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Investigating Properties of Water 
 

Two classes of Bert Edwards Science and Technology School students visited the BIG Little Science Centre 
on Friday April 7, where they visited the hands-on room and also did experiments with water. In this 
experiment, the problem is to make a small cork float in the middle of the top surface of the water. (The solution 
is to add water until it forms a convex surface. The cork floats to the highest point on the surface.) 
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Bert Edwards Visit: Teachers Jennifer Ernst and Giorsa Campbell 
 

 
Levi MacRae stands near a photo of himself taken when he was in kindergarten! 

 

 
The super lever system enables this young lady to lift hundreds of kilograms. 
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Gord Stewart guided two classes of Bert Edwards students through the water 'lab'. 
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Some Mysteries of Light  Part 3 
Gordon Gore 

Adapted from Gore's Physics 11 chapter on Early Quantum Theory 
 

Light Spectra 
 
A simple prism separates white light into what seems to be a continuous band of colours, which blend into each 
other. If white light from the sun is made to pass through a narrow slit and then through a high quality prism (or 
diffraction grating), the solar spectrum is seen to be interrupted by many distinct dark lines — interruptions in 
the continuous spectrum. A German optician Joseph Fraunhofer (1787 - 1826) discovered these dark spectral 
lines, now called Fraunhofer lines in his honour. 
 Fraunhofer noticed that the same pattern of dark lines appeared whether the spectrum of sunlight was 
observed directly or indirectly (by examining light reflected from the moon or from planets). The dark lines in 
the spectra of other stars were not the same as those in the solar spectrum. Fraunhofer was the first to use the 
technique of analyzing the light from stars by sending their light through a telescope, through a prism, to form a 
spectrum. He invented the spectroscope. 
 Gustav Robert Kirchhoff (1824-1887) was aware that when certain solid elements such as sodium, 
potassium, lithium, calcium and copper are heated to incandescence they give off light of very characteristic 
colour. For example, sodium glows with a distinct bright yellow light. Mercury (normally a liquid) in the 
vapour form glows with a bright blue-green colour when incandescent. When examined with a spectroscope the 
light from incandescent substances appears as lines of a few distinct colours (wavelengths). The pattern of lines 
seen in the spectroscope is called an emission spectrum. 
 Kirchhoff discovered that a given element always gave spectral lines of the same colour, in the same 
place in the visible spectrum. These emission lines were, in effect, like chemical fingerprints of that element.  
 An incandescent solid will emit a continuous spectrum. All the colours of the visible spectrum will be 
seen if one looks at the light from, say, a carbon arc lamp in a spectroscope. If the light from an incandescent 
solid is then made to pass through the vapour of an element such as sodium, and the sodium vapour is cooler 
than the source of the continuous spectrum, then the cooler sodium vapor will absorb those colours which 
sodium would normally emit if it were itself incandescent! The continuous spectrum of the incandescent source 
is interrupted by dark lines, which are the absorption spectrum of sodium. 

 
Strong Spectral Emission Lines for Sodium (589.6 nm and 589.0 nm) 

 
 Fraunhofer had observed such dark lines in the solar spectrum. He observed two very noticeable dark 
lines of the sodium absorption spectrum in the solar spectrum. Therefore, it would appear that the atmosphere of 
the sun contains sodium (among many other elements).  The solar spectrum is essentially continuous. The dark 
lines observed in its spectrum represent absorption lines of the various elements in the sun's cooler outer layers. 
One of those elements is helium. Helium was discovered on the sun before anyone knew it existed here on 
earth. Its absorption lines were the clues to its existence. The name helium comes from the Greek helios, which 
means sun. 
 Kirchhoff's work indicated that the colours (wavelengths) a substance preferred to absorb were the same 
colours that substance would emit if heated until it was itself incandescent. 
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Spectra and Atomic Structure 
 

 
 

If high voltage is applied to a gas such as hydrogen, contained in a discharge tube in which pressure is very low, 
the gas will glow with characteristic colour. Viewed through a spectroscope, the light emitted has very specific 
wavelengths. The spectrum is called a line spectrum. In gases at low pressure, the emission spectra are due to 
individual atoms of gas, because the atoms are far apart and are not influenced significantly by their neighbours.  
 Interestingly, gases at low pressure also absorb the same wavelengths as they emit. Light from an 
external incandescent source that is hotter will be absorbed by a gas if it has the same wavelength(s) that the gas 
emits when it is electrically excited. 

