
Lesson 9.1  

 

1. Q. When a plastic comb is rubbed with a piece of animal fur and is brought close to a fine stream of water from a tap, 

the stream of water will be 

(a) attracted to the comb.  

(b) repelled by the comb.   

(c) unaffected by the comb. 

(d) first attracted, then repelled. 

 

A. The correct answer is (a). 

 

 

2. Q. In Investigation 9.1, you rubbed an inflated balloon against your hair and then placed the rubbed portion against 

a wall. You and your partner each have an inflated balloon attached to a string. If you each rubbed your balloon against 

your hair and then, holding them by their strings, brought them close together, they would: 

 

(a) move toward each other.    

(b) move away from each other.   

(c) bob rapidly back and forth. 

(d) be unaffected by each other. 

 

A. The correct answer is (b).  

 

 

3. Q. Write a short paragraph explaining why it is easier to conduct a test to determine that two objects have like 

charges than it is to determine that they have opposite charges. 

 

A. Two objects that have the same charge repel one another. This is the only condition that will result in repulsion. 

Two objects with opposite charges will attract one another. However, when a charged and an uncharged object are 

brought together, they will also attract one another. Although the degree of attraction is different, both situations 

would still result in the objects moving together. 

 

 

4. Q. Describe what would happen on a dry, cool day if you were to pet a long-haired cat for several seconds before 

reaching out to touch a metal doorknob. Why does this occur? Write your answer in complete sentences. 

 

A. When you reach out to touch the doorknob, you receive a shock. Petting the cat results in the build-up of 

static-electric charges on your hand and on the cat’s fur. When your fingers approach the metal doorknob, there is a 

discharge of electricity between your hand and the metal that results in the production of a spark and the mild electric 

shock. 

 

 

5. Q. Develop a question dealing with the effects of approaching a charged polyethylene strip with two oppositely 

charged objects. 

 

A. Students could develop a variety of questions. Most will likely ask something like, "What will occur when a 

charged polyethylene strip is approached from opposite sides by a charged plastic comb and a second charged 

polyethylene strip?" 

 

 

6. Q. Develop a procedure to test the question, "What is observed when a charged polyethylene strip is approached 

first with a positively charged object and then with a negatively charged object?" Carry out the procedure and record 

and interpret the data obtained. 

 



A. Students should design an investigation to answer the question, collect and record data in a form that is easily 

understood, and interpret the data so that they can answer the question. The positively charged object will be attracted 

to the negatively charged ebonite and the negatively charged object will be repelled by the ebonite. 

 

 

Lesson 9.2  

 

1. Q. When a negative ion is formed, an atom must 

 

(a) lose an electron.    

(b) lose a proton.    

(c) gain an electron. 

(d) gain a proton. 

 

A. The correct answer is (c). 

 

 

2. Q. The nucleus of an atom contains 

 

(a) positive electrons and neutral neutrons. 

(b) positive protons and neutral neutrons. 

(c) negative electrons and neutral neutrons. 

(d) negative electrons and negative neutrons. 

 

A. The correct answer is (c). 

 

 

3. Q. Create a multimedia presentation, a poster, or a drama to illustrate the Electrical Nature of Matter as presented 

in the following table: 

 

1.  All matter is made up of submicroscopic particles called atoms. 

2.  At the centre of each atom is a nucleus, with two kinds of particles: the positively charged proton and the uncharged 

neutron.  Protons do not move from the nucleus when an atom becomes charged. 

3.  A cloud of negatively charged particles called electrons surrounds the nucleus. 

An electron has the same amount of charge as a proton, but the kind of charge is opposite.  When atoms become 

charged, only the electrons move from atom to atom. 

4.  Like charges repel each other; unlike charges attract each other. 

5.  In some elements, such as copper, the nucleus has a weaker attraction for its electrons than in others, and electrons 

are able to move freely from atom to atom. 

6.  In each atom, the number of electrons surrounding the nucleus equals the number of protons in the nucleus.  A 

single atom is always neutral. 

7.  If an atom gains an electron, the net charge on the atom is negative, and it is called a negative ion.  If an atom loses 

an electron, the net charge on the atom is positive, and it is called a positive ion. 

 

A. Student presentations should demonstrate the various aspects of the model clearly and accurately in a creative 

manner. 

 

 

4. Q. Use your understanding of the nature of electrical charges to explain why Benjamin Franklin’s names for 

positive and negative charges would be more logical if they were reversed (i.e., what he called negative would be more 

logically called positive and vice versa). Write your answer in complete sentences. 

 

A. The term "negative" suggests a loss or a deficit of something. To become negative, an atom must gain an electron. 

Since the term "positive" suggests a gain or a surplus, it would be more logical to call an atom with a surplus of 

electrons "positive." Similarly, a deficit of protons would more logically be called "negative." 

 [Note. This question is designed to allow for the opportunity for level-four responses.] 



 

 

5. Q. People working in schools and offices sometimes complain about the build-up of static electric charges causing 

"static cling," which causes articles of clothing to stick together. In a group, brainstorm ways to reduce this problem. 

Make a list of at least three suggestions and share them with the class. 

 

A. Possible suggestions include increasing the humidity in the building; wearing various articles of clothing made 

from the same type of cloth; and applying a commercial product designed specifically to reduce static charges. 

 

 

Lesson 9.3  

 

1. Q. To reduce the problem of "fly-away" hair on entering a building from outside on a winter day, your neck scarf 

should be made of 

 

(a) acrylic (plastic).    

(b) wool.     

(c) cotton. 

(d) silk. 

 

A. The correct answer is (b). 

 

 

2. Q. Explain why "static cling" does not develop when a clothes dryer is used to dry a load consisting only of cotton 

towels. Write your answer in complete sentences. 

 

A. Static cling does not build up because all of the items in the dryer are made of the same material. There is no 

tendency of electrons to move from one cotton towel to another. 

 

 

3. Q. List three common materials that are not part of the electrostatic series shown on the chart in Lesson 9.3. Develop 

and describe a method that could be used to determine where the three items would fit into the electrostatic series. 

Write your answer in paragraph form. 

 

A. Students may list any three materials. The appropriate placement of the materials in the electrostatic series could be 

found as follows. Testing each material independently, rub substance one with wool and test for the type of charge by 

bringing it close to a negatively charged object and then a positively charged object. If it has a negative charge, it 

should be rubbed in sequence against materials below wool in the electrostatic series and tested again for the type of 

charge. At some point, the charge it develops will switch from negative to positive. The material will then fit between 

the last two items tested in the series. If the material has a positive charge, it should be rubbed with glass and then 

acetate and tested to find out when it switches from positive to negative.  

 

 

4. Q. If you wanted to polish a glass mirror and you wanted to reduce the chances of building up a static charge on the 

mirror that would attract dust, should you use a cloth made of cotton, silk, or wool? Justify your answer. Write your 

response in complete sentences. 

 

A. To reduce the chances of building up a static electric charge, you should use a cloth made of wool on the mirror 

because wool and glass are close together in the electrostatic series. Therefore, there is less chance of electrons moving 

from the glass to the wool to build up a charge than there would be if either silk or cotton were used. They are farther 

away from glass in the electrostatic series and the glass will more readily give up electrons to them. 

 

 

Lesson 9.4  

 



1. Q. To neutralize a charged pith-ball electroscope, all you have to do is hold it gently with your fingertips for a very 

short time. Explain what happens to discharge the pith-ball if it is  

 

(a) negatively charged and  

(b) positively charged. 

 

A. (a) When the pith-ball is negatively charged and is touched by the fingers, electrons leave the pith-ball and enter the 

person. The pith-ball is neutralized with equal numbers of protons and electrons. 

 

(b) When the pith-ball is positively charged and is touched by the fingers, electrons leave the person and enter the 

pith-ball. The pith-ball is neutralized with equal numbers of protons and electrons. 

 

 

2. Q. (a) List the materials needed to charge a pith-ball electroscope negatively by contact and to perform a test to 

confirm the charge. 

 

(b) Write a paragraph describing how to charge and test the electroscope negatively by contact. 

 

(c) Draw a series of diagrams to show the movement of the electric charges during the charging and testing of the 

pith-ball electroscope. 

 

A. (a) polyethylene strip or ebonite rod; animal fur; pith-ball electroscope 

 

(b)  Rub the polyethylene or ebonite with the animal fur. 

Bring the polyethylene or ebonite close to the pith-ball and allow them to touch one another. 

Bring a negatively charged strip or rod close to the pith-ball after the initial contact. If the pith-ball moves away from 

the negatively charged strip or rod, then the electroscope is also charged negatively.  

 

(c) The first diagram should show a strip or rod with a surplus of negative charges and a pith-ball with equal numbers 

of electrons and protons. 

The second diagram should show the two in contact, with electrons moving from the rod or strip to the pith-ball. 

The third diagram should show the pith-ball with a surplus of electrons, moving away from the strip or rod, which still 

has a surplus of electrons. 

 

 

3. Q. (a) Using the following electrostatic series as a reference, predict the relative strength of static electric charges 

transferred to polyethylene when rubbed by a cloth made of wool and a cloth made of cotton. Justify your prediction. 

Write your answer in complete sentences. 

 

(b) Design and perform an investigation to confirm your prediction. 

 

Material                                                                Hold on Electrons 

 

acetate                                                                   weak 

glass 

wool 

cat's fur, human hair 

calcium, magnesium, lead 

silk 

aluminum, zinc 

cotton                                                                  Increasing tendency to gain electrons 

paraffin wax 

ebonite 

polyethylene (plastic) 

carbon, copper, nickel 

rubber 



sulphur 

platinum, gold                                                       Strong 

 

A. (a) Polyethylene rubbed with wool will build up a stronger charge than polyethylene rubbed with cotton because 

wool and polyethylene are farther apart on the electrostatic series than cotton and polyethylene. 

 

(b) The design of the investigation should take the following points into account: 

- materials should include a polyethylene strip, a woollen cloth, a cotton cloth, and a pith-ball electroscope 

- rub the polyethylene strip a specified number of times with the wool 

- ensure that the pith-ball is neutral by briefly holding it lightly with your fingers 

- bring the polyethylene a specific distance from the pith-ball 

- record the distance that the pith-ball moves away from the polyethylene 

- neutralize the polyethylene by holding it in your hand 

- ensure that the polyethylene is neutral by bringing it up to the pith-ball 

- rub the polyethylene strip with the cotton the same number of times that it was rubbed with the wool 

- bring the polyethylene the same distance from the pith-ball as you did after it had been rubbed with the wool 

- record the distance that the pith-ball moves away from the polyethylene 

- repeat each step one or twice to confirm the results 

 

 

4. Q. Some pith-balls used for electroscopes are covered with aluminum foil and some have no covering at all. Design 

and conduct an experiment to test which type of pith-ball might be best for testing for the presence of static electric 

charges. 

 

A. The procedure should allow for electroscopes using the two types of pith-balls to be used to test for the presence of 

positive and negative charges when neutral. They should also be used to test for the presence of charges when they are 

charged themselves. The two types of pith-balls would behave essentially the same way. The aluminum foil covering 

does increase the sensitivity because charges can be transferred more readily. 

 

 

Lesson 9.5  

 

1. Q. (a) Suppose you were painting a room while wearing wool socks. Describe what would happen as you shuffled 

your feet back and forth over a cotton drop-cloth and then reached for a metal doorknob. 

  

(b)  Account for the result described in (a) by describing the movement of charges. 

 

A. (a) You would receive a shock when you touched the doorknob. 

 

(b) As you shuffled your wool socks against the cotton drop cloth, electrons would move from the wool to the cotton. 

Your socks (and you) would be left with a positive charge. When you reached toward the doorknob, negative charges 

would leave the doorknob and flow into your finger in an attempt to neutralize you. 

 

 

2. Q. Suppose you were painting a room while wearing wool socks. You shuffle your feet back and forth over a cotton 

drop cloth,  reach for a metal doorknob' and receive a shock. Would using a polyethylene drop cloth instead of a cotton 

one, while you were wearing wool socks, improve the situation described or make it worse? Write a short paragraph 

explaining your answer. 

 

A. Using a polyethylene drop cloth instead of a cotton one while you were wearing wool socks would make matters 

worse by generating more static electricity because polyethylene and wool are farther apart on the electrostatic series 

than cotton and wool. 

  

 

3. Q. What materials should a drop-cloth and socks be made of to solve the problem of static electric build-up? Write 

a short paragraph explaining your answer. 



 

A. A cotton drop cloth and cotton socks would prevent the build-up of any static electric charge. 

 

 

4. Q. Briefly explain why you might receive an electric shock after sliding across a plastic or vinyl seat cover in a car 

but you do not receive a shock if lightning strikes the outside of your car when the windows are closed. Write your 

answer in complete sentences. 

 

A. Since you are not grounded, the large potential difference built up by contact when you slide across a seat is 

discharged when you touch a metal part of the car's interior. The lightning bolt will travel to the ground on the outside 

of the car and will not affect anyone inside.  

 

 

5. Q. You are in charge of designing a new office in which there will be several computers, photocopiers, fax 

machines, and other equipment that could fail to operate properly if there is a build-up of static electricity. The office 

is located in a building under construction and there are only concrete walls and floors. Use the library, Internet, or 

electronic encyclopedias to research the best ways of protecting the office equipment and employees from static 

electricity. Prepare a report and a sketch of the office indicating what measures you will take to minimize the effects of 

static electricity. 

 

A. The students should choose materials for floor coverings and furniture that will minimize static electricity. There 

should be provisions for increasing the humidity in the winter so that the air will not be too dry. 

 

 

6. Q. A homeowner was anxious for his friends to see and make use of the metal change house with a fancy wooden 

door that he had constructed. However, many guests who were invited over for a relaxing swim suffered static electric 

shocks when they walked across the rubber-coated pool deck and placed their hand on the metal doorknob of the 

change house. Finally, one guest suggested to the embarrassed homeowner that the wooden door be replaced with a 

metal one. Once the job was completed, the problem of the shocking doorknob was permanently solved. Explain how 

this simple solution was able to solve the problem. Write your answer in complete sentences. 

 

A. When the metal doorknob was installed in a wooden door, a charge could only be transferred by contact with 

something like a person touching it. When the wooden door was replaced with a metal one, charges could move to and 

from the ground through the door and no longer built up on the doorknob. 

 

 

Lesson 9.6  

 

1. Q. Which of the following is a good conductor? 

(a) silk      

(b) sand    

(c) salt water  

(d) silver  

 

A. The correct answer is (d).  

 

 

2. Q. Electrons will not travel freely through which of the following? 

 

(a) copper     

(b) carbon     

(c) wood 

(d) silver 

 

A. The correct answer is (c). 

 



 

3. Q. To protect against a fire, copper used for wiring in a house would best be covered with 

 

(a) aluminum.     

(b) carbon.    

(c) rubber. 

(d) nickel. 

 

A. The correct answer is (c). 

 

 

4. Q. A student was given the problem of charging an aluminum rod by contact using a piece of animal fur. The student 

held the rod in one hand and rubbed it vigorously with the fur. When the rod was brought close to a pith-ball 

electroscope, nothing happened. A second student said that two pieces of fur could be used to produce a charge. 

Explain how the second student was able to successfully charge the aluminum rod by using the two pieces of fur. 

Write your answer in complete sentences. 

 

A. The student used the first piece of fur to hold the aluminum rod and then rubbed the rod with the second piece of fur. 

As long as the aluminum was in contact with the student’s hand, it was not possible to produce a charge because the 

electrons left the rod and entered the person. When the student held the rod with a piece of fur, the rod was no longer in 

contact with the person and the electrons could not flow out of the rod into the fur used to hold it. 

 

 

5. Q. Cat's fur will lose electrons to copper more readily than it will lose electrons to ebonite. Since this is true, explain 

why you cannot use fur to build up a static electric charge on a copper rod held in your hand but you can use the fur to 

build up a static electric charge on an ebonite rod held in your hand. Write your answer in complete sentences. 

