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SUBCOURSE OVERVIEW

This subcourse is designed to teach you the physical properties of electricity in motion, the three conditions necessary for electron movement, and the units of measurement assigned to these necessities.

This subcourse replaces SA 0707.

Unless this subcourse is taken for review, you should previously have completed subcourses IT 0332 through IT 0336.

TERMINAL LEARNING OBJECTIVE

ACTION: 
You will be able to identify the conditions under which electricity will flow; identify correct definitions of and statements about current flow, electromotive force, and resistance; and identify the units of measurement for these values.

CONDITION:
Given correct and incorrect statements and definitions and this text.

STANDARD:
To demonstrate competency of this task, you must achieve a minimum of 70% on the subcourse examination.
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LESSON

ELEMENTS OF ELECTRICAL PHYSICS

DYNAMIC ELECTRICITY

OVERVIEW

LESSON DESCRIPTION:

In this lesson you will learn the physical properties of electricity in motion, the three conditions necessary for electron movement, and the units of measurement assigned to these necessities.

TERMINAL LEARNING OBJECTIVE:

ACTION:
You will be able to identify the conditions under which electricity will flow; identify correct definitions of and statements about current f 3w, electromotive force, and resistance; and identify the units of measurement for these values.

CONDITION:
Given correct and incorrect statements and definitions and this text.

STANDARD:
To demonstrate competency of this task, you must achieve a minimum of 70% on the subcourse examination.
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1A


Until now, we have been considering static electricity, or electricity at rest.  This type of electricity has no practical use, because it does not provide a continuous source of electrons.  To get our T.V. sets, radios, and yes, even our radar sets to operate, we must have a continuous source of electrons and the electrons must be in motion.  In other words, we must have electricity in action.  This electricity in action is known as Dynamic Electricity.


To have dynamic electricity, that is, electricity in motion, we must be able to get the electrons to move.  To accomplish this, three conditions are necessary: (1) a supply of electrons ready and able to move, (2) a path through which the electrons can move, and (3) some kind of force to push them through the path.


First, we will consider how each of these needs is satisfied.  Then we will move on to consider the units in which these three necessities are measured; the rate at which the electrons move; how efficiently a given path, or conductor, allows electrons to move, and how much force is produced by a source of electricity.


Of course, electrons have to come from atoms.  Some atoms seem to have more electrons available than others.  Which of these substances would be a good source for supplying a continuous flow of electrons?


Amber.
Page 1-4 (2B)


Glass.
Page 1-8 (6A)


Neither.
Page 1-10 (8B)


Both.
Page 1-12 (10A)

1B

YOUR ANSWER: The ping-pong balls jam up.

From Page 1-10 (8B)


This isn't the answer we wanted.  Perhaps we'd better describe the setup a little more.


This tube is just big enough for the ping-pong balls to pass through.  There's nothing to stop the balls from moving along if pushed.  The tube can contain only the number of balls shown.  Thus, if another ball is pushed in at one end, the rest are forced to move along one space.  The ball at the far end is going to be unlucky; there isn't space in the tube to which it can move.


Return to page 1-10 (8B) for another answer.
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2A

YOUR ANSWER:
True.  An electron moves with the speed of light from one end of a

From Page 1-8 (6B)
conductor to another.


Maybe you're trying to get through this at the speed of light.  If you are, slow down and make sure you've absorbed what you're being told.


An electron DOES NOT move from one end of a conductor to the other at thousands of miles per second.  But ....


When an electron enters the end of a conductor, what happens is this: Its dielectric field forces an electron off a nearby atom, ionizing the atom.  Our No.  1 electron then joins the atom it has ionized, restoring the atom to electrical neutrality, but leaving displaced electron, No.  2, without a home until it, in its turn, ionizes another atom and starts the whole process over again by displacing electron No.  3.  This effect travels down the line with a chain reaction, crash-whiz-crash.  And it is this effect that travels though the conductor at the speed of light, 186,000 miles per second, so that it is felt almost instantaneously at the far end of the conductor.  But remember that the individual electron finished its journey almost before it was begun.  It does not whisk in a straight line from end to end in the conductor.


Now return to Page 1-8 (6B) and select the correct answer.
2B
YOUR ANSWER:
Amber would be a good source for creating a continuous flow of

From 1-3 (1A) 
electrons.


This needs rethinking.


An amber rod, you'll recall, was used in our earlier experiments as the source of a negative charge.  The negative charge was placed on the rod by rubbing the rod with a woolen cloth.  Amber has the property of taking electrons from another substance.  It has none it can give up easily until it has "stolen' some.  Thus, it is hardly a good source for creating a continuous flow of electrons.


Return to Page 1-3 (1A) for another answer.
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3A

YOUR ANSWER:
One ping-pong ball pops out the other end.

From Page 1-10 (8B)


Right.  By inserting a ping-pong ball at one end of the filled tube, we have made another come out at the other end.


Something of the sort happens when an electron is made to pass into a conductor.  It exerts a repelling force on the electron nearest it and this force is passed on through a kind of chain reaction so that an electron - another electron, not the first one - pops out at the far end.


A conductor, then, must be able both to give and to take electrons easily.  It must have a good supply of electrons that will easily pass back and forth between its atoms so that the chain reaction effect can take place.


The electrons that can be made to move in this way are called free electrons.  They are used to make up electric current, which is what we call the directed flow of electrons.


Note that word "directed".  In materials that have many free electrons, the electrons normally move back and forth between the atoms.  But this is not called current, since it is a random motion, not motion aimed in one direction.


If you could see an atom under a microscope, where would you expect to find the free electrons?


In the outer shell.
Page 1-8 (6B)


In an inner shell.
Page 1-10 (8A)


In the nucleus.
Page 1-12 (10B)


In all of the above
Page 1-14 (12A)
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4A

YOUR ANSWER: False.

From Page 1-8 (6B)


You are right.  It is not true that an electron moves from one end of an electrical conductor to the other with the speed of light.  The entering electron finds a home in the atom it ionizes.  There it stays until another electron comes along to knock it off.


Of course, if an electrical current is continuing to flow, that electron is likely to be knocked off pretty quickly.  Nevertheless, an electron moves through a conductor much more slowly than the chain reaction it sets off.  The chain reaction is what we know as an electric current.


If we think of current in a length of conductor, then there is electron transfer along this length at the speed of light.  But the important point is that the electrons "pushed out" at one end of the conductor are not the same ones "pushed in" at the other end.  The "entering" electrons set up the chain reaction that passes bump-bumpety-clang-bump through the conductor at fantastic speed to send the "departing" electrons on their way.


We'll say it again to make it perfectly clear: The current moves through a conductor with the speed of light.  It might take an electron several months to get through a mile of wire.


Is this statement true or false? At normal temperatures, there is no movement of electrons in a conductor until a "push" is applied.


