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	Eg, Ek
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	Conservation of Energy and Efficiency
	4.4 P#1-8 Q#1,2
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	Ramp Lab Inv 4.4.2 pg 143
	

	80
	Quiz 4.1-4.4
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	4.5 P#2,7,8,10,11,13,16

	81
	Heating Curve of Ice lab
	graph

	82
	Heating Curve of Ice Continued
	Handouts for ideal curve

	83
	Power – Stairs Lab
	4.6 P#1,2,4,6

Chpt 4 Rev #2-4,6-10,12,15,16,18,20,25,26,29

	84
	Power continued
	

	85
	Energy Consumption and Chapter 5
	Chpt 5 – you decide

handouts

	86
	WP for Chapter 5
	

	87
	WP for chapter 5
	

	88
	Nuclear
	Handouts chapter 8

	89
	WP nuclear
	

	90
	WP nuclear
	

	91
	WP chapter 4,5 & 8 handouts
	

	92
	Test - chapter 4,5 & 8 handouts
	


SPH 3UI - Day 76
Energy and Society

The wise use of energy is of paramount importance in today’s society.  Nations that are able to produce or import large amounts of energy have high standards of living.  The consumption of energy is a measure of the economic well being of a country.  Oil, for example, is the driving force behind industrialization and modern society.


The energy from oil is released via a chemical reaction ( burning.  We have come to realize however that oil, coal and natural gas reserves are being depleted.  The destruction caused by our excessive use of energy is immense.  No waste disposal plan has ever been implemented for nuclear waste. It is now time to turn to new types of energy – renewables – solar, wind, hydro, biogas etc.

First Law of Thermodynamics – Conservation of Energy – energy can neither be created nor destroyed.  Energy lost by a system is equal to that gained by the surroundings.  BUT!  Energy can be converted to mass and vice versa so the expression Conservation of Mass-Energy is more correct.  Mass and energy are interchangeable but mass-energy can neither be created nor destroyed.


The equation developed by Einstein relating mass and energy is:


E=mc2

E = energy in J





m = mass in kg





c = speed of light 

other energy terms 

KE = ½ mv2
Potential energy = energy of position

Work ( a force applied over a distance (in the direction of force)





-  push on a wall – no work!!



-  unit = Joule
1J = 1N*1m
Energy (  the ability to do work.  Each time work is done on an object, energy is transferred to the object.

- stapler over head of student


Energy Transformation Equation (  describes how an energy change occurs.

ex.  



chemical (  electrical  (  radiant  (  thermal
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 microwaves
         cooked food

power plant



what is it - Microwave oven
ex. 

chemical (  electrical  (  radiant  (  thermal ( kinetic  ( kinetic



  
coal at 


           



   of air

   of paddles

       power plant



what is it - Radiometer
- where did the coal’s energy come from? the sun


- trace a few examples back to sun


- are there any that don’t come from the sun?

SPH 3UI - Day 77
GPE, KE & Conservation of Energy lab


[image: image1.png]Total Energy of a Toy Car

Preamble:

The Law of Conservation of Energy was arrived at by experiment.
One interaction-after another was studied; energies were measured
and totalled. When the total energy was not constant, invariably a
new form of energy was discovered to account for the difference. A
big step forward was the acceptance of heat as a form of energy. The
force of friction, which slows objects down, also generates heat.
Kinetic energy is being changed to heat energy.

This investigation involves a strobe photograph of a toy car
moving down a curved ramp. Measurements of the distance travel-
led between dots will enable you to calculate the speed and the
kinetic energy of the car at various times. Measurements of the car’s
height above the desk at these same times will enable you to
calculate the corresponding gravitational potential energy. Adding

‘these results together will give the total mechanical energy, unless
some of it is transformed into another kind of energy, such as heat.

Problem:

Is the total mechanical energy of a toy car on a ramp constant?

Materials:
accurate metric scale
onionskin paper

Procedure:

1. Draw astraight line across a sheet of onionskin paper to serve as a
zero line for potential energy.

2. Place the onionskin paper over the photograph with the straight
line lined up with the lower edge of the photograph. Assume that

the lower edge of the photograph is horizontal.

3. Putasmall dot in the centre of the little square on the top of each
image of the car.

4. Number the dots, as shown in the photograph.






[image: image2.png]ra kinetic energy is in the spinning
eels but not much, since their mass is

5. Measure the height above the zero line of each numbered dot and

correct for the scale of the photograph (I cm represents 10 cm).

Set up a suitable table in your notebook and begin to record your
observations.

Interval | *h Ad v E;, | Ex §| Ex=E,+E,
(m) | (m) | (mss) | O) | ) )
1
—L
L =

6. Measure the distance travelled between the two dots on either

side of each numbered dot, and correct for the scale of the
photograph.

7. Divide each distance travelled by the time interval. The time

between dots is 0.0415 s. The time interval here is 2 X 0.0415 S, or
0.083 s. This gives you the average speed for each numbered

interval.

8. Calculate the kinetic energy, the potential energy, and the total
energy for each numbered interval. The mass of the car is 100 g

9. Onasingle set of axes, draw graphs of each type of energy plotted
against time.

Questions:

1. What should the graph of total mechanical energy against time

look like if the sum of the kinetic energy and potential energy is
constant?

small. 2. What percentage of the sum of the original kinetic energy and
potential energy remains at the end of the trip?
3. What other energy transformations could have taken place as the
car went down the ramp?
Interval h Ad v Eg Ek Et=Ek + Eg
(m) (m) (m/s) () )
1
2
3
4
5
6
7
8
9
10





SPH 3UI - Day 78
Conservation of Energy &  Efficiency

SPH 3UI - Day 79
Ramp Lab due EOP

SPH 3UI - Day 80
Temp, Thermal Energy, Heat & Q

SPH 3UI - Day 81
Heating Curve of Ice Lab

http://webcache.googleusercontent.com/search?q=cache:xvKm9EEgaEsJ:www.chm.davidson.edu/vce/phasechanges/HeatingCurve.html+real+heating+curve+data&cd=3&hl=en&ct=clnk&gl=ca
	Self Check 

	1. Using the particle theory, explain what happens to water as it is gradually heated and changes from ice to steam.  

2. Richard is making some popsicles from fruit juice in the freezer. He wants to eat them as soon as possible, so he puts a thermometer in one. Every 10 minutes he checks the thermometer. At first everything is going well, but suddenly his popsicles stop getting colder! After a long wait, they start getting colder again, and he sees they are hard enough to eat. The readings from the thermometer are shown below.  

 Time  
(min) 
Temperature  
(°C) 
0

10

20

30

40

50

60

70

80

90

100 
20

14

8

2

-2

-2

-2

-2

-4

-10

-12 
3. a) Make a line graph of time vs. temperature for the data.  
4. b) At what temperature does a plateau appear on the graph? What do you think was happening at this time? Use the particle theory in your explanation.  

