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Snow Way! Vince Li, Brynn Walton-Raaby and Jason Gagliano check out fake snow made by adding a
litre of water to a cup of ‘snow polymer’. Grade 7 students in Rob Wielgoz’s class at Bert Edwards Science
and Technology School were visiting the science centre to do our hands-on lab on Chemical Reactions.

Coming Events at the BIG Little Science Centre
Third Invitational Science Day Camp May 5 2008 (Full)

First Summer Camp July 7 to July 11 2008

Second Summer Day Camp July 21 to July 25 2008
For information on summer camps, phone 554-2572 after April 14.
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Some of My Favourite Science Teachers (3)
Science Educator: Fred Gornall, UBC Science Education

In the 1960’s and early 1970’s, UBC’s Faculty of Education was a very active place. There were many new teachers to
train, and science education had a very high profile. Yours truly joined a Science Education department that included
some exceptional science educators. To name just a few: Reg Wild, Wim Krayenhoff, Gary Day, Sherm Brough,
Craig Gillespie, Harry Cannon, Jack Young, Kip Anastasiou, Janice Woodrow, Jack Fletcher, Gerry Sieben,
Walter Boldt, Bob Carlisle, Mary Forster, Al McCormack and Department Head Fred Gornall. This was an
incredible group of science teachers, the likes of which will never be seen in the same building again. Everyone was on
the same page: Get kids doing science! I was doing secondary science and physics methods, but I had several
opportunities to watch Fred Gornall and Craig Gillespie work with visiting classes of elementary school students, who
came to the UBC campus for some real ‘hands-on’ science. When you see young people having great fun while learning
science, it sticks in your memory. Fred and Kip had a lot of experience developing science activities for young people,
and were influential in the ESS program, which is still valid 40 years later. It was a great experience soaking up some of
Fred’s enthusiasm and expertise in ‘hands-on’ elementary science. In fact, the whole Science Education Department was
an inspiration.
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Things I Have Tried or Wanted to Try
Gordon R. Gore

• I tried figure skating when I was young, but I couldn’t ‘figure’ it
out.

• I was invited to dinner by a chemist, but couldn’t decide where to
sit at her periodic table.

• I tried using a radio telescope, but I couldn’t see any radios out
there in space. There were no TV’s, either.

• I had a brain scan done on my head back in 1971. They couldn’t
find anything!

• I tried planting a garden with birdseed. Not a single bird came up!
• I soaked my joke book in the sink, so people wouldn’t say I had a

dry sense of humour.
• I tried photographing a beautiful sandy beach, but all my photos

came out grainy.
• I tried having a yard sale, but my customers wanted metric.
• I tried reading Encyclopedia Britannica, but the author keeps

changing story lines.
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Charles Wheatstone (1802-1875):
A shy guy who dedicated his life to the transmission of sound.

Dr. C. J. (Kip) Anastasiou

Professor Emeritus, Faculty of Education, University of British Columbia

Charles Wheatstone was born into a family of
music sellers and musical instrument makers. Early in
his life, his family lived in Gloucester and moved in his
early school days to London. Although very small for his
age, he was always a stunningly brilliant student.
Although very shy as a child and as an adult, he had a
twinkle in his eye and visitors were quite likely to
experience a parlour trick or two. As a child, he was
adept with his hands and was able to make tiny
‘working’ models of musicians that were displayed in
his parent’s music store. (“Oh, it’s that Charlie again!”)
He went to some excellent schools and ran away from
one which, though excellent academically, was quite
brutal towards this small and sensitive student. He left
school as a very bookish teenager and was apprenticed to
his uncle, also named Charles Wheatstone, a well-known
manufacturer of musical instruments. Being of a
studious bent, he was more likely to be found in the attic
reading or just sitting and thinking than at the
manufacturing bench. His father soon recognized that he
was more suited to a life of reflection and invention and
removed him from his brothers’ business.

His tendency toward party tricks led him to
develop the “Enchanted Lyre” which he displayed in his
father’s music shop. He suspended a lyre from a metal
rod, which passed through the ceiling of the music shop
to a sounding box and a string trio of piano, violin and
cello playing in an upstairs room. Although illustrations
of this arrangement show only the lyre in the music
store, there may have been a disguised sounding box
attached to it. Eventually chairs were arranged for a
small audience before the lyre. The 1821 customers
flocked to the store and the press became involved,
leading to demonstrations at other locations. Charles
Wheatstone had made his mark at age 19!

Wheatstone is most remembered for the
‘Wheatstone Bridge’, used to measure electrical
resistance. Actually, it was invented by a lesser-known
philosopher named Christie, but its use was promoted by
Wheatstone and, in spite of his embarrassment in his
day, it became the one thing he is remembered for today!

