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The BIG Little Science Centre is open to the public at these times:
Thursday 3:00 PM to 5:00 PM Friday 3:00 PM to 5:00 PM Saturday 10:00 AM to 4:00 PM
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CLOSED SUNDAYS and HOLIDAYS
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Admission Adults: $5.00 Children 6 to 16: $2.00 Under 6: Free Family: $10.00
Annual Membership: $35.00
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please let me know at grgore@telus.net . It would help reduce mailing and printing costs. Thanks,

Gordon Gore (Editor)
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Approximately 57,700 visitors have
enjoyed visits to the

BIG Little Science Centre!

This Newsletter is received by approximately 490
readers.

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

Mark Your Calendar!
Next Directors’ Meeting is on

Wednesday September 16, 2009 at 7:00 PM
Visitors are welcome!

Fall Open House
FrankenScience 3 is on
Saturday October 24
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How Do We Know How Old Earth Is?
Jim Hebden, Ph.D.

Before we look at the scientific evidence for the age of Earth, let’s look at what astronomers and cosmologists (scientists who study
the evolution of the universe) say is the way Earth and other planets were born.

Today, scientific evidence points to our star-filled universe being about 13.7 billion years old. However, once upon a time, a
long, long time ago, there was nothing in our universe: in fact, there was no universe. Suddenly, a super-dense ball of energy exploded
into being and within a millionth of a second the tiny ball had expanded enormously to create the universe: this is called ‘The Big
Bang’. About 0.0001 seconds later, protons and neutrons were formed and 100 seconds later the universe was made up of 75%
hydrogen ions, 25% helium ions and gazillions of photons (particles of light energy) for every proton and neutron. About this time,
there was so much heat and light energy present that the universe would have looked uniformly blank in all directions. By 380,000
years after the Big Bang, the universe had cooled and expanded enough that it became transparent and simultaneously allowed neutral
atoms of hydrogen and helium to form. As gravity pulled together local irregularities in the immense clouds of gaseous atoms, the first
stars were formed about 100 to 200 million years after the Big Bang. These first stars ‘burned’ furiously, being enormous by today’s
standards, and soon exploded in supernova explosions that produced all the elements found in nature today, such as carbon, oxygen,
silicon, iron, gold and uranium.

By about 300 million years, much of the remaining gas, and the stars embedded in the gas, had started to form galaxies,
clusters of galaxies and super clusters of galaxies because of gravitational attraction. Our galaxy, which we call the Milky Way or the
local galaxy, also started to clump together and revolve like a giant wheel, forming billions of smaller bundles of gas which in turn
were clumping together as a result of gravity and rotating, sort of like little ‘back eddies’ formed when a river goes around a bend.
These separate little ‘eddies’ were destined to become the stars in the Milky Way and one of eddies in a distant arm of the Milky Way
eventually became our sun. As the whirling ball of atoms that was to become our sun clumped together more and more, and rotated
faster and faster (like an ice skater that performs a spin at the end of a performance), the lighter elements (hydrogen and helium)
became concentrated at the centre, and the twirling ball of gas took on a flattened shape that resembled one soup bowl upside-down on
another soup bowl. The centre of the disc eventually became denser and denser and started to heat up as hydrogen atoms jostled each
other while they collapsed together and eventually started nuclear reactions. This central ball of gas became our sun.

Meanwhile, most of the heavier atoms of carbon, nitrogen, iron and so on, also collected together and formed many smaller
eddies farther out from the centre that eventually clumped together and formed the planets and asteroids surrounding the sun.
Scientists are not sure how long it took before what-was-to-become-the-Earth had accumulated enough material to take on its present
size and shape, but estimates of between 1,000,000 and 100,000,000 years have been put forward, depending on the particular theory
used. More important to our story, asteroids are now known to have formed very early in the birth of our solar system and have
remained largely unchanged to this day. Because Earth solidified and re-melted on more than one occasion in its early years, and
because molten rock from Earth’s mantle continuously erupts to the surface while the edges of some solid continental plates subduct
(plunge back down into the mantle) as a result of ‘plate tectonics’, there is probably none of Earth’s original surface left. However,,
there are a few places where traces of early rocks have been found, and these rocks are important to the rest of our story.