 

A. Copper is a good conductor and the human body (moist human skin) is a fair conductor. The electrons transferred 

from the fur to the copper will travel through the hand to the ground. Ebonite is a nonconductor and the electrons 

transferred from the fur to the ebonite will remain on the ebonite, giving it a negative charge. 

 

 

6. Q. Wooden warships in the 18th and 19th centuries carried large amounts of gunpowder for the cannons that were 

used in battles. Young boys, called powder monkeys, were part of the crew. It was their job to run back and forth from 

the powder magazines to the gun crews with wooden kegs of powder. One of the rules on these ships was that the 

powder monkeys must never wear shoes while on duty but must perform their jobs in bare feet. Write a paragraph 

explaining why it would be more dangerous for the boys to run about on the wooden decks in rubber boots or in leather 

boots with nails holding their soles and heels, than it would be for them to be bare-footed. 

 

A. Wood, rubber, and leather are all nonconductors or insulators. As the powder monkeys ran along the wooden deck, 

the rubber or leather would produce static electric charges. Since the boys were not grounded, their bodies would 

become charged and so would the wooden kegs containing the gunpowder. The nails in their boots could produce 

sparks. The sparks could ignite the gunpowder and cause an explosion. When the powder monkeys were bare-footed, 

they were at least partially grounded since human skin is a fair conductor rather than a nonconductor. A static electric 

charge would not build up on their bodies. In addition, because they were not wearing boots, there were no nails to 

produce sparks. 

 

 

Lesson 9.7  

 

1. Q. Explain why a static wick on an aircraft must end in a point and not a blunt end. Write your answer in complete 

sentences. 

 

A. In order for the electrons to be repelled from the end of the static wick, they must be concentrated in a small area. 

This only happens when the end of the wick comes to a point. If the end is blunt, the electrons will remain in the wick. 

 



 

2. Q. Would static electric charges tend to build up more quickly on an airplane flying below the clouds or on one 

flying above the clouds? Explain your answer. 

 

A. Static charges would tend to build up faster on airplanes travelling below the clouds because the closer one is to the 

surface of the Earth the more dense the air is. The build-up of charge is due to the friction between the air molecules 

and the skin of the aircraft. The more air molecules there are, the more friction there is, and the greater the charge built 

up. 

 

 

3. Q. Suppose that you had to conduct a series of demonstrations to successfully show the effects of static electricity to 

obtain credit for your science course. If you could schedule the demonstrations at any time in the school year, what 

time of year would you choose to have the best chances of success? Explain your choice and write your response in 

complete sentences. 

 

A. January or February (mid-winter) would be the best choice because static electric effects are most evident on cold, 

dry winter days.  

 

 

4. Q. A worker at a gas station complains of having to clean up gasoline spills from the asphalt around the pumps. The 

employee thinks it would be much easier to keep the area clean if the asphalt and the area around the gas pumps were 

both painted with a heavy coating of plastic. The worker approaches you as the manager of the station with the idea. 

Explain to the employee why the suggestion is unacceptable. Write your answer in complete sentences. 

 

A. Plastic is a nonconductor. It will prevent the gas pumps from being grounded properly and will create the possibility 

of building up a static-electric charge, and a discharge would produce a spark that could ignite the gasoline. 

 

 

5. Q. Compare the need to shield instruments and gauges on airplanes and trains from static electricity. 

 

A. An airplane is not grounded and charges would tend to build up quickly and interfere with instruments and gauges. 

A train is in contact with steel rails through its steel wheels and is well grounded. Charges would not be able to build 

up and disrupt the instruments and gauges. 

 

 

Lesson 9.8  

 

1. Q. An electrostatic air cleaner removes particles and dust from the air because: 

 

(a) the polluting particles are charged by contact and are attracted to plates with a like charge. 

(b) the polluting particles are charged by induction and are attracted to plates with a like charge. 

(c) the polluting particles are charged by contact and are attracted to plates with an opposite charge. 

(d) the polluting particles are charged by induction and are attracted to plates with an opposite charge. 

  

A. The correct answer is (d). 

 

 

2. Q. Complete the following diagrams by drawing charged particles to show why a neutral dust particle is attracted to 

the screen of an operating television set. Write an explanation to accompany each diagram. Use complete sentences in 

your response. 

 



 
 

A. The written explanation should include the following: 

 

The dust particle in (a) should have an even distribution of positive and negative charges. 

The dust particle in (b) should show a deficit of electrons on the side of the particle closest to the negatively charged 

TV screen. Arrows should be drawn to show the attractive forces between the particle and the screen.  

 

 
 

 

 

3. Q. If the smokestacks shown in Figure 4 of Lesson 9.8 are equipped with operating electrostatic air cleaners, explain 

why there are so many emissions visible in the picture. Write your answer in complete sentences. 

 

A. The emissions seen in the photograph are made up of water vapour. The particulate matter and dust have been 

removed from it. 

 

 

4. Q. A homeowner cleaning out the dust from the inside of a dryer vent pipe notices that there is a smaller amount of 

dust and lint inside the vent closest to the dryer and a greater amount where the vent pipe exits to the outside. Account 

for this difference in distribution. Write your answer in complete sentences. 

 

A. The air closest to the dryer is more humid when the drying cycle begins and the dust and lint would not have a static 

electric charge and would not be attracted to the walls of the pipe. The air is drier where it exits the dryer vent to the 

outside and would have more of a static charge, causing it to be attracted to the walls of the pipe. 

 

 

5. Q. A product, consisting of a sweeper and disposable cloths, claims to "trap dust, dirt, and hair" more efficiently 

than other methods of dusting because the "dry, disposable cloths use electrostatic action to pull particles and hair into 

the cloth, where the web of fibers traps them." Use print and electronic resources to investigate and explain how the 

product uses static electricity to help in household cleaning tasks. Write your answer in paragraph form. 

 

A. The product is treated with a substance that promotes the build-up of static electricity. The oppositely charged dust 

particles are attracted to the cloth. They are then trapped and held in place by a network of fine fibres. Based on studies 

regarding the attraction of dust to video screens, students should recognize that a negative charge would be built up in 



the cloth. The box for Swiffer, a product of Procter and Gamble, has an 800 number to call for product information 

(1-800-214-8734). 

 

 

Lesson 9.9  

 

1. Q. When a negative rod is used to induce a charge on an object, there is a flow of: 

 

(a) electrons from the rod into the object.  

(b) protons from the rod into the object.  

(c) electrons from the object to the ground. 

(d) protons from the object to the ground. 

 

A. The correct answer is (c). 

 

 

2. Q. When a positive rod is used to induce a charge on an object, there is a flow of 

 

(a) electrons from the object to the ground.  

(b) electrons from the ground into the object.  

(c) protons from the object to the ground. 

(d) protons from the ground into the object. 

 

A. The correct answer is (b).  

 

 

3. Q. A student wishes to demonstrate how to charge a metal-leaf electroscope by induction. The student knows that 

induction requires that the electroscope be temporarily grounded during the charging process. However, no insulated 

wire and no water tap are available. The student wonders whether touching the electroscope with a finger will provide 

the ground necessary. Develop a question and hypothesis that the student can investigate in a controlled experiment. 

 

A. The question might be something similar to, "How can we charge an electroscope by contact without using a piece 

of conducting wire?" The hypothesis could be something similar to, "A finger can be used to ground the electroscope 

and provide for transfer of charges between the electroscope and the ground." 

 

 

4. Q. Develop a procedure for an investigation to test the hypothesis, "Touching an electroscope with a finger, rather 

than connecting it to a water tap with an insulated wire, will allow an electroscope to be charged by induction." 

 

A. The procedure should include the steps required to test the hypothesis. It would be essentially the same as 

Investigation 9.9, but the grounding would be accomplished through touching the top of the electroscope and then 

removing the finger while the charged rod or strip remains in place. 

 

 

5. Q. Conduct an investigation, make observations, record the results, and draw a conclusion, to test the hypothesis, 

"Touching an electroscope with a finger, rather than connecting it to a water tap with an insulated wire, will allow an 

electroscope to be charged by induction." 

 

A. The observations should show that the electroscope is successfully charged by induction using a finger to ground 

the electroscope. The conclusion should confirm the hypotheses and permit answering of the question. 

 

 

6. Q. Draw and label diagrams to show the distribution of charges in 

 

(a) an uncharged metal-leaf electroscope.  

(b) a positively charged metal-leaf electroscope. 



(c) a negatively charged metal-leaf electroscope. 

 

A. (a) must show the leaves together and a uniform distribution of positive and negative charges. 

(b) must show the leaves apart and a deficit of electrons. 

(c) must  show the leaves apart and a surplus of electrons. 

 

 
 

 

 

NOTE:  the number of protons and their locations should remain constant. 

 

 

7. Q. Explain why a metal-leaf electroscope is better than a pith-ball electroscope when you want to determine the kind 

of charge on an object. 

 

A. An uncharged pith-ball electroscope will be attracted to any charged object. If it is allowed to touch the charged 

object it will be charged also by contact and will be repelled by the object that contacted it. They have the same charge. 

The pith-ball will be repelled by any object with the same charge as itself. If the pith-ball is approached by an object 

with an opposite charge it will be attracted to the object. If it is approached by a neutral object, it will be attracted also. 

Therefore, the charged pith-ball can detect only charges the same as itself. The neutral pith-ball will detect any charge 

but cannot distinguish between positive and negative charges. 

 

If an uncharged metal-leaf electroscope is approached by any charged object its leaves will move apart. If the charged 

object is allowed to touch the metal-leaf electroscope briefly the leaves will remain apart. The object and the 

metal-leaf electroscope have the same charge. If an object with the same charge as the metal-leaves is brought close, 

the leaves will move farther apart. If an object with the opposite charge is brought up to the metal-leaf electroscope, 

the leaves will move together. If an uncharged object is brought up to a charged metal-leaf electroscope, the leaves will 

not move. A charged metal-leaf electroscope will detect charges the same as itself, the opposite to itself, or no charge 

at all. A neutral metal-leaf electroscope will detect any charge but cannot distinguish between positive and negative 

charges.  

 

Both types of electroscopes can detect the presence of a charge when they are uncharged themselves. Neither of them 

can determine what kind of charge is present in the object. Both types of electroscopes can detect charges the same as 

themselves when they are charged. Only a charged metal-leaf electroscope can determine the difference between an 

object that is charged oppositely to itself and an object that has no charge. Therefore, the charged metal-leaf 

electroscope is better because, when it is charged, it can detect objects with no charge, positive charges, and negative 

charges. 

 

 

8. Q. (a) Predict and explain what will happen to a negatively charged metal-leaf electroscope when it is approached 

by  



 

     (i) a neutral object. 

     (ii) a positively charged object. 

     (iii) a negatively charged object. 

 

 (b) Confirm your predictions by carrying out the investigations and recording the results in a chart. 

 

A. (a) 

 (i) When a negatively charged metal-leaf electroscope is approached by a neutral object the leaves are not affected 

and will remain spread apart. 

 (ii) When a negatively charged metal-leaf electroscope is approached by a positively charged object, the leaves will 

move together. 

 (iii) When a negatively charged metal-leaf electroscope is approached by a negatively charged object, the leaves will 

move farther apart. 

 

 

Lesson 9.10  

 

1. Q. You and a friend are standing in the middle of a football field as low-lying clouds begin to roll quickly into the 

area. You notice that your friend’s hair suddenly begins to stand up. You feel that the same thing is happening to you. 

Even though it has not yet begun to rain, your friend shouts that you had better both get out of the area quickly because 

there will soon be lightning. Explain why hair standing up could be a warning sign of a lightning strike. Write your 

answer in complete sentences. 

 

A. Your hair begins to stand on end because a charge is being induced on your body by the low-lying clouds. The 

strands of hair have like charges and repel one another. This is a sign that your whole body is charged. The clouds have 

an opposite charge and a discharge between them and you is likely to occur. This discharge will be in the form of a bolt 

of lightning.  

 

 

2. Q. With the aid of diagrams, labelled to show charges, explain the role of induction in a lightning strike on a grove 

of trees. Write your answer in complete sentences. 

 

A.  

 

   

 
 

The base of the cloud is negatively charged with large numbers of  electrons present.  Positive charges are induced on 

the trees in the grove. The greatest concentration is on the tallest tree.  The result is a discharge between the cloud and 

the tallest tree - lightning! 

 

 



3. Q. Although many lightning strikes occur between the Earth and the clouds, sometimes lightning travels from cloud 

to cloud. In order for a discharge to occur between clouds, what would have to be true of the charges built up on them? 

Write your answer in complete sentences. 

 

A. For discharge to occur between two clouds they would have to have opposite charges on them. 

 

 

4. Q. Benjamin Franklin conducted a number of experiments that led to the discovery that lightning involved an 

electrical discharge. Using print and electronic resources, research and report on how he made his discoveries, how 

appropriate his methods were, and why his discovery was so important at the time they occurred. Write your answer in 

paragraph form. 

 

A. The report should include the following points: 

- Benjamin Franklin flew a kite with a key attached to the string near his hand during a thunderstorm.  

- Lightning struck the kite and travelled down the string that was wet from rain. When it reached the key, it jumped to 

the ground.  

- The method used by Franklin was very dangerous and he could easily have been killed. Several others who had tried 

the same thing were fatally injured.  

- The discovery led to a chain of investigations that could be carried out at that time because of the availability of 

equipment. Ultimately, electricity was harnessed and put to practical use.  

 

 

5. Q. Conduct research using the Internet, an electronic encyclopedia, or a library to gather statistics on deaths and 

injuries due to lightning. In a group, develop a database that includes the location, time of year, number of people 

involved, whether the effects were the result of a direct strike or because of falling objects or fires, and so on. 

 

A. Develop a rubric for the group skills necessary for this task. Ensure that students know what the expectations are 

and use the charts to allow for achievement at all levels. 

 

 

6. Q. Draw and label a diagram to show the proper installation of a lightning rod to protect a house or isolated building. 

 

A. The diagram should show the lightning rod attached to the highest point of the building. A conductor should be 

connected to the lightning rod and run down the outside of the building to a large metal plate buried in the ground. 

 

 

7. Q. Working with a partner, prepare a multimedia or visual display of at least five safety precautions that children can 

take to protect themselves from the dangers of lightning during a thunderstorm. Show your presentation to young 

students at an elementary school. 

 

A. Assess students on the suitability of the product for presentation to the grade level of the children to whom the 

presentation is made. Be certain that you work out a rubric that will provide your students the parameters to permit 

them to reach the appropriate level of achievement. 

 

 

Lesson 9.11  

 

1. Q. When an airplane is about to take off or land, passengers are instructed to turn off all computers, portable 

telephones, and radios. Use the Internet, electronic encyclopedias, or the library to research this question and write an 

article for a newspaper to explain why this is necessary. 

 

A. The basic point that must be made is that computers and cellular telephones generate electromagnetic waves. Since 

the pilot relies on electromagnetic transmissions from the air traffic controllers in the airport tower, no chances should 

be taken that signals will interfere with each other. 

 

 



2. Q. A cellular telephone has a range of channels on which it can operate. Read the manual that accompanies such a 

telephone or research the topic and explain why the telephone will randomly switch channels each time that you use it. 

Write your answer in paragraph form. 

 

A. Cellular telephone calls are transmitted on a number of frequencies. If someone else knew the frequency (or 

channel) on which your telephone operated, he or she could intercept your calls. The telephone will randomly switch 

channels to counteract this possibility. In addition, there could be interference between calls using the same channel. 

 

 

3. Q. As you closely approach the tinsel icicles that are found in many stores hanging as festive decorations, what 

sometimes happens to the icicles? Write a short paragraph explaining why this happens. 

 

A. The icicles will be attracted to clothing worn by shoppers. A charge is induced on them and because they are so 

light, they will adhere to the clothing in much the same way that pet hair will.  

 

 

4. Q. An electric or gas-operated clothes dryer has been described as "a perfect generator of static electricity." Do you 

agree or disagree with this statement? Write a short paragraph explaining your answer. 