However, Wheatstone was a prolific inventor in
the area of sound transmission, including musical
instruments and voice transmission. As a young man, he
envisaged a system of sounding boxes and taut wires
strung between London businesses as a means of
communication and worked tirelessly to perfect such a
system. He was also interested in electricity and devised
a method using a spinning mirror to determine the speed
of an electric current through a wire. He volatilized
metals and determined that when viewed through a
prism each presented a different wave pattern. He was
interested in codes and as an outlet for his waggishness,
he decoded lovers messages from the personal columns
and caused no end of troubles when he planted coded
responses of his own. In addition, he invented the
Concertina, among other lesser-known instruments.

Charles Wheatstone’s most important work was
the perfection of the telegraph. His collaboration with
William Fothergill Cook is probably the first known
instance of a scientist collaborating with a ‘money man’
to develop a financially successful invention. Although
their relationship was very rocky, they successfully
developed a practical system in which the message was
sent and received on a dial on which the letters of the
alphabet are displayed. His first experimental line about
3 km along a railway line was successful but declared
useless by the railway who asked for it to be removed. A
second line 21 km along the Great Western Railway was
also greeted with little enthusiasm until a murder was
committed at the end of the line and the murderer was
seen to take the train to London. With some fumbling, a
telegraph message reached London and Tawell was
arrested, tried and convicted of murder. Well, the papers
had a field day with that story and the telegraph became
popular, even to the extent that a system of house-to-
house telegraphy was established in London.
Wheatstone went on to perfect undersea telegraph cables
and, of course, was knighted and given honorary
doctorates. A very small man made himself a very large
reputation.

New Hands-on Activities Being Developed at BLScC.
Primary student visitors will soon be able to participate in a dinosaur activity being developed by Adele
Stapleton. Intermediate students will be able to examine a wide variety of sands, using our simple
microscopes. We welcome contributions of sand collected from anywhere in the world. (Please label
contributions fully.)
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Silicon
by David McKinnon, Ph.D.

Silicon (Si) is a very common element, occurring to about a
quarter of the earth’s crust. Pure quartz is silica, or silicon
dioxide (SiO2), and an overwhelming number of minerals are
silicates of various types. Ultra pure silicon is used extensively
in the preparation of semiconductors. Silicon, when doped
with traces of other elements such as phosphorus or arsenic
forms n-type semi-conductors, and with boron or aluminium
forms p-type semiconductors. Semiconductors are at the heart
of all the electronic gadgets that we now take for granted.

Elemental silicon can be produced by the reaction of
silica with carbon in an electric furnace. However, the silicon
produced by this method is too impure for electronic purposes
and further purification is necessary. Because it is too difficult
to purify silicon in the elemental form, the silicon is first
converted to trichlorosilane (HSiCl3), or tetrachlorosilane
(SiCl4), both of which are liquids and can be purified by
careful fractional distillation. Heating the trichlorosilane or
reaction of the silicon tetrachloride with hydrogen then
decomposes them into high purity silicon.

Even this material is still too impure for electronic
purposes and is further purified by zone refining, a technique
where a melt zone is moved up a column of the material. This
melt zone then carries with it any impurities, and successive
passes gives ultra pure silicon. The electronic requirements
also require silicon crystals, which are grown by the
Czochralski process, in which a silicon crystal is slowly
withdrawn from the surface of molten silicon. The silicon
crystallizes round this as a pure single crystal. Another process
called the Float–Zone process can also be used. This single
crystal is then cut into wafers and doped with other elements
for semiconductor uses.

Pure silicon is a dark shiny solid, with a melting point
of 1414oC. Its crystal structure is like that of diamond, with
bond angles of about 109o to each other. That is, silicon has a
diamond–like structure.

As silicon lies just below carbon in the periodic table,
and life is based on carbon chemistry, there has been some

speculation as to the possibilities of silicon-based life.
Although some terrestrial organisms can process silicon, (for
example, diatoms have a silica skeleton), a main limitation to
a silicon based life is the reluctance of silicon to form double
bonds, [ Si = Si ], or [ Si = ] to other elements, whereas
double bonds to carbon are common. Carbon exists as two
main allotropic forms, a diamond structure and a graphitic
structure. This last form requires that carbon have double
bonds, and this is almost unknown in silicon chemistry.

Another other main use of silicon is in silicones,
which are compounds with a [ -Si-O-Si-O-Si- ] backbone,
with two other organic chemical groups attached to each
silicon atom. These can be formulated with different groups,
or cross-linked to obtain materials of different viscosities.
These have low reactivity, low reactivity to water, low
toxicity, and high thermal stability, and find uses such as
caulks and electrical insulators and heat-resistant gaskets. On
strong heating, they may burn partially, but leave behind an
insulating coating of silica.

