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The Mysterious Winter Butterfly 
 

 
 
This little Monarch butterfly flew all the way from the United Kingdom, possibly by Air Canada. Jack Snoddy, 
who is in Mrs. Ramsay’s Grade 2 class at Bert Edwards Science and Technology School, had fun figuring 
out how it survived its long journey. http://www.grand-illusions.com/acatalog/My_Butterfly.html 
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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 

 
On Saturdays, there is a special show/activity at 1:30 PM.   

  
CLOSED SUNDAYS and HOLIDAYS 

 
Phone: 250 554 2572   E-mail Gord@blscs.org  or  Susan@blscs.org 

Admission       Adults: $5.00       Children 6 to 16: $2.00       Under 6: Free      Family: $10.00 
Annual Membership: $35.00
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Approximately 75,000 visitors have 
enjoyed visits to the  

BIG Little Science Centre! 

This Newsletter is received by more than 800 readers. 
Back issues of BIGScience can be viewed at 

http://www.blscs.org/ClassMembers/Newsletters/
 

 
KAMLOOPS EXPLORATION GROUP 

LECTURE SERIES 2011 
 

The first lecture of the 2011 season will be Wednesday, January 19th, 
at 7pm. This first talk will be at the Grand Hall at TRU. For its first 
lecture of the season, the Kamloops Exploration Group is pleased to 
present 

Dr. Nick Eyles
Professor, University of Toronto 

"7 months on the road with CBC, the making of 
Geological Journey" 

  

For more information about Dr. Nick Eyles, please visit  
http://www.geology.utoronto.ca/Members/eyles 

 
2011 schedule 

 
Jan. 19th      Nick Eyles     in Grand Hall at TRU 

" 7 months on the road with CBC, the making of Geological Journey " 
  

Feb. 3rd     Susan Eaton       Salon A/B - Kamloops Towne Lodge 
" Recreating Shakleton's Antarctic Expedition " 

  

  Feb. 17th    Bruce Madu     Salon A/B - Kamloops Towne Lodge    
“Geologic Wonders of the World " 

 

    March 3rd       TBA 
 

March 17th  Nigel Skermer  Ball Room C-Kamloops Towne Lodge 
                " Landslides - Testalinden Creek Mudslide " 
 

March 31st Dr. Grant Zazula Ball Room C-Kamloops Towne Lodge 
                    " Ice Age Fossils in the Klondike Goldfields " 
 

Please note, dates and topics subject to change 
For more information, please e-mail karpoff@telus.net 
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Year of Science: Will It Affect Classroom Learning? 
 

Gordon R. Gore 
 

A goal of the Year of Science BC is obviously to encourage more young people to consider science as a career. 
Ideally, this process, whatever it is, should begin at the elementary school level and continue through secondary 
school and beyond. 
 

 How does one turn kids on to science? At the BIG Little Science Centre, we meet quite a few ‘science 
keeners’. Some have learned a lot of ‘science facts and terminology’ from television shows or Internet web 
sites. Some have been inspired by their parents or by a special teacher. Some parents and teachers give the 
credit to the child, but fortunately, the truth is they have usually encouraged the child’s interest, rather than 
taking the attitude that “I was no good at mathematics and science at school, so you shouldn’t be either”. 
 

 Some teachers who enthusiastically bring their classes regularly to the science centre will say they ”do 
not know much science”. However, these same teachers are genuinely keen to learn things along with their 
students. Their attitude is typically, “I don’t know about that topic, but let’s find out!” 
 

 Ideally, every school or at least every school district would benefit from having its own BIG Little 
Science Centre. Times are tough these days, and one cannot foresee money being provided to supply adequate 
equipment or to build proper science rooms for elementary schools. The Ministry of Education provides 
encyclopedic lists of ‘prescribed learning outcomes’ (PLO’s) expected of all one’s students. One wonders how 
teachers actually find the time and the resources to fulfill even a fraction of all these objectives.  
 

 Most students learn best and most enthusiastically when science is treated as a ‘verb’. Hands-on 
activities generate interest and create positive attitudes toward science. However, hands-on science requires 
time and access to materials. One partial solution might be to create a Science Corner in your classroom, 
where students can casually engage in science exploration using everyday materials: in other words, a ‘mini 
science centre’ in your own classroom. Many elementary teachers already do this. Perhaps they might wish to 
share their ideas with others in this newsletter. 
 

