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Summer Public Hours of Operation

July 2 to August 29 2009
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With a special show/activity
daily at 11 am and 1 pm

We are closed:
August 1, Sundays and Holidays

CLOSED DURING SCIENCE CAMPS
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Approximately 56,000 visitors have
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Final Summer Camp
August 10 to August 14

This Newsletter is received by approximately 490 readers.

Back issues of BIGScience can be viewed at
http://www.blscs.org/ClassMembers/Newsletters/

Ehren Stillman Cartoon

NEWS FLASH! Iranian scientists have just succeeded in
cloning a cow. Flushed with success, they will now attempt
to clone an udder one. GRGore
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Summer Science Camp Day 4

‘Dinosaur Detectives’

Gordon Gore Photos

Thursday morning of Camp #1 featured a ‘dinosaur dig’ in the long jump pit at Bert Edwards Science and
Technology School. Thomas Giroday and Susan Hammond hid the many ‘fossils’ deep in the sand so that
our ‘detectives’ could locate them following a very precise procedure. This summer’s camp was designed and
run primarily by assistant operator Susan Hammond, with help from summer student helpers Heather Neave
and Thomas Giroday. (It was also ‘weird hair’ day, in case you are wondering about the strange hair styles.)
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Figure 1 These daring young cliff jumpers experienced apparent weightlessness, until they landed on powdery silt at the bottom of
a hill in Westsyde, in Kamloops BC. Gordon Gore Photo

Gordon Gore Photo
Figure 2 Mike Sampson of Kamloops displays his trick riding skills at a motocross event atWhispering Pines in Kamloops.
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Is an Orbiting Astronaut Really ‘Weightless’?
Gordon R. Gore

Isaac Newton believed that the force that keeps planets in orbit is the same force that makes an apple fall from a tree to
the ground. He believed that there is a gravitational force between any two bodies in the universe. That force depends on
how massive each of the bodies is, and how far away they are from each other.*

Like all other forces, gravity is a mutual force. That is, the force with which Earth pulls on a falling apple is equal
to the force with which the apple pulls on Earth, but in the opposite direction.

According to Newton’s Law of Universal Gravitation*, as distance from the centre of Earth R approaches
infinity the force of gravity approaches zero. Obviously, true weightlessness is not likely to be achieved! When people
talk about 'weightlessness', they usually are referring to apparent weightlessness.

Apparent weightlessness is experienced when one feels zero force from supporting structures (your seat, the
floor, or the surface of Earth). This will happen when your supporting structure has the same acceleration as you have!

Figure 3 Gordon Gore Photo

Ehren Stillman Cartoon

*The equation for Newton’s Law of Universal Gravitation is: F = G
Mm
R2

, where G represents the universal gravitation constant.

** Symbol ‘g’ stands for the local acceleration due to gravity. Near Earth’s surface, it is 9.8 metres per second, per second (9.8 m/s2).

Of course, if there is no supporting structure (as when you
jump off a cliff (Figure 1) or when you are in the middle of a jump)
you will also experience apparent weightlessness. The trick
motocross rider in Figure 2 (Mike Samson of Kamloops, BC)
experiences apparent weightlessness (and possibly sheer terror)
when he is in the middle of a jump. BMX trick rider Keith Elliott
(Figure 3) also experienced apparent weightlessness while
descending to Earth.

Imagine a person standing on a scale in an elevator, as in
the cartoon (below). When the elevator is standing still, the scale
will give the true weight of the person, which is the force of gravity
exerted by Earth on the person. Imagine now that the cable breaks,
The elevator will accelerate down at rate g**. The person in the
elevator will also fall, accelerating at rate g. The scale, placed in the
elevator by the person (who just happens to be both a physicist and
a boy scout), will read the apparent weight of the person, which is
zero.

The astronaut in an orbiting space vehicle feels weightless
for the same reason as the person in a falling elevator! Although
both the astronaut and the vehicle are in orbit, they are also in 'free
fall', accelerating downward at the local value of ‘g’. The astronaut
feels no resistance from any supporting structure, so he or she feels
'weightless'.