Silica reacts with sodium hydroxide to form sodium
silicate. This has a number of industrial uses, such as: as a
sealant, an additive to cement and a preservative. If sodium
silicate is treated with acid it forms silicic acid, but on heating
this rapidly polymerizes with successive loss of water
molecules to form partially hydrated silica called silica gel.
This has high adsorbent power and it can be used as a
desiccant. It is used extensively in a type of chemical analysis
called chromatography.

Silicon carbide or carborundum can also be made by
reaction of silica with carbon, by a change of proportions of
the reactants. Although the pure form is colorless, it is
typically obtained as dark crystals with a rainbow–like
iridescence. It is widely used as an abrasive. However, as it
has useful electronic properties when made into a
semiconductor, it has also found some electronic uses.
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Science Fun for Your Family
Balance and Stability

You Need: 1 metre stick or a 1 m piece of wood dowel, 1 overhead projector pen (washable ink)

Figure 1
What to Do
1. Locate the centre of gravity of a metre stick (or any long, uniform piece of wood such as a length of dowel). The

centre of gravity is the single point at or near the middle of the stick where you can support the stick horizontally
without it falling or turning. Hold the metre stick on your two index fingers, as in Figure 1. Slowly slide your fingers
toward each other. When they meet, they will have the centre of gravity ‘surrounded’. Try this several times to
confirm that it works every time!

2. Mark the location of the centre of gravity with a spot of ink from a washable overhead pen.

Figure 2

Figure 3

Stable or Unstable? Notice that when the act of tilting an object raises the centre of gravity, the object will fall back to
its original position when you let go. This object is stable. When the act of tilting lowers the centre of gravity, the object
will continue to fall on its own, and not return to its original position. This object is unstable.

Think About It!
1. Is a stick more stable when it is flat on the ground, or when it is standing on its end? Why?
2. Why does a football lineman crouch when a play is about to start?

3. Lay the stick flat on your desk. Gradually, tilt one end upward
as in Figure 2, then let go of the stick. Does it return to its
original position or tip over another way? When you lifted the
stick, was the centre of gravity raised or lowered?

4. Hold the stick in a vertical position, as in Figure 3. Push the
top of the stick slightly to one side. Is the centre of gravity
raised or lowered when you do this?

5. Let the stick go! Does it return to its original position?

Cory Kuch
shows what to do.
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Serendipity in Physics (2): The Discovery of Radioactivity
Serendipity: “the lucky knack of finding important things by accident”

[Harcourt Brace Dictionary of Canadian English]

Gordon R. Gore

The phenomenon called fluorescence has interested physicists for many years. Fluorescent substances absorb light of one
wavelength, and then give off light at a longer wavelength. For example, the colouring on some posters will absorb
ultraviolet light from a 'black light', and then emit bright colours in the visible range.

In 1896, French physicist Antoine Henri Becquerel (1852-1908) was investigating fluorescent materials. X-rays
had just been discovered by Röntgen, and Becquerel was curious to know whether fluorescent materials might give off
these ‘new’ rays in addition to visible light.

As fate would have it, one of the fluorescent compounds that Becquerel was working with was potassium uranyl
sulfate K2UO2(SO4)2. Becquerel knew that if he exposed this compound to bright sunlight, and then took it into a dark
room, it would fluoresce. (Delayed fluorescence like this is called phosphorescence.) To find out if the fluorescence
included X-rays, he placed the sample above a photographic plate, which was completely wrapped in black paper so that
no visible light could reach the plate.

When the plate was developed, it was fogged, indicating that radiation was penetrating the black paper. Were X-
rays exposing the film? Becquerel made a very important observation. If the uranium compound was left sitting on the
paper-covered photographic plate, the plate was exposed whether the compound was fluorescing or not. The radiation
that was causing the plate to fog was being emitted by the uranium compound all the time. This new radiation had
nothing to do with fluorescence or phosphorescence. Its discovery was just good luck (and good observation) on the part
of Becquerel.

No one knew what these new 'rays' were, but they were called Becquerel rays. Whatever they were, scientists
found out that they had several properties that were similar to Röntgen rays.

Properties of Becquerel Rays
(1) They are very penetrating.
(2) They expose photographic plates.
(3) They are invisible to the eye.
(4) They cause air molecules to become ions.

The property that some substances have of emitting penetrating radiation, which ionizes the air, was called
radioactivity by Madame Marie Sklodowska Curie (1867-1934). Madame Curie showed that all uranium compounds
are radioactive, and concluded that it was the uranium atom itself that was radioactive.

Other Radioactive Elements

Marie Curie made many extremely important contributions to the new science of radioactivity. Marie showed that the
element thorium was also radioactive. She and her husband Pierre Curie (1859-1906) showed conclusively that
radioactivity of an element originated in the atoms of the elements; it did not depend on any external factors or on
compounds formed by the elements.