5. c) At what temperature do you infer that the fruit juice froze? Explain your answer.  

6. d) Estimate the time when the water was at 16ºC.  


Use theoretical data to develop a heating curve graph

http://www.greatneck.k12.ny.us/GNPS/SHS/dept/science/Blumberg/worksheets/heating%20curve%20and%20energy.htm
NAME_____________________
Heating Curve Worksheet - Energy
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1) 1)     What is happening to the average kinetic energy of the molecules in the sample during section 2?
 
2) 2)     As a substance goes through section (2), what happens to the distance between the particles?
 
3) 3)     What is the name of the process happening during section (4)?
 
4) 4)     What would be the name of the process happening during section (4) if time were going the other way?
 
5) 5)     What is the melting point of this substance?
 
6) 6)     At what temperature would this sample finish boiling?
 
7) 7)     When this substance is melting, the temperature of the ice-water mixture remains constant because:
a. a.     Heat is not being absorbed
b. b.     The ice is colder that the water
c. c.     Heat energy is being converted to potential energy
d. d.     Heat energy is being converted to kinetic energy
 
8) 8)     When a given quantity of water is heated at a constant rate, the phase change from liquid to gas takes longer than the phase change from solid to liquid because
a. a.     The heat of vaporization is greater than the heat of fusion
b. b.     The heat of fusion is greater than the heat of vaporization
c. c.     The average kinetic energy of the molecules is greater in steam than in water
d. d.     Ice absorbs energy more rapidly than water does
 
9) 9)     The temperature at which a substance in the liquid state freezes is the same as the temperature at which the substance
a. a.     Melts
b. b.     Sublimes
c. c.     Boils
d. d.     Condenses
10) 10) Is this curve showing an endothermic or an exothermic process?
 
11) 11) What are the two points used to calibrate a thermometer?
 
12) 12) 34oC is equal to ____________K.
 
13) 13) –128oC is equal to ____________K.
 
14) 14) How many kJ are in 750 J?
 
15) 15) If 150 grams of water is heated from 20oC to 30oC, the number of joules of heat energy absorbed is…
 
 
 
 
16) 16) If a 2.0 g sample of water at 5.0oC absorbs 21.8 J of heat energy, the temperature of the sample will be raised by…
 
 
 
 
17) 17) The temperature of 50.0 grams of water was raised to 50oC by the addition of 4180 J of heat energy. What was the initial temperature of the water?
 
 
 
18) 18) A sample of water is heated from 10.oC to 15oC by the addition of 130 joules of heat. What is the mass of the water?
 
http://www.chemtutor.com/sta.htm#wok
HEAT CURVE PROBLEMS
1. How much heat is needed to warm 25 grams of water from 10ºC to 20ºC?
2. How much heat is needed to warm 25 grams of water from -10ºC to 20ºC?
3. What is the specific heat of copper metal if 200 cal increases the temperature of 40.9 g of it from 21 ºC to 73 ºC?
4. How much heat is needed to increase the temperature of 12 grams of gold from 20 ºC to 95 ºC?
5. What is the temperature of 40 grams of water at 45 ºC added to 60 grams of water at 95 ºC?
6. What mass of live steam at 100 ºC is needed to heat 27.5 kg of water from 20 ºC to 100 ºC?
7. A 641 gram iron horse shoe at 1100 ºC is dunked into a bucket containing 12.8 kg of water at 22 ºC. Assume that no steam was lost. (All of the steam leaves its heat of vaporization and its mass to the water in the bucket.) The horse shoe is taken out at 100 ºC, just after it has quit boiling the water around it. What is the new temperature of the water?
A WALK UP THE PHASE CHANGE GRAPH 
On a piece of graph paper with the long side toward you, draw a graph with units of calories on the bottom from zero to nine hundred or a thousand calories and with temperature on the side, starting with minus twenty on the bottom and going up to about a hundred and twenty. 

Let’s start with ice at minus twenty degrees Celsius and zero joules of heat added. That is cold for a home refrigerator. Most home refrigerators don’t cool ice to below minus twenty. The ice cube you take out of a freezer that cold will attract humidity out of the air and freeze it to the ice cube. It looks as if the ice cube is growing hair. This does not happen in completely dry air, but really dry air is not comfortable for people. The ice cube increases its temperature by cooling the surroundings. The surroundings lose the energy while the ice cube gains the same amount of energy. Materials of different temperature will exchange heat until the two materials are the same temperature. It takes energy to separate temperatures, which is why it takes energy to run a refrigerator or an air conditioner. 

We will use a 1 gram of ice cube.

The ice cube takes up about 2.1 J for each gram of ice for each degree temperature increase. You can plot a slanted line from zero joules and minus twenty degrees Celsius to 42 J and zero degrees Celsius. This melting point of ice, zero degrees Celsius, is the end of the line for that process. The slope of the line indicates the specific heat of the ice, that is, the amount of heat that is necessary to increase the temperature of that material in that phase. Q is the heat in joules that ice gains as it increases in temperature. m is the mass of ice in grams. c is the specific heat of ice, about 2.1 J per gram degree. T is the temperature of the ice. (T2 - T1) or [image: image4.png]


T, pronounced 'delta tee' is the change in temperature as the ice accepts heat. 

Q = m c [image: image5.png]


T is the equation that relates temperature change, specific heat, mass and heat of a material not changing phase, but changing temperature. Notice that the formula is the same for a downward change in temperature, but that the Q becomes negative for the ice as the temperature drops. 

Once the ice cube reaches zero Celsius, there is a phase change. The ice changes from solid to liquid at the melting point. The same temperature is also the freezing point. To get the process of melting right, we are going to have to mix the materials well enough and do the heat changes slowly enough so that there are only very small changes of temperature throughout the container. The first drop of water from the ice cube has a temperature of zero degrees Celsius. The rest of the ice cube has the same temperature. As half of the ice has melted, the temperature of the water is zero degrees Celsius and so is the temperature of the ice. As the last little piece of ice is in the cup, the temperature of it is zero degrees Celsius and so is the water around it. THE PHASE CHANGE HAPPENS WITH NO CHANGE OF TEMPERATURE. The energy of the heat goes to increasing the molecular energy of motion of the water molecules. 

As the ice melts, it takes about 334 J (of heat) per gram (of ice) for the ice to melt. Continue the graph from the top of the line for the increase in temperature of ice for 334 Joules AT THE SAME TEMPERATURE. Go straight across the graph to show no change in temperature in a phase change. Q is the heat in calories gained by the ice. m is the mass of ice in grams. Hf is the “heat of fusion” of water, a measure of the amount of heat required to change the phase of one gram of ice (or water). (Draw your line from zero degrees Celsius and 42 J to the point zero degrees Celsius and 376 J.)

Q = m Hf is the math formula for the phase change. Why is there no figure in this formula for a change in temperature? 

