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Cameron French of Kay Bingham Elementary School appears very determined as he
attempts to touch a plastic ball carrying the same negative electric charge as his own body has,
because he is holding on to the Van de Graaff generator. Vanessa Tonn is our BIG Little
Science Centre demonstrator.
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Special Thanks toWatson Engineering, who recently made a very generous
donation to the BIG Little Science Centre.

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.
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Kamloops BC V2C 5M8

Location
Bert Edwards Science and

Technology School
711 Windsor Avenue,
Kamloops, BC V2B 2B7
Executive Director
Gord Stewart

Phone (250) 554 2572
or (250) 554 BLSC

E-Mail: gord@blscs.org
Website

http://blscs.org
Newsletter Editor
Gordon R. Gore

Home: 962 Sycamore Drive
Kamloops, BC V2B 6S2
Phone: (250) 579 5722
Fax: (250) 579 2302

E-mail: grgore@telus.net
Over 42,000 visitors have

enjoyed the
BIG Little Science Centre!



3

Mercury is used in some switches, for example in old thermostats.

Mercury is a silvery white metal, unique in that it is the only metal that is a liquid at room temperature. Mercury has been
known for millennia, as it is readily made by roasting its ore cinnabar, mercury sulfide, in air. An old name for it is
quicksilver and its chemical symbol, Hg, derives from the Latin hydrargyrum, which translates as ’liquid silver’.

Mercury has quite wide applications, many due to it being a liquid metal, and so with high thermal and electrical
conductivity. Many people will have encountered mercury in thermometers, and old thermostats (photograph above) used
mercury in tilt switches. In laboratories, it is commonly used in manometers and barometers. Industrially it is used in
gaseous electron tubes and in lighting e.g. in mercury vapour lamps. Even sodium lighting uses a mercury arc. It is also
found in certain batteries and has been used for mercury cells in the electrolytic preparation of sodium hydroxide and
chlorine.

Mercury has the property of combining readily with most other metals to form mixtures called amalgams. A
crude and very dangerous method of obtaining gold is to use mercury to extract the gold from ores or deposits. The
mercury is then boiled off leaving the gold. Careless use of this technique has poisoned large areas of Brazil. Mercury also
readily forms an amalgam with aluminium. Aluminium reacts readily with air, but it is protected by a coherent oxide layer
that forms. However, the mercury in the amalgam prevents the formation of a coherent surface, so that the aluminium
rapidly corrodes. For this reason mercury should not be transported by aircraft. There is a tale that this was used in WWII
to sabotage German airplanes.

Unfortunately, mercury is toxic in its elemental form and in its compounds, exposure causing tremors, memory
impairment, mood disturbances and in extreme cases, coma, insanity and death. Mercury vapour is toxic, and elemental
mercury is converted biologically into toxic methyl mercury. This bioaccumulates in fish and has caused poisoning when
contaminated fish is a major part of the diet. Thus, alternatives for mercury or its compounds are sought.

The ‘silver’ amalgam used in dentistry contains roughly 50% mercury. It has the advantage of being relatively
cheap and adhering well to teeth. It does release slight amounts of mercury. This is thought by some to be a health hazard,
while others believe that the quantities released are too small to be significant. However, due to changing patterns of
dental caries other materials are finding greater favour and mercury amalgams are being gradually phased out

Because of health concerns, mercury thermometers are also being phased out and other materials or methods are
being used to determine temperatures.

Mercury and its compounds have been used in medicine. Mercury I chloride (calomel) was traditionally used as
a disinfectant and laxative, and elemental mercury has been used in various formulations for various conditions, but again,
safer alternatives are available. However, mercury sulfide (cinnabar) is still used in certain folk medicines.

MERCURY (Hg)
by David McKinnon Ph.D.
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William Herschel, 1738-1822
A talented musician, conductor, composer and builder of telescopes, who abandoned music

to sweep the heavens and observe what no man before had seen.