Naturally-occurring lead atoms occur as four different isotopes (see Medical Isotopes in BIGScience #136): lead-204, lead-
206, lead 207 and lead-208. However, lead-206, lead-207 and lead-208 can only be produced as daughter isotopes of the radioactive
decay of the elements uranium and thorium, while lead-204 is never produced because of the radioactive decay of another element.
The half-lives of uranium and thorium are known quite accurately (for a discussion of half-life see Half-Life: Throwing Nuclear Dice
in BIGScience #136). By measuring the ratios of the amounts of the lead isotopes produced by radioactive decay to the amount of
lead-204 present in a sample, the age of a rock can be detrmined by a calculation involving the uranium and thorium half-lives. The
oldest rocks that have been found on Earth are zircon crystals from Australia that date back 4.4 billion years. However, that does not
tell us how old Earth is, simply the age of the oldest rocks that have been found to date. The best astronomical theories tell us that the
asteroids started to form at the same time that Earth did. However, because asteroids are much smaller, they solidified quicker, did not
re-melt, did not undergo plate tectonics and therefore provide a permanent record (in their lead isotope ratios) of the solar system’s
age. The lead isotope ratios from over 70 different asteroid fragments that have fallen to Earth have ages in the range 4.53 to 4.58
billion years. From these measurements of lead isotope ratios and numerous others, the age of Earth is now thought to be 4.54 billion
years. Similar measurements of rocks from the moon and from Mars have given ages of 4.4 to 4.5 billion years old, which is
consistent with the age of Earth. There are also other methods such as cosmic ray dating which give consistent and almost-identical
ages for Earth.

Now when someone says they are ‘older than dirt’, you can tell them they sure don’t look like they are over 4 billion years
old!

For further information, you might want to check the following web sites:

http://en.wikipedia.org/wiki/Age_of_the_Earth
http://pubs.usgs.gov/gip/geotime/age.html

www.talkorigins.org/faqs/faq-age-of-earth.html
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What Is the Reason for the Phases of Our Moon?
Gordon R. Gore

Figure 1

The half of the moon that always faces us varies in illumination from darkness (new moon) to maximum
illumination at full moon, in a time of about two weeks. It then decreases illumination for two weeks until the cycle starts
again. Figure 1 illustrates eight stages of the moon’s appearance, called the phases of the moon.

Between new moon (no light) and full moon, we say the moon is waxing. After full moon, we say the moon is
waning.

During the phases when the full face of the moon is not illuminated directly by sunlight, one can sometimes see
the rest of the face of the moon just faintly illuminated by light that has reflected off our planet to the moon. Just as earth
is lit up at night by moonshine, the ‘new’ moon is lit up faintly by earthshine.

What is a Lunar Month?

Figure 2

The moon revolves around the earth once in 27
1
3 days.

Between one new moon and the next new moon, which is one

lunar month, one might expect the time elapsed to be 27
1
3

days. However, it takes 29
1
2 days! Why is a lunar month 29

1
2

days instead of 27
1
3 days? Why the extra 2 days? The reason

for this can be found in Figure 2. Not only is the moon
revolving around the earth. At the same time, the earth is
revolving around the sun. In Figure 2 there is a new moon

when the earth is at A. After 27
1
3 days, the moon has

completed one revolution, but the earth has moved on in its
orbit, and the moon is not yet in its new phase. It is still in its
old crescent phase. It takes a little more than two more days
before the moon moves into its new phase. Then, it will be
directly between the sun and the earth.

Think About It!
How long will it be between one full moon and the next?
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What Are Acids, and What Are Their Dangers?
By David McKinnon, Ph.D.

Most people’s understanding of an acid is something that is corrosive and can burn the skin. Acids certainly do these
things but some dangers involve a bit more than that.