When all the ice has melted, we have water at zero degrees Celsius. You know you can put water on a stove to accept more heat. As you increase the amount of heat the water accepts, the water increases in temperature by the slope of 4.18 Joules per gram degree. There is a considerable difference between the specific heat of water as a solid and water as a liquid. This is mainly due to the hydrogen bonding of water.

At the end of the 334 J straight line at zero degrees, begin the line for the warming of water as a liquid. The line goes up 418 J and goes up to one hundred degrees Celsius. You have seen this before. The water in the kettle increases in temperature as the heat from the stove is added to it. (Draw the line from zero degrees Celsius and 376 J to 100 degrees C and 794 J.)

The mathematical formula for the heating of water as a liquid is the same Q = m c (T2 - T2) as for the heating of ice. This time, thought, the specific heat of water as a liquid, c, is 4.18 Joules per gram degree. 

The boiling point of water is one hundred degrees Celsius at one atmosphere pressure. At this temperature we are going to have another phase change. Just as with the change from solid to liquid, the phase change will occur with no change in temperature. The temperature at which the phase change happens, though depends upon the gas pressure on the liquid. At one standard atmosphere the boiling point of water is one hundred degrees Celcius. This is just another way of saying that the vapour pressure of water at one hundred degrees is one atmosphere. The boiling point of a liquid is the temperature at which the vapour pressure equals the ambient pressure. (Ambient pressure is the pressure around the material. Ambient pressure in open containers is the atmospheric pressure.) An open pot of water boiling on the stove will be one hundred degrees when the water begins to boil. Regardless of how rapidly the water boils, it can not reach temperatures above the boiling point. The last few drops of water at a boil will be at one hundred degrees. 

It takes 2260 J per gram to change liquid water into water vapour by boiling at one atmosphere pressure. This is an incredibly large heat of vaporization (Hv). From the top of the line for heating liquid water to the boiling point, extend the line straight across (no change in temperature) for 2260 J. (Draw the line from 100 degrees C and 794 Joules to 100 degrees C and 3054 (!) Joules.) The graph is a good way to see that the process of boiling water takes almost two and a half times the energy needed to bring the water up to temperature from minus twenty degrees. The formula for the boiling away of water is similar to the formula for melting ice, but Hv, the heat of vaporization substitutes for Hf, the heat of fusion. Q = m Hv
The number of 2260 Joules per gram to vaporize water seems high. It is. You can confirm this for yourself by the following quick-and-dirty experiment. Measure the temperature of a pot of water at about room temperature. Put the pot with water in it on a gas cooking element or onto a hot electric element. Time (in seconds) how long it takes the water to come to a boil (with the top on the pot most of the time). With the top off the pot, time how long it takes to boil out all the water. Make sure the heating device is producing the same amount of heat all through the experiment. Take the pot off the element immediately after the water boils out and cool the pot (under a stream of running water). If you started at twenty degrees Celsius, it takes 4.18 J per gram to get to the boiling point (at sea level). You can proportionate the times and find how much heat it takes to boil out the same amount of water that you brought to a boil. This experiment is not really accurate due to the heat capacity of the pot, the uncontrolled evaporation of the water, and the lack of accurate heating, but it can give you the vital information that the heat of vaporization of water is very large.

Once water is in the form of steam, it must be contained in order to be heated further. In a pressure cooker or boiler or other pressure device the temperature of the gas can be increased with the addition of heat. The formula again is: Q = m c (T2 - T1) and c, the specific heat is about 2.0 Joules per gram degree. 

There are a few things like free element iodine and carbon dioxide that go directly from a solid to a gas at normal atmospheric pressures. There are a number of materials that undergo chemical reactions at some temperature before they change phase, but most other materials go through the same type of phase changes as water, but with the numbers for melting point, boiling point, c, Hf, Hv, etc. that are properties of that material. 

  

  
THE 'HEAT CURVE' FOR WATER
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If you followed the instructions in the 'walk up the phase change pathway,' here is what you should have drawn. Leg 'A' is the warming of ice. Leg 'B' is the melting of ice. Leg 'C' is the warming of water. Leg 'D' is the boiling of water to steam. Leg 'E' is the warming of steam.

 LIVE STEAM
Live steam is the name given to water vapor at temperatures over the boiling point of water. The amount of energy required to change water into live steam can be reclaimed in the process of condensing the steam onto an object. Live steam is useful in pressing clothes, cleaning masonry or rugs, and very quick heating of water. The high efficiency of steam engines for trains and automobiles and the power they can produce is a testament to the great amount of energy in live steam. Live steam is extremely dangerous unless you have been given some training in how to use it. Many industrial accidents come from people using this primitive but powerful technology without proper training. High pressure boilers are used to make this readily accessible from many places in a site. In a hospital, for instance, the steam may be used to cook, to heat water, or to sterilize in different parts of the hospital. Not enough of the people using this powerful tool understand how dangerous it can be. 

Just as the humidity in the air is not visible to the human eye, neither is live steam. You might think of a rapidly boiling kettle and remember the white plume coming out of the spout. That’s not live steam. Look closer to the spout of the kettle. There is a short space just past the spout where there is none of the white fluffy material. THAT is the live steam. If you put your finger into the white fluffy material, it will get hot and wet. If you put your finger into the clear space just after the end of the spout, it will burn you very quickly. The white fluffy material is just a cloud with warm water droplets in it. The water in the cloud has already lost the heat of vaporization back to the air. Not that we are accustomed to doing so, but the live steam area is the place to put an envelope you might want to steam open. 

Steam engines use live steam. The fire uses energy to heat up a boiler. The boiler is under pressure as the steam builds up in the boiler. The pressure of the steam is used to drive a reciprocating steam engine or a steam turbine. The use of steam for transportation is very efficient and the engines burn any combustable fuel. Some of the reasons we don't have very many steam automobiles are, (1) there is some popular fear about a boiler in a car, (2) it takes some time to heat up the boiler so the car can go, and (3) the increased weight and instability of the car from carrying around a large container of water.

  

COOKING IN WATER 
A lot of cooking is done in water. Boiling, poaching, and steaming have as lot of history in cooking. (After all, cooking is just some practical chemistry.) Cooking is just a matter of applying heat. The way the heat is applied, though, has a lot to do with how efficiently the heat is transferred, how evenly the heat is transferred, what other tastes and materials are taken on by the food in the process of heating, and how the amount of cooking is regulated. Boiling is a good way to efficiently transfer heat at a good, consistent temperature. It is easy to regulate how well an egg is to be cooked by timing the boiling of it. Boiling temperature varies with the altitude of the cooking and to a lesser extent with the small variations of the atmospheric pressure with the changes in weather. In Atlanta, Georgia with an elevation of one thousand feet above sea level, the boiling point of water averages about ninety-nine degrees Celsius, one degree lower than in Miami, Florida at sea level. In Denver, Colorado, the ‘mile high city,’ there is an even lower boiling point of water to an average of about ninety-five degrees Celsius. Since the cooking temperature is lower, the cooking time must be increased to get the same results. 