True.
Page 1-9 (7A)


False.
Page 1-11 (9A)

IT 0337
1-6

5A

YOUR ANSWER:
If you connect the two charged plates with a copper wire, the charges

From Page 1-11 (9A)
disappear.


You are correct.


As far as you've gone.  There's more to it than this, however.


It's a question of what happens to make the charges disappear.  The left-hand plate begins with a charge of 4 positive unit charges.  The right-hand plate has a charge of 4 negative unit charges.  The left-hand plate, in other words, is short of electrons to the extent of 4 unit charges; the right-hand plate has a surplus of electrons to the extent of 4 unit charges.


If they are connected together with a copper wire (copper is mentioned only because it is a good conductor), what happens?


A current flows, of course.  The plate at right gives its surplus of electrons to the other plate.  The charges then disappear, since both plates are now in electrical balance.  And since there is no longer a charge on either plate, there is no force between them.  The electrostatic field has ceased to exist, hasn't it?


Return to Page 1-11 (9A) and select the answer that tells you most about what happens.

5B

YOUR ANSWER:
You couldn't get another one in.

From page 1-10 (8B)


You are incorrect.


Perhaps we'd better describe the setup a little more.


This tube is just big enough for the ping-pong balls to pass through in single file.  There's nothing to stop the balls from moving along if pushed.  The tube can contain only the number of balls shown.  Thus, if another ball is pushed in on one end, the rest are forced to move along one space.  The ball at the far end is going to be unlucky; there isn't a space in the tube to which it can move.


Now return to Page 1-10 (8B) and pick another answer.
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YOUR ANSWER:
Glass would be a good source for creating a continuous flow

From Page 1-3 (1A)
of electrons.


No.  Do you recall what happened to the glass rod we used as a source of positive charge in earlier experiments? By rubbing it with a cloth, we were able to remove some of its electrons - thus creating the positive charge.


But glass, although it can be made to surrender electrons, is capable of doing this only to a limited extent.  It has no way of replacing its lost electrons except by attracting them from an outside source.


Return to Page 1-3 (1 A) for another answer.

6B

YOUR ANSWER:
The free electrons are found in the outer shell.

From Page 1-5 (3A)


Exactly.  The inner shells of an atom are normally complete and are of little interest as far as electronics is concerned.


But the outer shells of the atoms of some materials do not contain the maximum number of electrons.  And these atoms do interest us, because an incomplete outer shell can be made to accept or give up electrons.


Chemists call the electrons of the outer shell valence electrons.  This means that these are the electrons which will combine with electrons of another substance.  So if you see a reference to "valence electrons," you will know that these are the "free electrons" discussed here.


To get back to conductors: A conductor has a good supply of free electrons.  Most of the good conductors are metallic substances.  Silver, gold, and copper are near the top of the list.


Remember what happens when a current flows? An electron entering the conductor bumps a second electron off an atom and promptly finds itself a home on the atom it has just ionized.  The second electron bumps a third, which bumps another, which bumps another, and so on in a chain reaction the length of the conductor.  The effect of chain reaction passes down the line at almost the speed of light, 186,000 miles per second.


Now, is the following true or false?


An electron moves with the speed of light from one end of a conductor to the other.


True
Page 1-4 (2A)


False
Page 1-6 (4A)
IT 0337
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7A

YOUR ANSWER:
True.  At normal temperatures, there is no movement of electrons in

From Page 1-6 (4A) 
a conductor until an electromotive force is applied.


That statement may have been a little trickier than you realized, since it is not accurate.


At normal temperatures, there IS a movement of electrons in a conductor, even when no EMF is applied.


It is not a movement of electrons that will lead to a current flow, because it is a random movement.  The result of the random movement is that any tiny EMF due to the movement of one electron is neutralized by the random movement of some other electron.  The electrons go crashing on their merry way in higgledy-piggledy fashion when there is no EMF applied.  As soon as EMF is applied, however, the random movement ceases and the flow of electrons becomes directed under the compelling pressure of the voltage.  Then comes the chain reaction that is the source of current flow.


Return to Page 1-6 (4A) to pick the accurate answer.

7B

YOUR ANSWER:
If you connect the two charged plates with a copper wire, the

From Page 1-11 (9A)
electrostatic field ceases to exist.


You are correct, as far as you've gone.  But there's more to it than that.  Perhaps these questions will be sufficient to put you on the right track: What has to happen before the electrostatic field ceases to exist? Why does the electrostatic field cease to exist?


Answers to those two questions should enable you to select the answer that tells you most about what happens when you return to Page 1-11 (9A)
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8A

YOUR ANSWER:
An inner shell.

From Page 1-5 (3A)


Wrong.  Remember that the atom is made up of a core (the nucleus, it is called), consisting of protons and neutrons, and then of layers or shells of electrons.  Each shell can hold only a certain maximum number of electrons and each shell normally is filled to the maximum before another shell begins.


In electronics, the only shell we are interested in is the outer shell.  And we are interested in the outer shell, so far as electron flow is concerned, only if it holds fewer than the maximum number of electrons it is able to hold.  In those circumstances, the electrons of the outer shell are available for electrical purposes.  The outer shell can be made to accept or give up electrons.  And it is the electrons that can be used in this way that can become free electrons.


Now, return to Page 1-5 (3A) for the correct answer.

8B

YOUR ANSWER:
Neither.

From Page 1-3 (1A)


You are correct.


Amber, of course, has no electrons that it can readily surrender.  It takes electrons.  Glass has a limited number to give up, but has no source for the replacement necessary to create a continuous flow.


The reason amber and glass are not good for this purpose will be plain if you see what happens when electrons are made to flow.


To make electrons flow, we need something in which they can flow.  Such a device is called a conductor.  A metal wire is a conductor.


A metal wire, as you know already, is composed of atoms with their own electrons.  In a rough way, we can visualize an electrical conductor as a tube filled with ping-pong balls, like this:


[image: image2.png]




The ping-pong balls represent electrons already in the conductor.


Suppose we insert another ping-pong ball at one end.  What happens?


The ping-pong balls jam up.
Page 1-3 (1 B)


One ping-pong ball pops out the other end.
Page 1-5 (3A)


You couldn't get another one in.
Page 1-7 (5B)
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9A

YOUR ANSWER:
False

From Page 1-6 (4A)


That is correct.  At normal temperatures, there is a movement of free electrons in a conductor, but it is a random movement.  There is no directed flow of electrons.


"Dielectric" is another name for an insulator; air is a dielectric.  When air separates two charges, an electrostatic field (field of force) exists between the charges.


When current flow starts in a wire, electrons start to move throughout the wire at the same time, just as the cars in a long train start and stop together.  If electrons are taken out of one end of a wire, a positive charge results, causing free electrons in the wire to move toward that end.  If electrons are furnished to the opposite end of the wire, causing it to be charged negatively, a continuous movement of electrons will take place from the negatively charged end of the wire toward the positively charged end.  This movement of electrons is current flow and will continue as long as electrons are furnished at one end and removed at the other.


