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Physicist on a Roll! 
Director Eric Wiebe tests out the 'Come Back Can' at the BIG Little Science Centre. 
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Magnetic Resonance Imaging (MRI) 
by  David McKinnon  PhD 

 
Magnetic resonance imaging (MRI) is one 
of the most valuable diagnostic medical 
tools to arise in recent years. Like X-rays, it 
is a non-invasive method to look at the body 
internally, but, as it only uses radiation of a 
tiny fraction of the energy of X-rays, it is far 
safer to a patient. Also, it deals best with 
soft body tissues, whereas X-rays deal best 
with hard tissues such as bone.  There is no 
known health risk of the strong magnetic 
field other than injury from insufficiently 
anchored pieces of metal! Unfortunately an 
MRI machine costs far more than X-ray 
equipment. 

MRI is somewhat related to another 
scientific tool called nuclear magnetic 
resonance (NMR) which chemists and other 
scientists use as an unparalleled method for 
the investigation of molecular structures. * 
In NMR, protons (the nuclei of hydrogen 
atoms) absorb energy from a magnetic field 
by a process called magnetic resonance, and 
when they are in different chemical 
situations, they absorb at different regions of 
the magnetic field, and in different patterns 
and intensities. Voila, you have a handle on 
the chemical structure!  

No, don't get worried about 'nukes'. 
The nuclear** simply refers to the nucleus 
(made up of protons and/or neutrons) 
present in all atoms.  MRI techniques 
usually look at the protons of hydrogen 
atoms, and as the human body contains lots 
of water and fats, both of which contain lots 
of hydrogen atoms, there are plenty protons.  

NMR and MRI techniques both rely 
on a property of an atomic nucleus, 
appropriately called nuclear spin. The 
protons (charged and with a spin) behave as 
small magnets and align in the magnetic 
field. The medical doctors etc. were just 

smarter than the scientists and dropped the 
term nuclear to avoid alarming people! 

In the MRI technique, the patient is 
put into the cavity of an MRI machine, in a 
powerful magnetic field, and subjected to 
another pulsed magnetic field generated by 
radio frequency radiation. The protons then 
realign to the magnetic field generated by 
the pulse. Then when the pulse is stopped, 
the protons 'relax' back into their previous 
alignment. The number of protons at a 
particular site will affect the intensity of the 
signal and also, the time taken for them to 
relax depends on their environment, i.e. the 
type of tissue that they are in.  

There are two types of relaxation 
times. In spin-lattice relaxation (T1) the 
energy of the proton is transferred to 
neighbouring molecules and in spin-spin 
relaxation (T2) the energy is transferred to 
the nuclei of nearby atoms.  These relaxation 
times T1 and T2 are similar in water, but 
vary greatly in solids. Changing the times 
between pulses of the radio frequency can 
emphasize these differences in these 
relaxation times and show up different parts 
of soft tissues. The information is processed 
by some heavy-duty mathematics called a 
Fourier transform to provide a picture of the 
tissues.  

The technique can sample the parts 
of the body bit by bit, building up both 2D 
and 3D images of diagnostic use. For added 
contrast false colour can be applied as well. 
* When I finished my Ph.D. forty years ago, 
Edinburgh University did not possess an 
NMR machine. Nowadays, it would be 
inconceivable for the organic chemist not to 
use one. 
 
**By the way, it is pronounced new-cle-ar, 
not nuke-you-lar. 
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Sometimes Science Really Helps! 
Gordon R. Gore 

 
It was one afternoon in the spring of 1980. My father had just recently passed away, so my eighty-year old 
mother was living with me. She looked terribly sad and upset when she came into the living room. "I've lost 
the diamond out of my ring." She had been working in the kitchen, and assumed naturally that the diamond 
had broken off the engagement ring and most likely had gone down the kitchen drain.  

She had searched everywhere for the diamond, but finally had given up. She sat down quietly in her 
favourite chair. She said no more, but she was obviously devastated. It was a modest diamond, and it was not 
its monetary value that mattered to her. One can only imagine the memories that were flooding through her 
mind as she sat there in her chair looking at the 'empty' ring. 

The first place to look was in the trap under the sink. I was no plumber, but I figured out how to 
remove it and looked carefully inside it for the tiny missing diamond. No luck there. I searched the floor and 
the counters but there was no sign of the precious stone. By this time it was getting dark outside, and I 
remembered something I taught my physics students every year: that diamonds are cut specially to be highly 
reflective. What if I turned all the lights out and searched for the stone with a flashlight? 

I switched off the lights, turned on a flashlight and started to 'sweep' the light around the kitchen. 
Within just a few seconds I noticed a tiny but bright reflection came from a corner of a counter on a wall 
opposite from the sink.  