Could you speed up cooking by keeping the heat all the way up on the stove? No, in an open pot cooking goes just as fast at a slow boil as at a vigorously rolling boil. Get the pot boiling and turn down the heat just enough to keep the pot boiling. 

Could you speed up the cooking by increasing the pressure? Yes, pressure cookers work by increasing the pressure inside the cooker to increase the boiling temperature of water. Cooking with a pressure cooker requires enough water in the pot to increase the pressure by boiling water and trapping the vapor pressurized in a vessel. * * * * PRESSURE COOKERS CAN BE DANGEROUS. * * * * Follow the instructions carefully if you use a pressure cooker. 

SPH 3UI - Day 82
Heating Curve of Ice  - continued

SPH 3UI - Day 83 & 84
Power

OPTIONAL!!!! - SPH 3UI - Day 85 & 86& 87
Chapter 5
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sumption, Canada burns - through
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age, That’s more than France, Italy or
the U.K. despite our having about half
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ganization for Economic Co-operation
and Development and C m mbmnmw
Department data.

v Never mind the Leafs and wwvnowm
We are Number One afterall. -
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ﬁrm culture of conservation went from
omcmabm guns, attic insulation, Drive
55 and shower-with-a-friend to don’t-
worry-be-happy I'~~*nd the wheel of a
towering four-{  drive SUV that
goes fewer kil es per litre than
dad’s fuel-schlorping Barracuda.
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ables would be harnessed to
warm our bodies and light our
way. In .the meantime, be mi-
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that will deliver us to this gmé
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nously familiar, High prices at
the pumps are going higher
still, blackouts occur on the de-
regulated = California power
grid and a volatility in the Mid-
dle East is every bit as severe as
it was in QOctober, 1973, when
the OPEC embargo sent shock
waves through the . not-yet-
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efficiency ‘in Europe, where the con-'
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our incandescent selves. .
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spend 'their lives steering Canadians
‘foward the ever-evolving variety of ef-
.QOso% solutions for home, business
and the things that take us tothem. -
¥ Heinrich Feistner, senior consultant
59 the City of Toronto’s Energy Effi-
ciency Office, suggests years of post-

«cheap supply, and the ultimate failure
of Jimmy Carter’s message have mar-
| ginalized conservation to the periph-
ery of public concern.

* “The very word conservation fell
out of favour because it was mnmorma
to an image of shivering in the dark,
Feistner says.

' “And the whole *70s energy crisis
'thing, in the end, was overshadowed
by a sense that it was not so much a re-
al scare but simply the oil companies
and OPEC trying to gouge the public.”

! That we are now Number One in}

"70s cynicism, a sustained glut of |

new age.
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monster house, the monster SUV,
multiple TVs, microwaves, air condi-
tioning, horne computers and the serv-
ers and hubs that keep them
chBEm The art of conspicuous

oosmcgvﬁos from all-the- flavour, all-
the-fat gourmet ice cream to dot-

conquest, became the leisure pursuit
._om the digital revolution.

- Nothing exceeds like excess, msa
= Em media through which we buyit. -
.But . Feistner .and others note Eo
,,Aéog Om consumption is now turning,

as it always does, with the hike for gas
prices and home heating,

. .In Toronto, homeowners have be-
gun to reawaken to thermal leakage
- amid soaring natural gas rates. Elec-
tronic. thermostats are in vogue for
~-their programmable efficiencies. New
_home builders are beginning to incor-
porate the cost of approaching the fed-
eral government’s R-2000 project.
R-2000 homes are built using con-
-struction methods that reduce fuel
oobmcnﬁaos.

‘It's our 5852, our .
geography, the fact that our
economy is still largely based
on natural resources . . . All
this contributes to our status
aslear  ~onsumers.’

— PETER LOVE
~ Canadian Energy Efficiency

-
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com’s instant rich erecting castles of
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* In ?Q Em 85529& mmoSa is em-

bracing the religion of efficiency the
most, The TD Centre, faced with a
doubling of its energy bill to $5 million
a year, has bitten down on a retrofit to
ease the financial pain.

Q Even Honest Eds, that QSQ& of
| glowing commercial signage at Bloor
and Bathurst Sts., has bought in.

The discount mﬂonm has replaced its
inventory of 23,000 bulbs with low
wattage Q 5) units. More important,
‘the Eds sign now burns an average of
three hours a day, down from the 20-
| hour average of a few years back that
made that corner of the Annex seem
like the land of the midnight sun.
¢ “When you're in the bargain busi-
ness,.you save money any way you
can,” explains Honest Eds general
manager Russell Lazar.

“Under the old system, the sign was
on a timer. You couldn’t turn it off
without calling somebody in to restart
it,” Lazar says.

“When we replaced it with a simple

manual switch, our energy costs came
down Qammnomz% If it’s a dark, rainy
day, we’ll have it on, but the minute
the sun comes out we turn it off.”
] It's safe to say Greenpeace is not
about to induct Eds’ 23,000-bulber in-
to its hall of fame anytime soon, but
the trend toward efficiency is positive
nonetheless.

The Toronto-based Canadian Ener-
gy Efficiency Alliance rates provincial
governments each year on their will-
Ingness to act,







[image: image8.png]Mike Harris’ Untario is now in the
middle of the pack — hailed as big on

talk, chided as short on specific tar-
gets.

The alliance’s “executive * diréctor,
- Peter Love, says our international sta--

tus as Number. One power:
should be placed in 'c’oiitéxrz)‘* e

-“It's not just a habitual thing,” says

Love; .

© "“It’s” our weather, ‘our geography..
the fact that our économy is suﬁra Ialfggj .

ly ‘based on-natural resources, with
heavy energy-consuming - industries’
such as pulp, iron ore, and extracting

. Syncrude from the tar sands of Alber- -

* ta. All this contributes to ur Status as”

leading consumers of energy. - <. -

- “But at the same time, we've made .

- big strides. When you look at-all four

- sectors — residential, commercial in-
dustrial and transportation — ve can
Se¢e measurable advances in each one,
-from Energuide labels on everything
_to businesses retrofitting to improve

‘theirbottomline. s+ w0t L

i Are we improvin

A 1] 2?2 Yes. Canwe do-

better? No doubt.:Where ‘should we

- start? " Most ‘people ' say ‘transporta-
O™z e TR s R e

: -,;’z‘&rguably the most visible of Toron-
to’s past efficiency efforts was How-
land House, that downtown showcase

of the 1980s state of the insulating

“Owned by the Ontario’Ministry of
Housing, the 'house .offered people a
glimpse into the possible before clos-

ing duetolack of interest. - % & .-

‘Some may view that as & metaphor
for public.apathy. David Peters, the
man who organized Howland House, !+
thinks nOt.; - - g 2y ais B g %0

_“It was an amazing place in its day,”
says Peters, now general manager of
the Ontario Housing Authority. ..

