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Teamwork!
Josh Brace gets some help from Mom Jeannie Brace as they make the two repelling neodymium
magnets meet head-on. Josh is in Grade 4 withMrs. Johnston at Juniper Ridge Elementary.

ASTTBC Honours BIG Little Science Centre Founder
Applied Science Technologists and Technicians of British Columbia awarded Gordon Gore an Honorary
Membership in the ASTTBC on March 12 2008. See Page 5.
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Special News Item: UPHILL SKIERS CLAIM DISCRIMINATION
GROUP DEMANDS REPEAL OF ANCIENT LAW OF GRAVITY!

Uphill skiers numbering in the (thousands) (hundreds) tens gathered in front of the Parliament Buildings in Ottawa today, to protest
what they call discrimination against uphill skiers in this country.

Uphill skiers are demanding the repeal of the Law of Gravity, first declared in the seventeenth century by Englishman Isaac
Newton. (He is believed to have named the law after his Aunty Gravity.) According to spokesperson Gowin Down, "Ever since Isaac
Newton introduced his confounded Law of Gravity, we uphill skiers have been discriminated against."

A survey of several well-known British Columbia ski resorts � Whistler, Whistler's Mother, Silver Star, Sun Peaks and
Stephen Harper � reveals that none of these ski hills have ski tows for uphill skiers. None of the Heliskiing operations provide
service to the bottom of the mountains, either!

BIGScience reporter Cumming Upp conducted a ski pole, and found that the vast majority of uphill skiers are opposed to
the Law of Gravity, and would disobey it if they could. One skier commented, "Isaac Newton was over the hill when he made up his
law, anyway!"
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Over 40,000 visitors have
enjoyed the

BIG Little Science Centre!

Thanks to the following people for generous
donations to the BIG Little Science Centre:

David Thompson Elementary School
Dufferin Elementary School students
Dr. Roland Cobb
Mike Rosen (Montreal)

Thank you KTTA for an honorarium you provided for two
science teacher workshops we presented on February 22 2008.

Thank you to the Applied Science Technologists and
Technicians of British Columbia (ASTTBC) for sponsoring
our first two Invitational Science Day Camps.
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Tycho Brahe (1546-1601)
He built the first purpose-built research institution: Uraniborg on the Danish

island of Hven, and mapped about 1,000 stars without a telescope.
Dr. C. J. (Kip) Anastasiou

Professor Emeritus, Faculty of Education, University of British Columbia

Tycho Brahe (his Latinized Danish name) was born to a Danish noble family, and was raised and
educated by his uncle. When he was almost 13, he entered the University of Copenhagen. That year, an eclipse
that was predicted appeared, and so impressed the young scholar that he began studying astronomy. By age 17
he had reviewed all the works of the known scholars of astronomy and found that they rarely agreed on any
recorded observations, so he was determined to devote his life to making and recording an accurate map of the
heavens.

The young Tycho (pronounced ‘teekoh’) became a favorite of King Frederick II. In his twenties, he was
granted land on the island of Hven and funds to construct an observatory and alchemical laboratory. The result
was the castle Uraniborg, certainly the most advanced research centre at the time. During Tycho’s lifetime, the
telescope (1608) had not been invented, so all of Tycho’s observations were with the naked eye. The centre
attracted brilliant people from all over Europe. There were problems but largely it was an incredible experience
and important observations were made with the results published with Uraniborg’s own printing press.

As long as King Frederick was alive, Tycho received excellent support with a number of fiefdoms
supporting him and his work. One of these was the cannonry at Roskilde cathedral, where kings were entombed.
When King Frederick died, he was interred in a crypt in the cathedral chapel, and since Tycho held that region,
he was responsible for maintaining the cathedral and King Frederick’s tomb. Frederick’s heir, King Christian
IV, was more than a little annoyed to find the roof leaking above his father’s crypt and made his annoyance
known to Tycho. Well, Tycho was busy and didn’t like being disturbed and didn’t take to warnings easily. After
several warnings, Tycho repaired it rather shoddily and the young king responded in kind, removing Tycho
from pretty well all his fiefdoms and the cathedral. The new king and his advisors made things so hot for him
that Tycho felt compelled to leave the country. He wandered about Europe as a guest in many of the palaces and
great homes of northern Europe for about two years before settling down as imperial mathematician in Prague,
with bountiful support from the Holy Roman Emperor, Rudolph II.