What would happen if you connected a wire between the two charged plates, like this:
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The charges would disappear. 
Page 1-7(5A)


The electrostatic field would


cease to exist.
Page 1-9 (7B)


A current would flow in the


wire.
Page 1-15 (13A)


All of the above.
Page 1-18 (16A)


None of the above.
Page 1-20 (18A)
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10A

YOUR ANSWER:
Both amber and glass would be good sources for creating a

From Page 1-3 (1A)
continuous flow of electrons.


In fact, neither would be a good source for a continuous flow of electrons, although for differing reasons.


Amber, you'll recall, can be made to take a negative charge by rubbing it with a woolen cloth.  In other words, it can be made to take electrons from another substance.  It is a "taker" of electrons, not a "giver".  At least, it is not a giver until it has stolen electrons from another substance.


Glass can be made to take a positive charge by rubbing - in other words, it is possible to remove electrons from glass.  But it still isn't useful as a continuous supplier of electrons.  It has only a limited number of electrons to surrender and, once it has given them up, it has no way of replacing them except by attracting them from an outside source.


Return to Page 1-3 (1A).

10B

YOUR ANSWER:
The nucleus.

From Page 1-5 (3A)


Electrons in the nucleus?  You should know better than that.


The nucleus, or core, of the atom is made up of the positively charged protons and the neutrally charged neutrons.


The negatively charged electrons whirl in orbits around this core.  The electron orbits are arranged in layers or shells, as they are called.  Each shell holds a certain maximum number of electrons.  If there are more electrons than one shell can contain, more shells are present.


In electronics, it is only the outer shell that concerns us.  And it concerns us even then only if it holds fewer than the maximum number of electrons it is able to hold, since only then is it possible to make the shell accept or given up electrons.  It is the electrons of this incomplete outer shell that are available for use as free electrons.


Now return to Page 1-5 (3A) and select the accurate answer.

IT 0337
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11A

YOUR ANSWER:
Yes, a difference of potential does exist between the plates.

From Page 1-18 (16A)


You are correct.


There would be no difference of potential if each plate were charged the same amount - if each bore a charge of 4q, for instance, or each had a charge of -6q, or even if each were neutral (had a zero charge).  In this example, however, the plates are not charged the same amount.  One has a charge of -6q, while the other carries a charge of +4q.


If a wire is introduced, there is an electron flow, since there is a difference of potential.


Now, would it make any difference if we connected the wire between the plates like this?

[image: image4.png]




Of course it wouldn't.  The electrons would still move from the negative charge toward the positive charge as before.


Now consider the illustration below:

[image: image5.png]




When the electrons stop flowing, what will the situation be?


Remember, there are 6q negative and 4q positive.


The two plates plus the wire between them act as


if they formed one electrically neutral body.
Page 1-17 (15A)


The two plates plus the wire between them act as


if they formed one body with an unspecified charge


of 10q.
Page 1-19 (17A)


The two plates plus the wire between them act as if


they formed one body with a negative charge of 2q.
Page 1-21 (19A)
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12A

YOUR ANSWER:
All of the above.

From Page 1-5 (3A)


Your answer says that you would expect to find free electrons in the outer shell, inner shells, and the nucleus of an atom.


Get this straight in your mind: The nucleus of an atom is made up of positively charged protons and neutrally charged neutrons.  Electrons and protons closely paired form neutrons.  The electrons, which are negatively charged, whirl in orbit around the nucleus.  The electrons are arranged in layers or shells, as they are called, and each shell contains a certain maximum number of electrons.  If there are more electrons than this number, then there are extra shells to accommodate them.


In some atoms, the outer shell does not contain the maximum number of electrons.  These are the atoms that are of interest to us in electronics, because an incomplete outer shell can be made to accept or give up electrons.  This is the source of the free electrons that are so useful in electronics.


The outer shell, then, is the only place in the atom where free electrons may be found for our purposes.  Return to Page 1-5 (3A) and select the correct answer.

12B
YOUR ANSWER:
Yes

From Page 1-21 (19A)


You are correct.


A free electron between two positive charges of different strengths will move toward the stronger positive charge.  The condition exists for movement of electrons.  There is a difference of potential.


When a wire is attached between the two charged plates, it makes them, in effect, one continuous body.  The charged particles in that body obey the law of the repulsion of charges, ensuring even distribution of the charged particles within that body.  So, there will be a flow of electrons toward the larger charge, making it less positive, and away from the smaller charge, making it more positive.


Returning now to our two charged plates and the wire connecting them.
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The resulting body has a positive charge of:


6q.
Page 1-22 (20A)


10q.
Page1-24 (22B)

IT 0337
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13A

YOUR ANSWER:
If you connect the two charged plates with a copper wire, a current

From Page 1-11 (9A)
flows in the wire.


You are correct.  But this is only the beginning of the story.

[image: image6.png]




Look at the diagram again.  Compare the charges on the two plates.  Why does a current flow between the platter? It's because they have charges of opposite polarity, isn't it?  One bears a charge of 4 positive unit charges; the other carries 4 negative unit charges.  The one at left is short of electrons to the extent of 4 unit charges; the one at right has a surplus of electrons to the extent of 4 unit charges.  The charges are, in fact, opposite but equal.


When the plates are connected, the surplus electrons from the right-hand plate will be just enough to restore the electrical balance of the left-hand plate.  This will leave both plates in a state of electrical neutrality.  Neither will bear a charge and, thus, there will be no field of force between them - and another name for "field of force" is "electrostatic field".


That should be enough for you to return to page 1-11 (9A) and select the answer that tells you most about what happens.
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14A

YOUR ANSWER:
No.  A difference of potential does not exist between the plates.

From Page 1-18 (16A)


By accident or design, you find yourself with the wrong answer to a question which should not have floored you.


What does "difference of potential" mean? It means there's a difference in the charges borne by two bodies.  Look at this diagram again.

[image: image7.png]




There is a difference in the charges borne by the two plates, obviously.  One bears a negative charge of 6 unit charges; the other carries a positive charge of 4 unit charges.  The plate at left carries an excess of electrons to the extent of 6 unit charges, in other words, while the plate at right has a shortage of electrons to the extent of 4 unit charges.


There certainly is a difference of potential.  And when there is a difference of potential, there is an electromotive force present.  If the two bodies are joined, there will be a flow of current (electrons, if you like) until these two bodies have shared their charges evenly between them.  And if they remain connected after this has happened, they can be considered to be only one body electrically.

This should be enough review to enable you to return to Page 1-18 (16A) and select the accurate answer.