“We did everything to an old house,
from triple-glazed windows to on¢ of
the early heat exchangers. An ultra-ef-
ficient furnace and total insulation. It
cost $100 ayear to heat.

“It had good traffic at a time when
energy prices were high. People
weren’t meant to do it all — nobody
could afford to — but they could pick
and choose the ideas that made sense
in their home. Eventually, it ran its
course.” _ : ’

With prices soaring once again —
and with a widening view that Ontar-
io’s deregulation of electricity will al-
most  certainly. mean higher, not
lower, prices — Peters postulates a
new era of efficiency awareness is
likely to push ahead in the next five to
sixyears. . =

““The . coniservation :.culture of :the -
970s and '80s was, to varying de-
rees, trendy and shallow,” he says.

“It has much deeper roots to build
n now. There’s a not so visible foun-
ation from those days that can be
uilt on quite quickly. Like wind tech-
ology, . solar technology has been
oving' along rapidly all this time.
/hat’s been missing is the economics

+'Canada “Germany -~ Ifaly -*apan ,
— the cents-per-unit cost of produc-
tion to make it competitive. But as fos-
sil fuels go up, we’re closing in on that

magicnumber. - . = 1

" “The other big factor is.that energy
 efficiency has been taught in schools
and universities for years. There’s at
 least one generation now that takes it
for granted not as part of pop culture,
but as a necessary shift in lifestyles.
“But the central requirement for
-change will be money. It has to affect
people in the pocketbook. That’s
whenwe'll change.” * ‘

Toronto will get a glimpse of one
option later this year when the Toron-
to Renewable Energy Co-operative
launches its wind turbine project at ei-
ther Ashbridge’s Bay or the CNE
.grounds. .

The European-designed windmill is
expected to serve as a hope for renew-
Lable energy.

“Think of it as a maypole. A very vi-
sual reminder that there are a lot of

‘I people still here, working toward

these solutions,” says one of the pro-
1 ject leaders, Greg Allen of Allen Kani
' Sustainable Technology Consultants.

“Let’s face it, we've been through

¥ two decades of a deliberate initiative

" to reshape the North American ethos

S

] u:g,'cu'uulg CAPILAUDL  L/AL VY LU LLL,

Jinterests of Big Oil have been well

;P

Py Tie:

served. They ridded the land of the
mythology that efficiency and renew-
ables are the solution.

“As a population, we’ve been sleep-

But now we're being reawakened
by the shocks of natural gas and home
heating supplies and, the prices at the
gaspumps. - :

anybody that has to travel by car in the

} GTA that isn’t appalled by the state of

our transportation system. Tt isn’t
i 'working. It’s a miserable experience.
it's not a morning or evening ritual
anyone takes enjoyment in, regardless
of what kind of SUV you drive.

. “It's dawning on people that that
any metropolis of this scale has to
have a serious commuter rail system,
which is how every large centre has
coped with the -density of people
movement required.” S
Tony Woods, of Can-am Building

o Envelope Specialists, speaks with the

been-there, done-that weariness of

people efficiency for a lifetime. His
- lessons were hard-won and lasting.’

“You can’t sell people efficiency by
itself because it’s not visible. They
can't taste it, touch it, smell it or see it
and no amount of showing them
cost/benefit analyses will ~change
that,” Woods says.

‘As a population, we've been
sleepwalking. But now we're
heing reawakened by the
shocks of natural gas and home
heating supplies and the prices
at the gas pumps.’

— GREG ALLEN

Allen Kani Sustainable Technology
Consultants

At the same time, he’s seen home-
owners spend as much as $15,000 to
rebuild their building envelopes to
seal off problems with clusterflies or
bats. They ended up saving lots in en-
ergy efficiency, but that wasn’t the
motivation. Bats, they cansee. - . -

“I've often thought the solution to
Toronto’s efficiency problem is to
breed very large amounts of clusterfly
larvae,” Woods jokes. - ..

"

“The whole city would seal itself

_tight pretty quick.” "~ ~ =
Woods says bluntly that homeown-
ers have three primary motivations —
fear, greed and comfort, in that order.
“We were scared in the ’70s and
’80s because of energy prices-and we
acted. Then we got greedy because
the government was giving out free
money to owners of older homes until
1985 to help improve efficiency. = %
“Now, the watchword is comfort:
It’s no coincidence that the word com-
fort shows up in every bit of utility ad-

' vertising you see. Comfort in the

broadest sense. We'll pay for the com-

“At the same tix'xié;,.lidon’t‘ know

someone who’s been trying to sell .

mice, odours, flies and dirt from our

fort of eliminating problems like bats,
homes.

”70 a_v/w7 {M

tosts get high
r the comfort of

“And if ene

enough, we'll p. )
better efficiencv to make that problem W/ ¢
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[image: image10.png]Lightbulbs vs.

A 100 Watt light bulb running 24 hours a day
uses 72 kWh/month
* 100 Watt bulb uses
0.1 kWh/hour

. 0 1 kWh/hour x 24 h0urs
= 2.4 KWh/day

* 2.4 kWh/day x 30 days. |
=72 kWh/month

* 72 KWh/month x $0. 08/kWh
= $5.76/month :

* $5.76/month x 12.17 month
= $70.10/year

‘A'n Inglis 18 cu. ft. refrigerator
uses 45 kWh/month

- * 45 kWh/month x $0.08/kWk
=$3.60/month

- . $3.60/month x 12.17 month
== $43.81/year







[image: image11.png]HOW EFFICIENT ARE VARIOUS ENERGY SYSTEMS?

Complete the table:

SYSTEM INPUT | OUTPUT “ %
| . EFFICIENCY
Fluorescent lamp 500k1  |100 K
Incandescent light bulb 100 kJ 2 K
Oil furnace 1K | 088K
Jetplane .  |2000MJ |500 MJ
Diesel car engine 20MJ | 48 ™I
Gasoline car engine 120 MJ 30 - AMJ

Answer the questions. Use the table as a reference.

1. For each system, determine the percent of wasted energy. Name 3 forms of
wasted energy.

2. Which light source is the most efficient?

3. Which car engine is the most efficient? -

4. Which two systems are the least efficient. Explain why these systems are so
inefficient.

-5. Why is energy efficiency of systems of great importance to consumers?







[image: image12.png]Don't Have a Drip in Your Home

1. If you have a leaking tap in your home, it's costing you money!

We will calculate the cost -- in energy costs (hydro) and on your water/sewage
bill -- of an “average" leak.

Use the data given below to calculate the answers to the questions that follow.