Dr. C. J. (Kip) Anastasiou

Professor Emeritus, Faculty of Education, University of British Columbia

Born Frederick Wilhelm Herschel in Hanover,
Germany, he was brought up in a poor military
musician’s family. His father was a musician in a
military band, and his brothers became musicians in that
same band as they reached their teenaged years. Wilhelm
was no different; by the time he was 14, he was already
a trained hautboy (oboe) player in the band with his
father and his brother, Jacob. His younger brothers
Alexander and Dietrich were to follow. At a very early
age, Wilhelm was to march into action against the
French, and the experience did not enthrall him. At this
time the Hanoverian Elector (ruler) was also George III,
the second Hanoverian king of England and the
Hanoverian Horse Guards were the official guards of the
elector (also the King of England) so when the French
were threatening to invade England, the Horse Guards
were embarked to England to protect the Hanoverian
King of jolly old England. The French didn’t invade, so
the band had a wonderful time and Wilhelm who
became William came to love England. In the meantime,
Hanover was overrun by the French and was devastated.
The Herschel house was host to as many as 14 French
troops in each room and things were not particularly
pleasant. When peace was declared, William and his
father walked to the boat in England and from the
landing to Hanover just to save the money. William’s
older brother bought a new suit of clothes and took the
coach home When war broke out again, William’s
mother decided that he should desert the army and flee
to England, which, using clever subterfuge, he
succeeded in doing.

The next 10 years were spent as an itinerant
musician and conductor in many English towns, living
as a fugitive, since the Hanoverian regime was ruling
England. It was a dangerous life, but he survived. He
settled down in Bath where he became a celebrated
conductor, composer and music teacher. In addition,
between the conducting, composing, concerts and the
lessons, he was soon making excellent money, 400
pounds a year or more (in today’s money probably
$150,000 or more). The nice part was that most of that
money was made in the Bath ‘season’ which was in the
winter months and left him free for a good part of the
year.

His family was always interested in astronomy
and William’s father enjoyed showing his kids the
various constellations visible in the Hanoverian sky.

William was hooked on the stars from childhood and
found that a telescope could be rented in Bath. It wasn’t
much of a telescope, so coming from a can-do family, he
took the telescope apart to see how it was made. He then
proceeded to build his own with lenses purchased in
London, but it wasn’t much better. Through his constant
reading, he learned about the reflecting telescope
of Isaac Newton and others. In these, instead of lenses, a
concave mirror at the base of the open-ended telescope
reflected the image up to an eyepiece at the top. The
originals had a flat mirror to reflect the image so that the
viewer could stand beside the top end of the telescope
and look at right angles to the instrument to see the
image. To William, this idea was something he could do.
All you needed was a tube of wood or metal, a concave
mirror for the bottom, and an eyepiece lens at the top.
Today the mirrors are polished glass, but the technology
for William’s time called for polished metal. His favorite
recipe was 5 parts tin to 12 parts copper. He bought
himself a furnace capable of melting tin and copper in
quantities required for an ambitious telescope maker and
installed it upstairs at home. Fortunately, he realized in
time that this was not a particularly sound idea,
and moved it into the basement. Good thing, because it
soon exploded throwing super hot molten metal all
around and almost killing William, the can-do guy. He
succeeded in polishing his metal mirrors and simplified
the Newtonian scope so the mirror simply reflected the
image to an eyepiece lens installed just inside the top of
the tube. They were excellent telescopes, in fact, though
he didn’t realize it at the time, better than any others in
use.

His telescopes came to the attention of a passer-
by when he was observing the mountains of the moon.
William was a great admirer of the moon and he
believed that there were inhabitants there and even
thought he might prefer to live on the moon. When the
visitor looked at the sharp image, he immediately invited
William to join the local philosophers club. It turned out
that this was a man named Watson, a fellow of the Royal
Society and he strongly encouraged William, now 41
years old, in his astronomical observations and later
presented Herschel’s findings to the Royal Society.