Tycho set up his instruments to continue his observations, which for eyeballed records were
impressively accurate. One of his assistants was the future great theoretical astronomer and physicist, Johannes
Kepler. As a child, Kepler had contracted smallpox, which left him with poor eyesight so he was unable to
make his own observations. In order to carry out his ambitious theoretical work, he needed Tycho’s 40 years of
very accurate observations. Tycho had already been ripped off by a charlatan, so he was protective of his data as
most scientists today are before publication. Kepler had access to some of the data and secretly tried through
other well-known European astronomers to get the rest without success. Tycho, though apparently vigorously
healthy, died aged 54 after a couple weeks of sudden illness, supposedly because of a burst bladder at a banquet.
Tycho was a hard drinker and was not able to leave the table before the emperor left. That was one of the
stories.

As a result of work on Tycho’s crypt in 1901, hair samples were sent to Denmark since he was Danish
and the Prague people thought that would be a nice gesture. The Danes actually didn’t know what to do with the
hair but kept it around. Finally, in the 1990’s a researcher suspicious of Tycho’s death had the hair analysed for
poison. The results were stupendously positive: he was poisoned! The only member of his household who
would have had a strong motive, the means and opportunity was Kepler. Within two days of Tycho’s death,
Kepler made off with his data, all 37 volumes of it covering 40 years and against Tycho’s deathbed wishes.
Without that data, Kepler might have been a footnote in history. Murder most foul! But after 400+ years, what
proof?
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Science Fun for Your Family
A Sound That Will ‘Drive You Nuts’

What to Do

• Insert a small hexagonal nut inside a balloon. Make sure the nut is well away from the mouth of the
balloon so it cannot be accidentally swallowed.

• Blow up the balloon and tie it shut.
• Swirl the balloon so that the nut starts rolling in a circle inside the balloon. Vary the speed and listen to

the sounds you can produce.
• Try different sizes of nut.

Think about It Why does the nut make this sound?

Note to Teachers: Steve Spangler sells class kits of balloons and nuts if you wish to make this a group activity.
http://www.stevespanglerscience.com/ (Screaming Balloon Kit)

Warning! The sound of a class doing this activity may drive you nuts!

Third Invitational Science Day Camp

Notice to School Administrators and Teachers

A Third Invitational Science Day Camp is planned for May 5, 2008. As of March 14, there
are 14 open spots. Heffley Creek Elementary reserved 4 places a long time ago, and
Parkcrest Elementary has reserved 2 spots. Preference will be given to schools that submit
lists of specific names first. Topics in chemistry and electricity are probably best suited for
Grades 5-8. We ask that if students decide not to come, please provide advance notice so that
substitutions can be made. Many keen science students want to attend these camps.
Contact Gordon Gore by e-mail at grgore@telus.net .

You Need

1 balloon

1 hexagonal nut (about
1 cm diameter)

Caution!
Very small children
should not do this, in case
they swallow the nut.
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ASTTBC Honours BIG Little Science Centre Founder

Don Graham Photo

John Leech, Executive Director and Registrar of the ASTTBC, presented a framed honorary ASTTBC membership
certificate to Gordon Gore. Among those attending the award ceremony at Thompson Rivers University were Dr.
Mark D. Evered, Vice President (Academic) of Thompson Rivers University, Pat Wallace, Councillor for the City of
Kamloops, and Annette Glover, School District 73 Trustee and President of the BIG Little Science Centre. The award
was presented during the Engineering and Drafting Technology (EDDT) Program gathering at TRU’s Accolades
Dining Room. The breakfast was provided by ASTTBC.

Don Graham Photo

Applied Science Technologists and
Technicians of British Columbia awarded
Gordon Gore an Honorary Membership in the
ASTTBC on March 12 2008. It was an honour
to be be recognized for many years of promoting
hands-on science in British Columbia, and for
being founder of the BIG Little Science Centre.
Thanks to BIG Little Science Centre volunteer
Ken Schroeder, Director Nancy Bepple,
President Annette Glover and Executive
Director Gord Stewart and his wife Jackie for
attending the breakfast sponsored by ASTTBC.
Several local dignitaries attended and Hon.
Kevin Krueger sent a warm congratulatory
message. Thank you to everyone for your kind
words and thoughts.
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Interesting Action at the BIG Little Science Centre

Meghan Johnson ofMarion Schilling Elementary School investigates a gravity puzzle (left), and then
experiences the effect of static electricity on her hair (right).