To a chemist, an acid is a compound that can do the following reaction:HX �� H+ + X- .
That is, the compound behaves as a proton (H+) source. Sometimes the acid readily supplies this proton, and

sometimes it has to be removed by some chemical reaction.
I will look at the effects of the two parts of the acid, the proton (H+), and its matching anion (X-), which can be

very varied.
The dangers of acids depend on a number of factors, the concentration of the acid, the actual nature of the X-, and

the acid’s strength (the ability of the acid to undergo the above reaction, as some acids do it more readily than others).
Other factors are the contact time, and what the acid is in contact with. Some materials are highly sensitive to acids and
others are virtually inert.

Looking at the effects of the proton first, this is responsible for the corrosive properties of acids. Many of the
common metals, such as steel, zinc and aluminum, all corrode rapidly in most of the common acids such as sulfuric,
hydrochloric and nitric. Copper and silver are a bit more resistant to sulfuric acid and hydrochloric acid, but react
vigorously with concentrated nitric acid. Gold and platinum are relatively inert except to a hydrochloric/nitric acid
combination.

Acids can also attack various minerals and rocks. Marble and limestone are especially vulnerable, while granite is
relatively inert, except to hydrofluoric acid, which will even attack glass.

The main health hazard of the common acids is that they will attack the skin if spilled on it. Cuts and sensitive
tissues, such as the nose throat and the eyes are especially vulnerable even to dilute acids, and are affected by acids that
have fumes.

The most common acid is sulfuric acid. If dilute, it is corrosive, but not rapidly so if spilled on the hands and
washed off as quickly it will cause little damage. On the other hand, contact with sensitive skin such as around the eyes
will cause immediate extreme pain and major damage. Even concentrated sulfuric acid on the hands, if wiped off and the
area washed clean within a few seconds will cause little damage. Hydrochloric acid behaves likewise. Dilute nitric acid is
similar, but concentrated nitric acid reacts with skin to give a yellow stain. Nitric acid is also an oxidizing agent, so
contact with flammable materials should be avoided. Nitric acid reacts with cotton to make it more flammable.

All of these acids, even if dilute, will weaken or dissolve cloth such as wool, silk and especially cotton.
For concentrated sulfuric acid and phosphoric acid, another factor becomes important, that is their dehydrating

action. These will remove water from other materials and often with a drastic chemical change. For example, concentrated
sulfuric acid removes the elements of water from sugar to give carbon.

The dangers of other acids lie with the X- part. Nitric acid vapour and nitrous fumes from its decomposition react
with amino acids and other amines in the body. Apart from the acute irritation, there can be long-term effects including
emphysema and cancer.

Hydrocyanic or prussic acid is a relatively weak acid, but its dangers do not lie with the H+ part. Instead, they lie
with the cyanide (CN-) part, which is extremely poisonous. This reacts with certain enzymes so that the body cannot
utilize oxygen and death occurs rapidly. The same is true with hydrosulfuric acid (hydrogen sulfide in water). The sulfur
part is even more toxic than cyanide. Fortunately it is smelly and can be detected at a few parts per million. Sulfurous acid
(sulfur dioxide in water) releases toxic sulfur dioxide, which is a strong irritant to the lungs. Sulfur dioxide in the air is
eventually converted to sulfuric acid, which can damage buildings.

Organic acids are relatively less toxic, but concentrated formic and acetic acids are corrosive to metals and skin.
Propionic, butyric, valeric and other acids are less corrosive, but have awful smells. Tartaric, maleic and citric acids are
commonly found in fruit, and their mild acidity adds to the flavour, Oxalic acid is also found in some plants, but is fairly
poisonous, possibly due to interference with calcium metabolism in the body, and precipitating calcium oxalate as sharp
micro crystals that damage tissues.

Halogen substituted acetic acids (chloro- and bromo-acetic acids) are stronger than acetic acid itself and should be
treated with respect. They are corrosive and their vapours are irritating. Fluoroacetic acid is especially dangerous as it
competes with acetic acid in the body’s metabolic cycles and blocks enzymes.