Average Leak 175 mL/15 min

Heating water 0.33 kWh/L

Energy cost $0.11/kWh

Water charge $0.515/1000 T

Sewer Charge - municipal 65% of water charge

(Ottawa)

Sewer Charge - Regional 103% of water + municipa]
charge

QUESTIONS:

1. Multiply the volume of water (175 mL) by 4 to determine how much water is
lostin 1h.

2. Calculate the volume of water that is wasted if the drip continued for one full
year.

3. Assume that it is a hot water tap that is leaking. Use the information provided
above to determine the cost of the energy required to heat the volume of the
water. ‘

4. Determine the cost of the water and sewage charges for the water lost.






[image: image13.png]Energuide Label - required by law on all appliances sold in Canada —->

2: PURCHASING APPLIANCES

. s
yshi
- 325

1. You are buying your first house and need to purchase three main kitchen appliances: a
stove, refrigerator, and a dishwasher. You have enough money to buy new appliances,
which in the case of the fridge is fortunate. Government regulations have forced
manufactures to increase their efficiency considerably; legislation in 1994 (replacing 19380
legislation) improved the efficiency of the motors by about 25%. Since operating costs are
significant (especially for fridges - they're your most expensive electrical appliance to run),
a new fridge offers considerable saving over an older fridge.

In this exercise you are to consider the costs of three different models of each appliance.
You will consider [a] the initial cost, [b] the operating cost per year, and [c] the total cost’
over the life of the appliance. The total cost consists of the purchase price plus the cost of
operating the appliance for 20 years (fridge and stove) or 12 years (dishwasher).

Data for this exercise was obtained in March 1995 from Sears.

e
512 e
SN e

ia. Refrigerator: (20-22 ¢u.ft. capacity) (Side by Side) $0.11 perkWh

Mod |Size |Purchase Price kWh Rating/yr Operating Cost Total Cost
el# |(cuft) (20 years)
1 22 1 498 792
- 2 20 1148 768
3 22 1298 785

1b. Refrigerator: (20-22 cu.ft_capacity) (Side by Side - Icefwater disbenser in coon

Mod | Size | Purchase Price kKWh Ratingfyr Operating Cost Total Cost
el |(cuit) (20 years)

1 22 2 069 792

2 |22 1749 809

3 |20 1 649 816

1c. Refrigerator: (20-22 cu.ft. capacity) (Conventional top freezer)

Mod | Size |Purchase Price kKWh Rating/yr Operating Cost Total Cost
el# {(cuft) (20 years)

1 20 1279 714 -

N 2 20 |1149 583
3 LZ] 1 349 555 ]







[image: image14.png]2. Dishwasher:

Applianc | Purchase Price kWh Rating/yr Operating Cost Total Cost
e # (12 years)
1 949 - 645
7 729 1690
3 719 655
4 579 4 670
3. Stove:
Model| Features Purchase KWh Rating/yr | Operating Cost- - | Total Cost
# Price (20 years) .
1 Easy clean {658 817
oven
2 Easy clean }87S 823
oven
3 Self clean {929 756
oven
4 Self clean 1 039 758
oven
S "|Easy clean |1 148 725
- oven,
convection '
S Self clean 1779 744
oven, : '
convection B |

1. In which cases does the cost of running the appliance actually exceed the
initial purchase price of the appliance?

5 \Which is the most economical type of fridge to run — side by side, ice n
dooar, top freezer? R ’ ‘ o

3. Which is the most economic appliance in each group in terms oft

[a] initial purchase price

[b] operating cost

[c] total cost over the life of the appliance
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Nuclear Energy

Stability of a Nucleus

- The stability of the nucleus of an isotope depends on the number of protons and neutrons.
- Isotopes are different forms of an element that have the same number of protons but a different number of neutrons.  Therefore they are chemically equivalent (behave the same in a chemical reaction) but are physically different. ( can be centrifuged – Iran
- Why does the nucleus not fly apart due to the repulsive forces between protons?  At that close range, there is a stronger nuclear force holding the nucleus together.  However, in the larger nuclei, there are enough protons to make the repulsive forces felt and therefore make the nuclei unstable.


1 - Stable nuclei up to Z=20 have #p=#n


2 - #n>#p for elements 20 to 83


3 - Nuclei above 83 are unstable

4 - An even number of p or n is more stable than an uneven number of p or n.  This is due to spin pairing just like how electrons spin pair.

5 - The nucleus can be thought of as having a shell structure much like the shell structure of electrons.

Binding Energy - the energy required to separate a nucleus into its component protons and neutrons.  Because this binding energy is so strong within the nucleus, changes in the nucleus, radioactive changes, have a very high energy associated with them.  Nuclear reactions are generally a million times more energetic than chemical reactions.  When comparing binding energies, the greater the binding energy, the greater the stability of the nucleus.

Formation of Helium from protons, neutrons and electrons
P+mass = 1.6726*10-24g 
Nmass  = 1.6749*10-24g 
e-mass  = 9.11*10-28g
1 He (  2P++2N + 2e- = 2(1.6726*10-24g) + 2(1.6749*10-24g) + 2(9.11*10-28g)

=  6.696822*10-24 g per atom He
= 4.032856 g per 1 mole of He
( 
but on the P.T. He = 4.002602 g/mol
(
when bonded the P+’s, N’s & e-‘s have a mass that is 

less than the individual P+’s, N’s  & e-‘s
( called the mass deficit
( 
mass deficit = 4.032856g-4.002602g = 0.030254 g/mol





ΔE
= mc2



***





 
= (3.0254*10-5 kg)(3*108m/s)2





=  2.72*1012 J






=  2.72*109 kJ/mol

(compare ( burn 1 mol Carbon ( 393.5 kJ
Nuclear reactions are millions of times more energetic than chemical reactions.

Fe has the highest binding energy.  Thus when nuclear reactions take place, they tend to create nuclei that are more like Fe.  By combining small nuclei into larger nuclei, a very very large amount of energy is released (fusion).  By breaking larger nuclei into smaller nuclei (fission) we also get a large amount of energy released, but not as much as fusion.

Nuclear Reactions - involve change in the nuclei.

 Radioactivity - the emission of alpha and beta particles and/or gamma rays from the nuclei as it relaxes to a less energetic state.  This radiation results in change in the number of neutrons and/or the number of protons in the nucleus.  Therefore when writing nuclear reactions be sure to include the mass number (A) and the atomic number (Z) which is the number of protons.

AZX

An alpha particle is a helium nucleus with a charge of +2 and mass of 4.  

Emission of a helium nucleus is known as alpha particle decay.
22688Ra ( 42He  +  22286Rn
Alpha particles are massive and have a high charge.  Therefore they have low penetrating power, but high ionization power.  In air they can typically range 

2-3 cm making up to 100,000 ionizations of the air molecules.

Beta particles are high energy electrons resulting from the transformation of a neutron into a proton.

10N  (  11P  +  0-1e

This transformation occurs when a nucleus has a high ratio of neutrons to protons.