Don’t try this at
home! Using
stored electric
charge from the
Van de Graaff
Generator, Kole
Gizikoff, a David
Thompson
Elementary
School student,
lights a compact
fluorescent lamp
held by Gord
Stewart.
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Coquihalla Middle School students observe the chemical test for hydrogen gas. After doing two hands-on
‘labs’ during their visit, these Merritt girls were treated to a few special chemistry demonstrations by Ken
Schroeder and Gordon Gore. They also enjoyed the hands-on rooms and a Light and Colour show. Several
Merritt science teachers have ‘discovered’ the BIG Little Science Centre this year!

Left: A radiometer detects infrared radiation from a tiny light bulb, in one of the displays at the BIG Little
Science Centre. The radiometer is at the focus of one parabolic mirror, while the light bulb is at the focus of a
second parabolic mirror nearby.

Right: High voltage from an induction coil creates this spark between its electrodes. The induction coil can be
used to energize the gas in a discharge tube, for examination with a spectroscope.



8

The Mystery of ‘Cathode Rays’: Discovery of the Electron
Gordon R. Gore

In the nineteenth century, experiments conducted by chemists convinced them that matter consisted of tiny particles called
atoms. The concept was not a new one. Early Greek philosophers such as Democritus had suggested the idea centuries
before English chemist John Dalton (1766-1844) proposed his Atomic Theory. Dalton's solid evidence suggested that
each chemical element was made up of unique atoms. Different elements had different atoms.

Figure 1

A high voltage is applied to the two electrodes by the induction coil. The positive electrode (+) is called the anode
(from the Greek word ana, which means up) and the negative electrode (-) is called the cathode (from the Greek cata,
which means down). (Electricity was presumed to travel 'down' from the anode to the cathode; that is, from positive to
negative.)

At normal air pressure, nothing happens in the tube. At moderately low air pressure, pink, lightning-like sparks
can be seen between one electrode and the other. As more air is removed, a uniform pink glow fills the discharge tube.
Then, as even more air is removed, the pink breaks up into distinct layers. With a really good vacuum pump, which can
remove just about every trace of air from the discharge tube, the pink colour can be made to disappear, and the glass is
observed glowing with a green fluorescence.

Figure 2

Figure 3(a) Figure 3(b)

In one of Crookes’ tubes, he inserted a metal object shaped like a Maltese cross (Figure 3(a) and (b). When
cathode rays passed through the tube, they cast a shadow of the Maltese cross, on the far end of the tube. This shadow was
very sharp, the sort of shadow you might expect from a point source. The cathode, however, was really quite large. If the
cause of the shadow was light from the cathode, then the shadow should have been quite blurred, as are all shadows cast
by large light sources nearby. (See Figure 4.)

The source of the green fluorescence was a
mystery. Another English physicist/chemist, Sir
William Crookes (1832-1919), designed several
modifications of the discharge tube first used by
Faraday. Figure 2 illustrates one of Crookes' tubes.
This tube is highly evacuated and, when connected to an
induction coil, the green glow is most noticeable at the
region of glass opposite from the cathode. The source
of the fluorescence was something that came from the
cathode! Eventually, the mysterious 'something' was
called cathode rays.

Michael Faraday (1791-1867) was a brilliant experimental
scientist. One of his more important inventions is the induction
coil. (See photo on previous page.) The induction coil changes low
voltage electricity into very high voltage (high energy) electricity. It
produces sufficiently high voltage to cause electrical discharges
several centimetres long in air. Michael Faraday set up the
apparatus as illustrated in Figure 1. A vacuum pump is used to
gradually remove the air in the glass tube.
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Crookes was aware of work Faraday had done with electric fields. If the cathode rays were particles following

electric lines of force, which are perpendicular to the cathode, then the shadow would be sharply defined. Could the
cathode rays be electrical in nature?

Figure 4

Improved vacuum tubes were made possible by the invention of a better pump by Heinrich Geissler (1814-
1879). Geissler, a glassblower, manufactured a variety of Geissler tubes containing exceptionally high vacuums. Physicist
Julius Plucker (1801-1868) used one of Geissler's high vacuum tubes to show that cathode rays, whatever they were,
were deflected by a magnetic field. No form of light is deflected by a magnetic field!

Figure 5

In 1887, brilliant English physicist Joseph John Thomson (1856-1940) was able to show that cathode rays, if
passed between oppositely charged plates, were deflected away from the negative plate and toward the positive plate.
Others had failed to observe this effect, but Thomson was convinced the reason they had not seen the electric deflection
was the lack of sufficiently good vacuum. With a cathode ray tube having an exceptionally good vacuum, Thomson
succeeded. This was a critical experiment. Knowing that cathode rays were deflected by both a magnetic field and an
electric field, Thomson concluded with some confidence that cathode rays were particles carrying a negative charge!

