’ all around us that has weight and takes up space? Participate in a role-
play about ‘Molecules in Motion’!

• Discover what happens when solids and liquids are mixed together. Predict, test to see if the substance dissolves
and record your results.

• Discover that liquids will float on top of other liquids if they are less dense.
• Can you have a solid, a liquid and a gas all at once

A note from the presenter:

In 2001, I will never forget the expression on the face of a kindergarten student, nor his enthusiasm as he bounced towards
me and announced “WOW, my very first science lab!”. We were about to do a ‘Kitchen Chemistry’ Lab. If science had
been taught with hands-on activities when I was young, I might have pursued a degree in science. The best years of my
life were spent delivering in-class workshops for “Let’s Talk Science” on the Lower-mainland, before moving to
Kamloops in 2006. I am now committed to inspiring youth to have fun with the exciting world of science at the Big Little
Science Centre. Teaching others is the best way to learn.

Adele Stapleton
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Diamond: Extreme Carbon
by Jim Hebden, Ph.D.

The lab assistant had tried to make diamonds for several
years, following his professor’s suggestions countless
times, and always without success. Each day the
assistant loaded an iron cylinder with powdered carbon
and various catalysts, sealed the cylinder and placed it in
a furnace to “cook” at different temperatures and for
different times. One day, the assistant decided to play a
joke on his professor by placing a small diamond in the
carbon mixture. His plan was to tell the professor he
would be late coming to work, ask the professor to check
the cylinder for him and wait in the hallway so as to yell
“April Fools!” when the professor found the ‘planted’
diamond. Unfortunately, after setting his plan in motion
the assistant missed his regular streetcar, and was not in
the lab when the professor found the gem and ran around
the campus telling everyone that he had succeeded
where countless others had failed. The fate of the
assistant is not known, but working in a different field
was probably advisable after the professor had to retract
his claim.

The professor and many others were engaged in
a search for diamonds that had caught the imaginations
of countless people for thousands of years. The first

recorded mention of diamonds came from India, where
they were sufficiently prized to become the sole property
of the rulers of the time. Since that time, diamonds have
caught our imagination with three properties that they
possess in extreme amounts:
(1) Their high refractive index and dispersion (the

ability to bend and spread out light as it passes
through a substance), which makes diamonds reflect
light in a brilliant manner;

(2) Their extreme hardness (10 on the Mohs scale and 4
times harder than the next-hardest substance); and

(3) Their resistance to all but the most extreme forms of
chemical attack. The Greek word ‘adamas’
(invincible) is the origin of our present word
‘diamond’, recognizing its extreme properties.

A list of the largest and most famous diamonds
includes: Kohinoor (186 carats; note that 1 carat = 0.2
g), Star of the South (254 carats), the deep blue Hope
diamond (44 carats), Excelsior (969 carats), Jubilee (634
carats), Imperial (457 carats) and Cullinan also known as
the Star of Africa (3025 carats). At present, the largest
producers of diamonds are Africa, Canada, Russia,
Australia and South America.
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Diamond is the hardest known substance, the

best thermal conductor, the least compressible substance,
the stiffest known substance, and is chemically inert and
transparent from the far ultraviolet through the visible to
the far infrared. Two things account for these extreme
properties: a strong chemical bond and a crystal structure
that distributes the stress applied on one atom to all
surrounding atoms, in a manner similar to the buttresses
and flying buttresses found in Gothic cathedrals in
Europe. (Figure 1) The yellow diamond in Figure 2, is
from Zaire, has a mass of 0.708 g (3.54 carat) The
diamond was photographed on a mirror to better show
the natural cubic form with a slight octahedral
modification of the corners (that is, the corners are cut
off). Figure 3 shows the effect of passing a red laser
beam through the diamond in Figure 2. The high
refractive index and dispersion makes the whole
diamond seem to glow, in the same way that sunlight
makes a diamond sparkle with light.

Although diamonds are the hardest know
substance, they are somewhat brittle and can be cleaved
in certain directions having fewer chemical bonds to
create perfectly flat faces that can, when properly
arranged, internally reflect light from one face to another
and produce a brilliant ‘fire’ to the diamond’s
appearance as light seems to make it glow. Interestingly,
jade is much less brittle than diamond, strongly resisting
breakage under blows that would shatter a diamond.
(People thousands of years ago confused ‘hardness’ with
‘toughness’ and frequently tried to smash a stone to test
whether it was a diamond, leading to the potential loss of
many fine gems.) Diamonds range in colour from
colourless to pale shades of yellow (most common), red,
orange, green, blue, brown and sometimes black
(‘carbonado’). Boron and nitrogen impurities create
yellow and blue tints, pink and red tints come from
defects in a diamond’s crystal structure, and green tints
form because of radioactivity in the surrounding rock as
the diamond grows. Although testing whether a stone is
a real diamond or a fake is best left to a professional,
two quick tests can eliminate many fakes. Because
diamond has the highest known heat conductivity,
breathing on a diamond to try to ‘fog’ it produces a fog
that instantly disperses (unlike most fakes). A second
test is to place the stone under an ultraviolet (‘black’)
light: many, but not all, diamonds (especially lower
quality) fluoresce blue, unlike 99% of all fakes, which
don’t fluoresce. Interesting fact: diamond repels water
(water ‘beads up’ on it) and attracts grease and oils.