 

 
              410 nm  434 nm            486 nm                               656 nm 

 
 Hydrogen gas, when electrically excited using an induction coil, emits very specific wavelengths of 
light. J. J. Balmer (1825-1898) first observed four visible emission lines in 1885. With a simple hand 
spectroscope one can see lines that are red, blue-green, blue and violet. This set of visible spectral lines is called 
the Balmer series. Using photography, other spectral series for hydrogen were located in the ultraviolet and the 
infrared ranges. The big question was:  
 

Why do atoms of a gas like hydrogen only emit certain discrete wavelengths of light? 
 
Max Planck's Quantum Theory 
 
Physicists in the 19th century were investigating a theoretical curiosity called a black body. A black body 
ideally absorbs all frequencies of light when it is cool and emits all frequencies when it is incandescent. German 
physicist Wilhelm Wien (1864 - 1928) simulated a black body by designing a furnace with a hole in it. All the 
light entering the hole was absorbed (perhaps after numerous reflections within the furnace), so the hole acted 
as a perfect absorber. When the furnace was warmed up the radiation emitted from the hole was black body 
radiation (all frequencies). 
 Traditional physics did not explain observations made when the temperature of a black body was raised. 
As a black body warms up, it gives off more energy (as the absolute temperature increases, the total energy 
given off varies as the fourth power of the temperature, or Energy !  T4).  However, something else changes as 
well. The frequency of the light emitted changes. A black body at 300 K emits invisible infrared. You cannot 
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see infrared but you can feel it on your skin, and it can be photographed. If the temperature is raised to 1000 K, 
some red may be seen. As temperature increases further, the emitter will appear brighter red, and then orange, 
yellow, and eventually nearly white at extremely high temperatures, where the light being emitted is mostly in 
the visible range rather than in the infrared. 
 Wien found that at a given temperature, a black body emits a range of frequencies, but one particular 
frequency, called the peak frequency, would radiate more energy than any other frequency. At a higher 
temperature the black body would again emit a wide range of frequencies, but the peak frequency would be 
higher. The peak frequency is proportional to the absolute temperature.  (fpeak !  T.) 
 Max Planck (1858 - 1947) came up with a revolutionary idea to explain the nature of black body 
radiation. Until his time, scientists had assumed that energy came in a continuous stream. To explain observed 
behaviour of black body emissions, Planck made the brave assumption that vibrating atoms in a heated 
substance could only vibrate with certain allowable fixed amounts of energy. Energy must come in discrete 
packages, rather than in a continuous stream as had always been assumed. Planck called these discrete packages 
of energy quanta. 
 According to Planck's theory, if the natural frequency of oscillation of the vibrating atoms is f, then the 
minimum energy of the vibrating atoms, Emin, would be proportional to the natural frequency f. 
 

Emin  !  f,   or  Emin  = hf, 
 

where  h is a constant of proportionality, now called Planck's constant. (Its value is 6.626 x 10-34 J·s.) 
 Other vibrations of the same atoms could have energies that are integral multiples of the minimum 
energy. Permissible energies would be hf, 2hf, 3hf, 4hf, ... nhf, where n is an integer. In general, the allowable 
energies of the vibrations of atoms in a heated source would be given by 
 

E = nhf. 
 

 This is Planck's famous quantum theory. Planck knew that with this idea of energy in discrete packages 
(quanta), he could explain the spectrum of black body radiation. He was not entirely happy with his own theory, 
because he and other physicists had always assumed that energy comes in a continuous stream rather than in 
'packages'. As more was learned about the behaviour of energy and its interactions with matter, the quantum 
theory came to be accepted as an accurate description of the nature of things. 
 Energy is not the only entity that comes in quanta. Mass is quantized. (You might think of atoms as the 
quanta, since the mass of your graphite pencil 'lead' is a whole number multiple of the mass of one carbon 
atom.) Electric charge is 'quantized', as well. 
 

Next issue: Einstein's Photon Theory 
 

   
Ehren Stillman Cartoons 
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Shows and Activities, April 2017: Star Month! 

 
The BIG Little Science Centre is open year round, Tuesday to Saturday. The Exploration Room is open 
10am to 4pm, with over 140 different exhibits to enjoy. Special shows and activities run at the centre daily 
July/August, and Saturdays in the school year. All activities are included with the standard entry fee, unless 
otherwise stated. Full activity information is on the website calendar. 
 
Saturday April 15: Easter Fun with BUBBLES ongoing from 10am to 3pm Get outside for some Easter fun 
with BUBBLES. Discover the shapes that can be made using small bubble instruments and using the giant 
bubble making equipment. Examine the colours made in the bubbles by the sunlight. Make and chase flying 
bubbles to liven up your day. 
 