IT 0337
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15A

YOUR ANSWER:
When electrons stop flowing, the two plates plus the wire between

From Page 1-13 (11A)
them act as if they formed one electrically neutral body.


No.  That's not quite it.


Remember that the plate at left began with a negative charge of 6 unit charges, while the plate at right had a positive charge of 4 unit charges.  When the two are connected, there is a flow of electrons from the plate which has an excess of electrons to the plate which has a shortage of electrons.


Return to Page 1-13 (11A).

15B

YOUR ANSWER:
No.  A difference of potential does not exist between the plates.

From Page 1-21 (19A)


You are incorrect.

[image: image31.png]



If there is a difference in the amount of charge carried by the two plates, there is a difference of potential.


Here is the diagram again.


The charges here are both positive, but they are not of the same value, are they?  There is a difference in the amount of charge carried by the plates.


If a free electron were placed between the two, the attraction it felt from one side would not equal the attraction from the other side.  Following the rule that unlike charges attract, it would feel more strongly attracted by the stronger of these unlike charges.


The condition exist here, then, for a movement of electrons.  There must be a difference of potential.


Return to Page 1-21 (19A) and select the accurate answer.
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16A

YOUR ANSWER:
All of the above.

From Page 1-11 (9A)


Good for you: That is correct.


Since the plates are oppositely charged, a difference of potential exists between them.  This is one way of saying that a force exists that can make electrons move.  If free electrons are introduced between the charges, they will move away from the negative charge and toward the positive charge.


The copper wire which joined the two plates provided the free electrons.  Electrons will move from the negative charge into the wire, forcing electrons from the wire to move to the positively charged plate.  This process will continue until the charges on the plates are balanced.  In our example, the charges were equal -- 4q each of positive and negative – so both plates will be electrically neutral when the electrons stop flowing.


Of course, when there is no potential difference, there will be no electrostatic field.


Now, let's change the situation around a little.

[image: image8.png]




Does a difference of potential exist between the plates?


Yes.
Page 1-13 (11A)


No.
Page 1-16 (14A)

IT 0337
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17A

YOUR ANSWER:
When electrons stop flowing, the two plates plus the wire between them 

act as if they formed one body with an unspecified charge of 10q.


You are incorrect.


You were right in thinking that once the two plates were linked, they could be thought of electrically as being one body.  But when it came to figuring the amount of the charge, you went right off the rails.  Look at the diagram:

[image: image9.png]




You start out with the left-hand plate carrying a negative charge of 6 unit charges, which means that it has an excess of electrons to the extent of 6 unit charges.  The right-hand plate has a positive charge of 4 unit charges, which is to say a shortage of electrons to the extent of 4 unit charges.


When these two are joined, there's going to be a flow of electrons from the side with the excess of electrons to the side that has the shortage.


Return to Page 1-13 (11A).
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18A

YOUR ANSWER:
None of the above.

From Page 1-11 (9A)


You're headed way off in the wrong direction.  Look at the diagram again:

[image: image10.png]




The left-hand plate bears a charge of 4 positive unit charges; it is, in other words, short of electrons to the extent of 4 unit charges.  The other plate bears a charge of 4 negative unit charges; it has a surplus of electrons to the extent of 4 unit charges.  If you join the plates with a conductor, the surplus electrons at right will try to travel to the left-hand plate (unlike charges attract) to restore electrical balance.  Such a directed movement of electrons is, by definition, a current flow.  And since one plate carries just enough negative charge to neutralize the positive charge of the other (while neutralizing itself in the process, of course), the charges will disappear, as will the force exerted between the plates by the charge upon them.


That should be enough to change your line of thought.  Now return to Page 1-11 (9A) and look for the answer that says most about what happens.

IT 0337
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19A

YOUR ANSWER:
The two plates plus the wire between them act as if they formed one

From Page 1-13 (11A)
body with a negative charge of 2q.


You are correct.  Very good.


We began with a charge of +4q on one plate and a -6q on the other.  The electron flow was from negative to positive.  So 4q's of electrons left the negative charge to find homes with positive ions.  That left 2q's worth of electrons at one charge.


Now remember that electrons did not stop moving as soon as 4q's worth had moved over to the positive charge.  There were still some electrons left without homes.  Since they repel each other and distribute themselves evenly over the whole body, electrons will continue to flow until they are evenly distributed over the whole body - the whole body being the two plates and the connecting wire.


We will still retain our dielectric field, we still have one body, rather oddly shaped perhaps, but it still has a net negative charge of 2q.  Since it still has a charge, there is an electrostatic field.


Now, let's change the situation a little.  Here is the illustration again, with new values.  Notice that this time both charges are positive.

[image: image11.png]




Does a difference of potential exist between the plates?


Yes
Page 1-14 (12B)


No
Page 1-17 (15B)
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20A

YOUR ANSWER:
A positive charge of 6q.

From Page 1-14 (12B)


You are incorrect.


Here is the diagram with the wire inserted.  The diagram shows a condition that lasts only for an instant, of course, since as soon as the wire is attached, the electrons dash about their business, redistributing the charge.

[image: image12.png]




What you have done to get your answer is to subtract the smaller charge from the larger one.  The process method needed whenever charges are compared is algebraic addition.  This form of addition was covered earlier in this course.


Briefly, algebraic addition enables you to "add" negative and positive quantities.  Thus, -6 + 4 = -2; -6 - 4 = -10.  And in the instance we are considering here, +2 + 8 = +10.  You can see that if the quantities bear the same sign, they are added and their sign is placed in front of them; if their signs differ, they are subtracted and the sign of the larger quantity is put in front.  If you do not understand this, have your instructor explain it to you, since problems of this type will arise again.


Now return to Page 1-14 (12B) read it over again, and then select the correct answer.
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21A

YOUR ANSWER:
The practical unit of electrical charge is the COULOMB.

From Page 1-30 (28B)


Your memory is working well.


The coulomb is the equivalent of 628 x 1018 elemental charges.  That is, six quintillion two hundred eighty quadrillion.  There are that many free electrons in a negative charge of one coulomb.


This seems like an arbitrary figure.  Why not make it an even five quintillion, or one, or ten?  This is another problem resulting from electrical units being developed before electron theory.  The coulomb was developed for measuring certain electrical effects.  It was not until the development of the electron theory of current flow that the number of electrons involved was computed.


A coulomb, then, is the unit of electrical charge.  It is an "amount of electricity", just as a gallon is an "amount of water."


In describing a quantity of electrons, the coulomb suffers from the same drawback that afflicts the word "gallon".  Something is missing if we want to know the rate of current flow.  What would you guess is the missing bit of information we need, to have a useful measure of the current flowing through a circuit?