 

A. The clothes dryer is a perfect generator of static electricity. Different types of fabrics rub against one another and 

are free to exchange electrons. This exchange occurs best in conditions of low humidity that the dryer is designed to 

produce. 

 

 

5. Q.  If you wished to reduce the amount of static cling resulting from a mixed load in a clothes dryer, should you 

program it to turn off while it is still hot or to turn off after it goes through a cool-down period? Write a short paragraph 

explaining your answer. 

 

A. The dryer should be programmed to turn off while it is still hot. Cool, dry conditions promote the build-up of static 

electric charges more than hot, dry conditions.  

 

 

6. Q. You are assigned the task of researching and choosing the best kind of heating system for an office environment. 

Your choices are forced-air gas or oil systems using large metal ducts; hot-water boilers delivering the heat through 

radiators; and electric baseboard and floor heating units. From the perspective of static electric build-up, which of the 

systems would you recommend and why? Write your answer in complete sentences. 

 

A. The hot-water system is best because the air will be more humid. This will discourage static-electric build-up. 

Forced-air and electric systems cause the air to be drier and will promote static-electric build-up. 

 

 

Lesson 10.1  

 

1. Q. In many electrical devices dry cells must be installed in a certain direction. Must the negative end of the dry cell 

be connected to a specific side of a motor in Investigation 10.1 in order for the motor to operate? Using the materials 

listed for the investigation, develop a hypothesis and a procedure to test the hypothesis. 

 

A. The hypothesis would be either that the motor will operate or that it will not operate with the dry cell reversed. The 

procedure should reflect the need to confirm or reject the hypothesis. 

 

 

2. Q. Carry out an investigation to test the hypothesis, "The negative end of the dry cell must be connected to a specific 

side of the motor in Investigation 10.1 in order for the motor to operate?" Record your observation, develop a 

conclusion, and answer the question that you asked. 

 

A. Students should record their observations, and draw a conclusion that either confirms or rejects the hypothesis. 



 

 

Lesson 10.2  

 

1. Q. Match the electrical symbol in with the appropriate name by writing the number of the symbol next to its 

corresponding name: 

 

 
 

 ____  fuse 

____  single cell 

____  switch 

____  3 cells in series 

____  resistor 

____  ammeter 

____  voltmeter 

____  ground 

 

A. The answers from top to bottom are: 6, 4, 8, 3, 2, 9, 5, 1, 7 

 

 

2. Q. Draw the symbols for the following electrical components: 

 

(a) light bulb                  (e) ground 

 



(b) switch                       (f)  fuse 

 

(c) single cell                 (g) ammeter 

  

(d) resistor                      (h) voltmeter 

 

A.  

 

 
 

 

3. Q. When electrons are flowing through an electric circuit, the switch that controls the circuit must be 

 

(a) open.      

(b) closed.  

(c) off.     

(d) ready. 

 

A. The correct answer is (b). 

 

 

4. Q. Static electric discharges release large amounts of energy but static electricity differs from current electricity 

because it 

 

(a) does not involve energy. 

(b) does not flow from negative to positive. 

(c) is not controlled. 

(d) is not able to cause injury to people. 

 

A. The correct answer is (c). 

 

 

5. Q. When we hear the word "current," we usually think of a stream or river. Compare the use of the word in relation 

to water to its use in an electric circuit and explain why it is a good description of what is actually happening in the 

circuit. Write your answer in complete sentences. 

 

A. A "current" in a river or stream refers to the flow of water from one place to another. "Current" in an electrical 

circuit refers to the flow of electrons through the circuit. 

 

 

6. Q. Examine the following figures. Explain how the schematic diagram in Figure 2 differs from the circuit shown in 

Figure 1. 

 



 
 

 
 

A. Figure 1 shows a single dry cell. Figure 2 shows a battery made up of four cells. 

 

 

7. Q. Read the following information and answer the questions below. 

 

A Wimshurst machine is a device for generating static electricity. It consists of two plastic discs with a series of 

aluminum foil appliques. A crank is used to turn the wheels in opposite directions. The turning causes a build-up of 

static charges on the discs. Metal brushes collect the charges and transfer them to the aluminum foil. As the foil passes 

a set of metal spikes, the charge is transferred to them and is stored until there is sufficient charge to cause a spark to 

jump between two discharge points. The discharge can be quite spectacular and is accompanied by a loud cracking 

noise. If a metal conductor is attached to connect the two discharge points, the operator can turn the crank for an 

extended period of time, but there will be no discharge. 

  

(a) To allow for a discharge, what must be true of the charges on the two discharge points? 

(b) When the two discharge points are connected with a conductor, what is created? 

(c) Explain what happens to the charges as they are being created. 

(d) Which part of a closed circuit has the same function as turning the crank? 

 

A. (a) One of the discharge points must have a negative charge and the other must be positive. 

(b) A closed circuit is created when the discharge points are connected. 

(c) The negative charges travel from one discharge point through the external circuit to the other discharge point. 

(d) A dry cell (or power source) performs the same function as turning the crank on the Wimshurst machine.  

 

 

Lesson 10.3  

 

1. Q. A dry cell provides the electrical energy in a circuit when 

 



(a) electrons flow from the positive terminal through the external circuit to the negative electrode. 

(b) protons flow from the positive terminal through the external circuit to the negative electrode. 

(c) electrons flow from the negative terminal through the external circuit to the positive electrode. 

(d) protons flow from the negative terminal through the external circuit to the positive terminal. 

 

A. The correct answer is (c). 

 

 

2. Q. A dry cell is used to 

 

(a) decrease the number of electrons flowing in a circuit. 

(b) increase the number of electrons flowing in a circuit. 

(c) decrease the potential energy of electrons within the cell. 

(d) increase the potential energy of electrons within the cell. 

 

A. The correct answer is (d). 

 

 

3. Q. The SI unit for measuring electric potential (potential difference) is the 

 

(a) ohm.     

(b) ampere.     

(c) joule. 

(d) volt. 

 

A. The correct answer is (d). 

 

 

4. Q. A volt is a unit of 

 

(a) electrical energy.    

(b) electrical potential difference.   

(c) electrical current. 

(d) electrical resistance. 

 

A. The correct answer is (b). 

   

 

5. Q. The unit used to measure electrical potential difference is named after 

 

(a) George S. Ohm.    

(b) James Watt.    

(c) Alessandro Volta. 

(d) Alfred Ampere. 

 

A. The correct answer is (c). 

 

 

6. Q. Compare a water system and an electric circuit by naming and explaining the function of the circuit part that 

corresponds to the water system parts listed:   

(a) a water pump. 

(b) a water pipe. 

(c) a water wheel. 

(d) a water valve. 

 



A. (a)  A dry cell (power source) provides the electric potential difference needed to push the electrons around the 

circuit. 

(b) A conductor provides a path for the electrons to flow through. 

(c) A load uses the electrical energy to do some kind of work. 

(d) A switch determines whether electrons will flow through the circuit. 

 

 

7. Q. Label the two diagrams below to show the comparison between an electric circuit and a water system used to 

perform a task.  

 

 
 

A. The diagrams should be labelled as in Figure 2 (a) and (b), page 302 in student text. 

 

 

Lesson 10.4  

 

1. Q. Which of the following is used to measure electric potential difference? 

 

(a) Ohmmeter     

(b) Ammeter     

(c) Electric meter 

(d) Voltmeter 

 

A. The correct answer is (d). 

 

 

2. Q. A voltmeter is used to measure 

 

(a) potential difference.     

(b) resistance.      

(c) power. 

 

A. The correct answer is (a). 

 

 



3. Q. Name the materials required and make a sketch to show how they are put together to make a simple wet cell.  

 

A. Materials include:  zinc (-) and copper (+) plates (or electrodes) 

    dilute sulphuric acid (electrolyte) 

    a glass container 

    conductors 

    a load - (e.g., a voltmeter, a light bulb, and so on)   

 

 
 

 

4. Q. When a wet cell is assembled and allowed to operate, the amount of electric potential that it generates decreases 

after a short period of time. 

(a) Write a short paragraph describing what physically happens in the operating cell to cause the decrease. 

(b) Explain why this causes the potential to decrease. 

(c) Describe what can be done to restore the cell to its full potential and explain why it is effective. Write your answers 

in complete sentences. 

 

A. (a) Small bubbles collect at the plates. 

(b)  The bubbles prevent the sulphuric acid solution from making contact with the plates. 

(c) The bubbles can be swept away with a small brush. The sulphuric acid again is in contact with the plates and the 

reaction continues. 

 

 

5. Q. (a) Design a method to keep a simple wet cell operating as well as stop the accumulation of bubbles at the plates. 

You may make use of common laboratory equipment or household materials. 

 

(b) Test your design by constructing a model and trying it out. 

 

A. Some of the designs will undoubtedly be quite fanciful. The simplest solution is to cause periodic movement in the 

electrolyte that will prevent bubbles from adhering to the electrodes. This could be accomplished by placing the wet 

cell on a mechanical stirrer or using a metronome arm or a pendulum to move a stirring rod. Some students may come 

up with the idea of adding a chemical or making the electrolyte into a gel-like material.  

 

 

6. Q. A wet cell must include a solution, such as dilute sulphuric acid, called the electrolyte. The electrolyte will react 

with two dissimilar plates, such as copper and zinc, that will produce opposite charges when they react chemically 

with the electrolyte. In a small group, brainstorm other substances that you think might act as electrolytes and 

electrodes. Design a wet cell that would use your choice of electrodes and electrolyte solution. Present your design to 

the teacher and, after obtaining permission, build and test the voltage produced by the wet cell you have designed. 

Record your observations and compare your group’s cell and its output with those built by other teams. 

 



A. Students may remember using grapefruit or potatoes as sources of electrolytes in earlier grades. Other acid 

solutions also are possibilities. They might suggest using electrodes made of iron, aluminum, other metals, or carbon. 

If their designs are reasonable and the materials suggested are not dangerous, allow them to build and test their models. 

Remember that it was only after testing thousands of materials that Thomas Edison finally found the best material for 

the light bulb. 

 

 

Lesson 10.5  

 

1. Q. In a primary wet cell, the charge at the negative electrode results when 

 

(a) copper atoms gain electrons.   

(b) copper atoms lose electrons.   

(c) zinc atoms gain electrons. 

(d) zinc atoms lose electrons. 

 

A. The correct answer is (d). 

 

 

2. Q. In a primary wet cell, the sulphuric acid causes 

 

(a) copper to lose electrons.    

(b) copper to gain electrons.   

(c) zinc to lose electrons. 

(d) zinc to gain electrons. 

 

A. The correct answer is (c). 

 

 

3. Q. Wet cells continue to operate as long as there is a continuous flow of electrons leaving the negative terminal, 

travelling through the circuit, and returning to the positive terminal. Write a short paragraph explaining what could 

happen to the electrolyte and to the electrodes to cause the supply of electrons to eventually run out. 

 

A. The electrolyte solution can spill. The electrolyte can be used up. The zinc electrode will eventually be used up and 

must be replaced. The electron supply also runs out (temporarily) when the electrodes are covered with bubbles. 

 

 

4. Q. Dry cells are a modified version of wet cells.  

(a) Describe how the basic parts of the wet cell have been changed to produce the much more practical dry cell. 

(b) Explain how this makes the cell more practical. 

(c) Indicate where the electrons come from to make the dry cell operate. 

(d) Explain why the cell eventually stops functioning. 

 

A. (a) The electrolyte is made into a moist paste rather than a liquid.  

(b) There is no longer a danger of the electrolyte spilling. It is more compact than a wet cell and can be easily moved 

around. 

(c) The electrons come from the negative electrode. 

(d) The cell becomes dead (ceases to operate) when the negative electrode is used up by the chemical reaction. 

 

 

5. Q. Visit a hardware store, department store, or electronics store that sells different kinds of cells and batteries. Make 

a list of all the different types and sizes of batteries that are on display. If there is an indication that the batteries are 

special purpose batteries (e.g., photoflash batteries), make a note of that as well. Bring your data to class and 

contribute it to help in the production of a database containing all the battery information you can collectively gather. 

 



A. This is a performance task that requires no formal assessment. Students will be amazed at the range of batteries that 

they are able to find. The database will be available for reference and further research in the rest of the unit.  

 

 

6. Q. "If dry cells really were dry, they could not operate." Do you agree with this statement or not? Write a short 

paragraph explaining your answer. 

 

A. If dry cells were really dry, there could be no chemical reaction and there would be no source of electrons. 

Therefore, the statement is true.  

 

 

Lesson 10.6  

 

1. Q. Describe how you could measure the potential difference (voltage) of a number of cells connected in series and in 

parallel. Write your answer in complete sentences. 

 

A. The voltmeter must be connected in parallel with the batteries to be tested. That is, the negative terminal of the 

voltmeter must be connected to the negative terminal of the battery and the positive terminal of the voltmeter must be 

connected to the positive terminal of the battery. 

 

 

2. Q. Write a short paragraph explaining why you must be certain to connect a voltmeter in a specific way in a circuit 

to measure the potential difference in a circuit. 

 

A. If the voltmeter is not connected in parallel with the battery, it will not give a measure of the battery’s voltage. If the 

terminals of the voltmeter are connected backwards, the voltmeter will not give a reading and the needle will try to 

move in the direction opposite to its scale. 

 

 

3. Q. (a) Draw a circuit diagram to show how you would measure the potential difference (voltage) of three cells 

connected in 

 (i) parallel. 

 (ii) series. 

 

(b) Construct the circuits you have drawn. Measure and record the voltages of each circuit. 

 

A. (a) 

 

 
 

 

(b) Observe students’ circuits and the results of their measurements. For three 1.5-V dry cells the readings should be: 

(a) series 1.5 V + 1.5 V + 1.5 V = 4.5 V 



(b) parallel (1.5 V + 1.5 V + 1.5 V)/3 = 1.5 V 

 

 

Lesson 10.7  

 

1. Q. Label the diagrams comparing the water system and an electric circuit consisting of two cells in series with two 

motors in series. 

 

 
 

A. Answers will be as in Figure 2, page 310, student text. 

 

 

2. Q. Label the diagrams comparing the water system and an electric circuit of two cells in parallel with one motor. 

 

 
 

A. Answers will be as in Figure 3, page 311, student text. 

 

 



3. Q. Use the water analogy to compare and contrast the results of connecting three cells in series and three cells in 

parallel. Write your answer in complete sentences. 

 

A. Series Circuit 

Students should explain that in a water system with two pumps above one another, the water can be lifted twice as far 

as it could with one pump and will have twice as much potential energy. Similarly, in a series circuit of two cells, the 

electric potential difference (voltage) is raised to twice the level that it could be with one cell, and the battery will have 

twice as much electric potential difference (voltage). 

 

The water system with two pumps, one above the other, can do twice as much work as a system with one pump. The 

series circuit with two cells in series can do twice as much work as a single cell. 

 

Parallel Circuit 

A water system with two pumps next to one another can lift twice as much water to the same height as a single pump 

could. Similarly, in a parallel circuit of two cells, twice the number of electrons are raised to the same electric potential 

difference (voltage) as one cell could do alone. 

 

The water system with two pumps side by side is able to do the same amount of work as a single pump but for twice as 

long. The parallel circuit with two cells in parallel can do the same amount of work as a single cell but for twice as 

long. 

 

 

4. Q. Battery A consists of three 1.5-V cells in series and battery B consists of three 1.5-V cells in parallel. Which of 

the following statements is correct? 

 

(a) Both batteries produce 1.5 V. 

(b) Both batteries produce 4.5 V. 

(c) Battery A produces 1.5 V and battery B produces 4.5 V. 

(d) Battery A produces 4.5 V and battery B produces 1.5 V. 

 

A. The correct answer is (d). 

 

 

5. Q. Battery A consists of three 1.5-V cells in series and battery B consists of three 1.5-V cells in parallel. Which of 

the following statements is correct? 

 

(a) Both batteries will last the same length of time. 