 Many of the articles in this newsletter (such as Science Fun for Your Family) might be adapted and 
used to create Science Corners for your classroom. A sample Science Corner follows. 
 

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

Elementary Teachers: Please share any ideas you have used successfully as Science Corners. Descriptions 
and sharply focused photos may be e-mailed as j-pegs to grgore@telus.net . We will credit your contributions, 
of course. 

Gordon R. Gore 
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Science Corner Investigation: Mirrors (1) 
You Need 
 

2 small, flat plastic mirrors, with suitable vertical supports  
1 piece of plain white paper, letter size 
 
What to Do 
 

1. Hold the mirror vertically. Look into the mirror. Touch your right ear. Watch what the good-looking person 
in the mirror does. Which ear does he or she seem to touch? 

 

2. Write your first name on a piece of paper. Look at your writing in the mirror. What is ‘unusual’ about what 
you see? Write your name so that it looks ‘right’ in the mirror. 

 

                  
 

       
                                   (1)                                     (2)                                             (3) 
 

      
 

Challenge!  
 
Write similar words on a clear sheet of plastic. Hold the plastic so that you read the words, as they should 
appear. Does the mirror make the image appear ‘backward’, or is there some other reason? 
 

3. Notice how AMBULANCE is written on the front of this 
vehicle. Why is it written that way?  

 

4. Try writing AMBULANCE on a piece of paper, so that 
it looks normal in a mirror. 

 

5. Prepare 3 file cards with words like the ones in the 
photographs #1, #2, and #3 below.  

 

6.  Hold card #1 in front of the mirror, as in the 
photograph. Why is one of the words ‘backward’, in 
the mirror, while the other two words are not? 

 
7.  Hold card #2 in front of the mirror. What do you see 

in the mirror? 
 
8.  See if you can find a way, using a second mirror, to 

make card #3 reflect so that it is ‘not backward’. 
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Science Corner Investigation: Mirrors (2) 
 
When you look in a mirror, where is the image? Is it on the mirror, in front of the mirror, or behind the 
mirror? 
 
You Need: 1 plane mirror with a support, 2 pencils, 1 piece of blank paper, 1 centimetre ruler 
 

 
 

1. Hold a pencil about 10 cm in front of a flat mirror, as in the photograph. (Hold the pencil in a vertical 
position when you do the experiment.) Look into the mirror and you will see an image of the pencil. 

 

2. How far is this image from the rear of the mirror?  To find out, move a second pencil around behind the 
mirror until it appears to be in the same place as the image. 

 

3. Push down on both the original pencil and the image-locating pencil so that a small mark is left on the paper 
on your desk. 

 

4. Use a centimetre ruler to measure these distances:  
 (a) From the first pencil to the mirror surface and  
 (b) From the mirror surface to the image. 
 

5. Try using other distances from the first pencil to the mirror surface. 
 
Questions:  
 

1.  How do the two distances compare with each other? 
 

2.  Imagine you wish to photograph your image in a mirror. If you are 1 metre in front of the mirror, should you 
focus your camera at a distance of 1 metre or 2 metres? 

 

3. Imagine that you run toward a mirror at a speed of 10 metres/second.  How fast will your image in the mirror 
approach you? 

 



6 

NASA, DNA and a Weird Bacterium 
Jim Hebden, Ph.D. 

 

Where there is life there is DNA (DeoxyriboNucleic Acid; pronounced “dee-oxy-rye-bo-new-clay-ic acid”). This has been an 
established truth for many years, but a recent announcement by NASA has added to growing speculation that the DNA molecule as we 
know it may not be necessary for life to exist, especially if life is found on other planets. Before we go any further, we will need a 
quick lesson on what DNA is and why it is important. 
 