How long it takes a coulomb to get


past a point in the circuit.
Page 1-27 (25A)


How many coulombs the circuit holds


at any instant. 
Page 1-32 (30A)


How far beyond a given point in the


circuit a coulomb will go. 
Page 1-34 (32B)
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22A

YOUR ANSWER:
2 amperes

From Page 1-35 (33A)


Right.  Amperes equal coulombs divided by time.  That is, 4 coulombs divided by 2 seconds.  The rate is 2 amperes, or 2 coulombs-per-second.


Now, if we know that for 10 seconds there has been a current of .5 ampere, how many coulombs flowed past any given point in the circuit?


5 coulombs.
Page 1-27 (25B)


20 coulombs.
Page 1-33 (31B)


I don't know.
Page 1-37 (35B)

22B

YOUR ANSWER:
10q.

From Page 1-14 (12B)


Very good.  You remembered that since the charges are like charges, they add algebraically to form the total charge.  When unlike charges are brought in contact, they subtract from each other.  In this last example, we started with +2q on one plate, and +8q on the other.  The net charge when they are linked is +10q, and that net charge is evenly shared between them.


Obviously, any difference of potential can make electrons move.  The difficulty with this type of difference in potential is, that it does not last very long, that is, it's all used up the instant the transfer takes place.  That kind of electrical push won't keep a T.V.  set on for very long.  What is needed is a source which can provide a continuous difference of potential, even while the electrons are moving away.  Now turn to page 23 and answer the questions.  Do Not continue until told to do so.


Now, thinking back to the problem with which we started this page, complete the following sentence:


The electron transfer through the wire connecting the charged plates

takes place at approximately


the speed of light. 
Page 1-29 (27B)


takes a few seconds because of


the number of steps involved.
Page 1-31 (29A)


takes place instantaneously.
Page 1-33 (31A)
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These are test frames, designed to assist you in your study of Dynamic Electricity.  Answer the questions, then turn to Page 1-28 and check your answers.

1.
Electricity in action is known as ____________________ ____________________
2.
When two bodies are oppositely charged, a ____________________ ________________________________________ exists between the bodies.

3.
If we had a positive 4q charge on one body and a positive 7q charge on another body, would a difference of potential exist between the two bodies? ____________________.
4.
The electrons that can be made to move are called free electrons.  They are used to make electric current, which is what we call the ____________________ ____________________ ____________________ ____________________.

Now turn to Page 1-28 and check your answers.
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24A

YOUR ANSWER: 
The practical unit for measurement of an electrical charge is the

From Page 1-30 (28B)
UNIT CHARGE.


You are incorrect.


A unit charge is a very small unit.  It is not a practical unit for measurement of an electrical charge.


Return to page 1-30 (28B) for another answer.

24B

YOUR ANSWER:
Yes, the elemental charge is a practical unit of measure.

From Page 1-29 (27B)


Somewhere along the way, you seem to have forgotten what an elemental charge is.


An elemental charge is the amount of charge carried by an electron or by a proton.  An electron carries one negative elemental charge.  A proton carries one positive elemental charge.


And, as has been pointed out already, an elemental charge is too small for practical use.


Do you remember how we arrived at the unit called an ampere? It was a rate of electron flow of one coulomb per second.  And one coulomb was
6,280,000,000,000,000,000
elemental charges.


It should be fairly plain that an elemental charge is a unit so small that it is not practical for normal use.


Return to Page 1-29 (27B) and pick a better answer.
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25A

YOUR ANSWER:
How long it takes a coulomb to get past a point in the circuit.

From Page 1-23 (21A)


Congratulations.  The fact that is needed to tell the rate of current flow - the intensity of traffic through the circuit, so to speak-is time.


With many quantities, we must fall back on hyphenated expressions to express a rate.  We have had gallons-per-minute.  You should be able to think of many others, such as miles-per-hour, salary-per-month, and so on.


In the case of electrons, however, we can express a rate in a single word.  The word is ampere, or amp for short.  The electrical symbol for current, that is, the intensity of traffic through the circuit, is the capital letter "I" for intensity.  If one coulomb of electrons passes a point in one second, a current of one ampere is flowing.  In other words, amperes are coulombs-per-second.  If you divide the number of coulombs passing a point by the number of seconds they take to pass, you have current in amperes.


Which of the following is the formula for amperes?


Amperes =      coulombs     
Page 1-35 (33A)


time in seconds


Amperes=   time in seconds  
Page 1-37 (35A)


coulombs

25B

YOUR ANSWER:
5 coulombs.

From Page 1-24 (22A)


You are correct.


A current of .5 ampere for 10 seconds mean that .5 x 10 = 5 coulombs have passed.


If we know that 10 coulombs have passed a given point and that the amperage is 2, how long was the current on in the circuit?


  5 seconds.
Page 1-36 (34A)


12 seconds.
Page 1-38 (36A)


20 seconds.
Page 1-40 (38A)
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1.
Electricity in action is known as Dynamic Electricity.  Page 1-3 (1A)

2.
When two bodies are oppositely charged, a difference of potential exists between the bodies.  Page 1-18 (16A)

3.
If we had a positive 4q charge on one body and a positive 7q charge on another body, would a difference of potential exist between the two bodies? Yes.  Page 1-14 (12B)

4.
The electrons that can be made to move are called free electrons.  They are used to make electric current, which is what we call the directed flow of electrons.  Page 1-5.  (3A)

If you missed any of the questions above, turn to pages indicated for the missed questions to refresh your memory.  Then continue with your lesson on Page 1-24 (22B).
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27A

YOUR ANSWER:
The practical unit for the measurement of an electrical charge is the

From Page 1-30 (28B)
VALENCE.


You seem to have forgotten what valence means.


Valence is the term chemists use to describe the ability of elements to combine into compounds.  This ability depends on the number of electrons in the atom's outer shell.  In theory, as long as the outer shell (the valence shell, as it is called) contains fewer than the maximum number of electrons it can hold, the electrons in that shell can be used for chemical combination and for electrical purposes.  These electrons are called valence electrons.


Thus, valence is not a measurement of an electrical charge.


Return to Page 1-30 (28B) and think again.

27B

YOUR ANSWER:
The electron transfer through the wire connecting the charged plates

From Page 1-24 (22B)
takes place at approximately the speed of light.


Right you are.


Of course, this assumes that the wire offers no significant resistance to the current.  Since copper is a good conductor, this is a valid assumption.


Now, let's see what we can do about measuring this little animal called "electron flow" and find out just a little more about him.  But let's not just leap right into it all at once.  We must build up to it.


Remember, from your study of static electricity, we talked about an elemental charge.  Do you recall if this so-called elemental charge was a practical unit of measurement?


Yes, it is.
Page 1-26 (24B)


No, it isn't
Page 1-30 (28B)
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28A

YOUR ANSWER:
6 AMPERES.

From Page 1-35 (33A)


Whatever else happened, you did not use the formula given at the top of the last page.