3215P ( 3216S + 0-1e

Beta particles typically travel up to 5 metres in air.

The reverse can also occur ( called electron capture.  The nucleus actually captures an electron from one of the low lying energy levels.

11P  +  0-1e  (  10N

This process usually releases X-rays.

If the amount of energy is correct, (mass equivalent of 2 electrons), an electron and positron may be formed.  A positron is a positively charged electron.  The electron would be captured and the positron would be emitted.  This positron is antimatter and positrons and anti-protons (negatively charged protons) and anti-neutrons (oppositely neutral neurons) do exist.  If this antimatter comes into contact with normal matter the two bits annihilate themselves into pure energy equivalent to their mass so everything you hear on Star Trek is not fictional. 

A gamma ray is a form of electromagnetic radiation.  Gamma rays help to carry off some of the excess energy in radioactive changes.

13755Cs ( 0-1e + 00γ + 13756Ba

These rays have very high penetrating power and would most likely pass through you without actually hitting anything.  It takes thick lead sheets or concrete walls to stop them.

Rate of Decay -  measured by the half life (t1/2) which is the time it takes for one half of the nuclei in a given sample to decay.  The greater the instability, the shorter the half life.

The half life formula is:







n = number of half lives




Amount 1 = original amount in sample



Amount 2 = amount in sample at later date
Eg] How much 13153I is left over from a 3 gram sample after 90 days.  t1/2 for 13153I is 8.07 days.

n= 90 days  = 11.15 

amount 1 = 3 g

 

     8.07days


amount 2 = ?

Amount 2 =   3g   

( 1.32*10-3 g of 13153I





    211.15

Note: the 13153I has only been changed to another atom so the sample will still have a mass close to 3 grams.

The becquerel (Bq) is the SI unit for decay of a radioactive isotope.

1 Bq = 1 decay





   second
Radioisotope Dating

Carbon dating is the most common form of radioisotope dating.  The process for carbon dating is as follows.

1 - High energy cosmic rays (space radiation) bombard the upper atmosphere releasing neutrons the interact with nitrogen to form carbon-14 (14C)

147N   +   10n   (   146C   +   11H
2 - 14C combines with oxygen to form 14CO2 which then works its way into the food chain.

3 - When an organism dies, its intake of 14C stops and the 14C in the organism decays according to its half life which is 5730 yrs.
4 - By measuring the amount of 14C in the old sample and comparing it to the amount of 14C in a recently dead sample, the age can be determined using the half life formula.

Eg] In a 100g piece of charcoal (pure carbon) found in an old campfire site at an archaeological dig, the amount of 14C was found to be 0.001g.  If in a present day 100g piece of charcoal there are 0.1g of 14C, what is the age of the charcoal.  

t1/2 for 14C is 5730 yrs.

Amount 2 = Amount 1



2n


    2n 
= Amount 1






    Amount 2






       log 2n 
= log  Amount 1





 

 Amount 2




       nlog2
= log  Amount 1





 

  Amount 2


n
= log  Amount 1





 

  Amount 2





    log2



n
= log  0.1





0.001






     log 2



n
= log 100




     log 2

n 
= 6.64 half lives

( 6.64* 5730 = 38069 (
35,000 – 40,000 yrs old

Nuclear Fission - the process in which a heavy nucleus is split into smaller fragments.

Because the neutron has no charge it is an excellent projectile for bombarding the nuclei of atoms.  (no charges to be repelled by the electron or the protons.)

Critical Mass – the density of fissile material needed to sustain a nuclear reaction.


Once the critical mass of Uranium 235 (U-235) exists, if a neutron
 collides with a U-235 atom, the uranium atom splits into fragments releasing large amounts of energy and more neutrons.  On average 3 neutrons are released for each splitting.  These neutrons then collide with other U-235 atoms and cause them to split releasing energy and more neutrons.  This process is known as a chain reaction and can grow exponentially to an explosion unless some of the neutrons are removed form the system.  Hence the need for graphite rods or heavy water in nuclear reactors. (Chernobyl – oops!)

Nuclear Fusion - the process in which hydrogen nuclei are fused together to form a helium nucleus.  This is the process that fuels the sun.

4 11H ( 42He + 2 01e + lots of energy

A hydrogen bomb (or thermonuclear bomb) uses a fission based nuclear explosion to get the conditions necessary for hydrogen to undergo fusion which results in a much greater release of energy.




Energy comparison for fuels.
To keep the average power plant fuelled for a year, the following amounts of fuel are required:

1 - Coal - A train fully loaded with coal cars that has a length of 400km. (T.O. to Detroit)

2 - Oil - 7 supertankers of oil (each the length of the CN tower)
3 - Fission - 8 tractor trailers filled with uranium oxide
4 - Fusion - (if possible) 1 pickup truck (0.6 tonne)

Also fusion produces no radioactive byproducts, the fuel is easily extracted from seawater, the fuel is easy to transport and the fusion process is safer - self stopping.  Unfortunately as of now, fusion is uncontrollable.  The only thing we can do well with fusion is make bombs.

Recent developments in fusion:

· 1980 – news reports that sustainable, inexhaustible, non-polluting fusion generated electricity would be widespread within 25 years.

· 1989 – cold fusion discovered – even better than regular fusion because you didn’t need 10,000,000oC temperatures.

· 1990 – cold fusion debunked!!

· 2010 – ITER ignition facility in development - sustainable, inexhaustible, non-polluting fusion generated electricity would be !possible! within 50 years.

Fusion may never happen or at the very least it will be too late to stop the environmental damage.  Coal, Oil and Natural gas energy sources a throwing billions of tonnes of CO2 into the air – global warming.  Fission based electricity is HUGELY expensive and there is no plan for the waste – NIMBY.  Even alternative power like windmills suffer from NIMBY.  Solar power is low density – you need large tracts of land to get enough electricity for the masses.  Geothermal only cuts down on fuel used and is very expensive.  

Something needs to be done….