(b) Battery A will last three times as long as battery B. 

(c) Battery B will last three times as long as battery A. 

(d) Both batteries will last twice as long as an individual cell. 

 

A. The correct answer is (c). 

 

 

6. Q. Complete the following chart to compare circuits of four cells in series and four cells in parallel. Assume that 

each cell can produce 1.5 V. 

 

Type of Connection                                                         Series                         Parallel 

 

How Cells Are Connected to Each  

Other (i.e., Indicate how the terminals  

are connected between cells.) 

 

Voltage of Each Individual Cell                                       1.5 V                           1.5 V 

 

Total Voltage of Battery 



 

Length of Time Battery Will Last Compared  

to Length of Time Individual Cells Last 

 

A. Type of Connection                                                         Series                               Parallel 

 

How Cells Are Connected to Each               - of first cell to + of second;          - of first to - of second to 

Other (i.e., Indicate how the terminals          - of second to + of third;               - of third; + of first to +  

are connected between cells.)                       + of  third  cell to - of first              of second to + of third 

 

Voltage of Each Individual Cell                                       1.5 V                                     1.5 V 

 

Total Voltage of Battery                                                   4.5 V                                     1.5 V 

   

Length of Time Battery Will Last                    same length of time as                three times as long as  

Compared  to Length of Time Individual            individual cells                              individual cells 

Cells Last 

 

 

7. Q. Choose a particular category of commonly used batteries (e.g., 9-V alkaline battery, 6-V lantern battery, and so 

on). Check the advertising for the batteries in that category and compare the manufacturers’ claims for length of life. 

Consult the Web site or publications of one or more consumer testing organizations and prepare a report to compare 

manufacturers’ claims with the test results for the brands available. 

 

A. Student reports should show the differences between the manufacturers’ claims on the length of their products' life 

compared to the test results.  

 

 

Lesson 10.8  

 

1. Q. Recently developed batteries are often expensive because they are 

 

(a) made of rare elements. 

(b) made of elements that are hard to extract from deposits. 

(c) difficult to dispose of properly. 

(d) all of the above. 

 

A. The correct answer is (d). 

 

 

2. Q. Explain why some of the recently developed batteries are so expensive. 

 

A. Many of the battery materials are rare. Some require very expensive extraction techniques. Some are extremely 

toxic or are highly reactive and require special handling. Landfill sites can be polluted with some of the materials, such 

as mercury. 

 

 

3. Q. Many of the batteries that are used in equipment such as cordless and cellular telephones, portable power tools, 

and in electric vehicles, contain rare and expensive materials. Prepare a table to include data about the materials 

needed for long-life and rechargeable batteries. Include in the chart the relative abundance of the materials, the cost, 

and whether recycling facilities are available. 

 

A. New products are being developed and put on the market at an extremely rapid pace. Some good sources for 

research include Popular Science magazine, which has a monthly feature called What’s New. Cadex Incorporated 

(www.cadex.com) has developed an excellent Canadian Web site for research. Some of the relatively rare materials 

used include cadmium, lithium, and so on. 



 

 

4. Q. In a group, develop a campaign to encourage the recycling of used batteries and dry cells. Organize your 

campaign around three points: 

 

(a) availability and cost of resources 

(b) toxicity of substances in batteries 

(c) disposal facilities 

 

Use print and electronic resources to conduct additional research. Use this research to produce a multimedia or visual 

presentation to use with other students, parents’ groups, and so on. 

 

A. This performance task could be used to provide students with opportunities to demonstrate their ability to reach 

level four on the science achievement chart. 

 

Develop a rubric or build on Assessment Rubric 6, Research Skills to help your students know what quality work 

looks like. 

 

 

Lesson 10.9  

 

1. Q. The unit for measuring electric current is the 

 

(a) ampere.     

(b) volt.       

(c) coulomb. 

(d) ohm. 

 

A. The correct answer is (a). 

 

 

2. Q. An ampere is a unit of 

 

(a) electric potential difference.   

(b) resistance.     

(c) current. 

(d) power. 

 

A. The correct answer is (c). 

 

 

3. Q. The unit used to measure current is named after 

 

(a) Georg S. Ohm.    

(b) James Watt.    

(c) Alessandro Volta. 

(d) Alfred Ampere. 

 

A. The correct answer is (d). 

 

 

4. Q. Which of the following is used to measure current? 

 

(a) Ohmmeter      

(b) Ammeter  

(c) Electric meter    



(d) Voltmeter 

 

A. The correct answer is (b). 

 

 

5. Q. Earlier in this chapter electric circuits were explained through comparisons with water systems. Explain how 

trying to wash a car with a water pistol instead of a water hose with an adjustable nozzle compares to the effects of 

different electric currents. Write your answer in complete sentences. 

 

A. Although the speed (force) at which the water leaving a water gun and the nozzle of a water hose might be the same, 

the volume of water produces different effects. Similarly, a small quantity of electricity has a different effect than a 

large quantity of electricity even if the potential difference (force) is the same. 

 

 

Lesson 10.10  

 

1. Q. The unit for measuring electrical resistance is the 

 

(a) ampere.     

(b) volt.  

(c) coulomb. 

(d) ohm. 

 

A. The correct answer is (d). 

 

 

2. Q. An ohm is a unit of 

 

(a) electric potential difference.   

(b) resistance.      

(c) current. 

(d) power. 

 

A. The correct answer is (b). 

 

 

3. Q. The unit used to measure resistance is named after 

 

(a) Georg S. Ohm.    

(b) James Watt.   

(c) Alessandro Volta. 

(d) Alfred Ampere. 

 

A. The correct answer is (a). 

 

 

4. Q. The symbol used for the ohm is 

 



 
 

A. The correct answer is (c). 

 

 

5. Q. "The potential difference between two points on a conductor is proportional (directly related) to the electric 

current flowing through the conductor." This statement is known as 

 

(a) Joule’s Law.    

(b) Ohm’s Law.   

(c) Ampere’s Law. 

(d) Volt’s Law. 

  

A. The correct answer is (b). 

 

 

6. Q. Ohm’s Law, stated in mathematical terms, is 

 

(a) R = V x I     

(b) R = I / V     

(c) R = V / I 

(d) R = V
2 
x I 

 

A. The correct answer is (c). 

 

 

7. Q. Which one of the following is not equivalent to the others? 

 

(a) R = V / I     

(b) I = V / R     

(c) V = I x R 

(d) I = V x R 

 

A. The correct answer is (d). 

 

 

8. Q. What is the voltage drop across a room air conditioner if it has a resistance of 16.2 ohms and a current of 6.8 A 

flowing through it? 

 

A. Data:                                          Formula: 

V = ?                                             V = I x R 

I = 6.8 A                                        V = 6.8 A x 16.2 ohms 

R = 16.2 ohms                                 = 110 V 

 

The voltage drop across the air conditioner is 110 V. 



 

 

9. Q. What is the voltage drop across a laptop computer if it has a resistance of 2.5 ohms and draws a current of 3.0 A? 

 

A. Data:                                          Formula: 

V = ?                                            V = I x R 

I = 3.0 A                                       V = 3.0 A x 2.5 ohms      

R = 2.5 ohms                                   = 7.5 V 

 

The voltage drop across the laptop computer is 7.5 V. 

 

 

10. Q. The transmitter station for a cordless telephone has a resistance of 24 ohms and uses a current of 500 mA. What 

is the voltage drop across the telephone transmitter? 

 

A. Data:                                                Formula: 

V = ?                                                  V = I x R 

I = 500 mA                                        V = 0.500 A x 24 ohms      

                                                              = 500 / 1 000    = 12 V 

                                                              = 0.500 A 

 

The telephone transmitter has a voltage drop of 12 V. 

 

 

11. Q. An electric kettle is connected to a 120-V outlet and has a resistance of 9.6 ohms. 

What is the current required to operate the kettle? 

 

A. Data:                                                       Formula: 

V = 120 V                                                 V = I x R 

 I = ?                                                          120 V = I x 9.6 ohms     

 R = 9.6 ohms                                            120 V / 9.6 ohms  = I    

                                                                   I = 12.5 A 

 

 The current flowing through the kettle is 12.5 A. 

 

 

12. Q. An electric crockpot connected to a 120-V outlet has a resistance of 52 ohms. How much current does the 

crockpot use? 

 

A. Data:    Formula: 

 V = 120 V    V = I x R 

 I = ?    120 V = I x 52 ohms      

 R = 52 ohms        120 V/ 52 ohms  = I 

      I = 2.3 A 

  

The current required for the crockpot is 2.3 A. 

 

 

13. Q. The current required to operate a coffee maker is 7.5 A. What is its resistance when connected to a 120-V 

circuit? 

 

A. Data:    Formula: 

 V = 120 V    V = I x R 

 I = 7.5 A   120 V = 7.5 A x R 

 R = ?    120 V / 7.5 A = R 

      R = 16 ohms      



  

The resistance of the coffee maker is 16 ohms. 

 

 

14. Q. When in talk mode, a cellular phone requires a current of 500 mA. What is its resistance if it operates at 7.0 V? 

 

A. Data:    Formula: 

 V = 7.0 V    V = I x R 

 I = 500 mA    70 V = 0.500 A x R 

  = 0.500 A    70 V / 0.500 A = R 

 

       R = 140 ohms  

 

The cell phone has a resistance of 140 ohms when someone is talking on it. 

 

 

15. Q. In standby mode the cellular phone uses 60 mA of current. Since the operating voltage is still 7.0 V, what is its 

resistance when waiting for calls? 

 

A. Data:    Formula: 

 V = 7.0 V    V = I x R 

 I = 60 mA    7.0 V = 0.60 A x R 

  = 0.060 A    7.0 V/ 0.060 A  = R 

 R = ?     

      R = 117 ohms      

  

The cell phone has a resistance of 117 ohms while in standby mode. 

 

 

16. Q. What is the resistance in an electric clothes dryer that operates in a 240-V circuit and uses 20.8 A of current? 

       

A.  Data:    Formula: 

 V = 240 V    V = I x R 

 I = 20.8 A    240 V = 20.8 A x R 

 R = ?     240 V/ 20.8 A= R 

       

      R = 11.5 ohms    

 

The clothes dryer has a resistance of 11.5 ohms  

 

 

Lesson 10.11  

 

1. Q. An ammeter is used to measure 

  

(a) potential difference.    

(b) resistance.    

(c) current.   

(d) power. 

 

A. The correct answer is (c). 

 

 

2. Q. To determine the resistance of a particular load, you can use an ammeter and a voltmeter to take the required 

measurements in the circuit. To be successful, 

 



(a) the voltmeter and ammeter should both be in series with the load. 

(b) the voltmeter should be in parallel with the load and the ammeter in series.  

(c) the voltmeter should be in series with the load and the ammeter in parallel. 

(d) both the voltmeter and the ammeter should be in parallel with the load. 

 

A. The correct answer is (b). 

 

 

3. Q. Draw a circuit diagram to show how you would set up the equipment necessary to determine the resistance of a 

circuit with two resistors in series. 

 

A.  

 

 
 

 

 

4. Q. Draw a circuit diagram to show how you would set up the equipment necessary to determine the resistance of a 

circuit with two resistors in parallel. 

 

A.  

 

 
 

 

 

5. Q. Construct the circuits you have drawn after they have been approved by your teacher for safety. Carry out the 

investigations and record and interpret the data to compare the resistance in each circuit. Write your findings in 

paragraph form. 

 

A. Student answers will vary depending on the resistors used. 

 

 

Lesson 10.12  



 

1. Q. Write a short paragraph explaining what would happen to the circuits used in Investigation 10.12 if the dry cells 

were short-circuited. 

 

A. If the dry cells were short-circuited, they could overheat and be damaged. There would be no current flow through 

the circuit because there would be no electric potential difference to cause the electrons to move through the circuit. 

 

 

2. Q. Describe what would happen if the positions of the voltmeter and ammeter were exchanged in Investigation 

10.12. Write your answer in complete sentences. 

 

A. A voltmeter is designed to measure the voltage drop or potential difference between two points in a circuit. It has a 

low internal resistance and would be damaged if it were connected in series. The ammeter measures the current 

flowing in a circuit. If the ammeter were in parallel with part of the circuit, it would give an unreliable reading. 

 

 

Lesson 10.13  

 

1. Q. A student carries out an investigation using a number of identical light bulbs and a 6.0 V dry cell as a power 

source. The student makes the following observations: 

 

Type of Circuit                       Number of Light Bulbs  (6.0 ohms)                   Observation 

series                                                            One                                                    bright 

series                                                            Two                                                    less  bright 

series                                                            Three                                                  dim  

parallel                                                         One                                                     bright 

parallel                                                         Two                                                     bright 

parallel                                                         Three                                                   bright 

 

Write a paragraph explaining the student’s observations. 

 

A. In a series circuit, the potential difference (voltage) coming from the dry cell remains the same whether one, two, or 

three bulbs are in the circuit. Ohm’s Law says that the potential difference varies directly with the current in the circuit. 

So if there are two identical light bulbs in series, instead of only one, the resistance doubles (is multiplied by two) and 

the current must be cut in half (be divided by two). Therefore, each bulb has only half the current and is half as bright. 

Similarly, if there are three identical bulbs in series, the resistance is tripled (multiplied by three) and the current is 

divided by three. The three bulbs are each about one-third the brightness of the single original bulb. 

 

 In a parallel circuit, the potential difference again remains the same throughout. When two bulbs are connected in 

parallel, the current (electron flow) now flows equally through both bulbs. The resistance in each branch is still the 

same 6.0 ohms that it was before and so Ohm’s Law says that the current must also stay the same in each branch. That 

means that each branch has a current flow of 1.0 A for a total in the circuit of 2.0 A. The two bulbs are each as bright 

as the original one. The third identical bulb provides a third path with the same resistance and current flow of 1.0 A 

through each one. Therefore, the three bulbs are all as bright as the original one and the total current in the circuit is 3.0 

A. 

 

 

2. Q. Draw circuit diagrams to show three bulbs in  

 

(a) series 

(b) parallel 

 

A.  

 



 
 

 

 

3. Q. A student carries out an investigation using a number of 6.0 ohm resistors and a 6.0 V dry cell as a power source. 

The student makes the following observations: 

 

Type of Circuit            Number Resistors (6.0 ohm)           Voltmeter Reading               Ammeter Reading 

series                                              one                                           6.0 V                                       1.0 A 

series                                              two                                           6.0 V                                       0.50 A 

series                                              three                                         6.0 V                                       0.33 A 

parallel                                           one                                            6.0 V                                       1.0 A 

parallel                                           two                                            6.0 V                                       2.0 A 

parallel                                           three                                          6.0 V                                       3.0 A 

 

Write a paragraph explaining the student’s observations. 

 

A. In a series circuit, the potential difference (voltage) coming from the dry cell remains the same whether one, two, or 

three resistors are in the circuit. Ohm’s Law says that the potential difference varies directly with the current in the 

circuit. So if there are two identical 6.0 ohm resistors in series, instead of only one, the resistance doubles to 12 ohm 

and the current must be cut in half (be divided by two) from 1.0 A to 0.50 A. Similarly, if there are three identical 6.0 

ohm  resistors in series, the resistance is to 18 ohm  and the current is divided by three to 0.33 A.  

 

In a parallel circuit, the potential difference again remains the same throughout. When two 6.0 ohm  resistors are 

connected in parallel, the 1.0 A current (electron flow) now flows equally through both resistors. The resistance in 

each branch is still the same 6.0 ohm  that it was before. Ohm’s Law says that the current must also stay the same 1.0 

A in each branch and the total current is 2.0 A. The third 6.0 ohm  resistor provides a third path with the same 

resistance and current flow through each one, and the total current is 3.0 A.  