Hydroxyacetic acid or glycolic acid is also stronger than acetic acid. This is corrosive enough to dissolve skin,
and in fact is widely used as a skin peeling agent by dermatologists and cosmeticians.

I emphasize again. ALL acids are irritating to the eyes and precautions should be taken when working with them.
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Barbara McLintock (1902-1992)
All she wanted was freedom, but she earned a Nobel prize for her work in genetics.

Kip Anastasiou, Ph.D.

She was born in Connecticut, and christened Eleanor McLintock, the third child of a physician father and a
Boston socialite from a Mayflower family. Her mother seems to have been very snobby, even introducing her
husband to her socialite friends as ‘NOCD’ (Not Our Class Dearie). True to form, she seemed somewhat
disappointed with Eleanor who showed a strong independent streak even from her second year. To her mother
she lacked sufficient femininity for the name Eleanor so from at least age 3, she called her Barbara, to her
mother, a less feminine name — not one she was christened with.

Therefore, Eleanor became Barbara for the rest of her life (she made it legal in her 40’s!). It is not
surprising that she developed rather negative feelings for her mother, even not allowing her mother to touch her
from age 3. Even at this early age, Barbara developed a very strong desire for freedom to do the things she
wanted to do, and these included the kinds of things that little boys liked to do. To her credit, her mother
dressed Barbara in bloomers and sent her out to play with the boys and any neighbours who might object were
given an earful by this Boston Blueblood! As soon as she entered school, Barbara realized that she loved to
learn and to solve problems. However, because of her incredibly independent streak she didn’t always prepare
for tests or even do homework. Still she did reasonably well.

Barbara desperately wanted to go to college, but her mother thought college education would make
her unmarriageable or horrors, become a professor, but Barbara’s father won the day and her mother enrolled
her in the Agriculture Faculty at Cornell University (It was free! Even as a doctor, her father struggled to make
a respectable living in a meager practice).

University was a fantastic experience for Barbara. She had a ball taking and dropping as many
courses as she was, at least for the moment, interested in. Pretty and brilliant, she was very popular and became
women’s class president during her first year. Even so, with the number of courses she took and then dropped,
and her lack of attention to marks, she graduated with just under a B average (which today would NOT qualify
her for grad school). Cornell admitted her to a graduate program in Botany, which she loved. Barbara completed
her masters and doctorate in Genetics by the time she was 25. There were very few academic and even fewer
government jobs for a woman at that time. There were even fewer for a young woman who wanted to do
nothing except what she felt like doing at any one time. So she remained at Cornell supported by post-doc
fellowships.

Barbara was fascinated by cytogenetics, in which heredity is studied through the careful examination
of nuclear and cytoplasmic evidence. She became extraordinarily expert at examining chromosomes in her
study organism, Indian corn or maize. They are remarkably small and thin. Compared to salivary gland
chromosomes in fruit flies, they are almost invisible. However, Barbara made them visible and for the first time
ever, was able to distinguish them and characterize each of the ten. She was so successful that she soon had
gathered a group of graduate students and ‘post docs’ who developed interests in cytogenetics. Among them
was George Beadle who later won the Nobel Prize (1958 – one gene one enzyme concept) for his work on the
genetics of the mold, Neurospora. (Oh, yes, Barbara was called in to help George work out the cytogenetics).
[Hey, I took a course from George.]

After a few years, she got a university position, but she was unhappy having to cater to students and
other university commitments, which cut into her time for research. Five years later, she quit ostensibly because
she didn’t think she would get tenure (she was already assured she would). A university appointment did not
provide the freedom she needed. Barbara was appointed to the research staff of the Cold Spring Harbor
Carnegie research station on Long Island in New York. There she could do what she wanted when she wanted.
Perfect! She stayed there until she died.
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The corn she studied gave one field crop a year and possibly another over the winter in a greenhouse.

She trusted no one with her plants, nurturing and protecting every one. At least once in a terrific windstorm, she
alone was out there propping up her precious research material. She had ‘a feeling for the organism’ that was
admired and envied.