Amperes =     coulombs     

time in seconds


Here is the problem again: If 4 coulombs flow past a point in a period of 2 seconds, what is the amperage in the circuit?


Amperes =     coulombs    
= 4 coulombs = ?


time in seconds
2 seconds


Now return to Page 1-35 (33A) and select the correct answer.

28B

YOUR ANSWER:
No, the elemental charge is not a practical unit of measurement.

From Page 1-29 (27B)


You are right.  Just as we do not measure corn in kernels, or water in droplets, but rather in bushels and quarts.


In working with electrical charges, either standing still or in motion as current flow, you will need some unit for measuring the amount of electrical charge.  The basic unit of electrical charge is the electron but, since its charge is extremely small and the electron itself is so small that it cannot be seen, you will need to use a more practical unit of measurement.


As you will recall, an elemental charge is the amount of charge associated with either one electron or one proton.  You were also introduced to the practical unit of measurement of an electrical charge.  Can you remember its name?


Coulomb.
Page 1-23 (21A)


Unit of charge.
Page 1-26 (24A)


Valence.
Page 1-29 (27A)
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29A

YOUR ANSWER:
The electron transfer through the wire connecting the charged plates

From Page 1-24 (22B)
takes a few seconds because of the number of steps involved.


No.  You're greatly underestimating the speed at which electrons complete their business.


We began this problem with a charge of +2q on the left-hand plate and +8q on the right-hand plate.  When the plates were joined by a wire, these charges redistributed themselves; the left-hand plate, which started out with the greater number of electrons (or the smaller deficiency of electrons, to be more precise), passed electrons to the right-hand plate so that a net charge of +10q was spread evenly over the whole body.


The electrons on the left-hand plate were not necessarily those which reached the right-hand plate, of course.  In fact, they could well take hours to travel a few inches.  They moved off the left-hand plate into the conductor and then began the chain-reaction effect by which current flow is passed along a conductor.


Now comes the point you overlooked in reaching your answer: The chain-reaction transfer of energy takes place at about the speed of light, 186,000 miles per second.  That makes the time it takes to travel a few inches so small as to be beyond comprehension.  It is so small as to be almost instantaneous.  However, it is important that you remember there is a time-lag involved, since you will be dealing with other equally small quantities later on.

Now return to Page 1-24 (22B) for the accurate answer.
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30A

YOUR ANSWER:
If we want to know the rate of current flow, we must know how many

From Page 1-23 (21A)
coulombs the circuit holds at any instant.


Let's turn that statement around and, instead of electrical terms, we'll use terms applicable to water.


If we know how many gallons of water a pipe holds, we can tell the rate at which the water is flowing.


Makes sense?


Of course not.  We need to know a good deal more before we can tell the rate at which the water is flowing.  Even if we get the dimensions of the pipe, it is not enough.  A rate of flow requires a time factor - gallons-per-minute, say, or perhaps gallons-per-hour, in this case.


If you want to say anything about the rate of flow of electrons within a circuit, then it must be expressed as quantity per unit of time.


Now return to Page 1-23 (21A) and try again.

30B

YOUR ANSWER:
8 amps.

From Page 1-35 (33A)


The formula given at the top of the last page represents a better method than the one you used, because it can lead to the correct answer.  Here is the formula again:

Amperes =      coulombs     

time in seconds


Here is the problem again: If 4 coulombs flow past a point in a period of 2 seconds, what is

the amperage in the circuit?

Amperes =      coulombs       = 4 coulombs = ?


time in seconds
2 seconds


Now return to Page 1-35 (33A) and select the correct answer.
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31A

YOUR ANSWER:
The electron transfer through the wire connecting the charged plates

From Page 1-24 (22B)
takes place instantaneously.


Almost.  But not quite.


When the wire connects the two plates, there is a very rapid transfer of energy.  In our example, the left-hand plate will give up electrons and these will enter the conductor.  There the chain-reaction by which current is passed along a conductor takes place, transferring energy at about the speed of light, 186,000 miles per second.  Obviously, the time taken for this transfer of energy to travel a few inches is fantastically brief, so brief as to appear to be instantaneous.


However, there is a time lag between the departure of the charge from one plate and the arrival of the charge on the other plate.  Tiny as this time lag may be, it is important.  You will discover later that it is time enough for other things to happen, too, in electronics.


Now return to Page 1-24 (22B) and select the correct answer.

31B

YOUR ANSWER:
20 coulombs.

From Page 1-24 (22A)


You are incorrect.


We started out with the formula: Amperes = coulombs

seconds


This time we need an answer in coulombs, so we transpose the formula by multiplying both sides by seconds.  That gives us:


coulombs x 1 = amperes x seconds


The problem tells us that there has been a current of .5 ampere for 10 seconds and we are asked to figure how many coulombs flowed past any given point in the circuit.


coulombs = amperes x seconds = .5 x 10 = ?


Return to Page 1-24 (22A) with your answer.
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32A

YOUR ANSWER:
A complete path.

From Page 1-42 (40B)


This is partially correct.  But it's only half the story.


Not only do we have to have a complete path for the electrons to travel through, but we must have some sort of force to push the electrons through this path.  That's where this electromotive force comes into the picture.  Without the force, we would have nothing.


Now, return to Page 1-42 (40B) and select the correct answer.

32B

YOUR ANSWER:
If we want to know the rate of current flow, we must know how far

From Page 1-23 (21A)
beyond a given point in the circuit a coulomb will go.


You may be on the fringe of the right idea, but this statement taken exactly as it is doesn't say very much.


The fact is, we do know how far a coulomb will go.  A coulomb is a quantity of electrons.  And in the kind of circuit we are considering, an electron will go from the negative pole of the power source, through the circuit, and on to the positive pole of the power source, to be transferred to the negative pole and on around again.  And what happens to one electron can happen to a whole group of electrons.


But will this take a fraction of a second or will it take years of struggle? If we are to discover the rate at which the electrons are moving, we must know more than how far.  We need to know how long.


If you want to say anything about a rate, whether it's about electrons flowing in a circuit or a factory worker's quota, you have to express it as quantity per unit of time.


Now return to Page 1-23 (21A) and try again.

IT 0337
1-34

33A


     coulombs     
YOUR ANSWER: Amperes = time in seconds


That is correct.  This formula will give us coulombs-per-second.


Let's break off for a moment to clear up one small thing.  Especially in these last few minutes, we have used the expression, "current flow".  We wanted to be sure you understood that we meant electrons in "directed motion".  Current, strictly speaking, means a directed movement of electrons and to add to it the word "flow" is both incorrect grammatically and against proper usage in electronics (the two are not necessarily the same!).


And having made that point, we'll add that the word "flow" will still creep in from time to time when it seems to help make a meaning plain.


Now back to amperes:


If 4 coulombs flow past a point in a period of 2 seconds, what is the amperage in the circuit?