 The backbone of the DNA molecule consists of a string of phosphate (“foss-fate”) groups alternating with a type of sugar 
called deoxyribose (“dee-oxy-rye-bose”), as shown in the diagram below. 
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 DNA forms very long chains of millions of phosphate-deoxyribose pairs (only a tiny portion of which is shown in the above 
diagram) and are usually mated with another (“complementary”) DNA molecule to form a double helix. (A helix – the plural is 
helices [“hee-li-sees”] – is the shape of a spring that coils around and around and up and up, like a twisted ladder. A double helix 
looks like two springs locked around each other). The key to DNA’s importance is the set of bases shown in the diagram. There are 4 
different bases – adenine, thymine, guanine and cytosine – which occupy the positions labeled “Base” in the diagram. Although the 
chemistry and biology of DNA is too complicated to go into here (unless you want to read another 10,000 pages of college-level text 
and diagrams, with more being added each day), we can at least sketch out what is going on. Special molecules are able to open up the 
double helix, like undoing a zipper, and “read” the order of the bases in sets of three at a time. Each set of 3 bases is then translated 
into a type of molecule called an amino acid, and long strings of amino acids are then created. Such long strings of amino acids are 
called proteins, which are the “work horses” of life and direct the various chemical processes that maintain all living things, including 
bacteria, plants and humans. DNA itself reproduces after being “read” by the helper molecules: each of the two individual halves of 
the double helix assembles a complementary copy of itself; that is, the other molecule with which it was formerly twinned. After each 
half of the double helix has assembled a new complementary partner, the result is two new double helices identical to the original one. 
 

 With virtually no differences from species to species, the life-sustaining molecules and the DNA of even the simplest 
bacterium are made of the same basic parts and work in the same way as our DNA. All life is related in this very fundamental way. 
Interestingly, many of the genes (the basic tools of life) are almost identical for both the simplest known forms of life and humans: 
Once Nature has created something that works, it uses it over and over again. This also means that DNA and its helper molecules 
formed very early in the history of the Earth, although evidence is accumulating that a related molecule call RNA (RiboNucleic Acid, 
“rye-bo-new-clay-ic acid”) may have been life’s earliest form of reproductive molecule before DNA took over). 
 

 Now we come to the reason that the NASA announcement was such a big deal. Chemistry 11 tells us that the chemical 
elements exist in families having similar sets of properties. For example, the nitrogen family consists of nitrogen (N), phosphorus (P), 
arsenic (As), antimony (Sb) and bismuth (Bi). If you know the properties of one element, you can make a very good guess at the 
properties of the other elements in its family: the members of each family form similar numbers of bonds and the properties of the 
family vary in a predictable way. Members of a given chemical family are known to react to form similar types of molecules with 
similar properties. 
 

 Felisa Wolfe-Simon and her team at NASA have been looking for evidence that life on Earth might have gotten started more 
than once. If such evidence could be found, it would provide strong evidence that the existence of life might not be a once-in-a-
universe or even a once-in-a-world affair. Instead, life would almost certainly occur whenever there exists a certain minimum set of 
conditions on a planet.  Using basic Chemistry 11 principles, she hypothesized that if another form of life could exist, it might use 
arsenic in place of phosphorus in the many molecules essential to its life processes, including DNA. Following the reasoning that 
phosphorus and arsenic have similar properties, she sought a place where, in addition to having all the other necessities of life, arsenic 
was present and phosphorus was deficient. She found such a place in California’s Mono Lake, a small lake that has high levels of 
poisonous arsenic in its waters and is low in phosphorus. Felisa and her team took many samples of the bacteria present in Mono Lake 
and prepared pure cultures of individual types of bacteria (a culture is a colony of bacteria that grows in a specially prepared Petri 
plate having all the nutrients the particular bacterial colony needs to survive and thrive). 
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 Her reasoning was probably similar to the following. Because Chemistry 11 tells us that phosphorus and arsenic are actually 
quite similar in size and share similar reaction abilities, arsenic can be incorporated into our bodies instead of phosphorus if it is 
ingested. However, similar does not mean identical, which is where a problem starts for all living things. Because arsenic can replace 
some of the phosphorus in the essential molecules of life, but does not behave in exactly the same way, the arsenic acts as a poison by 
stopping the effective functioning of many bodily processes. (Arsenic is known to be able to build up in our bodies with no apparent 
deadly effects until a critical amount has been taken in – the amount at which the few remaining non-arsenic-containing molecules are 
able to keep life going.) Mono Lake has no outlet – whatever enters the lake can’t get flushed out – and had its water supply cut off 
(apart from a very infrequent rainfall) about 50 years ago. The surrounding rocks have leached deadly arsenic into the remaining lake 
water and as time went on the concentration of arsenic in the water continued to increase steadily.  
 