It was Mom's missing diamond!  I turned on the lights, gratefully cupped it in the palm of my 
trembling hand, and proudly took it into the living room.  

 

The Joke Was on Me (1)  
Three of my Grade 10 science students were passing time in the classroom, waiting for their bus to arrive. I 
had packed up to go home, and had several boxes of equipment ready to carry out to my car. A colleague 
dropped in to chat and noticed the boxes. He looked over at the students and suggested,  

"Why don't you boys give Mr. Gore a hand?" 
The three boys immediately jumped to their feet and gave me a standing ovation. 

[This anecdote appeared in Tales Out of School in Reader's Digest (October 1998).] 
 

The Joke Was on Me (2) 
Funny things can happen at the BIG Little Science Centre in Kamloops, BC.  

Visiting classes from around the school district spend about 30 minutes visiting hands-on stations. 
We then perform a series of demonstrations for them on a specific topic such as Static Electricity, 
Magnetism, or Air Pressure.  

Today's demonstrations were on Light and Colour. Frequently we call for volunteers from the 
audience to help with the demonstrations. With Grade One classes, everyone wants to volunteer. Ask for a 
volunteer and a sea of hands goes up. 

Just for fun, I might say,  
"I need someone with a pointy head to help with a shadow demonstration."  

They know I am joking. Every hand goes up.  
"I need someone with three noses."  

Again, every hand goes up.  
One day, I decided to be clever and narrow the volunteer list to just one. So, I asked Miss Lane's 

Grade One class,  
"Who is the funniest-looking person in this group?" 
"You are!" they said, in perfect unison.  
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Optical Effects 
by  David McKinnon  PhD 

 
One of the prettiest demonstrations at the Big 
Little Science Centre is that where a flask 
containing a syrup solution is put between two 
sheets of Polaroid™ plastic, and a light shone 
through.  As one Polaroid sheet is rotated with 
respect to the other, the flask appears to change 
through a spectrum of colours. 

Light is electromagnetic radiation. A 
beam of light is made up of two oscillating 
fields, a magnetic field and an electrical field, at 
right angles to each other. The oscillations of the 
magnetic field and thus also the magnetic field 
occur in all planes at right angles to the direction 
in which the light beam is travelling. 

When the light is shone through a sheet 
of the Polaroid material, the polarized plastic so 
acts with the magnetic field that the electric field 
of the emergent light is oscillating in only one 
plane, and thus the magnetic field is also only 
oscillating in one plane. The light is said to be 
plane polarized. Polaroid material is made up 
of a plastic sheet into which long molecules 
have been incorporated. These are initially 
randomly orientated, but when the plastic is 
stretched, they become aligned and develop this 
polarizing property. 

If you took only the two sheets of 
Polaroid and shone light through, you would see 
that when both sheets are aligned the light 
travels through unimpeded, but as one sheet is 
rotated to the other, the light becomes dimmer. 
When one is at right angles to the other the light 
is virtually eliminated and the sheet becomes 
dark. The observed change here is only white to 
black. However, when a flask with a corn syrup 
solution is between the Polaroid sheets, you see 
a wonderful change of colours. 

Why is this? Corn syrup is mainly a 
partially hydrolyzed sugar (chemically called 
sucrose) solution. The hydrolysis process splits 
sucrose into two more sugars (now using a 
chemical definition) called glucose and 
fructose. Each of these three sugars can also 
exist as several isomeric forms. (Isomers are 

chemical compounds having the same formulae 
but differing in some structural detail). So in the 
syrup solution there are actually many different 
chemical compounds. 

Now if you look at the shape of a very 
simple chemical compound such as below, 
where A, B, D and E are different groups or 
atoms attached to the central carbon C, you see 
there are two different ways to construct the 
molecule. The two drawings represent molecules 
that are non-identical mirror images. These are 
called stereo isomers (molecules of the same 
formula but having different shapes), and more 
particularly called enantiomers (compounds 
which are non-superimposable mirror images of 
each other, just like your left hand is non-
superimposable on your right hand). These used 
to be called optical isomers, because they have 
different effects on plane polarized light. They 
rotate the plane by equal amounts, but in 
opposite directions. The one that rotates the 
plane of polarized light in a clockwise direction 
is called dextrorotatory (d) and the other that 
rotates it in an anti-clockwise direction is 
laevorotatory (l).  
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Now each of the glucose, fructose, 
sucrose etc. components of the syrup contains 
many such carbon atoms, and all of the 
components rotate the polarized light in different 
amounts, but also, the rotation of different 
wavelengths of the light are differently affected 
by the different chemical compounds, a 
phenomenon called optical rotatory dispersion, 
so that there is a separation of wavelengths, seen 
as these pretty colour effects. 
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Everyday Chemistry 
Jim Hebden, PhD 

 
What's in Your Air Freshener? 