Eventually, William built a 20-foot reflector and
began to do some carefully catalogued observations.
There is a story, which finds the Astronomer Royal at
Greenwich Observatory telling William that where
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William saw a pair of stars there was only one. So
William lugged his 7 footer to the Astronomer Royal’s
observatory who then showed William in the
Astronomer Royal’s scope that there was only one star
there, William had his set up and the Astronomer Royal
had to admit that there were two stars there and
immediately had William make the observatory a two
star model.

All the while, William was composing,
conducting, and teaching during the day and observing
during the night. He needed some help and in the guise
of needing his sister Caroline to train as a voice soloist
(the family never sang around the house and William
had never heard Caroline sing!), he brought her over
from Hanover and immediately installed her as
housekeeper and assistant astronomer with some singing
lessons. Actually, it was a very musical family, and to
the surprise of William’s brother, Caroline had an
excellent voice. However, this didn’t last long because
William noticed a tiny uncatalogued disc moving in the
sky. He at first thought it was a comet, but it turned out
to be a planet and William became a star overnight so to
speak. The king was George III so William wanted to
call it George’s planet (in Latin of course!) and this was
a very good idea for a couple of reasons. First, it meant
that William was brought to the attention of the king
(who already had two of his brothers in the palace
orchestra). Second, the king already apparently knew
that William was a deserter from his personal guard
regiment. He certainly couldn’t have such a famous man
shot for desertion. It was suggested that since William
made the best telescopes in the world and discovered the
new planet, the king should forget that he was a deserter
and give him a stipend so he wouldn’t have to work all
day and observe all night. He did, but it was only 200
pounds (the king liked William but he was a deserter),

half what William was making, but William jumped at
the chance. The king also kicked in 50 pounds a year for
Caroline as his assistant who recorded his observations.

King George also gave William 4,000 pounds to
build the biggest telescope in the world, a 40-footer with
a 4-foot diameter mirror and another 200 pounds a year
for maintenance. It was a huge task and was completed
in a couple of years. It worked well, but it was very
unwieldy with a 1-ton mirror. The king also encouraged
William to manufacture and sell for a profit, as many
telescopes as he could and in his lifetime, he produced
between one and two hundred of all sizes up to 20 feet.
The eyepiece lenses for some of these were quite
remarkable with William claiming magnifications of up
to a much-disputed 6000x. Checked in modern times one
turned out to be over 7000x!

William was elected to the Royal Society and
earned the Copley Medal for discovering the planet
eventually called Uranus. During his lifetime with his
trusty housekeeper and assistant, Caroline, he studied
and catalogued many thousands of stars, double stars,
star clusters and nebulae, up to 400 in one night! He also
correctly described the nature and shape of the Milky
Way, and the location of the sun in it, and was the first
to discover and describe infrared radiation. He also was
the first to realize that light from the stars takes years to
get to earth: “You are peering into the past”. When he
was away, he encouraged Caroline to sweep the heavens
for comets, turning her into a first rate astronomer in her
own right. William was eventually knighted (but only
after George III died – it seems he still had his doubts
about William). Towards the end of his life, his brilliant
son, John, continued his work, to great accolades from
the country.

Uranus
Original Caption Released with Image:

This is a view of Uranus taken by
Voyager 2. This image was taken
through three color filters and
recombined to produce the color
image. JPL manages and controls the
Voyager project for NASA's Office
of Space Science.

Image Credit:
"Courtesy NASA/JPL-Caltech."
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Household Science (1): Spontaneous Combustion,

Solidifying Eggs, and Cereal Clumps
Dr. Jim Hebden

Many of the short articles that follow were inspired by the book Why Don’t Penguins’ Feet Freeze? (Penguin Canada, ISBN-13:
978-0-14-305390-3. The book is highly recommended to those who wonder about the small questions that keep popping into our
heads from time to time. Some information was also found inWikipedia on the Internet.