 

 

4. Q. A student carries out an investigation using a number of 6.0 ohm resistors and a 6.0 V dry cell as a power source. 

The student makes the following observations: 

 

Type of Circuit            Number Resistors (6.0 ohm)           Voltmeter Reading               Ammeter Reading 

series                                              one                                           6.0 V                                       1.0 A 

series                                              two                                           6.0 V                                       0.50 A 

series                                              three                                         6.0 V                                       0.33 A 

parallel                                           one                                            6.0 V                                       1.0 A 

parallel                                           two                                            6.0 V                                       2.0 A 

parallel                                           three                                          6.0 V                                       3.0 A 



 

Draw circuit diagrams to show the experimental set-up that would produce the measurements in the table for the three 

resistors in 

 

(a) series. 

(b) parallel. 

 

A.  

 

 
 

 

 

5. Q. A circuit connected to a 12-V battery consists of three light bulbs connected in series. Describe what would 

happen to the total current across the circuit and to the voltage drop (potential difference) across each bulb if a fourth 

bulb were added in series. Write your answer in complete sentences. 

 

A. If a fourth bulb were added to a series circuit of three bulbs connected in series to a 12-V battery, the bulbs would be 

dimmed further because the total resistance of the circuit would increase by 25 percent (one-quarter of what it would 

be with a single bulb). This would cause the current to fall to one-quarter of what it would be with a single bulb. Each 

bulb would be one-quarter the brightness of a single bulb. The voltage drop across each bulb would remain the same. 

 

 

6. Q. A circuit connected to a 12-V battery consists of three light bulbs connected in parallel. Describe what would 

happen to the total current across the circuit and to the voltage drop (potential difference) across each bulb if a fourth 

bulb were added in parallel. Write your answer in complete sentences. 

 

A. If a fourth bulb were added to a parallel circuit of three bulbs connected in parallel to a 12-V battery, the bulbs 

would continue to be as bright as they were before. The current would increase to four times what it would be with a 

single bulb. The voltage drop across each bulb would remain the same. 

 

 

7. Q. A student buys a kit for building a simple radio from components at a garage sale. All of the necessary parts are 

in the kit but there are no instructions. The student approaches you and says, "I know just about everything I need to 

know to put the parts together. I have forgotten one thing. I don’t remember whether to connect the resistors in series 

or in parallel with one another. Would it make a difference if I connected them one way or the other? Could you help 

me?" Write down your answer to the student, including an explanation of the differences between the two types of 

circuits.  

 



A. The effects of connecting the resistors in series and parallel are quite different. The total resistance of a circuit with 

resistors connected in series is the sum of the individual resistances. The total resistance of a circuit with resistors in 

parallel is the average of the individual resistors. Note: Students do not have to say that the resistance in a parallel 

circuit is the average. If all the resistors are the same, the total resistance remains the same.  

 

 

8. Q. Draw a schematic circuit diagram for a circuit containing six cells in series, which are connected to three light 

bulbs in parallel. A switch is connected in series with only one light bulb. 

 

A.  

 

 
 

 

 

9. Q. Draw a schematic circuit diagram for a circuit containing a 6-V battery connected to a light bulb, a resistor, and 

an electric motor all connected in parallel. An ammeter is connected to measure the current through the motor. A 

switch is connected to control only the motor. 

 

A.  

 

 
 

 

 

10. Q. (a) List six different electrical loads in a car. 

 

(b) For each of the electrical loads, name the forms of energy produced when electric current is flowing in the circuit. 

 

(c) Identify four separate parallel circuits in a car, and identify the electrical loads that are included in each parallel 

circuit. Explain why more than one electrical load is required for each circuit. Write your answer in complete 

sentences.  

 

A. (a) Possible answers include: horn, wipers, headlights, directional signals, brake lights, power brakes, radio, tape 

player, windshield washer motor, power windows, heater, rear window defroster, block heater, power door locks, 

backup lights, daytime running lights, air-conditioning compressor, fan, and so on. 

 



(b) Sound - horn, radio, tape player 

Light - headlights, directional, daytime running lights, back-up lights, brake lights 

Heat - heater, rear window defroster, block heater 

Kinetic energy - power windows, power door locks, wipers 

 

(c) The different parallel circuits, each protected by a fuse, will vary from vehicle to vehicle. The limited number of 

circuits available in an automobile makes it necessary to have multiple loads on each circuit. 

 

 

11. Q. Explain why it is not practical to have electrical circuits in an automobile connected in series. Write your answer 

in complete sentences. 

 

A. It would be impractical to drive a car if all the electrical devices were connected in series because everything that 

runs on electricity (horn, wipers, headlights, radio, and so on) would have to be on all the time. If one of the 

accessories failed, the entire electrical system would shut down. 

 

 

Lesson 11.1  

 

1. Q. Which of the following dry cells would take the longest time to be drained of its energy if they all were used to 

power identical circuits? 

 

(a) AAA      

(b) AA    

(c) C 

(d) D 

 

A. The correct answer is (d). 

 

 

2. Q. AAA, AA, C, and D cells are all rated at 1.5 V. State and explain the relationship between the size of a single dry 

cell and the length of time it will be able to power a circuit. Write your answer in complete sentences. 

 

A. The larger the single dry cell the longer it will last. AAA is the smallest and lasts the shortest period of time. The 

others, in order of increasing size and length of life are: AA, C, and D.  

 

 

3. Q. Complete the following table to compare primary dry cells (single use) and secondary dry cells (rechargeable) of 

the same size (e.g., AA) if they are used to power a small radio for five years. Only general statements are required. 

See the example row filled in. 

 

 

                                                                               Primary Dry Cell               Secondary Dry Cell 

Initial Cost                                                               less expensive                     more expensive 

Cost of Operation Over Lifetime 

Cost of Electricity to Recharge 

Amount of Raw Materials Needed  

     to Produce the Number of Cells  

     Required in Five Years 

Length of Life Per Cycle 

Length of Life Until No Longer Useable 

Relative Value of Total Costs to Operate  

     Radio For Five Years 

 

A.  

                                                                               Primary Dry Cell               Secondary Dry Cell 



Initial Cost                                                               less expensive                     more expensive 

Cost of Operation Over Lifetime                            less expensive                     more expensive 

Cost of Electricity to Recharge                               -----------------                      cost for each recharge 

Amount of Raw Materials Needed                      more materials required          fewer materials required 

     to Produce the Number of Cells  

     Required in Five Years 

Length of Life Per Cycle                             longer (but only one cycle possible)                 shorter 

Length of Life Until No Longer Useable                           shorter                                         longer  

Relative Value of Total Costs to Operate                          less economical                     more economical 

     Radio For Five Years 

 

 

4. Q. In Investigation 11.1, explain why rechargeable AAA dry cells were used to determine the length of time 

required to drain them of their energy instead of single-use AAAs. Write your answer in complete sentences. 

 

A. When you consider the time for the dry cell to be drained only once, rechargeable cells do not last as long as 

single-use cells of the same size. Of course, rechargeables can be used for many cycles. This investigation is intended 

to be completed in as short a time frame as possible and the cells that will be depleted fastest are the most practical to 

use.  

 

 

5. Q. In Investigation 11.1, explain why AAA dry cells were used to determine the length of time required to drain 

them of their energy instead of AA, C, or D cells. Write your answer in complete sentences. 

 

A. AAA cells are smaller in size than AA, C, or D cells. They have the least amount of electrical potential energy 

stored in them. This investigation is intended to be completed in as short a time frame as possible and the cells that will 

be depleted fastest are the most practical to use. 

 

 

6. Q. Some of the circuits used in Investigation 11.1 may have required more than one class period for the energy to be 

released from the cells. As a result, you had to disconnect the cells for a period of time between class periods. What 

difference might there have been in the time required for the cells to discharge if the circuits were turned off and on 

compared to the time required if the experiment had been conducted over one time span (i.e., if you had not turned off 

the circuit). Write a short paragraph explaining your answer. 

 

A. If the circuit had been turned off for a period of time, the cells would have been able to "recover." Some of their 

capacity would have been restored. Therefore, cells in circuits that had been turned off would have powered the circuit 

for a longer elapsed time. 

 

 

7. Q. You are tired of replacing the dry cells needed to operate the remote control for the family entertainment centre. 

You have a plan that would allow you to modify the remote control to use any of the common size dry cells (AAA, 

AA, C, and D). First, you need to compare how long the various sizes would last if used to power the same circuit. 

 

(a) Write a question that you could answer about the problem. 

(b) State the question in the form of a hypothesis. 

(c) Develop a procedure to test your hypothesis. Include a schematic diagram of the circuit you designed. 

 

A. (a) The question should relate to the length of time that each of the types of cells would operate the circuit. 

(b) The hypothesis should predict that one of the sizes will last the longest. 

(c) The procedure should reflect the steps necessary to test the hypothesis. This investigation will last some time and 

the biggest challenge to the student is to design a method to measure the time when the dry cell finally ceases to 

function.  

 

 



8. Q. (a) With the approval of your teacher, gather the materials necessary and carry out a procedure to compare the 

length of time that the common sizes of dry cells (AAA, AA, C, and D) will last to power the same circuit.  

(b) Design a table in which to record your observations. 

(c) Analyze the data to determine whether it confirms or contradicts your hypothesis. 

(d) Answer your initial question. 

(e) Write a short paragraph describing what you can do to ensure the reliability of your experiment. 

 

A. (a) The procedure must allow for the comparison of the cells in their ability to power identical circuits. The 

investigation will require a period of time that is longer than a school day and students must devise a way to measure 

the time while they are not there to observe. 

(b) The table should include all relevant data: type of cell used; time begun; time the cell ceased to function; and so on. 

(c) The data will either confirm or reject the hypothesis. 

(d) Student answers will vary. 

(e)  To increase reliability the experiment should be repeated and the results consistent. 

 

 

Lesson 11.2  

 

1. Q. The SI unit for measuring electrical energy is the 

 

(a) ampere.     

(b) watt.      

(c) volt. 

(d) joule. 

 

A. The correct answer is (d). 

 

 

2. Q. A portable radio was left on for 8.0 h. Calculate the energy required from the 9.0 V battery used to operate the 

radio if it draws 0.50 A of current. 

 

A. Data:    Equation: 

 E = ? Wh   E = V x I x delta t 

 V = 9.0 V    = 9.0 V x 0.50 A x 8.0 h 

delta t = 8.0 h    = 36 Wh 

  

The energy required to operate the radio is 36 Wh 

 

 

3. Q. A CD changer, drawing 11 A, operates for 5.0 h in a 120-V circuit. Calculate how much electrical energy is 

required. 

 

A. Data:    Equation: 

 E = ? Wh   E = V x I x delta t 

 V = 120 V    = 120 V x 11 A x 5.0 h 

delta t = 5.0 h    = 6600 Wh 

      = 6.6 kWh 

 

 The energy required to operate the CD changer is 6.6 kWh 

 

 

4. Q. An electric stove draws 20.8 A of current in a 240-V circuit. Calculate how much electrical energy it uses while 

cooking a roast for 2.5 h. 

 

A. Data:    Equation: 

 E = ? kWh   E = V x I x delta t 



 V = 240 V    = 240 x 20.8 A x 2.5 h 

delta t = 2.5 h    = 12 480 Wh 

      = 12 kWh 

 

 The stove uses 12 kWh of electrical energy to cook the roast. 

 

 

5. Q. How long will a portable tape player operate if the combined energy in the two AA cells connected in series is 8.4 

Wh and it draws 0.20 A in the 3.0 V circuit? 

 

A. Data:    Equation: 

 E = 8.4 Wh    E = V x I x delta t 

 V = 3.0 V   8.4 Wh = 3.0 V x 0.20 A x delta t 

 I = 0.20 A   8.4 Wh / 3.0 V x 0.20 A  = delta t 

     

    delta t = 14 h 

 

 The tape player will operate for 14 h. 

 

 

Lesson 11.3  

 

1. Q. Compare the electrical energy available in each of the following 1.5 V cells:  

(a) D cell rated at a capacity of 15 A.h 

(b) C cell rated at a capacity of 7.8 A.h 

(c) AA cell rated at a capacity of 2.85 A.h 

(d) AAA cell rated at a capacity of 1.15 A.h 

 

A. Data:    Equation: 

 E = Wh   E = V x I x delta t 

 V = 1.5 V 

 (a) I x delta t = 15 A.h  E = 1.5 V x 15 A.h 

      = 22.5 VA.h 

      = 22.5 Wh 

 

 The D cell has 22.5 Wh of energy available. 

 

 (b) I x delta t = 7.8 A.h  E = 11.7 Wh 

 

 The C cell has 11.7 Wh of energy available. 

 

 (c) I x delta t = 2.85 A.h  E = 4.28 Wh 

 

 The AA cell has 4.28 Wh of energy available. 

 

 (d) I x delta t = 1.15 A.h  E = 1.73 Wh  

 

 The AAA cell has 1.15 Wh of energy available. 

 

 

2. Q. The following table lists the potential difference in volts, the rated capacity in amperes, and the number of cycles 

that they can be recharged for three types of rechargeable batteries. Calculate the electrical energy available and rate 

the batteries from greatest to least: 

 

(a) in one cycle; 

(b) over the lifetime of the battery. 



 

Type of Cells                                     NiCd AA                    NiMH AA                  Reusable Alkaline AA 

Battery Voltage                                      7.5 V                           7.5 V                                   7.5 V 

Capacity                                                 0.60 A.h                      1.0 A.h                                1.4 A.h 

Cycle Life (Number of times                1500                             500                                      10 

     battery can be recharged) 

 

A. (a) Data    Equation: 

 E = ? Wh   E = V x I x delta t 

 V = 7.5 V 

  

I x delta t (NiCd) = 0.60 A.h E = 7.5 V x 0.60 A.h 

      = 4.5 Wh 

 

 I x delta t (LiMH) = 1.0 A.h E = 7.5 V x 1.0 A.h 

      = 7.5 Wh 

 

 I x delta t (alkaline) = 1.4 A.h E = 7.5 V x 1.4 A.h 

      = 10.5 Wh 

 

The electrical energy available per cycle for the three rechargeable batteries from greatest to least is: rechargeable 

alkaline 10.5 Wh; LiMH 7.5 Wh; and NiCd 4.5 Wh. 

 

 (b) Electrical Energy for Lifetime: 

   Ni Cd = 4.5 Wh/cycle x 1500 cycles  

    = 6 750 Wh 

 

   NiMH  = 7.5 Wh/cycle x 500 cycles 

    = 3 750 Wh 

 

 rechargeable alkaline = 10.5 Wh x 10 cycles 

    = 105 Wh 

 

The total electrical energy available per cell from the greatest to the least is: NiCd 6 750 Wh; LiMH 3 750 Wh; 

rechargeable alkaline 105 Wh. 

 

 

3. Q. The following table lists the potential difference in volts, the rated capacity in amperes, and the number of cycles 

that they can be recharged for four types of batteries. Calculate the electrical energy available and rate the batteries 

from greatest to least: 

 

(a) in one cycle; 

(b) over the lifetime of the battery. 

 

Type of Cells                         NiCd AA      NiMH AA    Reusable Alkaline AA     Single Use AA Alkaline              

                                                                                                                                     (5 dry cells in series) 

Battery Voltage                         7.5 V                  7.5 V              7.5 V                                   7.5 V 

Capacity                                    0.60 A.h             1.0 A.h           1.4 A.h                                14.25 A.h 

Cycle Life (Number                   1500                  500                 10                                          0 

     of times battery can  

     be recharged) 

 

 (c) Use the values you calculated from the above table and develop a chart comparing the relative efficiencies of the 

cells and batteries. 

 

A. (a) Data    Equation: 



 E = ? Wh   E = V x I x delta t 

 V = 7.5 V 

  

I x delta t (NiCd) = 0.60 A.h E = 7.5 V x 0.60 A.h 

      = 4.5 Wh 

 

 I x delta t (LiMH) = 1.0 A.h E = 7.5 V x 1.0 A.h 

      = 7.5 Wh 

 

 I x delta t (alkaline) = 1.4 A.h E = 7.5 V x 1.4 A.h 

      = 10.5 Wh 

 

 I x delta t (nonrechargeable) 

 = 14.25 A.h E = 7.5 V x 14.25 A.h 

   = 107 Wh 

 

The nonrechargeable AA alkaline battery has 107 Wh of energy available. 