 
Although a few air fresheners contain chemicals 
that evaporate and bind onto nasty smelling 
odors in the air, almost all air fresheners work in 
one of three ways.  Some work by temporarily 
numbing the nerve endings in your nose, so that 
you can't smell much of anything (let alone bad 
smells).  Still others contain oils that float 
through the air and coat the inside of your nasal 
passage and prevent you from smelling any foul 
odors in the air.  The last type works by 
producing a smell that simply overpowers other 
odors and prevents you from noticing the bad 
smell.  That's it.  In all cases, the air in your 
room still has all the nasty chemicals in it that 
give rise to the bad smell; you just can't smell 
them anymore.  
 

How Does a 'Fizz Keeper' Work? 
 

In spite of all the advertising to the contrary, the 
fancy 'fizz keepers' that inject air into half-empty 
pop bottles simply DON'T WORK.  Neither do 
simple stoppers, although they are a much 
cheaper way to achieve the same result: flat pop.  
Why?  Soda pop (and other fizzy drinks that 
some adults consume) contains dissolved carbon 
dioxide gas.  There is a scientific law called 
Henry's Law which tells us that the amount of a 
particular type of gas, say carbon dioxide, that 
can dissolve in a liquid depends on the pressure 
of that same gas in the airspace above the liquid.  
Other gases in the airspace, such as oxygen and 
nitrogen, have no effect: only carbon dioxide in 
the airspace affects the amount of dissolved 
carbon dioxide.   In plain English, that means the 
greater the pressure of carbon dioxide gas over 
water, the more carbon dioxide that dissolves 
into the water.  When you open a bottle of pop, 
the carbon dioxide escapes from the airspace 
above the pop.  Since the pressure of carbon 
dioxide above the water is now very low, the gas 
dissolved in the pop starts to come back out of 

solution and we see bubbles forming.  What 
does that have to do with fizz keepers?  Well, if 
you use a pump to increase the air pressure in 
the space above the pop, you increase the 
pressure of the gases contained in air, namely 
oxygen and nitrogen.  However, air contains 
only a tiny amount of carbon dioxide, even when 
pressurized, so there is nothing to stop the 
dissolved carbon dioxide from continuing to 
come out of the liquid and the pop eventually 
'goes flat'.  A suggestion: if you are tempted to 
spend a great deal of money on a fancy fizz 
keeper, why not buy a cheap cork instead (to 
keep out refrigerator odors) and spend the extra 
money on a neat science toy? 
 

What are 'Smelling Salts'? 
 

'Smelling salts' is the common name for 
ammonium carbonate, which is actually a 
mixture of ammonium hydrogen carbonate 
(NH4HCO3) and ammonium carbamate 
(NH4CO2NH2). Your great grandfather probably 
carried a small container of smelling salts in his 
vest pocket to help revive your great 
grandmother after she had one of her fainting 
spells. (Victorian ladies were considered to be 
frail creatures that 'swooned' whenever anything 
startled or frightened them.)  When the smelling 
salts were placed under great grandma’s nose, 
some of the white powder quickly decomposed 
into three gases: ammonia (NH3), carbon 
dioxide (CO2) and water vapor (H2O).  The 
strong smell of ammonia was quite sufficient to 
revive a person who had fainted. 

Today, ladies are not expected to be able 
to faint and gentlemen are not expected to carry 
smelling salts, but ammonium carbonate is still 
with us. It is used in commercial baking 
powder to help make cookies and crackers rise 
up nice and fluffy, in addition to being used in 
fire extinguishers, tanning leather and making 
casein glues. 
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Figure 1: aperture f
1.8 , shutter speed

1
160

s  
 

 
 

Figure 2: aperture f
22, shutter speed 1 s 
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Depth of Field 
Gordon R. Gore 

 
You may have noticed that all parts of 
photographs taken outdoors on a bright, sunny 
day tend to look as if they are 'in focus'. 
Photographs taken outdoors on a dull day or 
indoors in dim light may have one subject in 
focus while everything else is a bit fuzzy. 
Accidental camera movement can make any 
photograph look fuzzy, but let us assume you 
have been careful not to shake your camera 
while taking a picture. What are the important 
factors you can control?  
 You can adjust two variables with a 
typical single lens reflex camera: (1) the 
aperture, or diameter of the lens opening and 
(2) the shutter speed. Shutter speed is a 
strange name for the time interval during 
which the shutter is open when you take the 
picture. 