2 amperes.
Page 1-24 (22A)


6 amperes.
Page 1-30 (28A)


8 amperes.
Page 1-32 (30B)
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34A

YOUR ANSWER:
5 seconds.

From Page 1-27 (25B)


You are correct.


With a current of 2 amps (2 coulombs per second, in other words), for 10 coulombs to pass will take 10 = 5 seconds.


2


Now here is a diagram of a circuit, including the electrical symbol for a battery and an electric lamp.

[image: image13.png]BATTERY

LIGHT.
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If .5 amp. are passing through the cell, the number of amps passing through the light bulb is ________________________.

Less than .5 amp.
Page 1-38 (36B)


.5 amp.
Page 1-42 (40B)


More than .5 amp.
Page 1-45 (43B)


Unknown.
Page 1-48 (46B)

34B

YOUR ANSWER:
An electromotive force.

From Page 1-42 (40B)


Good.  At least you remember what you just read on Page 38B, but you have forgotten the other half of the story.


We have said, earlier in our lesson, three conditions must be met to have current flow: (1) a supply of electrons ready and able to move, (2) a complete path for the electrons to move through, and (3) something to push the electrons through this path.


Now, return to Page 1-42 (40B) and select the more correct answer.

IT 0337
1-36

35A


time in seconds

YOUR ANSWER:
Amperes =      coulombs


No.  And you didn't pay attention, or you wouldn't be here.


The text states quite plainly: If you divide the number of coulombs passing a point by the number of seconds they take to pass, you have the current in amperes.


If one coulomb of electrons passes a point in one second, a current of one ampere is flowing.


If ten coulombs pass in five seconds, then one-fifth the number will pass in one second:


10 coulombs = 2 coulombs per second


5 coulombs


Go over it again before returning to Page 1-27 (25A).  Then, when you're sure you understand it, select the correct answer.

35B

YOUR ANSWER: 
I don't know.

From Page 1-24 (22A)


coulombs.


The formula we have is: amperes = seconds


The problem: If for 10 seconds there is a current of .5 ampere, how many coulombs flow past any given point in the circuit?


The current at any one point in the circuit is the same as the current at any other point in this kind of circuit, so there's no snag there.  We have two of the three quantities the formula requires and want to know the third.  It's just a question of turning the formula around.


If we multiply both sides by seconds, we have:


coulombs x 1 = amperes x seconds.


And that leads us to:


coulombs = amperes x seconds = .5 x 10 = ?


Complete this simple calculation and you have the answer you need to return to Page 1-24 (22A)
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36A

YOUR ANSWER:
12 seconds.

From Page 1-27 (25B)


No.


This is another case requiring transposition of the quantities of our original formula:


amperes = coulombs.


seconds


The problem says: 10 coulombs have passed a given point and the amperage is 2.  How long was the current on in the circuit?


We want the quantity of time to stand on its own.  First, you multiply both sides by seconds, as in the last example:


amperes x seconds = coulombs.


Now, divide both sides by amperes:


amperes x seconds = coulombs

amperes
amperes


Cancel out amperes top and bottom at left and that leaves you with the formula you need.


No.  of seconds = coulombs = 10 = ?


amperes
2


Return to Page 1-27 (25B) and select the accurate answer.

36B

YOUR ANSWER: 
Less than .5 amp.

From Page 1-36 (34A)


No.


You have overlooked the important point that, in a simple circuit of this kind, the number of electrons in motion at any one point is equal to the number of electrons in motion at any other point.  The current is the same at any point in the circuit, in other words.  The amperage passing through the cell is the amperage passing through the light bulb.


Return to Page 1-36 (34A) for another answer.
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37A

YOUR ANSWER:
Both of the above.

From Page 1-42 (40B)


Of course.  We must have a "push" and we must have a complete path for the electrons to be 'pushed' through.


Now, let's see where we get this "push" or voltage (E).  There are six common sources of EMF, including one which we have learned will not produce a continuous voltage (E).


1.
Chemical: This includes all batteries, both the dry cells used in flashlights and the wet cells used in autos.  A battery changes chemical energy into electrical energy.


2.
Magnetic: This is the most economical means of producing EMF.  It is used in the generators that supply electricity to your home and utilizes the principle known as electromagnetic induction.


3.
Thermal: Heat is used to generate a small electric current in a thermocouple, as in thermostats and other devices for responding to heat.


4.
Photoelectric: Light is used to generate electricity, as in a photographer's light meter.


5.
Piezoelectric: This is a minute EMF produced when a crystal or ceramic substance is distorted by pressure.  This effect is used in crystal microphones and ceramic cartridges for record players.


6.
Friction: When there is friction between two different materials, one will give up electrons to the other, resulting in a difference of potential.  The voltage produced by this method is static electricity and has no practical application.


Now, complete the following statement:


Electromotive force is produced by


the transformation of energy.
Page 1-42 (40A)


the development of a site of electron


excess and another of electron deficiency.
Page 1-45 (43A)


the development of electrical imbalance.
Page 1-48 (46A)


all of the above.
Page 1-50 (48A)


none of the above.
Page 1-52 (50A)
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38A

YOUR ANSWER:
20 seconds.

From Page 1-27(25B)


You are incorrect.


This is another case requiring transposition of the quantities of our original formula:


amperes = coulombs.


seconds


The problem says: 10 coulombs have passed a given point and the amperage is 2.  How long was the current on in the circuit?


We want the quantity of time to stand on its own.  First, you multiply both sides by seconds, as in the last example:


amperes x seconds = coulombs.


Now, divide both sides by amperes:


amperes x seconds = coulombs

amperes
amperes


Cancel out amperes top and bottom at left and that leaves you with the formula you need.


no.  of seconds = coulombs = 10 = ?


amperes
2


Return to Page 1-27 (25B) and select the accurate answer.
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39A

YOUR ANSWER:
Yes.  The conductor is the only source of free electrons in an electrical

From Page 1-47 (45A)
device.


You are incorrect.


And to get this answer, you could not have understood the sense in which a conductor has a supply of electrons for electrical purposes.


A conductor is, by definition, a substance which has a plentiful supply of free electrons.  These electrons transfer current by what we have been calling a chain-reaction.  That is to say that when an electron is passed into one end of the conductor, it does not just speed down to the other end.  What happens is that it crashes into an atom within the conductor and knocks off an electron (it ionizes the atom, in other words).  The first electron promptly slides into the spot vacated by the electron it has dislodged, while this second and now free electron zooms off to crash into another atom and repeats the process.  The current is transferred through the length of the conductor by millions of these collisions every second.


To start all this, we had to pass a free electron into the conductor.  That free electron had to come from somewhere, so plainly there are free electrons available elsewhere in the circuit.  Such electrons, as you may have realized by now, come from the source of electromotive force -- a battery, perhaps, or a mechanical generator, or some other source of EMF.