 

The electrical energy available per cycle for the batteries from greatest to least is: nonrechargeable alkaline 107 Wh; 

rechargeable alkaline 10.5 Wh; LiMH 7.5 Wh; and NiCd 4.5 Wh. 

 

(b) Electrical Energy for Lifetime: 

 

Ni Cd = 4.5 Wh/cycle x 1500 cycles  

    = 6 750 Wh 

 

NiMH  = 7.5 Wh/cycle x 500 cycles 

    = 3 750 Wh 

 

 nonrechargeable alkaline 

= 107 Wh 

 

rechargeable alkaline = 10.5 Wh x 10 cycles 

    = 105 Wh 

 

The total electrical energy available per cell from the greatest to the least is: NiCd 6 750 Wh; LiMH 3 750 Wh; non 

rechargeable alkaline 107 Wh; rechargeable alkaline 105 Wh. 

 

 

4. Q. Compare the total electrical energy available during the lifetime of a 7.5 V rechargeable AA alkaline battery 

versus five standard, single-cycle 1.5 V AA alkaline cells. The battery has a capacity of 1 400 mA per cycle and can be 

recharged 10 times while the single cells each have a capacity of 2 850 mA. 

 

A. Data:    Equation 

7.5 V battery   E = V x I x delta t 

E = ? Wh    = 7.5 V x 1.4 Wh 

I x delta t = 1 400 mWh   = 10.5 Wh 

 = 1.4 Wh 

 

  For 10 cycles  E = 10.5 Wh x 10 

     = 105 Wh  

 

1.5 V cell 

I x delta t = 2.85 Wh  E = V x I x delta t 

     = 1.5 V x 2.85 Wh 

     = 4.275 Wh 



 

  For 5 cells E = 4.275 Wh x 5 

     = 21.375 Wh 

     = 21.4 Wh 

 

The 7.5 V AA battery produces 105 Wh of electrical energy during its lifetime, while five 1.5-V AA cells produce 21.4 

Wh of energy over their lifetime. 

 

 

Lesson 11.4  

 

1. Q. The SI unit for measuring power is the 

 

(a) ampere.      

(b) watt.    

(c) volt.   

(d) joule. 

 

A. The correct answer is (b). 

 

 

2. Q. A watt is a unit of 

 

(a) electrical energy.     

(b) resistance.      

(c) current. 

(d) power. 

 

A. The correct answer is (d). 

 

 

3. Q. The unit used to measure electrical power is named after 

 

(a) Georg S. Ohm.    

(b) James Watt.    

(c) Alessandro Volta. 

(d) James Joule. 

 

A. The correct answer is (b). 

 

 

4. Q. Calculate the power required for a cell phone call that uses 105 J of energy in 30 s. 

 

A. Data:    Formula: 

 E = 105 J   P = E/delta t 

 delta t = 30 s    = 105 J/ 30 s 

 P = ?     = 3.5 J/s 

      = 3.5 W 

  

 The cell phone call uses 3.5 W of power. 

 

 

5. Q. Calculate the power used by a microwave oven that uses 112 500 J of energy in 2.5 minutes. 

 

A. Data:    Formula: 

 E = 112 500 J   P = E/delta t 



delta t = 2.5 minutes  P = 112 500 J/150 s 

  = 2.5 min x 60 s/min  = 750 W 

  = 150 s 

 

The microwave oven uses 750 W of power. 

 

 

6. Q. Calculate the power of a coffee maker that operates at 120 V and draws 7.5 A. 

 

A. Data:    Formula: 

 P = ?    P = V x I 

 V = 120 V    = 120 V x 7.5 A 

 I = 7.5 A    = 900 W 

 

 The coffee maker uses 900 W of power.  

 

 

7. Q. Calculate the power of a laptop computer that draws 3.0 A from a 7.5 V battery. 

 

A. Data:    Equation: 

 P = ?    P = V x I 

 V = 7.5 V    = 7.5 V x 3.0 A 

 I = 3.0 A    = 22.5 W 

 

 The laptop uses 22.5 W of power. 

 

 

8. Q. How much current is drawn by a 40 W bulb in a 120 V circuit? 

 

A. Data:    Equation: 

 P = 25 W    P = V x I 

 V = 120 V    25 W = 120 V x I 

 I = ?     25 W/120 V = I 

 

      I = 0.21 A 

 

 A 25 W bulb draws 0.21 A of current in a 120 V circuit. 

 

 

9. Q. What voltage is required to operate a 6.0 W cordless telephone that draws 0.50 A of current? 

 

A. Data:    Equation: 

 P = 6.0 W    P = V x I 

 V = ?     6.0 W = V x 0.50 A 

 I = 0.50 A    6.0 W/0.50 A = V 

      V = 12 V 

 

 The cordless telephone requires a 12 V source. 

 

 

10. Q. Compare the amount of current used by a 750 W microwave oven and a 1000 W microwave oven if they both 

operate in a 120 V circuit. 

 

A. Data:    Equation: 

 P = 750 W    P = V x I 

 V = 120 V   750 W = 120 V x I 



 I = ?    750 W / 120 V= I     

 

      I = 6.25 A 

 

 P = 1000 W    P = V x I 

 V = 120 V   1000 W / 120 V = 120 V x I   

 

      I = 8.3 A 

 

 The 750 W microwave draws 6.25 A and the 1000 W microwave draws 8.3 A. 

  

 

11. Q. If power is the rate at which electrical energy is being used, explain why time does not appear in the equation P 

= V x I, which is used to calculate power. Write your answer in complete sentences. 

 

A.  Since   P = E/delta t and E = V x I x delta t 

 Then 

   P = V x I x delta t / delta t 

 and,  P = V x I 

 

The time factor, delta t ,cancelled out of the equation but delta t was needed to develop the relationship and so it still 

can be said that power is the rate of doing work. 

 

 

12. Q. When consumers wish to buy a large room air-conditioning unit, they have a choice of purchasing one that runs 

on 120 V or one that runs on 240 V. If both units require the same amount of power to operate, explain the advantage 

to consumers of buying the 240-V unit. 

 

A.  The 120 V and the 240 V air conditioners both require the same amount of power. 

 Since   P = V x I 

 Then, I = P / V 

 

 in the 120 V air conditioner I = P/120 V 

 in the 240 V air conditioner I = P/240 V 

 

 The 240 V air conditioner draws only half as much current as the 120 V air conditioner. 

 

 

Lesson 11.5  

 

1. Q. Distinguish between the terms "renewable" and "nonrenewable" with respect to sources of electrical energy. 

Write your answer in complete sentences. 

 

A. Renewable sources of electrical energy constantly replenish themselves. Nonrenewable sources of electrical energy 

are consumed in the production of electricity and cannot be replaced. 

 

 

2. Q. List five renewable sources of electrical energy and five nonrenewable sources of electrical energy. 

 

A. Renewable sources include solar, wind, biomass (wood/plants), waterfalls, rapids, tidal power. 

Nonrenewable sources include oil, natural gas, coal, nuclear fuel, primary and secondary cells/batteries. 

 

 

3. Q. Complete the following table with respect to the sources of electrical energy listed: 

 

Source of Energy             Renewable or Nonrenewable         Advantages           Disadvantages 



 

the sun 

wind 

oil  

natural gas 

tides 

nuclear reactor 

coal 

waterfall 

primary wet cells 

secondary wet cells 

wood 

plants other than trees 

 

A. Source of Energy             Renewable or Nonrenewable          

 

the sun                                          Renewable 

wind                                              Nonrenewable 

oil                                                  Nonrenewable 

natural gas                                    Nonrenewable 

tides                                              Renewable 

nuclear reactor                              Nonrenewable 

coal                                               Nonrenewable 

waterfall                                        Renewable 

primary wet cells                           Nonrenewable 

secondary wet cells                       Nonrenewable 

wood                                             Renewable 

plants other than trees                   Renewable 

 

Advantages and disadvantages will vary. 

 

 

4. Q. Contact your local electrical utility or library and research the history of the supply of electrical energy in your 

community. Prepare a written report or a visual display that answers the following questions: 

When was electricity first available in your community?  

What was the source of the electricity?  

Has the source of the electrical energy in your community changed over the years? If there has been a change, explain 

why it occurred.  

Predict how electrical energy might be supplied to your community in the future and give reasons to support your 

prediction. 

 

A. Student answers will depend on the history of the community. There is a wide range of possibilities depending on 

the location of your community.  

 

 

5. Q. Use e-mail to contact schools in other parts of the province or in other areas of Canada and exchange the history 

of electrical energy in your community and theirs. 

 

A. Answers will vary considerably. Try to choose communities that are very different from your own for the exchange 

of histories. 

 

 

6. Q. Research the source of electrical energy in your community. Write a letter to the federal or provincial Minister of 

Energy to support the form of renewable energy that you think is most appropriate for your area. In your letter include 

the reason for your choice and the advantages of the method. Also indicate the threats to the environment associated 

with the present form of electrical-energy production in your area. 



 

A. Answers will depend on local situations. In some areas providing electrical energy from renewable sources will be 

extremely challenging. Ensure that students are familiar with the communication rubric so they will know what is 

expected of them in their letter. Allow for a full range of achievement levels. 

 

 

Lesson 11.6  

 

1. Q. Robert Davidson invented the first electric car in Scotland in 1837. However, the storage batteries needed were 

so primitive that it could not be used in a practical way. Make a list of the improvements that have been made since 

then so that electric automobiles are becoming practical alternatives to those powered by internal combustion engines. 

 

A. Lead-acid storage batteries are efficient sources of high-current electricity. They are made from relatively 

inexpensive materials—lead and sulphuric acid. They have become lighter, with synthetic cases replacing rubber. The 

electrolyte is in a gel form, which prevents spillage. The alternator in the car that is driven by the engine can recharge 

them easily and efficiently.  

 

 

2. Q. In a small group, develop a multimedia or visual presentation to explain the operation of the Ballard fuel cell. 

 

A. The presentation should highlight: 

 - silent operation 

- using hydrogen that comes from natural gas (a fossil fuel) or methanol (a renewable source) 

 - the hydrogen combines with oxygen to produce water and energy 

 - protons pass from the positive plate to the negative plate that is coated with platinum 

  through a thin membrane separating the electrodes 

- electrons are given off and travel through the external circuit as with any cell 

- they combine with the protons that travelled through the membrane to produce the water and energy 

 

 

3. Q. The lead-acid storage battery used in automobiles is a secondary wet cell. Write a short paragraph explaining 

why a rechargeable 12-V battery that produces such a large current flow is well suited for today’s gasoline-powered 

vehicles. 

 

A. The electric starter motor in an automobile requires a very large current for a short period of time to start the engine 

turning. Once this task is completed, the battery is easily recharged using the electricity produced by the alternator, 

which is in turn driven by the engine. There are many accessories in modern vehicles that are powered by electricity 

and many of these are operating at the same time. When the car engine is not running, the battery still has enough 

stored electrical energy to operate many of them for a fairly long period. 

 

 

Lesson 11.7  

 

1. Q. Create a chart and in one column list various forms of energy. In a second column, write down a method of 

converting that form of energy into electricity. 

 

A. light  - photoelectric cells 

heat  - thermocouple 

sound  - microphone 

mechanical - generator 

magnetic - magnet moves within a coil 

chemical - wet and dry cells 

nuclear  - controlled nuclear reaction 

 

 



2. Q. Match the energy-transforming device in column A with the form of energy involved in producing electricity by 

writing the number corresponding to the energy transformer in the space next to the form of energy. 

 

 Column A      Column B 

 Energy Transformer     Form of Energy 

  

1. microphone    ________  magnetic 

 

2. thermocouple   ________ mechanical 

 

3. barbecue lighter   ________ sound 

 

4. photoelectric cell   ________ heat 

 

5. coil of wire and magnet  ________ light  

 

A. From the top of the column the correct matches are: 5, 3, 1, 2, 4 

 

 

3. Q. Electricity can be produced from 

 

(a) light.    

(b) magnets.    

(c) sound. 

(d) all of the above. 

 

A. The correct answer is (d). 

 

 

4. Q. A thermocouple produces electricity from 

 

(a) light.    

(b) magnetism.    

(c) heat. 

(d) sound. 

 

A. The correct answer is (c). 

 

 

5. Q. Draw a circuit diagram to show how to measure the electrical potential and current produced by a photoelectric 

cell.  

 

Use   P   as a symbol for the photoelectric cell. 

 

A.  

 

 
 

 

 



6. Q. Read the procedure for Investigation 11.7 and make a list of the safety precautions necessary. Team up with 

another pair of students in the class. When the circuits are set up at each stage of the investigation, each team should 

conduct a safety audit of the other team’s set-up using the safety precautions recorded as a checklist. 

 

A. The safety considerations listed might include: 

Connect and disconnect electrical equipment using the plug. 

Draw the circuit and have it checked before constructing it. 

Have the circuit checked by the team you are paired with and your teacher before closing the switch. 

Do not touch illuminated light bulbs or parts of the light fixture that might become hot. 

Tie back loose hair and remove dangling jewellery before igniting a Bunsen burner. 

Adjust the burner so that the flame is visible. 

Shut off the gas immediately after use. 

Ensure that the voltmeter is hooked correctly into the circuit. It must be in parallel and it must not be hooked up 

backwards. 

Be careful in making connections to the oscilloscope to avoid touching parts, which may cause an electric shock. 

 

 

7. Q. Develop a procedure to measure the electrical energy produced by a bicycle generator driven at various speeds. 

Conduct the experiment, record the data, and draw a graph to show the output of the generator as the pedals are rotated 

at gradually increasing speed. 

 

A. The generator can be connected in parallel to a voltmeter. A student can turn the pedal while the back wheel is 

suspended above the floor. Because the generator is designed to operate two light bulbs, the voltage cannot continue 

once a certain level is reached regardless of how much the speed increases. 

 

The graph should look like this: 

 

 
 

 

 

8. Q. Use a computer with an interface to measure light intensity, sound, motion, pH, temperature, and any other forms 

of energy that you can. The computer is able to measure all of these different forms of energy by converting them into 

electrical impulses that the computer can measure. Write a short paragraph explaining how the measuring probes 

work. 

 

A. The computer can only interpret data in the form of electrical impulses. The various probes must be able to interpret 

the changes in the energy that activates them. The question is open-ended and provides students with opportunities to 

demonstrate all levels of achievement. 

 

 

9. Q. You investigated the production of electrical energy from the following forms of energy in Investigation 11.7. 

Choose one of these and explain how it might be used to produce electricity in a practical manner: light, heat, sound, 

mechanical energy, magnetism. 

 



A. The most likely choices are the photoelectric cell and magnetism since students probably are already aware of how 

these can be used in a practical way to produce electricity. 

 

 

Lesson 11.8  

 

1. Q. The piezoelectric effect refers to the production of electricity from 

 

(a) sound.     

(b) mechanical stress.     

(c) heat. 

(d) light. 

 

A. The correct answer is (b). 

 

 

2. Q. The photoelectric effect refers to the production of electricity from 

 

(a) sound.     

(b) mechanical stress.     

(c) heat. 

(d) light.  

 

A. The correct answer is (d). 

 

 

3. Q. The batteries used in watches must be specially designed to 

 

(a) provide a very high current flow to power the LCD display. 

(b) gradually decrease in voltage during the lifetime of the battery. 

(c) remain at a certain voltage for an extended time and then suddenly cease to function. 

(d) operate in a wide range of temperatures. 

 

A. The correct answer is (c). 

 

 

4. Q. Write a short paragraph explaining why photoelectric cells are particularly well suited to be a non-interruptible 

electricity-generating system for spacecraft.  

 

A. Photoelectric cells are ideal for spacecraft because they are light in weight, small, and compact. They can be 

connected in series to produce larger outputs. The sun is always shining in outer space and as long as the spacecraft is 

not in the shadow of a planet or the moon, the panels holding the photoelectric cells can be turned to produce the 

maximum effect. 