Wednesday, April 19  Science Centre Lecture Series at the BIG Little Science Centre  
Free Entry 

Doors open at 6:30pm, lecture at 7pm. For older children and adults. Refreshments served.  
Solar Power in the 21st Century: Roads, Planes, Buildings and Fields 

Dr. Michael Mehta, Department of Geography and Environmental Studies at TRU.  
Dr. Mehta will review the current state of solar power, discuss various applications, and profile Canada’s first 
solar road, which is being built here in Kamloops on the campus of TRU. In British Columbia we have very 
good solar conditions, and in the interior our 2000 hours per year of sunlight surpass solar powerhouse nations, 
like Germany, by 25%. Many people are surprised to learn that even coastal communities like Vancouver and 
Vancouver Island do indeed work well with solar. Solar power is changing the world of energy production, and 
people and governments are beginning to take notice. 
FREE ENTRY! Everyone is invited to attend. Wheelchair accessible. The BIG Little Science Centre is a 
not-for-profit, registered charity, dedicated to creating a passion for science. 
 

Saturday April 22: Star Lab from the Okanagan Science Centre 10 am to 3:30pm 
 
Explore the skies above, inside the Okanagan Science Centre’s Inflatable Planetarium. Learn about the skies 
above, stars, and the legends and lore behind them, from your favourite guide through the galaxies, Kevin 
Aschenmeier.  
 
Contact BIG Little Science Centre to reserve seats for one of the 5 shows: 10:05, 11:05, 12:30, 1:30, 2:30 
Suitable for people 5 and up; must be comfortable in the dark. Each show has a limit of 30 people. The StarLab 
is included with the cost of admission BIG Little Science Centre would like to thank the Okanagan Science 
Centre for this amazing show. 
 
Saturday April 29: The Amazing Earth ongoing from 10am to 3:30pm Celebrate our earth for Earth Day, 
an important part of our Solar System. Discover the world underground; expect to see worms and other living 
animals, organic material, crystals, and more. Different soils will be out to touch and explore. Compare how 
they look and what can be found within, using hands lenses and microscopes. 
 

Sponsor a Celestial Object on the famous 
BIG Little Science Centre Star Wall 

Honour your family by placing their names amongst our stars. 
This is a fundraiser for the BIG Little Science Centre; your donations help to keep the centre open. 

For more information please contact Susan Hammond: susan@blscs.org, or call 250-554-2572. 
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Spring Wildlife at The Dunes in Kamloops 
 

 
Mallard pair 

 
Goldeneye pair 

 
Wigeons, female and male 
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Canada Geese Pair in a Quiet pond 
 

 
 

Oprah and Oscar, the Famous Dunes Ospreys 
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The BIG Little Science Centre is open to the public at these times: 
Tuesday to Saturday 10:00 AM to 4:00 PM 

CLOSED SUNDAYS and HOLIDAYS 
Phone: 250 554 2572   E-mail Gord@blscs.org  or  Susan@blscs.org 

 
A family membership is $60.00/year. An individual membership is $45.00/year. A family membership consists 
of five directly related people. (This includes any combination of grandparents, parents and children).!Individual 
day rates are:  

Adults (16 to 59)  $6     Seniors (60 plus) $4      Youth (6 to 15 years old)  $3        Family $15. 
Children 5 years old or younger) Free 

 

The Main Benefits of Membership: 
!         Member ID cards for all members 
!         Free entry to our Exploration Room, events, shows, activities 
!         FREE or discounted admission to MOST Canadian science centres, including Science World       
      and the H.R. MacMillan Space Centre in Vancouver 
!         Discounts for Science and Robotics Camps / Clubs in Kamloops 
!         Voting privileges at the BIG Little Science Centre’s Annual General Meeting 

Visit our website blscs.org for more details on the benefits of membership. 
 

Drop-in Visit Information 
 
What is a Drop-in Visit?    
During drop-in times our hands-on rooms are open for visitors to tour at their leisure. The 
rooms have approximately 140 stations of hands-on activities to try. We also have an activity or 
show running Saturdays! 
Drop-in Visiting hours 
• Tuesday - Saturday 10:00 - 4:00 
• Check Facebook or twitter for the latest information. 
For safety purposes we require children under age 16 be accompanied by a minimum number of 
supervising adults: 
• For children 4 years old and under, 1 adult per every 3 children is required. 
• For children 5 years old to 9 years old, 1 adult per every 5 children is required. 
• For children 10 years old to 16 years old, 1 adult per 10 children is required. 
 

The BIG Little Science Centre is Closed Sundays and Holidays. 