You experience brief sensations of apparent weightlessness
during everyday activities. If you are running, you will experience
apparent weightlessness during those intervals when both feet are
off the ground, because you are in a momentary 'free fall' situation.
Jumping off a diving board or riding your bike swiftly over a bump,
you will experience brief moments of apparent weightlessness.
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The Light and Colour Room
Photos and Text by Gordon R. Gore

The Light and Colour Show is a popular and very elaborate series of demonstrations. The equipment is left set
up permanently in the appropriately named Light and Colour Room. The show has changed very little since its
inception, but a few new twists are added from time to time. The photographs illustrate the main components of
this exciting display.

Diffraction glasses (left) can be used to see the ‘colours’ emitted by various light sources. A candle flame (middle) gives off a
continuous spectrum of light, while a helium discharge tube (right) emits very specific frequencies (colours), unique to helium. We
have several types of discharge tubes.

Left: Steve uses a Florence flask full of water as a lens, to project an image of the candle on a screen. Right: Using a hand generator,
the demonstrator lights up a series of LED’s. A plasma ball in the background can be used for several demonstrations.

Left: A black (ultraviolet) light makes some highlighter writing fluoresce. Right: A set of light sticks glows in ultraviolet light, even
though the light sticks have not yet been ‘cracked’.
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Left: A small Tesla coil is used to show how energy can be transmitted without wires, by way of microwaves. A fluorescent bulb and a
‘neon’ sign are illuminated in the example above. Right: Floodlights emitting the primary light colours (red, blue and green) are used
to show what happens when these light colours are added on the screen. In the photograph above, one sees an interesting shadow.

A green laser pointer shone through water containing fluorescein dye illustrates reflection and refraction. Internal reflection and the
principle behind fibre optics is illustrated using a fibre optic lamp and other devices we have on hand.

A half-silvered mirror is used for the conclusion of our show. A volunteer looks in the mirror and sees his or her normal self. We then
switch on a lamp on the backside of the mirror, and the volunteer sees a very different image. We have a lot of fun with this
demonstration!

The Light and Colour Room is a very special place, and the Light and Colour Show is a very special show.
These topics are relevant to the curriculum in general science in grades 4, 8 and in Physics 11, and the show can be
presented for any age level. It is also one of the more popular shows when we have an Open House.
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What is the ‘Sound Barrier’?
Gordon Gore

When a fast car or motorbike approaches you, the pitch
of its sound rises; as the vehicle goes by, the pitch
lowers. The effect is quite noticeable if one watches a
high-speed automobile race live or on television. What
causes this change in pitch? Austrian physicist C. J.
Doppler (1803-1853) was the first to explain the effect
in terms of waves, and the effect is called the Doppler
effect.

Figure 1

Figure 1 illustrates sound waves coming from a
moving source. The vehicle is moving to the left. Sound
waves coming from the vehicle are bunched in front of
the vehicle, which is tending to ‘catch up with its own
sound’. (The diagram exaggerates the effect.) The wave
fronts (compressions) are closer together in front of the
vehicle and further apart behind the vehicle.

The observer at A hears a higher pitch than
normal, since more compressions and rarefactions pass
his ear per second than pass the observer at B. The
observer at C hears a lower pitch than normal. Fewer
compressions and rarefactions pass his ear per second
than if he was at A or B.

As the vehicle passes observer A, observer A
will hear the pitch go from high to normal to low in a
very short time interval. He will hear the Doppler
Effect.

The Sound Barrier

Figure 2

An extreme case of the Doppler effect occurs
when an aircraft (or bullet) travels at the same speed as
the sound it is producing. At the leading edges of the
aircraft, the compressions it creates (Figure 2) tend to
bunch up and superimpose on each other. This creates a
wall of compressed air called the sound barrier. Great
thrust is needed from the plane's engines to allow the
plane to penetrate the sound barrier, but once through the
barrier, the plane experiences much less opposition to its
movement through the air. The plane, once through the
sound barrier, is then supersonic. Its speed is now
greater than Mach 1! The U.S. Navy photo on the
cover shows an aircraft in the process of ‘breaking the
sound barrier’. (The speed of sound at sea level is
approximately 1,200 km/h.)