 

 

5. Q. "Electrical energy could almost be called the ‘in-between’ form of energy." Use the example of a diesel-electric 

locomotive to explain how this statement is true by outlining the forms of energy involved and the series of energy 

conversions from one form into another. 

 

A. The chemical energy in a fossil fuel (diesel oil) is used to produce a second form of energy—heat. The heat energy 

is used to power an internal combustion engine, which turns (mechanical energy) a shaft that moves magnets or coils 

(mechanical energy) that generate electricity. The electricity is used to power electric motors that turn (mechanical 

energy) shafts that drive the wheels. 

 

 



6. Q. During the discharge of a nickel-cadmium battery, the chemical reaction causes the electrolyte to form crystals. 

These crystals gradually increase in size until the battery will no longer function properly and must be recharged. The 

recharging process causes the crystals to dissolve and the electrolyte to reform. However, if the battery is recharged 

too often, the crystals will reach a certain size and cannot be dissolved. This process is referred to as the development 

of a "memory." How does this effect reduce the usefulness of the battery? Write a short paragraph explaining how to 

overcome the memory problem of NiCd batteries. 

 

A. The "memory" of the NiCd battery means that it cannot be fully charged and will not last as long as it should per 

cycle. Allowing the battery to be fully discharged about once a month before it is recharged can erase the memory. 

 

 

7. Q. Several inventors have ideas for devices that are powered electrically. Explain the disadvantages that will make 

their inventions unlikely to succeed in each of the following situations: 

 (a) Solar (photoelectric) cells are used to power a radio. 

 (b) A lead-acid storage battery is used to power an inter-city delivery van. 

 (c) A new battery, whose power is reduced at a rate of only 0.05 percent per day until it is fully discharged, is 

suggested for use in wristwatches. 

 

A. (a) The radio will work well when it is sunny but on overcast days and at night it might not have enough stored 

energy to continue to work. 

(b) The lead-acid storage battery does not hold enough charge for inter-city travel. In addition, if several batteries were 

required to provide enough current, the weight of the battery would be a major problem.  

(c) As the battery loses power at 0.005 percent per day, the watch will gradually slow down and will not keep time 

accurately. 

 

 

Lesson 11.9  

 

1. Q. The largest percentage of electricity in Ontario is produced in 

 

(a) a hydroelectric plant.   

(b) a fossil fuel plant.    

(c) a nuclear power plant. 

(d) another province or state. 

 

A. The correct answer is (c). 

 

 

2. Q. In a hydroelectric power plant, electrical energy is produced from 

 

(a) oil.       

(b) falling water.   

(c) nuclear fuel. 

(d) coal. 

 

A. The correct answer is (b). 

 

 

3. Q. No matter what the original source of energy is in a large-scale generating station, there are two devices that are 

involved directly in the production of the electricity. Name these two parts and explain how they work together to 

produce electricity. Write your answer in complete sentences. 

 

A. Turbines and generators are found in all types of large-scale generating stations. 

The turbine has blades that are turned by the force of water or steam. The turbine causes the generator to turn. Electric 

current is produced in the generator when a magnetic field moves across an electrical conductor.  

 



 

4. Q. Write a short paragraph describing how water is involved in all types of large-scale electrical generating stations. 

 

A. A turbine must be turned to drive the generator. In a hydroelectric station, the water turns the blades of the turbine 

when it pushes against them. In a nuclear or fossil fuel generating station, the fuels are burned to heat water and change 

it into steam. The steam drives the turbine blades. Therefore, either liquid water or steam is involved in the production 

of electricity in all large-scale generating stations.  

 

 

5. Q. Use print and electronic resources to research the history of generating electricity in Ontario. Determine the types 

of generating stations and how the relative amounts of electricity provided by them have changed over the years. 

Present the results of your research in a multimedia or visual presentation. 

 

A. The research will show the gradual decline in reliance on hydroelectricity, the rise and fall of the importance of 

fossil fuel generating stations, and the increased reliance on nuclear power. 

 

 

6. Q. Use print and electronic resources to research the consumption of electricity in Canada over the last century. 

Write an article for a newspaper explaining the changing patterns and what has caused them.   

 

A. There has been a tremendous increase in the amount of electrical energy generated and consumed during the 

century. One hundred years ago the use of electricity was extremely limited. More and more devices using electricity 

have been developed and marketed. 

 

 

Lesson 11.10  

 

1. Q. The most practical way of producing electricity by a renewable resource in our community is 

  

(a) hydroelectricity.   

(b) solar (photoelectric) cells.   

(c) wind power. 

(d) tidal power. 

 

A. The answer depends on geographic and weather conditions in the community. 

 

 

2. Q. By use of an example, explain which of the renewable sources for the generation of electricity is adaptable and 

inexpensive enough that it is used by millions of people individually in schools, businesses, and homes every day. 

Write your answer in complete sentences. 

 

A. The photoelectric cell is used in devices as small as calculators. The solar cells will operate the calculator in 

relatively low levels of artificial light as well as in sunlight. The energy from light powers the LCD display as well as 

the calculating functions. Solar-powered calculators are inexpensive enough that they are often given away for 

promotional purposes. 

 

 

3. Q. It would seem that there is no limit to the amount of electricity that can be generated by a wind turbine. However, 

this is not the case. Using print and electronic resources, research and explain why the amount of energy does not 

continue to increase in a wind-powered generator as the wind speed continues to increase to hurricane force. 

 

A. The blades on a wind turbine cannot continue to turn faster and faster or the device will tear itself apart. The blades, 

the turbine, and the generator are all subject to damage if turned too fast. The angle at which the blades face the wind 

can be adjusted to prevent them from receiving too much force from the wind. In a hurricane the wind turbine is 

usually shut down altogether. 

 



 

4. Q. The Rayovac Company manufactures and sells a solar-powered battery charger to recharge its 9 V AA alkaline 

batteries. The case of the recharger is made from recycled plastic pop bottles.  

(a) Write a short paragraph explaining how these AA batteries differ from traditional AA dry cells.  

(b) Design an advertisement that explains how this product is environmentally responsible.  

 

A. (a) AA dry cells are single cells that have a potential difference of 1.5 V. 

A rechargeable AA 9 V battery that has a potential difference of 9 V would have to consist of six individual 1.5 V 

cells. 

(b) The advertisement should emphasize that the recharger uses no nonrenewable resources to produce the electricity 

needed to recharge the battery. The amount of consumable resources used to make the battery is reduced since it is 

rechargeable. The battery is an alkaline battery and so it does not contain rare materials such as cadmium. The case of 

the recharger is made from recycled materials to reduce the wastes going to a landfill. 

 

 

Lesson 11.11  

 

1. Q. Design a database to compare the various forms of generating electrical energy in Ontario. The database should 

include the number of stations of each type, the relative amounts of energy produced by each type of station, the 

relative cost of generating electricity in each form, and the advantages and disadvantages of each form of generating 

electricity. 

 

A. The database is a summary of the information provided throughout the chapter and will help students gather 

statistics to discuss the Issue question, "Fossil Fuels or Nuclear Power?" 

 

 

Lesson 12.1  

 

1. Q. Electric stoves, clothes dryers, and some air conditioners are designed to operate in 240 V circuits instead of the 

more common 120 V circuit. Make a sketch of the design feature of the stove, dryer, and 240 V air conditioner that 

prevents them from being accidentally plugged into a 120 V circuit. 

 

A. The stove, dryer, and 240 V air conditioner each have unique plugs that prevent them from being plugged into a 120 

V outlet. The plugs are larger than normal and the prongs are arranged in a different pattern from a 120 V plug. 

 

 

2. Q. Make a list of the power bars, surge protectors, and ground fault circuit interrupters in your home or in your 

school. Construct a chart that includes the devices you found, where they are located in the house or school, and what 

is plugged into them. 

 

A. The chart will depend on what protective devices the students have found at home or at school. 

 

 

3. Q. Draw a floor plan of a kitchen and adjacent laundry room. Show the electrical service, assuming that all 

appliances are electric and that the rooms are in a new home that must meet current electrical codes for safety. 

 

A. The electrical service should include ground fault interrupters for outlets near the sink and laundry tubs. There 

should be 240 V individual circuits for the stove and dryer. The number of outlets should be sufficient for the 

appliances. Power bars with surge protectors may be used especially to protect refrigerators, microwaves, and so on. 

 

 

4. Q. Keep a "Safety First" scrapbook, in which you record items from newspapers, magazines, radio, and television 

that provide accounts of accidents involving electricity. Share the accounts with the class by posting them or by giving 

an oral presentation. 

 

A. The results of this performance task depend on information found by students. 



 

 

Lesson 12.2  

 

1. Q. Some appliances are connected to 240 V circuits because a 240 V circuit 

 

(a) requires less current.  

(b) requires more current.  

(c) is cheaper to operate. 

(d) is less dangerous. 

 

A. The correct answer is (a). 

 

 

2. Q. If a 15 A fuse protecting a circuit melts and disconnects the circuit, it should be replaced by 

 

(a) a 10 A fuse.    

(b) a 15 A fuse.    

(c) a 25 A fuse.  

(d) a penny. 

 

A. The correct answer is (b). 

 

 

3. Q. An outlet located near a source of water should be protected by 

  

(a) a low amperage fuse.   

(b) a heavy-duty circuit breaker.  

(c) a ground-fault circuit interrupter. 

(d) a child-proof cap.  

 

A. The correct answer is (c). 

 

 

4. Q. The wider slot in a polarized outlet connects with 

  

(a) the ground.     

(b) the neutral wire.    

(c) the 120 V conductor. 

(d) the 240 V conductor. 

 

A. The correct answer is (b). 

  

 

5. Q. (a) Write a short paragraph describing the structure of a bimetallic strip and explain what you observe when it is 

heated.  

  

(b) Describe how a bimetallic strip is used in a circuit breaker to prevent overloading circuits. 

 

(c) Explain why a circuit breaker will often trip again if it is reset immediately after it shuts down a circuit. Write your 

answers in complete sentences. 

 

A. (a) A bimetallic strip consists of strips of two different metals laminated together. The strip will curl when heated 

because the two different metals expand at different rates. The curve is toward the metal that expands least. 

 



 (b)  The circuit breaker consists of a bimetallic strip that curves when overheated. Normally the strip is in contact with 

a larger switch and acts as a closed switch itself through which electricity can flow. When too much current flows 

through the circuit, the strip is overheated and it bends, pushing a spring that causes the larger switch to open. 

 

 (c) If you try to reset the breaker too quickly, it may still be warm and will immediately open the circuit again. 

 

 

6. Q. Sometimes people who have been annoyed by fuses that constantly burn out have replaced the fuse with a penny. 

Write a short paragraph explaining what will happen as a result of this extremely dangerous practice. 

 

A. The penny is much thicker than the copper wire in the circuits that the fuse is meant to protect against overheating. 

The penny will allow more current to pass through than the circuit can safely handle. The copper wires in the walls will 

overheat and may ignite a fire within the walls. 

 

 

7. Q. Paper, rubber, and plastic are all insulators. Heavy-duty electrical conductors might be covered with a layer of 

rubber, a layer of paper, and a layer of plastic, with the paper between the rubber and the plastic. Explain why the paper 

is placed where it is and could not be used as the only insulating layer. Write your answer in complete sentences. 

 

A. The paper cannot be used alone because the copper wire heats up and the paper will ignite and cause a fire. 

 

 

8. Q. Consider the following two situations. 

 

(a) A power bar often has six outlets connected in series. When the power bar is plugged into a regular double wall 

outlet, up to seven devices can be plugged in and will operate at the same time. Such arrangements are common for 

computers and their peripherals and for home entertainment centres.  

(b) If you try to operate a microwave oven and a portable dishwasher in one double wall outlet, the circuit breaker will 

certainly open or the fuse will fail.  

 

Compare situations (a) and (b) and explain why the circuit breakers for the two behave differently. Write your answer 

in complete sentences. 

 

A. In situation (a), the computer and its peripherals or the home entertainment centre all require fairly low current 

flows to operate. The sum of all the current requirements would be less than the 15 A capacity of the circuit. 

 In situation (b), the microwave and the portable dishwasher both require fairly high amounts of current. The sum of 

the current requirements would exceed the 15 A capacity of the circuit and the breaker would open or the fuse would 

fail. 

 

 

9. Q. You have decided to design a self-contained system to supply electricity for an isolated home or cottage. Make a 

list of the safety features that you must consider to protect people and animals from electrocution or electric shock. 

 

A. The self-contained system must include protection from power surges and brownouts. There should be overload 

protection in the form of circuit breakers. 

The system must be carefully grounded with a metal stake driven into the ground. There must be lightning protection 

to prevent damage to the circuits and the building. Ground fault circuit interrupters should be included in areas where 

water will be closeby. The hot water heater and dryer must be properly vented to the outside.  

 

 

Lesson 12.3  

 

1. Q. Locate in your home or elsewhere, at least five electrical appliances or devices that are different from those 

studied in Activity 12.3. Examine the manuals that came with these products and gather the same data that you did in 

the activity. That is, identify the parts that have an electrical function; list those parts; draw a schematic diagram (if 



possible); describe the operation; and identify and list the safety features of the devices. Bring your information to 

class and add it to a class database of information. 

 

A. The answers depend on what students find at home. 

 

 

2. Q. Examine the monthly "What’s New" feature in Popular Science. Keep a journal or scrapbook in which you 

describe new electrical products that are introduced. Especially take note of new uses for electricity, innovative ways 

to provide the power, and safety features that make the product more practical. Bring in your collection of information 

and share it with the class and your teacher. 

 

A. The information gathered depends on what is featured monthly in the magazine. Communication skills can be 

assessed through the presentation of the material in the scrapbook or journal. 

 

 

3. Q. Write a letter to an elderly relative who lives in an isolated area and explain the operation of a new electrical 

device that you have received. The letter must contain a diagram and an explanation that is simplified enough for a 

person who has never seen or heard of the device to understand. 

 

A. Students might write in simplified terms about devices such as DVD players, hand-held video games, digital 

telephones, global positioning systems, and so on. 

 

 

Lesson 12.4  

 

1. Q. The efficiency of any electrical device is always 

 

(a) more than 100%.    

(b) equal to 100%.    

(c) less than 100%. 

(d) changing depending on the time of day. 

 

A. The correct answer is (c). 

 

 

2. Q. The following two units are both used to measure electrical energy: 

  

(a) watt and ohm    

(b) ampere and volt    

(c) watt hour and joule 

(d) kilowatt hour and ohm 

 

A. The correct answer is (c). 

 

 

3. Q. The efficiency of any electrical device is found by 

 

 (a) multiplying useful energy output by energy input. 

 (b) dividing useful energy output by energy input. 

 (c) dividing energy input by useful energy output. 

 (d) adding the energy input and the useful energy output. 

 

A. The correct answer is (b). 

 

 

4. Q. The government program that requires all appliances to be rated and labelled for efficiency is called 



  

(a) Consumers’ Guide.   

(b) Efficiency Guide.    

(c) Energy Star. 

(d) Energuide. 

 

A. The correct answer is (d). 

 

 

5. Q. The most efficient electrical device listed is the 

 

(a) incandescent light bulb.   

(b) fluorescent light bulb.   

(c) electric motor. 

(d) radio. 

 

A. The correct answer is (c). 

 

 

6. Q. Determine the percent efficiency of a 150 W incandescent light bulb that uses 20 000 J of electrical energy to 

produce 1 000 J of light energy. 

 

A. Data:     Equation: 

 Input energy = 20.000J Percent efficiency = Useful output energy / Input Energy x 100% 

 Output energy = 1 000J      

 Percent efficiency = ?     = 1 000 J / 20 000 J x 100% 

        = 5.0% 

 The percent efficiency of a 150-W incandescent light bulb is 5%. 

 

 

7. Q. Use the Internet, a consumer magazine, a catalogue, or visit a store that sells appliances. Compare the Energuide 

labels to determine which are the most efficient and least efficient kitchen appliances of similar capacity. Record your 

findings and bring them to school to share with the class. 