During her early research years she worked out the mechanism of crossing over in meiosis and
discerned its meaning. Other cytogeneticists had observed the process but Barbara was able to describe it and
interpret what was happening. She had hawk-eyes and interminable patience. She worked long after others left
in the night and having little need of sleep, was the first there in the morning. She allowed only the anointed
brilliant and gentle friends to visit. Others were summarily dismissed, often politely. If interested scholars
wrote her with questions she admired they were liable to get a 25 page typewritten letter in return (that is in a
few months!) otherwise the inquiring letter “never arrived”. I believe a 50-pager was the record length.

She worked out the expressions and locations of many corn genes with a special interest in their
mutations and interactions. In addition, she was able to develop systems conducive to genetic mutation. She
never bought the ‘string of pearls’ concept of genes. Because of the complicated nature of her experiments,
many researchers found it difficult to understand her research papers. When others later repeated her work or
found the same thing in other organisms, what she described became clear. She would say: “Wait a while,
they’ll get it”.

An indication of how annoying her colleagues could be occurred when she gave a seminar on her
developmental theories at the University of Wisconsin. During her talk, she diagramed the sequence of events
on the blackboard according to her findings. Sewell Wright, a retired celebrated geneticist, then interrupted her
seminar by walking up to the board and erasing her diagram and placing exactly the reverse on the board. She
calmly erased his and redrew her diagram, and then he agitatedly rushed up and replaced hers with his. This was
repeated several times until she finally bolted out of the door declaring she would never return to Wisconsin
until Sewall Wright was dead. Unfortunately for Barbara and Wisconsin, Wright lived longer than any other
geneticist, dying at age 98! She never returned.

In 1948, when she first described genetic material that moved from one place to another on the
chromosomes, transposons, few could bring themselves to believe such an outrageous idea. Yet, within a few
years, transposons or ‘jumping’ genes, were shown to be common and an important mechanism in the function
of the chromosomes. Even the insertion of viral DNA into host chromosomes to cause infection was related. In
1982, she received the Nobel Prize for her work on genetic transposition, the movement of genetic material on
the chromosomes.

In about 1953, she got so fed up with her colleagues that she stopped publishing in journals requiring
peer reviews. (“They just don’t understand my work”.) For the last part of her life (she lived to 90 and
researched to the end or close to it), she worked on the cytogenetics of all the maize varieties in North and
South America. She established a number of labs in South America and trained their scientists in her methods
and she was a very demanding and tough teacher, but they loved her for it.

Barbara McLintock died a couple of months after she was honored with a volume of papers by her
friends and colleagues — a librarian would call it a festschrift, or in our terms, a memoir. I am absolutely
certain that she found a lot of ideas she disagreed with in its hundreds of pages. In fact, I would hazard a guess
that she was mumbling to herself over and over again, “NOCD”.

Sources: Comfort. 2001. The Tangled Gene. Harvard. Federoff and Botstein, Eds.

1992.The Dynamic Genome. Cold Spring Harbor Laboratory. Keller. 1983. A Feeling for

the Organism. Holt. Internet: McLintock, Beadle, Wright, Creighton, Brink.
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Science Fun for Your Family
Pinhole Images

Figure 1

Figure 2

Think about it! (And try It!)

1. Is the image of the flame right side up or upside-down?
2. How can you make the image on the screen larger?
3. How can you make the image on the screen smaller?
4. When is the image the same size as the actual flame?
5. What happens to the brightness of the image when you make the image larger?
6. What happens if you punch two pinholes in the foil?

You Need:

1 room that can be darkened 1 candle
1 jar lid 1 roll of wax paper
1 pair of scissors 1 roll of aluminum foil
4 clothespins (or blocks of wood) 1 pin
1 box of paper clips (or a stapler) 1 roll of masking tape
Thick card stock for frames 1 shoebox

Part A

What to Do

1. Make an aluminum foil ‘sandwich’, by cutting a pair of cardboard
frames and clipping or stapling a sheet of foil between them, as in
Figure 1.