Spontaneous Combustion

Spontaneous combustion is featured in a newspaper report occasionally, and usually has a nasty outcome: fire in a house.
Combustion means burning, such as occurs in a campfire or in the motor of an automobile. Spontaneous combustion is
a type of combustion that starts by itself, without the aid of a match or spark. Many substances naturally react with the
oxygen in the air, in a process called oxidation. Examples of oxidation are the rusting of iron (very slow), campfires (very
fast), the browning of fresh-cut apples (medium fast) and the process of oils becoming rancid (slow). All of these
examples have two things in common: they don’t occur if there is no oxygen present and they give off heat. Now the
production of heat is not always obvious, such as when iron oxidizes (rusts), because the heat is produced slowly, and
goes into the surroundings fast enough that you don’t feel any added warmth when you touch the iron.

One of the most common ways in which spontaneous combustion occurs is the build-up of heat in a pile of oily rags
placed in an open container. (Boiled linseed oil is especially liable to undergo oxidation.) Because the oil in the rags
undergoes oxidation and has a high surface area as a result of being spread out on the rags, a substantial amount of heat is
produced. If the container is partly enclosed or if airflow is blocked in some way, the heat from the oxidation reaction
cannot escape easily and a steady increase in temperature occurs. Eventually, the temperature becomes high enough for a
flame to start and the result is a fire fuelled by both the rags and the oil. Haystacks have also undergone spontaneous
combustion when bacterial fermentation produced sufficient heat at the centre to ignite the hay. Oily rags can be disposed
of by several methods: burn them, place them in an air-tight container for future disposal or place them in a special oily
rag container consisting of a metal can having numerous holes which allow free circulation of air to take away any heat
that is produced.

There is one type of spontaneous combustion that does NOT exist: spontaneous human combustion! In spite of numerous
news reports and even a few books written on the subject by less-than-objective authors, there has never been a confirmed
case of a human being spontaneously bursting into flames. If a person sitting beside a fire and is either sleeping or
unconscious as a result of illness, a spark might fly out of the fire and ignite his or her clothes, causing them to be killed.
Every supposed case of spontaneous human combustion has been proven either to be a hoax or the result of people sitting
beside a fire and either sleeping or being unconscious as a result of illness when a spark from the fire ignites their clothes,
killing them. Of course, that is not as exciting as thinking that people can somehow burst into flames, but the truth is also
interesting.

Heating a Liquid to Make a Solid

Most of us would say that the proper order of changes due to heating is: heat solids until they melt and then heat liquids
until they boil. Heating a liquid to make a solid just seems wrong, but that us exactly what happens when you heat the
white of a hen’s egg. Egg white, also known as albumen, consists of water in which is floating various protein
molecules. The protein molecules are long chains of atoms that are curled up and held in a ball-like shape because of
weak electrical charges that attract each other and help the balls maintain their shape. Electric charges on the outside of
the balls attract surrounding water molecules and repel other ball-shaped protein molecules, resulting in a solution which
keeps the protein balls separated from each other. When the egg white is heated, the energy from the heat jiggles the
protein molecules apart and allows the chains to unwrap, exposing electrical charges along the length of the proteins.
These now-exposed electrical charges on one protein molecule can now attract opposite charges on a neighbouring protein
molecule, causing the protein molecules to clump together and form a complicated solid network that effectively traps the
water molecules and allows a rubbery solid to form. The result: you can heat liquid egg white to form a more digestible
and yummy solid.
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Clumping Cereal

Did you ever wonder why a stray piece of cereal floating in a bowl of milk tends to float towards other pieces of cereal,
clump together and gather at the edge of the bowl? Well, these effects are the result of surface tension. Surface tension is
the attraction of the water molecules in the milk for each other. The strong attraction of water for itself causes water
droplets to take on an almost spherical shape when they fall or a hemispherical (‘half-sphere’) shape when on a piece of
waxed paper. Because the liquid molecules attract each other quite strongly, the cereal flake sits on top of the liquid,
unable to break the strong attraction between the water molecules underneath, but causing a little dip or depression in the
liquid’s surface, as shown below.

surface of the milk cereal flake

outward and downward force of 
attraction by the milk for the flake

In addition to the attraction of water molecules for each other, the water molecules in the milk also attract the
cereal flakes and pull on them with a force that is mostly downward but also a little bit outwards, as shown in the above
diagram.