Thomson is credited with discovering what some considered to be 'atoms of electricity'. Years earlier, an Irish
physicist named George Johnstone Stoney (1826-1911) had suggested the name electron for the as-yet undiscovered
smallest bit of electricity. The name electron was quickly adopted for the negatively charged particles discovered by
Thomson.

Figure 6

Evidence suggested that the charge on a hydrogen ion was equal in magnitude, but opposite in sign to the charge
on an electron. This meant that the mass of an electron was 1/1836 the mass of a hydrogen atom. Since the electron was
much lighter than the lightest atom known (hydrogen), it appeared that electrons were smaller than atoms. Electric forces
could remove electrons from the metal atoms in cathodes, and it seemed quite certain that electrons were therefore
subatomic particles. Dalton's idea that atoms were indivisible particles was thus disproved.

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

German physicists were very interested in cathode
rays. Johann Wilhelm Hittorf performed the same
experiment as Crookes, showing that an opaque
object would cast a sharp shadow when placed
between a source of cathode rays and the end of the
cathode ray tube.

Figure 5 illustrates a cathode ray tube designed to demonstrate
the magnetic deflection of cathode rays. If the magnetic poles
are reversed, the deflection of the cathode rays is also reversed.
Notice that the deflection is perpendicular to the direction in
which the magnet is aligned. Many physicists experimented
with cathode rays, trying to identify what they were. Some
thought that cathode rays were a form of light. Others thought
that they were electrically charged particles, perhaps 'atoms of
electricity'.

Thomson did more than show that cathode rays were
electrons. He used combined electric and magnetic fields to actually
calculate the ratio of the electron's charge to its mass (e/m). Figure 6
illustrates the apparatus Thomson used to determine the charge-to-
mass ratio of the electron. Electric fields were used to balance
magnetic fields in his procedure.

Experiments done with hydrogen ions (hydrogen atoms
minus an electron) indicated that the charge-to-mass ratio for a
hydrogen ion was approximately 1/1836 that of the electron.
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Some of My Favourite Science Teachers
Gordon R. Gore

Physics Professor: Dr. Elton Pounder, McGill University

Dr. Pounder taught Electricity and Magnetism in a large lecture hall in the physics building at McGill University. I was
17 years old, in second year science at the time, and was warned this would be a ‘tough’ course. (For some strange reason,
that made me want to take it.) Dr. Pounder was very well organized. When you entered the lecture room, there were text
reference page numbers on the blackboard. You could find information easily if you needed to clarify any of the points
mentioned during the lecture. His lectures were clear, to the point, with no frills. Dr. Pounder made you feel that his
lecture was the most important thing he had to do that day. Teaching really mattered, in other words. It was a very large
class, but I would rather have a great teacher in a large class than a mediocre or boring instructor in a small group.

Shortly after Sputnik went into successful orbit in the late 1950’s, Dr. Pounder gave a special public lecture
explaining how satellites were placed in orbit. The Physics lecture hall was filled to capacity with university students of
many different disciplines. As usual, his lecture was crystal-clear, concise and interesting. What a privilege and
inspiration it was to hear a great teacher like Elton Pounder make a complex topic like orbiting satellites clear and
understandable to a general audience. I think this was the day I decided to be a teacher. That was a major decision, as
yours truly was extremely shy and definitely a ‘loner’ — certainly not your typical candidate for schoolteacher.

(To be continued next issue.)

Membership Form
Join the BIG Little Science Centre Society!

Fill out this form and mail it and your check for $20 ($30 for a Class Membership)
made out to BIG Little Science Centre Society to

BIG Little Science Centre Society,
Box 882 Stn Main,
Kamloops, BC, V2C 5M8

You will be placed on the membership list and receive our newsletter.

_____ I wish to become a NEWMEMBER of the BIG Little Science Centre Society.
_____ I wish to RENEWMY MEMBERSHIP in the BIG Little Science Centre Society.
_____ I wish to have a $30.00 Class Membership in the BIG Little Science Centre Society.
_____I wish to make a further contribution of $____________for which a tax receipt will be issued by

the BIG Little Science Centre Society,

Name _______________________________________ Phone________________________

Address __________________________________________

__________________________________________

__________________________________________Postal Code __ __ __ __ __ __

E-mail Address < > Date____________________

I prefer to receive my Newsletter by Regular Mail ________

by E-Mail ________