In 1796, Smithson Tennant burned a diamond
and showed that only carbon dioxide was produced,
proving that diamonds, like graphite, are pure carbon.
From that time on, scientists were intrigued by the
possibility that soft black graphite could be changed into
hard colourless diamond. The graphite specimen shown
in Figure 5 has a soft, greasy feel and leaves black
marks on fingers when touched. Graphite consists of thin
sheets of carbon atoms stacked loosely on top of each
other. Each sheet contains carbon atoms strongly bonded
together in an arrangement resembling chicken wire or a
top view of a honeycomb. (Figure 4) However, the
sheets are only weakly bonded to each other, and they
easily slide over one other, giving graphite its greasy feel
and making it soft. This ‘greasiness’ makes graphite
very useful as a lubricant. Theory predicted that high
pressures and temperatures were necessary to convert
graphite into diamond but it was not until 1953 that a
group of Swedish researchers were finally able to create
diamond in the laboratory and later, in 1955, a group of
American researchers at General Electric proved that the
method could be a commercial success. The Americans
put graphite in a huge hydraulic press and used
temperatures and pressures in excess of 1400oC and
55,000 atmospheres with molten iron acting as a
catalyst. Over a period of several hours to several days,
the graphite dissolves in the mixture and diamonds
grow. Of course, these researchers weren’t the first to
make diamonds: nature made them between 2 and 3
billion years ago, hundreds of kilometers down in the
earth, using enormous temperatures and pressures. In
addition, microscopic diamonds are found in meteorites
and the largest known natural diamond, having a mass of
10 billion trillion trillion carats (2.3 thousand trillion
trillion tons), was discovered in 2004 in the core of
white dwarf star BPM 37093. Compared to the diamond
core of the cool white dwarf, the 80 tons of synthetic
diamonds now made each year for industrial use (30% of
all industrial diamonds, the rest coming from mining)
might seem a bit puny.

A different method for producing diamonds as
thin films was discovered in the past 10 years or so. One
way in which these thin films are produced uses vodka!
Hydrogen and “vodka” (actually alcohol vapour) or
methane gas are subjected to intense microwave energy,
producing a thin film of jumbled-together diamond
crystals. These thin films of diamond find numerous
industrial uses as abrasives and cutting tools.

Some interesting web sites that you might want
to consult for more information are listed below.

Production of thin diamond films: www.chm.bris.ac.uk/pt/diamond/end.htm
Good general reference: www.emporia.edu/earthsci/amber/go340/diamond.htm
Properties and crystal structure of diamond: www.bris.ac.uk/Depts/Chemistry/MOTM/diamond/diamond.htm
Excellent discussion of diamond’s properties: www.amnh.org/exhibitions/diamonds/surface.html
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Properties of Light
Part 1 Straight-Line Travel

Gordon R. Gore

Light usually travels in straight lines. Within a given medium, or in a vacuum, light goes directly from ‘A’ to ‘B’. This
photograph shows the path of light from a green laser pointer, made visible with stage ‘fog’. You can use this property to
predict how large a shadow will be, or what an image formed by a pinhole will look like.

Light from the small light bulb travels off in
every direction. In the illustration on the left,
a few lines have been drawn to show the
direction of some of this light. These lines
are called rays. Using only two of these rays,
you can predict how large a shadow of the
wooden sphere will be, at any given distance.
The only thing you need to assume is that
light travels in straight lines past the edges of
the ball.

Light travels out in all directions from the
candle flame. A small fraction of it
travels through the tiny pinhole and
reaches the screen on the other side.
Using only the fact that light travels in
straight lines, you need only two sample
rays to predict how large the image of the
flame will be on a screen. Notice that the
image is inverted (upside down).
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Science Fun for Your Family
Make a Pinhole ‘Camera’

What to Do

1. Cut a window (5 cm x 5 cm) in each end of a shoebox, as in the photograph above.
2. Use one window as a viewing window.
3. Cover the other window with aluminum foil. When the foil is taped in place, punch a small pinhole in the middle of

the foil, using a hatpin.
4. Prepare a ‘screen’ (film) for your ‘camera by cutting a cardboard frame that fits tightly inside the shoe box. Inside the

frame, tape some wax paper, as in the photograph.
5. Tape the screen into place in the middle of the shoebox.
6. Place the lid on the shoebox. You now have a pinhole ‘camera’.
7. Dim the lights in your room, and aim your ‘camera’ at a window. Look for an image of whatever is outside the

window. If it is dark outside, aim your ‘camera’ at a lamp inside the room. Look for an image of the lamp.

Questions

1. Is the image you see on the screen colour or black and white?
2. Is the image right side up or inverted?
3. Is the image laterally inverted (turned sideways)?
4. What changes would you have to make to your ‘camera’ if you wished to actually take photographs with it?
5. Upon what property of light does your ‘camera’ depend?