Shock Waves and the Sonic Boom

Figure 3

Figure 4
Ehren Stillman Drawings)

If a plane travels faster than sound, it gets ahead
of the compressions and rarefactions it produces. In two
dimensions (Figure 3), overlapping circular waves form
a V-shaped bow wave, somewhat like what you see
from the air looking down at a speedboat traveling
through still water. In three dimensions, there is a cone
of compressed air trailing the aircraft. This cone is called
a shock wave. When the shock wave passes you, you
hear a loud, sharp crack called the sonic boom. See
Figure 4.

Aircraft are not the only producers of sonic
booms. Miniature sonic booms are caused by cracking
whips and rifle bullets!



Deodorants and Antiperspirants: Why Does Sweat Smell Bad?
Jim Hebden, Ph.D.

The short answer is: it doesn’t, at first. Initially, when you sweat the result is actually odourless – we will see why sweat eventually
smells bad later. Okay, I know: “horses sweat, men perspire and women glow gently” is an old saying but it isn’t true because all
humans sweat a great deal. In fact, adults produce about one litre of sweat each day and may sweat up to one litre an hour. However,
chickens and dogs (among other animals) have no sweat glands and therefore ‘pant’ instead.

If you have ever entered a room and noticed a nasty smell, you also may have noticed that after a while the smell seems to have
disappeared. The smell actually hasn’t disappeared, but our brain has become accustomed to the smell so that we simply no longer
notice it. This is different from the rotten egg smell of hydrogen sulphide (see the article “Good and Bad Stinks” on page 7 of BIG
Science Newsletter 131, April 2009), which is very stinky at low and harmless concentrations but cannot be smelled, even when
entering an area, at poisonous higher concentrations. It is commonly noted that during the Middle Ages in Europe there were no
deodorants and baths were frowned upon because frequent bathing was thought to be dangerous to the health. As a result, almost
everyone from peasants to kings and queens had a distinctive and probably offensive body odour. However, because everyone smelled
that way, people likely didn’t notice the smell as their noses became accustomed to it, and in some cases heavy perfumes were used to
cover up the smell. (Interestingly, some types of modern room deodorants don’t actually destroy bad smells; they simply act on our
noses to stop them from smelling the odour.)

Today, people usually bathe regularly and use either an antiperspirant or a deodorant to prevent others around them from being
offended by what is actually a natural process in healthy people. Before going further, let’s see what the difference is between a
deodorant and an antiperspirant.

A deodorant usually contains chemicals to kill bacteria, as well as having various fragrances to cover up any remaining smell.
Deodorants do not actually stop us from sweating; they simply deal with the bacteria that feed on our sweat.

An antiperspirant actually stops us from sweating. The usual way in which this happens is to use aluminum or zirconium salts that
dissolve in the sweat and create a ‘gel’, such that the aluminum salt forms a network of microscopic crystal-like particles, which trap
the water-containing, sweat inside. These particles block the pores of the sweat glands and prevent further sweat from forming.

Although people normally apply deodorants and antiperspirants under their armpits, the number of sweat glands there (25,000 to
50,000) is only a small part of the total sweat glands (about 2.6 million) that cover human skin. Sweat that escapes from the non-
armpit areas is usually less noticeable. This is because, unlike the area under our arms that traps sweat and prevents evaporation so as
to allow bacteria to have a nice warm and moist feeding ground, the other areas usually allow ready evaporation of the sweat. There
are actually two types of sweat glands: one type (‘eccrine’) is located all over our body and produces mostly water and a little salt, the
other type (‘apocrine’) is concentrated in our armpit and groin areas and secretes a milky–yellow fluid containing fatty acids and
proteins that bacteria feed on to produce an unpleasant smell. (Although our feet may smell bad if left in running shoes for a long time,
this smell is not due to the presence of apocrine glands, which secrete their fluid into hair follicles and aren’t present on the feet.)