 Bacteria reproduce by splitting into two and continuing to grow and split again: the time between one bacterial generation to 
the next varies between 15 minutes to a couple of days. Like us, poisons will kill them, which is why specialized poisons called 
antibiotics are used to combat infections. It is very likely that after Mono Lake lost its water source, most bacteria encountering the 
increasing arsenic concentration simply died, but a very few mutants, by sheer accident and good luck, incorporated a few arsenic 
atoms into non-critical places of DNA and other life-supporting molecules without being killed. These fortunate bacteria continued to 
multiply (recall that bacteria can reproduce in as little as 15 minutes) and became the dominant members of the population as less-
fortunate members of the population were killed off by the arsenic. As the arsenic concentration in the lake continued to steadily 
increase, other “lucky few” were again and again able to incorporate more and more arsenic atoms into their essential life supporting 
molecules, surviving where most of their competitors died from arsenic poisoning: this is an excellent example of evolution in action. 
By now, the descendants of the original “fortunate few” could happily exist in water that is massively contaminated with arsenic, 
which is exactly what the NASA researchers had hoped to find. Felisa and her team took a particular type of bacterium from the lake 
and grew it on a nutrient plate with a rich source of life-supporting phosphorus. Then they decreased the amount of phosphorus and 
increased the arsenic to see if her original hypothesis was correct. It was. By the end of the experiment, the newly discovered strain of 
bacteria – a member of a well-known group called gammaproteobacteria (“gamma-pro-tee-o-bacteria”) – which they called the 
GFAJ-1 strain, was growing in very high arsenic concentrations. Analyzing this new bacterial strain, the team found that arsenic atoms 
have replaced phosphorus atoms, so that instead of having a backbone of phosphate groups interspersed with deoxyribose, the 
bacterium’s DNA has arsenate groups interspersed with deoxyribose, as shown below.  
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 The conclusion that the researchers drew from this bacterium is that life can have a different chemical basis from that with 
which we are familiar and incorporate different elements from those that are normally encountered. Organisms called extremophiles 
(“ex-treem-o-files”, meaning “lovers of extremes”), which thrive in high temperature, highly acidic, extremely salty or very low 
oxygen environments, have been known for many years. The NASA discovery now includes the possibility of life-supporting 
environments that include poisons (to us) and the lack of what were formerly thought to be essential chemical elements. Interestingly, 
this has been a common theme of science fiction books for many years.  
 
 Also very interesting is the fact that a young Chemistry 11 student could, theoretically, have predicted the replacement of 
phosphorus by arsenic in the DNA molecule. This is an educational announcement: “Take Chemistry 11 and Become World Famous 
(maybe)!” 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
 
For further information on this recent discovery, please see the following internet sources. 

 
http://www.nasa.gov/topics/universe/features/astrobiology_toxic_chemical.html 

http://news.nationalgeographic.com/news/2010/12/101 in condition202-nasa-announcement-arsenic-life-mono-lake-science-space/ 
http://news.nationalgeographic.com/news/2007/07/070706-weird-aliens.html 

http://en.wikipedia.org/wiki/Mono_Lake 
http://en.wikipedia.org/wiki/DNA 
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CEMENT 
By David McKinnon  Ph.D. 

 
Chemically, cement is mainly a finely ground mixture of calcium silicates, which, when mixed with water, 
forms a slurry which then sets into a hard strong material which does not dissolve in water. When it is mixed 
with appropriate quantities of sand and gravel, the product is called concrete but the initial setting reactions are 
overwhelmingly due to reactions in the cement itself. The concrete made from cement has enormous 
engineering scope. 
 
 The ancient Romans actually used a type of concrete, made by combining lime (calcium oxide) with a 
material called Pozzolan, a silica source that was formed by volcanic activity, but after the fall of the Roman 
Empire, nothing like it appeared on the scene for several centuries. In medieval Europe a poor quality cement, 
from lime and sand or other silica material was used for filling voids in masonry projects, but this usually 
lacked structural strength. Various attempts in the 1700’s of mixing lime with silica material gave improved 
products, but cement as we know it dates from the early 1800’s when Joseph Aspdin in England, heated 
together a mixture of lime and sand. He called the product Portland cement, as when the product was ground 
and mixed with water, it gave slurry that soon set to a stone-like material of similar appearance to the 
prestigious Portland stone then extensively used for building. 
 
 The product is still known as Portland cement and is now made by combining a source of lime with a 
siliceous material, and with small amounts of iron and aluminium oxides and then adding a small amount of 
gypsum to control the rate of setting.  
 