Next Issue: Part 2 Refraction of Light
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[This wonderful Norris cartoon is reproduced with permission of Stephen L. Norris Executor, L. M. Norris estate.]

An Introduction to Black Holes
Colin Taylor, Physics Instructor, Thompson Rivers University

Gravity is the force that shapes planets and stars into spheres.
On the surface of a planet, the force of gravity is
counterbalanced by hydrostatic pressure from the material
below. For a star, the weight of the outer layers pressing
down is offset by the enormous amount of energy blasting out
of the star’s core. However, for some extremely massive and
dense bodies in our universe, there is no force that can oppose
the crush of gravity. Black holes are one class of these
extremely massive objects.

Black holes are naturally occurring phenomena
formed in the collapse of extremely massive stars. All stars
eventually expend their fuel; larger stars use up their fuel more
quickly. When a star’s core no longer produces energy to
counterbalance gravity, the material is squeezed together by
gravity. For the most massive stars, those over 40 times
heavier than our own Sun during their lifetimes, the gravity is
so intense that nothing can stop the collapse of the core and
the matter is squished into an infinitely small volume called a
singularity. Even though the matter has effectively
disappeared, the gravitational pull of the material remains. In
fact, it is now so strong that not even light can escape its
grasp. On Earth, rockets have to travel at several kilometres
per second to escape Earth’s gravitational field in order to
travel to other planets and moons. For a wide volume around
a singularity, not even traveling at the speed of light is fast
enough to escape the incredible pull of gravity. As a result, no
material or light can escape this area around the singularity.
Objects that do not give off light appear black. This is where

the term black hole came from: a volume in space from which
nothing can ever reappear to the outside world. The border
around a black hole is called an event horizon. This is located
at a distance from the singularity where light can be in orbit –
any closer to the singularity and an object disappears forever.

It should be noted that it is not possible to directly
observe a black hole, due to the absence of light leaving or
reflecting off the object. However, their presence can be
detected. The strong gravity of a black hole pulls nearby
material towards it. Some of this material goes into orbit
around the black hole, outside the event horizon. Eventually
this matter falls into the black hole, adding to its mass. The
material orbiting around a black hole is called an accretion
disk. The material in the accretion disk is superheated, and
gives off an immense amount of radiation that is detectable
here on Earth. These disks are some of the brightest objects in
the universe.

Black holes have a wide range of sizes. The smallest
black holes are formed from the gravitational collapse of an
individual massive star and have a mass about 3 times that of
our own Sun. Perhaps “collapsar” is a better term for these
objects than “black hole”, considering how they are created.
There is evidence to suggest that there is a supermassive black
hole at the centre of many galaxies, including our own. These
galaxy size black holes have masses more than a million times
our own Sun and they are slowly getting larger as they feed on
material from their surrounding accretion disks. The immense
mass of these objects shapes their host galaxies.



2008 Lecture Series

Travel the World through Geology

Sponsored by the Kamloops Exploration Group (KEG)

Date Speaker Topic
Thursday February 7 2008 Jim Oliver Tibet
Wednesday February 20 Dr. Ron Petersen Geology and Mineralogy of Mars
Thursday February 28 2008 Linda Dandy China
Thursday March 13 2008 Chris Wild and Jim Gillis West Africa
Thursday March 20 2008 Leo Lindinger

Graeme Evans
Russia
Australia

Location: Forsters Conference Centre at the Best Western Towne Lodge, 1250 Rogers Way, Kamloops, BC Salon A and B 7:00 PM
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Second Invitational Science Day Camp
Sponsored by Applied Science Technologists and Technicians of British Columbia

ASTTBC is a professional association of 9,000 technologists, technicians and technical specialists in the broad fields of applied
science and engineering technology. In addition to protecting the public interest through professional certification, ASTTBC also
supports initiatives to promote technology education and careers. ASTTBC is particularly pleased to support the work of the Big
Little Science Centre. Incorporated first in 1958, ASTTBC celebrates its 50th anniversary this year. You can learn more about
ASTTBC and technology careers at www.asttbc.org.

1 2

3 4 5

6 7
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Second Invitational

Science Day Camp

1 Laura Bui, Sukhi Padda
2 Marshall Clowater,
Brandon Green

3 Marshall Clowater
4 Zach McCordic
5 Cooper Butchart
6 Curtis Savigny,
Ashley Lamoureux

7 Stephanie Simard,
Brittni Baker

8 Zach McCordic,
Lavraj Lidher

9 Cooper Butchart,
Ryley White

10 Ben Branchflower,
Wyatt Henry

11 James Watson
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Ken Schroeder is illuminated by a burning strip of magnesium metal.

Thanks to all the volunteers who assisted with the Second Invitational Science Day Camp. Ken Schroeder
did his chemistry show with a bit of help from Gordon Gore. Several volunteers were available to help the 23
students who showed up for the camp. Thanks to Eric Wiebe, Adele Stapleton, Vanessa Tonn and Executive
Director Gord Stewart for helping. Special thanks are extended to photographer Keith Anderson of the
Daily News, who covered the Day Camp.