I just don’t know what….
Los Alamos National Laboratory's Chemistry Division Presents a
Periodic Table of the Elements
	Period
	Group


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	1
IA
1A
	2
IIA
2A
	
	
	
	
	
	
	
	
	
	
	13
IIIA
3A
	14
IVA
4A
	15
VA
5A
	16
VIA
6A
	17
VIIA
7A
	18
VIIIA
8A

	1
	1
H 
1.008
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
He
4.003

	2
	3
Li
6.941
	4
Be 
9.012
	
	
	
	
	
	
	
	
	
	
	5
B
10.81
	6
C
12.01
	7
N
14.01
	8
O
16.00
	9
F
19.00
	10
Ne
20.18

	3
	11
Na 
22.99
	12
Mg 
24.31
	
	
	
	
	
	
	
	
	
	
	13
Al
26.98
	14
Si
28.09
	15
P
30.97
	16
S
32.07
	17
Cl
35.45
	18
Ar
39.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	19
K
39.10
	20
Ca
40.08
	21
Sc
44.96
	22
Ti
47.88
	23
V
50.94
	24
Cr
52.00
	25
Mn
54.94
	26
Fe
55.85
	27
Co
58.93
	28
Ni
58.69
	29
Cu
63.55
	30
Zn
65.39
	31
Ga
69.72
	32
Ge
72.64
	33
As
74.92
	34
Se
78.96
	35
Br
79.90
	36
Kr
83.79

	5
	37
Rb
85.47
	38
Sr
87.62
	39
Y
88.91
	40
Zr
91.22
	41
Nb
92.91
	42
Mo
95.94
	43
Tc
(98)
	44
Ru
101.1
	45
Rh
102.9
	46
Pd
106.4
	47
Ag
107.9
	48
Cd
112.4
	49
In
114.8
	50
Sn
118.7
	51
Sb
121.8
	52
Te
127.6
	53
I
126.9
	54
Xe
131.3

	6
	55
Cs
132.9
	56
Ba
137.3
	*
	72
Hf
178.5
	73
Ta
180.9
	74
W
183.9
	75
Re
186.2
	76
Os
190.2
	77
Ir
192.2
	78
Pt
195.1
	79
Au
197.0
	80
Hg
200.5
	81
Tl
204.4
	82
Pb
207.2
	83
Bi
209.0
	84
Po
(209)
	85
At
(210)
	86
Rn
(222)

	7
	87
Fr
(223)
	88
Ra
(226)
	**
	104
Rf
(261)
	105
Db
(262)
	106
Sg
(266)
	107
Bh
(264)
	108
Hs
(277)
	109
Mt
(268)
	110
Ds
(271)
	111
Rg
(272)
	112
Cn
(285)
	113
Uut
(286)
	114
Uuq
(289)
	115
Uup
(289)
	116
Uuh
(291)
	117
Uus
(294)
	118
Uuo
(294)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lanthanide Series*
	
	57
La
138.9
	58
Ce
140.1
	59
Pr
140.9
	60
Nd
144.2
	61
Pm
(145)
	62
Sm
150.4
	63
Eu
152.0
	64
Gd
157.2
	65
Tb
158.9
	66
Dy
162.5
	67
Ho
164.9
	68
Er
167.3
	69
Tm 168.9
	70
Yb
173.0
	71
Lu
175.0

	

	Actinide Series**
	
	89
Ac
(227)
	90
Th
232
	91
Pa
231
	92
U
238
	93
Np
(237)
	94
Pu
(242)
	95
Am
(243)
	96
Cm
(247)
	97
Bk
(247)
	98
Cf
(251)
	99
Es
(252)
	100
Fm
(257)
	101
Md
(258)
	102
No
(259)
	103
Lr
(262)
	


Nuclear Equations

Nuclear reactions, like chemical reactions, can be readily represented by equations.  However, equations for nuclear reactions use symbols that include the atomic number and the atomic mass.  To balance a nuclear equation the atomic mass on the left must equal the atomic mass on the right AND the atomic number on the left must equal the atomic number of the left.  The atomic number identifies the element and the mass number identifies the specific isotope of that element.  Nuclear reactions, unlike chemical reactions, are not concerned with the orbital electrons present.  Hence, charge balance is not considered.

Example 1:  Alpha particle decay


22286 Rn  (  21884 Po  +  42α

sum of mass numbers for both sides is 222







sum of atomic numbers for both sides is 86

Example 2:  Beta particle decay


22890 Th  (  22891 Pa  +  0-1β

Example 3:  Gamma Emission


22688 Ra  (  22286Rn  +  42α  +  00γ

Exercise:

1.  23693 Np  (   _____________  +  23694 Pu

2.  21083 Bi  (    ______________  +  42α

3.  147N  +  42α  (  ___________  + 11H

4.  126 C  +  10 n  (  2 10 n  +  ____________

5.  21082 Pb  (  21083 Bi  +  __________  +  γ

6.  5326 Fe  (  0+1e +  ____________  +  γ

7.  ___________  +  115B  (  257103Lr  +  4 10 n

8.  21 H  +  ________  (  42He  + 10 n

9.  ____________  (  42α  +  22286Rn  +  γ

10.  10344 Ru  (  10345 Rh  +  0-1β  +  __________

11.  __________  +  10 n  (  3 10 n  +  9236 Kr  +  14156 Ba

Calculating Mass Defect

Molar mass of an electron  =  0.00548987 g/mol

Molar mass of a neutron    =  1.0086654  g/mol

Molar mass of a proton      =  1.00727663 g/mol

E = mc2  (E in joules, m in kilograms, c = 3*108 m/s)

	Isotope
	Isotope Mass

(g/mol)
	Number of Protons
	Number of Neutrons
	Number of Electrons
	Total mass of individual p’s, n’s and e’s
	Mass Defect

(g/mol)
	Mass Defect

(kg/mol)
	Energy of mass defect

(kJ/mol)

	42 He
	4.002603
	
	
	
	
	
	
	

	73 Li
	7.016004
	
	
	
	
	
	
	

	94 Be
	9.012182
	
	
	
	
	
	
	

	115B
	11.009305
	
	
	
	
	
	
	

	126 C
	12.00000
	
	
	
	
	
	
	

	147 N
	14.003074
	
	
	
	
	
	
	

	168 O
	15.994915
	
	
	
	
	
	
	

	199 F
	18.998403
	
	
	
	
	
	
	

	2010 Ne
	19.992440
	
	
	
	
	
	
	


The ‘binding energy’ of the nucleus is equal to the energy equivalence of the mass defect.  It is usually given in units of J/nucleon where the term nucleon refers to the particles in the nucleus – neutron or proton

Balance the following reactions:

1.  21182 Pb  (  0-1 e     +  ____________

2.  22086 Rn  (  42 He   +  ____________

3.  24586 Cm  (  42 He  +  ____________

4.  14056Ba  (  0+1 e      +  ____________

Write balanced nuclear equations for:

1. Alpha and gamma emission from plutonium-242

2. Beta emission from magnesium-28

3. Beta emission from potassium-42

4. Alpha emission from californium-251

5. Beta emission from aluminum-30

6. Alpha and gamma emission from einsteinium-252+

SPH 3UI - Day 89,90,91,92
Nuclear WP’s and Test – Chapter 4,5 & handouts chapter 8

	time
	

	
	Finish overheads

	
	Do some examples on Nuclear Chemistry handout

	
	WP for Nuclear

	
	Extra info can be found in – Fundamentals of physics – an introductory course – 2nd edition – Martindale et.al


Day 89
Day 90 – WP

Day 91 – Review day for chpt 4,5& handouts chpt 8

Day 92 – Test – Chpt 4,5 & handouts chapter 8

W = F*d





W = ΔE





Amount 2 = Amount 1
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