In their search for other elements that might be radioactive, Marie and Pierre examined pitchblende ore, a mixture
containing uranium oxide. They found that the degree of radioactivity (measured with apparatus invented by Pierre Curie)
was many times greater than one would obtain from uranium itself. Apparently, there was an element in the ore even
more radioactive than uranium. After carrying out lengthy chemical separations of the substances in pitchblende, they
isolated a substance with 400 times the activity of uranium. They named the radioactive element in the isolated material
polonium, after Marie's native Poland. In the same year, 1898, they discovered yet another radioactive element in the
pitchblende and called it radium. Radium was even more radioactive than polonium.

Pierre and Marie Curie were awarded the 1903 Nobel Prize for physics, along with co-winner Henri Becquerel.
Marie has the distinction of being the only scientist to win two Nobel prizes for science achievements. She won her
second prize in 1911 for chemistry, for her discoveries of polonium and radium. (In addition to Marie's own
achievements, her daughter Irene Curie won the 1935 Nobel Prize for chemistry.)

(Article adapted from Chapter 13 of Gore, A Student’s Guide to Physics 11, Fourth Edition, 1997)
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Thoughts on Multiple-Choice Testing
Gordon R. Gore

Why did the chicken cross the road?
A. KFC is on this side of the road.
B. She wanted to lay it on the line.
C. She was ‘coming out of her shell’.
D. She was chasing a fowl ball.
E. The eggs-act reason is unknown.

Multiple-choice tests can be interesting and
sometimes even fun. They are easy to mark and in many
cases are marked by a machine, which reduces cost to
educational bureaucracies that test large populations of
students.

As a science teacher, I used to include a
sampling of multiple-choice items in many of my
examinations, just to add variety. In June, I used more of
these items because usually a large number of papers had
to be marked in a very short time. In addition, most
students’ grades were essentially ‘determined’ by the
end of the year, and the final examination was just one
more sampling from many measures of achievement
during the ten-months preceding the final test.

Multiple-choice tests are actually fun to create.
One must be very careful to have another subject teacher
proofread one’s test items, because there are many ways
to be ambiguous without intending to be so. It is also
very easy to fall into the trap of testing nothing but
trivia, because trivia items are so easy to create. Testing
conceptual understanding is far more difficult to do.
Some professionally designed tests do this well. The
British Columbia Provincial Learning Assessment
Program for science (PLAP) tests had high quality items.
I saw many of these when I helped review thousands of
multiple-choice test items in the early stages of the
TIMSS (International Science and Mathematics Study)
project several years ago.

I think we should be very concerned, however,
with the increasing reliance on test items that require no
significant written expression by the student. These tests
may provide useful statistics, but when they become the
primary evaluation tool, there is a negative consequence.
There was a time in the distant past, when examinations
were entirely ‘subjective’. One had to learn to write
short paragraph answers or essays. The evaluation
experts will argue, perhaps correctly, that these
examinations were difficult to grade consistently and

fairly. (They also require a lot of time, and markers are
expensive when large populations are being tested.) A
typical examination that I faced as a youth consisted of
perhaps eight essay-type questions, of which the student
had to answer five or six. (I never saw a short-answer
‘objective’ test until I moved to British Columbia in
1958 to pursue a career in teaching.)

There is something to be said for learning how
to write full-sentence and longer answers on a regular
basis. The student learns how to express ideas in an
intelligent and concise manner. I recently listened to a
‘rant’ by a well-known lower mainland radio
‘personality’ decrying the fact that many of today’s
graduates have not learned to express their thoughts
clearly in writing. His simplistic solution was ‘more
standardized testing’. Of course, so-called ‘standardized’
tests are, for financial and other reasons, mainly
multiple-choice examinations. One has to wonder how
writing multiple-choice tests improves one’s ability to
express one’s thoughts in an intelligent manner.

When the stakes are high, and teachers and
schools are ‘ranked’ according to how well their students
do on tests that are mainly multiple-choice, this type of
test will be used more than it should be during the school
year, to ‘give the students practice’ so they perform
better on the ‘standardized’ tests at the end of the year.

����������

So, what answer did you give to the sample question
above?

Write a short essay defending your choice of answer,
and submit it to BIGScience Editor Gordon R. Gore. If
you are not certain of the best answer, you can just
‘wing it’, even if you don’t have a ‘leg’ to stand on.

Kamloops Exploration Group to Sponsor the

May 5 Invitational Science Camp at the BIG Little Science Centre
Our Third Invitational Science Day Camp will be sponsored by the Kamloops Exploration Group (KEG).
Sponsorship means that approximately 20 selected students from School District 73 can attend a full day of fun and
educational science activities at the BIG Little Science Centre, at no cost to the participants.