Now, if a cereal flake moves away from the centre of the bowl, the force of attraction by the milk for the cereal
flake becomes unbalanced. This is because the upward attraction of the water to the side of the bowl pulls on the water
between the flake and the side of the bowl and as a result pulls the flake more toward the side of the bowl, as shown
below.

wall of cereal bowl

attractive force is directed outwards more 
on this side than on the other side (left side)

When two flakes get close to each other, the same situation exists between the two flakes as we saw existed
between a flake and the side of the bowl: the shape of the water’s surface between the flakes is distorted upward and the
water’s increased outward attraction for the flakes pulls them together. The result is: the flakes clump together at the sides
of the bowl.

attractive force is directed more 
toward the space between the 
flakes, pulling them together

You can do a little experiment to investigate the ideas we have just discussed. First, take a glass and fill it to the
top with water until the surface of the water is higher than the rim of the glass. The way the water curves upward from the
rim of the glass toward the center is the result of surface tension. Now place a piece from a Styrofoam cup (about the size
of a dime) on top of the water. Use a toothpick to nudge the piece of Styrofoam toward the edge of the glass and you will
see that the upwards curvature of the water at the edge of the glass creates a force that eventually moves the Styrofoam
toward the center of the glass. Next, fill a glass � full and place two small pieces of Styrofoam in the glass. You will see
that the water climbs up the sides of the glass a little bit (water is attracted to the glass). If you use a toothpick to nudge
the Styrofoam toward the edge, you will see the pieces stick to the sides of the glass and to each other, just as we
discussed above. Science isn’t always about big ideas – it helps to explain the little things that we wonder about.
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What Are ‘Becquerel Rays’? A Canadian Contribution
Gordon R. Gore

One of the truly great pioneers in atomic research did much of his important work while at McGill University in Montreal.
Ernest Rutherford (1871-1937) was born in New Zealand. After earning his master's degree in physics in New Zealand,
Rutherford went to Cambridge, England to work with J. J. Thomson (discoverer of the electron) from 1885 until 1898.
In 1898, he accepted the position of physics professor at McGill University. He stayed at McGill University until 1907,
and then returned to England.

Rutherford and Thomson studied the effect that X-rays have on air. The air is ionized, and thus rendered
conducting by the passage of X-rays through it. When Becquerel rays were discovered, Rutherford was intensely
interested in finding out more about them.

At McGill University, Rutherford and his graduate students investigated the penetrating ability of Becquerel rays.
They let the rays from a sample of uranium metal pass through various thicknesses of aluminum foil and pass into a
detector, which used the property of electrical conductivity of air. He found that the intensity of the radiation fell off as the
thickness of the foil increased, but there was a 'discontinuity' when the thickness reached a certain value. The
discontinuity suggested to him that Becquerel rays were of at least two types. One of those types was far more penetrating
than the other was. The less penetrating rays were labelled alpha rays and the more penetrating rays were labelled beta
rays. Alpha (�� ) and beta (��) are the first two letters of the Greek alphabet.

The identification of two types of Becquerel rays by Rutherford in 1899 was followed shortly after by the
discovery of a third type of Becquerel ray by French physicist Paul Villard (1860-1934). In 1900, Villard found a form of
radiation emitted by radium that was far more penetrating than either alpha or beta rays. This third form of radiation was
labelled gamma (��) radiation. Gamma radiation can pass through several centimetres of lead, or several metres of
concrete, before being completely stopped. Gamma rays are even more penetrating than X-rays.

What Are �� , �� , and �� Radiations?