2. Make another ‘sandwich’, using wax paper instead of foil.
3. Support the two ‘sandwiches’ with clothespins, so that they stand
straight up, or ‘tack’ the ‘sandwiches’ to blocks of scrap wood, as in
Figure 2.

4. Mount a candle in a jar lid (to catch the drippings).
5. Set the foil sandwich about 15 cm in front of the candle, and the wax
paper sandwich another 15 cm in front of the foil.

6. Use a hatpin to punch a small, clean pinhole in the foil. Punch the
hole at the same level as the top of the candle.

7. Light the candle, and then darken your room.
Caution! Do not leave a burning candle unattended!

8. Describe what you see on your wax paper ‘screen’.

Part B

You can make a pinhole ‘camera’ from a fruit
juice can, a jam tin, a coffee can, a shoe box, or
any container that can be made light-proof. The
‘camera’ in Figure 3 is made from a shoebox.

�� Figure 3
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What to Do

1. Tape a square of aluminum foil over a small window at the front of the box.
2. Use a hatpin to punch a small hole in the middle of the foil.
3. Make a ‘screen’ the same way as in Figure 1, but make it just big enough to fit inside the box. It is movable.
4. Make a small peephole to permit you to see the image without darkening your room.
5. Put the lid on the box and see what you can see! Aim your camera at a scene outside your window.

Caution! Never look directly at the sun. Doing so can result in permanent damage to your eyes.

Think about it!

1. Is the image you see in black-and-white, or in colour?
2. Is the image you see right side up or upside down?
3. How would you improve your camera so that you could take pictures with it?

Figure 4

Challenge!

Why not make a pinhole camera big enough that you can crawl inside and see an image!

Summer science camp students at the BIG Little Science Centre made the ‘camera’ in the above photograph. On
the front of the box, there is a pinhole poked in an aluminum foil ‘window’ (as in the shoe box in Figure 3). For a screen,
make a large cardboard frame with wax paper in the middle. You can hold the frame in your hand to see the image formed
by the light coming through the pinhole. (If you wish, you can make a permanent screen for your ‘camera’, and tape it in
place inside the box.)

You have to crawl inside the box, close the end so that it is very dark, and look at the image of a bright object.
You can aim the box out a window or a door and see what the image of the landscape looks like. Will the image be right
side up or inverted? Will it be in colour or black and white? Will it be large or small? What will happen if you make an
extra pinhole in the foil?
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Can you really float a solid steel ball on water?
Gordon Gore

Figure 1 Figure 2 Figure 3

This might be classified as a ‘magic trick’, but being science teachers, we have to explain the science behind the ‘trick’.
As you can see in Figure 1, the beaker was first filled with Jelly Marbles�� . These ‘marbles’ are ‘grown’ by placing a
teaspoon of tiny sodium polyacrylamide spheres in water and letting them swell up for several hours. These spheres are
colourless and they have the same index of refraction as water; therefore, you cannot see them when they are in water, as
in Figure 2 and in the cover photograph. Figure 3 illustrates the ‘marbles’ as sold by Steve Spangler Science.

Figure 4 Figure 5

Steve Spangler provides several suggestions for classroom use of Jelly Marbles�� . For example, you can use
one of the spheres as a magnifier, since it acts like a sphere of water.

You might like to experiment to see what happens to a narrow beam of white light from a ray box when
it enters a sphere, and then refracts, disperses, and reflects inside the sphere, the way light does inside water
droplets during a rainbow. The dispersion is weak, but barely discernable.

Jelly Marbles�� are considered non-hazardous, chemically speaking, but they could present a choking
hazard for young children.

You might wish to visit:

http://www.stevespanglerscience.com/product/vanishing-jelly-marbles-kit

Write a message on a piece of paper,
the same size as the bottom of the
beaker you will use. Try reading the
message when the beaker contains
just the ‘marbles’ (Figure 4).

Now, fill the beaker with
water (Figure 5). Since the marbles
and water refract light the same, the
message will come through clearly!