The aperture is expressed as a ratio such 
as f/11, where 'f' stands for the focal length of 
the lens. An aperture of f/11 means the 
diameter of the lens opening is 1

11  times the 
focal length. An aperture of f/16 means the 
diameter of the lens opening is 1

16  times the 
focal length.  

In Figure 1 the aperture was 'wide open' 
at f/1.8! Notice that the middle golf tee is in 
focus, but the others are not. This photograph 
has a very narrow depth of field. In Figure 2 
the aperture was very small: f/22. All of the 
golf tees are in 'acceptable' focus. (If Figure 2 
were enlarged to poster size, the middle golf tee 
would still be in focus, because that is the tee 
on which the photographer focussed. The 
second photograph has much more depth of 
field. 

If the aperture is small, less light can get 
through the lens in a given time. At f/22 the 
time of exposure was a full 1 s. (The 
photographs were both taken in window light 
on a dull day, with no flash.) With the larger 
aperture of f/1.8 the time of exposure was 
1/160 s.  

An experienced photographer will select 
apertures and shutter speeds to suit specific 
situations. For a still portrait, one might prefer 
to use a large aperture and faster shutter speed 
(shorter time interval). The main subject will be 
in sharp focus, while the surroundings are 
intentionally blurred. For a landscape one 
might prefer greater depth of field. The whole 
photograph must appear in focus, so a smaller 
aperture is used. The shutter 'speed' will be 
slower (longer time interval), and a tripod 
might be necessary to steady the camera. A 
sports action photograph will require a fast 
shutter speed (short time interval) and therefore 
the aperture must be larger. This means it is 
critical to have the subject in exact focus, and 
this is not easy when the subject might be 
moving rapidly. To make it easier, the 
photographer will use a 'fast' film (perhaps 800 
ISO); that is, a film that is more sensitive to 
light than what one needs for landscape 
photography (possibly 100 ISO). 

Automatic cameras do a wonderful job, 
and most of the thinking for us. If you are 
serious about learning photography, it might be 
wise to start with a camera that is totally 
manual, so you learn what the variables are and 
can override your 'automatic' camera settings 
when necessary to obtain a desired effect. 

 
Science Fun for the Family 

 
If you really want a photograph with great depth of field, investigate pinhole cameras. These 
cameras have no lenses, just a pinhole!  Light from the subject travels through the pinhole in a 
straight line and falls directly on your film. The aperture is extremely tiny, so the necessary 
shutter speed may be several minutes rather than a small fraction of a second. An advantage of a 
pinhole camera is that everything you photograph is in focus. It just takes much longer to obtain 
enough light to expose your film sufficiently. 
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     Landyn Sim     Alexis Karakatsoulis 
 

 
 

Ben Vandenbossche 
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Summit Elementary School Visit 
 

   
 
 

 
Pearce Thompson of Summit Elementary
the right kind of hair for the static electricity
     

Sharon Carrell, principal 
of Summit Elementary 
School, brought a small 
group of intermediate 
boys to the  
BIG Little Science 
Centre. 
 
The boys were looking for 
inspiration for their 
science fair projects. 
 
Left: Volunteer member 
Ken Schroeder 
demonstrates a science toy 
to parent Starr Webb. 
 

 School has 
 generator. 
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Reminder of the BIG Little Science Centre Society meeting 
 on  Thursday, February 5 at 7:00 P.M.  
at David Thompson Elementary School. 

 

Next Open House April 17 2004 
An Open House is planned for Saturday April 17 2004. A major feature this time will be a 
liquid nitrogen show (Cold Science) put on by Dr. Jim Hebden, and Professor Reg Wild of 
UBC.  Put this on your calendar! 

 

Join the  BIG Little Science Centre Society! 
 

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

BIG Little Science Centre Society, 
c/o 962 Sicamore Drive, 
Kamloops, BC V2B 6S2. 

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

 
  _____  I wish to become a NEW MEMBER of the BIG Little Science Centre Society. 
 
  _____  I wish to RENEW MY MEMBERSHIP in the BIG Little Science Centre Society. 
 
 ______ I wish to make an ADDITIONAL DONATION of  $_______, for which I shall receive  
 an income tax receipt for my charitable contribution to the society. 
 
Name _______________________________________ Phone________________________ 
 
Address __________________________________________ 
 
 __________________________________________ 
 
 __________________________________________Postal Code __ __ __ __ __ __ 
 

E-mail Address <         > 
                            

Fax _____________________________   Date__________________________________ 
 

 

Visitor Count to January 30 2004:  2,232 since September 2003 
12,875 since February 2000 

Current Member Count: 92 Paid + 14* Complimentary* = 106 
*Media, Student Helpers, SD 73 Senior Administration 

 

Is your subscription due for renewal? Please check your address label. 
 

 