Figure 1

The alpha radiation was deflected in one direction, following a circular path while within the magnetic field.
Beta radiation was deflected in the opposite direction, in circular paths of shorter radius. The gamma radiation was not
affected by the magnetic field. Beta radiation was affected in the same way as cathode rays, which showed that beta
radiation carried a negative charge. Since alpha radiation deflected in the opposite direction, it obviously carried a
positive charge.

Becquerel used the technique of J. J. Thomson to measure the charge-to-mass ratio of beta radiation. The result
he obtained was essentially the same as for electrons. Beta particles were electrons!

Experiments with alpha particles indicated they were much more massive than beta particles (electrons). The
magnitude of charge on them was equal to or twice that of the electron. The magnetic field experiments suggested that

the alpha particle might be (a) a hydrogen molecule with a single positive charge (H2+) or (b) a helium atom with a

double positive charge (He2+).
Next Issue: How Rutherford and Royds showed that Alpha Particles were Helium Nuclei.

(Article adapted from Chapter 13 of Gore, A Student’s Guide to Physics 11, Fourth Edition, 1997)

The task of figuring out what �� , �� and �� radiations were,
was taken on by numerous scientists, includingMarie and Pierre
Curie, Henri Becquerel and Ernest Rutherford. One of the
clever ways they used to study their behaviour was to pass a
narrow beam of Becquerel rays through a magnetic field. If the
magnetic field was strong enough, it separated the three kinds of
radiation quite definitely. Figure 1 is a simplified diagram of the
apparatus used and the results observed.
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Science Fun for Your Family

Gravity

Ehren Stillman

3. Listen as the balls are dropped. Which ball hits the floor first?

4. Change the modeling clay balls so that the small one is even lighter and the big one is even heavier. Try the
experiment again.

5. Find a safe place to test the dropping rates of the two balls from a greater height. Does it make a difference to the
result?

6. Predict what will happen if you drop a modeling clay ball and a wad of paper at the same time. Test your prediction
by doing the experiment!

7. How can you make the paper fall at the same rate as the modeling clay ball? Do it!

Many centuries ago, the Greek philosopher Aristotle argued that a heavy object would fall faster than a light one, and for
centuries, people believed him. Then Galileo (according to legend) said, “Let's try it!” Aristotle was proven wrong. In the
absence of air resistance, a feather will fall as fast as a bowling ball! (To show this, you would have to do the experiment
in a vacuum.) Both fall together, increasing their speed at a rate of about 9.8 metres per second, each second. (We say the
acceleration is 9.8 metres per second per second, or 9.8 m/s2. On the moon, objects fall with an acceleration of just 1.6
m/s2, so if you did fall off a cliff on the moon, it would seem like slow motion!

A piece of paper will fall more slowly than a ball, because air resistance affects it more. (The force due to air
resistance opposes the force of gravity.) Even when it is crumpled up, the paper will lose a race to a ball. Air resistance
can be put to good use when you wish to slow your rate of fall from an airplane. A parachute is designed to maximize air
resistance so that your rate of fall is manageable and relatively danger-free.

You Need
1 large ball of modeling clay
1 small ball of modeling clay
1 piece of writing paper
1 roll of string
1 clean garbage bag
1 roll of masking tape

What to Do

1. Hold a large ball of modeling clay in one hand, and a
small ball of modeling clay in the other hand. Raise them
as high as you can above your head, and have a partner
tell you when the bottoms of both balls are level with one
another. (See Figure 1.)

2. Predict what will happen when you drop the two
modeling clay balls. Will the light one hit the floor first?
Will the heavy one hit the floor first? Will they hit the
floor at the same time?
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Interesting Action at the BIG Little Science Centre
Kay Bingham Elementary School Visit

Left: Braeden Quinton hams it up for the camera as he tries out our ‘talking head’ illusion.
Right: Teacher Lori Fahlman was brave enough to risk a BIG Little Science Centre hair styling.

Isaiah Drysdale had ‘flying saucers’ coming off his head.