 

A. The information will depend on data collected by students. 

 

 

Lesson 12.5  

 

1. Q. A crockpot with a power rating of 280 W is used to cook chili for 12.0 h. Determine the electrical energy used 

and the cost to cook the chili if electricity costs $0.08/kWh. 

 

A. Data:     Equation: 

 Electrical energy used = ? kWh E = P x delta t 

 Time interval =12 h    = 0.28 kW x 12 h 

 Power = 280 W = 0.28 kW   = 3.36 kWh 

 

 Rate = $0.08/kWh   Cost = E x rate 

       = 3.36 kWh x $0.08/kWh 

       = $0.269 

  

The crockpot uses 3.36 kWh of electricity at a cost of 27 cents. 

 

 

2. Q. A family goes away on vacation and leaves a colour TV, rated at 80 W, on by mistake. If they are gone for 30 

days, how much electrical energy does the television use and what is its cost if electricity costs $0.08/kWh? 



 

A. Data:     Equation: 

 Electrical energy used = ? kWh E = P x delta t 

 Time interval =30 days x 24 h/day  = 0.080 kW x 720 h 

   = 720 h     = 57.6 kWh 

 Power = 80 W = 0.080 kW 

 Rate = $0.08/kWh   Cost = E x rate 

       = 57.6 kWh x $0.08/kWh 

       = $4.606 

  

The TV uses 57.6 kWh of electricity at a cost of $4.61. 

 

 

3. Q. The largest light bulb ever manufactured was made in 1922 to provide lighting for a night scene in a movie. The 

outside of a hotel was illuminated by the single 30 000 W bulb, which was 30.5 cm in diameter and 50 cm high. The 

tungsten filament required could have been used to manufacture 55 000 household bulbs.  

 

(a) If the bulb was illuminated for 90 minutes, how many kWh of electrical energy was consumed? 

(b) If the tungsten filament had been used to make 55 000 100-W light bulbs, how much electrical energy would they 

have consumed if they were all lit for 90 minutes? 

 

A. (a) Data:     Equation: 

 Electrical energy used = ? kWh E = P x delta t 

 Time interval =    = 30 kW x 1.50 h 

   = 1.50 h   = 45 kWh 

 Power = 30 000 W = 30 kW 

The large light bulb consumed 45 kWh of electrical energy. 

 

 (b) Data:     Equation: 

 Electrical energy used = ? kWh E = P x delta t 

 Time interval = 90 / 60   = 550 kW x 1.50 h 

   = 1.50 h   = 825 kWh 

 Power  = 55 000 x 100 W 

  = 550 000 W 

  = 550 kW 

 

 The 55 000 100-W bulbs would have consumed 825 kWh of electrical energy. 

 

 

4. Q. (a) Make a list of all of the electrical devices in your room or another room in the house.  

(b) Determine the power rating of each of the devices on your list. 

(c) Keep a record of the number of hours each device operates for a month. (Don’t forget the light bulbs.) 

(d) Calculate the total amount of electrical energy used by the devices on your list during the month. 

(e) Check the last electric bill, or call the local electrical utility office, for the cost of electricity and calculate the total 

cost of operating all the devices on your list for the month. 

 

A. Answers will depend on the items on the list compiled, the number of hours they were used, and the cost of 

electricity. 

 

 

Lesson 12.6  

 

1. Q. Although they consume only small amounts of energy individually, because we have and use so many light bulbs 

in our homes, if all of them are taken together they are a major consumer of electrical energy. Examine and make a list 

of the various light bulbs used throughout your home. Prepare a chart with the following headings:  

Location; Size (in W); Number of Hours Used per Day; Number of kWh Consumed per Month; Cost per Month 



 

With the help of others in your home, keep a record of the hours each bulb is used for a period of one week. Multiply 

the one-week use by four to give a monthly total. Complete the chart and determine how much it costs your family to 

provide lighting for a month. 

 

A. The answer will depend on the data gathered by students. Most students will be surprised at how much energy is 

consumed and how much electric lighting costs. 

 

 

Lesson 12.7  

 

1. Q. The following table describes devices that consume electrical energy while operating in standby mode. Place a 

check mark next to those items that would not function properly if they shut down completely when turned off. Put an 

* next to those items for which standby mode is merely a convenience. Shutting them down completely would simply 

make the user wait longer for them to begin to operate. Put an X next to those items that could be considered a fire 

hazard when they are always on. 

 

Device                                                Standby Power Required (W) 

microwave oven                                                    4 

answering machine                                                3 

cordless telephone                                                  3 

cable TV box                                                        12 

colour TV                                                               6 

compact audio system                                           11 

digital satellite TV                                                15 

VCR                                                                        5 

baby monitor                                                          1 

cordless tools/vacuum                                            2 

doorbell                                                                  2 

electric toothbrush                                                  2 

garage door opener                                                 2 

security system                                                      18 

 

A. Could not operate properly if not on standby: 

answering machine, cordless telephone, VCR, baby monitor, cordless tools/vacuum, doorbell, garage door opener, 

security system 

 

Convenience (do not require continuously operating clock or there will be a delay in startup when turned on): 

microwave oven, cable TV box, colour TV, compact audio system, electric toothbrush 

 

Possible Fire Hazards: 

Any device with a standby mode could be a fire hazard if combustible materials were located nearby.  

 

 

2. Q. Calculate the savings in electricity and operating costs per month if you replaced a 60-W incandescent light bulb 

with a 15-W compact fluorescent bulb. Assume that the bulb operates for 6.0 h per day and electricity costs 

$0.085/kWh. 

 

A. Data:     Equation: 

Electrical energy used = ? kWh E = P x delta t 

 Time interval =30 days x 6 h/day   

   = 180 h      

 Incandescent bulb 

Power = 60 W = 0.060 kW  E = 0.060 kW x 180 h 

      = 10.8 kWh 

 



Rate = $0.085/kWh   Cost = E x rate 

       = 10.8 kWh x $0.085/kWh 

       = $0.918 

   

 Compact Fluorescent bulb 

 Power = 15 W = 0.015 kW  E = P x delta t 

       = 0.015 kW x 180 h 

        = 2.7 kWh 

  

      Cost = E x rate 

       = 2.7 kWh x $0.085/kWh 

       = $0.230 

 

The 60-W incandescent bulb requires 10.8 kWh of power and costs 92 cents to operate. 

The 15-W fluorescent bulb requires 2.7 kWh of power and costs 23 cents to operate. 

 

You save 10.8 - 2.7 = 8.1 kWh of electricity and 92 - 23 = 69 cents in cost if you use the compact fluorescent bulb 

instead of the incandescent bulb. 

 

 

3. Q. You replace a 150-W incandescent bulb with a 34-W compact fluorescent bulb. How much do you save in 

operating costs over a year if the bulb operates for an average of 8.0 h a day and electricity costs $0.08/kWh? 

 

A. Data:     Equation: 

Electrical energy used = ? kWh E = P x delta t 

 Time interval =365 days x 8 h/day   

   = 2 920 h      

 Incandescent bulb 

Power = 150 W = 0.150 kW  E = 0.150 kW x 2 920 h 

      = 438 kWh 

 

Rate = $0.080/kWh   Cost = E x rate 

       = 438 kWh x $0.080/kWh 

       = $35.04 

   

 Compact fluorescent bulb 

 Power = 34 W = 0.034 kW  E = P x delta t 

       = 0.034 kW x 2 920 h 

        = 99.28 kWh 

  

      Cost = E x rate 

       = 99.28 kWh x $0.080/kWh 

       = $7.94 

 

The 150-W incandescent bulb requires 438 kWh of power and costs $35.04 to operate. 

The 34-W fluorescent bulb requires 99.3 kWh of power and costs $7.94 to operate. 

 

You save 438 - 99.3 = 339 kWh of electricity and $35.04 - $7.94 = $27.10 in cost if you use the compact fluorescent 

bulb instead of the incandescent bulb. 

 

 

4. Q. In a group, use print or electronic resources to research the most recent developments in energy-saving light 

bulbs, especially compact fluorescent bulbs. Develop a multimedia or visual advertising campaign to promote energy 

conservation through the use of more efficient light bulbs.  

 



A. The biggest hurdle in convincing people to use compact fluorescent bulbs is their initial cost. The campaign should 

highlight the long-term savings in costs. Another obstacle to selling people on compact fluorescent bulbs is the time it 

takes them to come to full power when they are turned on. Unless observers wait the one to two minutes it takes, they 

will be unfavourably impressed with the brightness of the bulbs. 

 

 

5. Q. Using a computer interface and a light probe, design and conduct an experiment to compare the brightness of 

incandescent and compact fluorescent bulbs with their advertised claims. Present your data in the form of tables and 

charts and clearly state your conclusions. 

 

A. Ensure that students are familiar with the appropriate rubrics so they can demonstrate a full range of achievement 

levels. An interesting side investigation could be the time taken for the compact fluorescents to reach full illumination. 

 

 

Lesson 12.8  

 

1. Q. The formula E = P x delta t shows you can reduce the amount of electrical energy used by the greatest amount if 

you  

 

(a) decrease the amount of power required. 

(b) decrease the amount of time required. 

(c) decrease both the amount of power required and the amount of time required. 

(d) increase both the amount of power required and the amount of time required. 

 

A. The correct answer is (c). 

 

 

2. Q. Electric stoves generally have two large-diameter elements and two smaller-diameter elements. A manual for an 

electric stove gives the following advice about using pans on the stove for best energy use.  

 

Match the pan size to the element size. Do not use large diameter pots and pans on the smaller elements or small 

diameter pans on the larger elements. Do not use a pan with a diameter that extends more than 2.5 cm beyond the 

element. 

 

Explain how a person following the advice would be conserving electricity. 

 

A. If a small-diameter pot is placed on a large-diameter stove element, some of the heat will escape into the kitchen 

without heating the contents of the pot. 

  

If a large diameter pot is placed on a small diameter stove element, it will take longer for the contents of the pot to heat 

because the food in the space outside the element will not receive heat properly. Meanwhile, the food in the area above 

the element will be overheated. 

 

 

3. Q. To make a cup of coffee you have four choices. You can  

- use a coffee maker 

- heat a single cup of water in a microwave oven 

- boil water in a tea kettle on an electric stove element 

- boil water in an electric kettle. 

 

Use the data in the following table and determine the cost of making one cup of coffee if electricity costs $0.08/kWh. 

Rank the costs from the least to the greatest. 

 

Method           Power Rating (P)         Time Required (delta t)          Electrical Energy        Cost 

 

coffee maker            900 W                           4.0 minutes 



microwave             1 000 W                           2.0 minutes 

electric stove          5 000 W                          5.0 minutes 

electric kettle          1 500 W                         5.0 minutes 

 

A. Sample calculation: 

 Data:     Equation: 

 E = ? kWh    E = P x delta t 

 P = 900 W = 0.900 kW  E = 0.900 kW x 0.067 h 

 delta t = 4.0/60 = 0.067 h    = 0.0603 kWh 

 

 Rate = $0.080 /kWh   Cost = E x rate 

       = 0.0603 kWh x $0.080/kWh 

       = $0.0048 

 

To make one cup of coffee in a coffee maker costs 0.48 cents and requires 0.0603 kWh of electrical energy. 

 

Method           Power Rating (P)         Time Required (delta t)          Electrical Energy        Cost 

 

coffee maker            900 W                           4.0 minutes                         0.0603 kWh          0.48 cents 

microwave             1 000 W                           2.0 minutes                         0.0333 kWh          0.27 cents 

electric stove          5 000 W                          5.0 minutes                         0.147 kWh            3.34 cents 

electric kettle          1 500 W                          5.0 minutes                         0.125 kWh          1.00 cents 

 

 Cheapest method for one cup is a microwave oven at 0.27 cents. 

 Second-cheapest way for one cup is a coffee maker at 0.48 cents 

 Third-cheapest way for one cup is an electric kettle at 1.00 cents 

 Most-expensive way for one cup is an electric stove at 3.34 cents. 

 

 

4. Q. To make a cup of coffee you have four choices. You can  

- use a coffee maker 

- heat a single cup of water in a microwave oven 

- boil water in a tea kettle on an electric stove element 

- boil water in an electric kettle. 

 

Use the data in the following table and determine the cost of making four cups of coffee if electricity costs $0.08/kWh. 

Rank the costs from the least to the greatest. 

 

Method           Power Rating (P)         Time Required (delta t)          Electrical Energy        Cost 

 

coffee maker            900 W                           4.0 minutes 

microwave             1 000 W                           2.0 minutes 

electric stove          5 000 W                          5.0 minutes 

electric kettle          1 500 W                         5.0 minutes 

 

A. The cost for one cup of coffee using each method is as follows: 

 

Method           Power Rating (P)         Time Required (delta t)          Electrical Energy        Cost 

 

coffee maker            900 W                           4.0 minutes                         0.0603 kWh          0.48 cents 

microwave             1 000 W                           2.0 minutes                         0.0333 kWh          0.27 cents 

electric stove          5 000 W                          5.0 minutes                         0.147 kWh            3.34 cents 

electric kettle          1 500 W                          5.0 minutes                         0.125 kWh          1.00 cents 

 

The only device that would be different if you were making four cups of coffee instead of one would be the microwave 

since you would heat each cup of water separately. 



 

The cost for four cups of coffee made in the microwave = 0.27 cents x 4 = 1.08 cents 

 

Cheapest method for four cups is the coffee maker at 0.48 cents 

Second-cheapest way for four cups is the electric kettle at 1.00 cents 

Third-cheapest way for four cups is the microwave at 1.08 cents 

The most expensive way for four cups is the electric stove at 3.34 cents 

 

 

Lesson 12.9  

 

1. Q. In a small group, brainstorm a list of as many electrical devices as you can. Use the list to prepare a survey form 

with the following headings: 

 

Device; Essential; Nice to Have; Not Necessary 

  

Use the form you have developed to conduct a survey of people from different age groups: (e.g., Under 12; 13-19; 

20-29; 30-45; 46-60; 61-75; 76 +) 

 

Analyze the results of your survey and determine the different ways that the various age groups. Use the data to 

prepare a list of electrical devices that would be essential in the self-sufficient electrical dwelling in Activity 12.9. 

 

A. The survey results can be compared and can help focus students on which electrical devices are essential and which 

ones are frills.  

 

2. Q. (a) To help in the planning of your self-sufficient dwelling, determine the capacity of the electrical service where 

you live. That is, what is the maximum current flow in amperes that can enter your home through the main breaker 

panel?  

 

(b) Decide how much less current will be required for your self-sufficient home and compare this value with the one 

you calculated in Activity 12.9.  

 

(c) After making the comparison, is the value you calculated in the activity reasonable? Write your answer in complete 

sentences. 

 

A. This comparison will give students a reference against which to match their plan for Activity 12.9. 

 

 

Lesson 12.10  

 

1. Q. In a small group, develop a form to measure the strength of the arguments of the individuals debating the 

question, "Do we need the theme park?" Decide on the criteria that you will use (e.g., Persuasiveness; Use of Data to 

Support View; Effectively Responds to Criticism, etc.) Develop a scale with which to measure each of the criteria. Use 

the form to help you reach your personal decision. 

 

A. A Likert scale might be most useful: Strongly Agree; Agree; Undecided; Disagree; Strongly Disagree. 

 

 

2. Q. Use print or electronic resources to research the location and success of various theme parks. Consider the 

following questions: 

How large a population is required to make a theme park a financial success? 

What environmental problems arise from large theme parks? 

How many workers are required for a theme park? 

What type of education is required for employees? 

What effect does the park have on residents? 

 



A. The research can help students make their decision on the issue.  

 

 

3. Q. Use print or electronic resources to research the effects of high-voltage transmission lines on the health of 

humans and animals. Prepare a multimedia or visual presentation to use in a "Do we need a theme park?" debate. 

 

A. Student answers will vary.  

 