 In the ‘dry process’ for cement manufacture, a calcium source, which could be limestone, chalk, marble, 
marl or even seashells is mixed with a silica source, which could be clay, sand shale, slag or fly ash from coal 
fired power plants in carefully monitored amounts, depending on the mineral composition. These are mixed 
with appropriate quantities of iron oxide from sources such as iron ore or mill scale and with alumina from 
alumina process waste, bauxite, certain clays, granite or slags. The mixture is finely ground and heated in a 
rotating kiln to about 1450oC. You can see that cement manufacture can permit the use of a large number of 
waste products from other manufacturing processes that might otherwise be discarded. 
 
 There is also a ‘wet’ process, where raw materials are mixed to slurry in water. 
 
 The blending of the various components is carefully monitored to give a consistent quality product, or to 
provide specialized products. The American Society for Testing and Materials (ASTM) recognizes eight 
different types depending, for example, on rates of setting, heat of setting, sulfate resistance, and air 
entrainment1 properties.     

 The purpose of the alumina and iron components is to act as fluxes to lower the reaction temperature of 
the limestone with the silica. They provide molten zones where the calcium oxide can more effectively react 
with the silica. If there is too little of these, there is incomplete reaction of the limestone and silica; too much, 
and the strength of the final product is reduced.  
 
 This product coming out of the kiln is in the form of dark grey spheroidal lumps called clinker. This is 
then cooled rapidly2, gypsum (calcium sulfate)3 added, ground finely and finally packaged for the customer. 
 
 Chemically, in the main reaction of the limestone (calcium carbonate, CaCO3) with the silica source 
(SiO2) the main products of the reaction are two calcium silicates called Belite Ca2SiO4, and Alite  Ca3SiO5, plus 
carbon dioxide. The setting of cement, when it is mixed with water, depends on the reaction of these with water 
to form interlocking crystals of hydrated calcium silicate.  
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 Alite, with its higher calcium content, reacts faster with water and contributes to early setting strength. 
Belite reacts slower, but contributes to late strength. These two components react with water to form hydrated 
calcium silicates but also form portlandite, (calcium hydroxide). Calcium constituents in cement gradually react 
with carbon dioxide from the air to form calcium carbonate. 
 
1 Air entrainment reduces damage by freezing and deicing chemicals.  
 
2 Gypsum controls the rate of setting of the concrete made from cement by affecting the rate of hydration of the calcium silicates. The 
greater the amount of gypsum, the slower the setting will be. 
 
2 The crude calcium silicate mixture out of the kiln is amorphous in nature, but if left to cool slowly there is a phase change to a 
crystalline material. Rapid cooling keeps the crude cement in the desirable amorphous phase. This is desirable as it reacts more 
effectively with water.  
 

Thank You! 
The BIG Little Science Centre recently received a gift of some cements and raw materials from Lafarge 
Canada Inc., which we will feature in an upcoming addition to our exhibits.  The BIG Little Science Centre 
gratefully acknowledges the help of Mr. Kharuna and staff at Lafarge Canada in Kamloops. 
 

 
 

         
 

Physics News:  Rumour has it that string theory experts are knot all in a cord! 
 

Theoretical physicist declares, “String theory was not my first choice. I was roped into it.” 
 

I ‘lost face’ today. My nose started running, and I couldn’t keep up with it! 

 

Riddle: If a spider falls from the ceiling, 
why does it never reach the floor? 
 

Answer: Because it always has 8 feet more 
to go. 
 
 
Riddle: How can you tell if a spider is lost? 
 

Answer: When it cannot find its own web 
site. 
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Is an image in a plane mirror really ‘backward’ (laterally inverted?) 
 

  
 
Left: The word on the clear plastic sheet is ‘BACKWARD’. If you turn the sheet so the writing is toward the mirror, as 
you might do if you wrote it on a sheet of paper. The image certainly reads ‘backward’ (laterally inverted).  
Right: If you hold the clear plastic sheet with the words ’NOT BACKWARD’ written on the side facing you, the image 
says ‘NOT BACKWARD’. It all depends on your perspective.  

 

         
                                Gordon Gore Photo 

A Butterfly in January?  
Alissa Savage of Parkcrest 
Elementary School is 
fascinated with this apparently 
‘out-of-season’ Monarch 
butterfly. It looks like a 
butterfly, and it flies like a 
butterfly. It came all the way 
from England, from a 
company called Grand 
Illusions. Hmm…Why is 
there a battery compartment 
under the lid? 
 