The big question is: why do we sweat? When water evaporates, heat must be absorbed to make water molecules go from the liquid to
the gas state. In other words, you have to heat water in order to make it boil. Sweat serves the purpose of cooling off the body by
excreting water (passing out water through pores in your skin) and absorbing our body’s excess heat as the sweat evaporates, thereby
cooling us. (Not all sweat actually evaporates; during heavy exercise some sweat simply drips off our skin. Also, some of our body’s
water is lost when we exhale, as can be seen if you blow on a cold mirror.) The water comes from the spaces between our body’s cells
(called the ‘interstitial space’, and which in turn gets its water supply from blood vessels in the outer layer of our skin) and since the
interstitial space contains both water and a little salt (sodium and potassium chloride), our sweat is therefore mostly water mixed with
a little salt. When the temperature is low to moderate and when we are rest, the sweat glands re-absorb most of the salt and water
obtained from the interstitial spaces so that little salt or water is lost. However, if the temperature is hot or we are exercising heavily,
the sweat glands are working quickly and do not have time to reabsorb the salt and water, causing a substantial amount of salty fluid to
be deposited on our skin. As a result, your skin has a ‘salty’ taste because of the small amount of salt deposited when sweat
evaporates. Because salt is necessary in the body to maintain proper health, excessive sweating, say through heavy exercise, requires
us to increase the amount of both water and salt we consume so as to maintain our body’s ‘electrolyte balance’ (salt concentration).

The best way to ‘rehydrate’ after heavy sweating is simply to drink water — lots and lots of it. Sports drinks are supposed to replenish
both the water and salts lost through heavy sweating, but they also have sugars that reduce the rate at which our cells rehydrate and
require you to drink a great deal of liquid to be effective — which is also one goal of selling such drinks. Fruit juices suffer from the
same delayed hydration because they contain fruit sugars, and the same is true of soft drinks, which in fact have no nutritional value
but do taste good. Coffee and tea are terrible for rehydration purposes because they are ‘diuretics’ (they make you urinate more) and
do the exact opposite of what your body needs.

In addition to the sweat produced when we are at rest or exercising, sweating is stimulated by complex bodily processes when we are
nervous or afraid. The processes primarily affect the sweat glands in our armpits and on the palms of our hands, so that our hands
often feel ‘clammy’ or cold when we are nervous. This type of sweat production increases the salty moistness of our hands and
increases their electrical conductivity, which is taken advantage of by the so-call ‘lie detectors’ used by law enforcement agencies.

So, you might not always smell very good but at least now you know why and what you can do about it.



Science Fun for Your Family
Gordon Gore

Larry Read and Gord Stewart

Ehren Stillman Cartoons

Diet Coke and Mentos

You have probably seen the ‘Mentos™ and Diet Coke™’ experiment’ on
television (e.g. on MYTHBUSTERS) or at the BIG Little Science Centre. In
its simplest form, you drop 7 or more Mentos candies into an open bottle of Diet
Coke, using a paper or other cylinder out of which the candies slide
simultaneously into the pop. (A large test tube works well if you have access to
one.)

The rough surface of the Mentos candies provides ‘nucleation sites’ at
which the carbon dioxide gas dissolved in water in the pop can come rapidly out
of solution. A fountain of pop erupts and can reach a height of perhaps 6 m.

Greater heights (up to 10 m) can be achieved using Steve Spangler’s
Mentos Geyser Tube�� . (Photo bottom left.) (Spangler recommends using only
7 candies.) This device makes it easier to drop the candies in quickly, and a
smaller exit hole allows for greater pressure and a higher fountain.

You might wish to visit these sites:

http://www.stevespanglerscience.com/product/2072

http://www.newscientist.com/article/dn14114-science-of-mentosdiet-coke-
explosions-explained.html

http://www.eepybird.com/exp214.html

http://www.eepybird.com/