Now, return to Page 1-47 (45A) and select another answer.
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40A

YOUR ANSWER:
Electromotive force is produced by the transformation of energy.

From Page 1-39 (37A)


Correct.  The whole point of the last pages you have read has been that electrical energy is obtained by conversion of some other form of energy.


But what must you have before electromotive force exists? There must be a difference of potential (one site of relative electron excess and another of relative electron deficiency).  There must be, if you like, an electrical imbalance.  It is to create these conditions that we expend the "some other form of energy" mentioned above.  Unless this "other form of energy" creates these conditions, there is no electrical energy created.


Bearing this in mind, return to Page 1-39 (37A) and look for the statement that says even more than your answer does.

40B
YOUR ANSWER:
.5 amp are passing through the light bulb.

From Page 1-36 (34A)


Right.  In this kind of simple circuit, the amperage is equal at all points of the circuit.  Try to remember this; it will come up again.


It looks like you pretty well understand electron flow, how it is measured, its name and its symbol.  Now, let's look at the push that is required to make electrons move.  First, turn to Page 41 and answer the questions.  Do Not continue until told to do so.


This "push" is a continuous source of electrons and we call it electromotive force, or EMF for short.  We measure EMF in volts.  And in electrical circuits, we use the capital letter E as a symbol for EMF or voltage.  We measure the (E) voltage in a circuit with an instrument known as a voltmeter, which you will learn about later.


Now, complete this statement:


To have current flow, we must have


a complete path.
Page 1-34 (32A)


an electromotive force.
Page 1-36 (34B)


both of the above.
Page 1-39 (37A)


none of the above.
Page 1-47 (45B)
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1.  A practical unit of charge is the __________________.
2.  The unit for stating the rate of flow of a charge is the __________________.
3.  The abbreviation for amperes is the __________________ or the small letter ( ).

4.  The electrical symbol for current is an ( ).

5.  The coulomb is the unit of __________________ __________________.

Now turn to Page 1-46 and check your answers.
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42A

YOUR ANSWER:
No, the conductor is not the only source of free electrons in an

From Page 1-47 (45A)
electrical device.


You're right.  The source of electromotive force also supplies electrons.  That source, by pushing a stream of electrons in at one end of the conductor, supplies the kick to start electrons flowing within the conductor and it also supplies a reservoir in which electrons are collected at the other end.


Now here is a picture of a source of electromotive force (cell), along with a conductor and an attached light bulb so that we can see if electrons are flowing.  You can assume that the cell and light are of appropriate size and in working order.

[image: image14.png]LIGHT
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Is the light on or off?


On.
Page 1-51 (49A)


Off.
Page 1-52 (50B)
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1-44

43A

YOUR ANSWER:
Electromotive force is produced by the development of a site of

From Page 1-39 (37A)
relative electron excess and another of relative electron deficiency.


Correct.  But this is not the most accurate answer.


Before electrons will flow, there must be an electromotive force present.  To create the electromotive force, energy must be expended - mechanical energy, perhaps, or thermoelectric energy, or photoelectric energy, or chemical energy, or piezoelectric energy.  This energy, we say, is transformed into electrical energy.  In the process, we develop an electrical imbalance.


Thinking in those terms, return to Page 1-39 (37A) and see if you can find an answer that says even more than your answer and still is accurate.

43B
YOUR ANSWER:
More than .5 amp.

From Page 1-36 (34A)


No.


You have overlooked the important point that in a simple circuit of this kind, the number of electrons in motion at any point is equal to the number of electrons in motion at any other point.  The current is the same at any point in the circuit, in other words.  The amperage passing through the cell is the amperage passing through the light bulb.


Return to Page 1-36 (34A) for another answer.


1-45
IT 0337

1.
A practical unit of charge is the Coulomb.


Page 1-30 (28B)

2.
The unit for stating the rate of flow of a charge is the Ampere.


Page 1-27 (25A)

3.
The abbreviation for ampere is the amp or the small letter a.


Page 1-27 (25A)

4.
The electrical symbol for current is an (I).


Page 1-97 (25A)

5.
The Coulomb is the unit of electrical charge.


Page 1-23 (21A)

If you missed any of the questions above, turn to pages indicated and refresh your memory.

No, don't continue until you are told to; return to the pages indicated, as they are to help you.

Now you may continue with your lesson on Page 1-42 (40B).
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1-46

45A

YOUR ANSWER:
True, electron flow produced by a chemical source of EMF results

From Page 1-50 (48A)
from the potential difference created by chemical action.


Correct.  Not only a chemical source, but all sources of EMF, can be looked at simply as ways of creating a potential difference such as existed between the two charged plates, discussed in our examples on Pages 1-13 (11A) and Page 1-18 (16A).  It is this potential difference that moves electrons through a conductor.


Remember, now, that the conductor is made up of atoms, and atoms have electrons, as the conductor has a supply of electrons for electrical purposes.


We now have the three conditions needed before electrons will move: (1) a supply of electrons ready and able to move, (2) a path for them to move through, and (3) a force to push them along that path.


Is the conductor the only source of free electrons in an electrical device?


Yes.
Page 1-41 (39A)


No.
Page 1-44 (42A)

45B

YOUR ANSWER:
None of the above.

From Page 1-42 (40B)


You are like the sailor who tried to make the 1600 liberty boat at 1610.  You missed the boat entirely.


Now let's get down to business.  Three conditions must be met before we can have current flow: (1) we must have a supply of electrons ready and able to move, (2) we must have a complete path for these electrons to travel through, and (3) we must have a force to push the electrons through this path.  When we have electrons moving, we have current flow.


Now, let's return to Page 1-42 (40B) and select the more correct answer.  If you are still confused after reading this page, return to Page 1-3 (1A) and start over, as you really missed the boat somewhere.
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46A

YOUR ANSWER: 
Electromotive force is produced by the development of electrical

From Page 1-39 (37A)
imbalance.


Correct.  But you do not have what we asked for, the most accurate answer.


Before electrons will flow, there must be an electromotive force present.  To create the electromotive force, energy must be expended - mechanical energy, perhaps, or thermoelectric energy, or photoelectric energy, or chemical energy, or piezoelectric energy.  This energy, we say, is converted into electrical energy.  In the process, we develop one site of relative electron excess and another of relative electron deficiency.


Thinking in those terms, return to Page 1-39 (37A) and seek an answer that says even more than your answer and still is accurate.

46B

YOUR ANSWER:
Unknown.

From Page 1-36 (34A)


But if .5 amp are passing through the cell, you do not know the number of amps passing through the light bulb.


You know it unless, of course, you've forgotten that in a simple circuit of this kind, the number of electrons in motion at any one point is equal to the number of electrons in motion at any other point.  The current is the same at any point in the circuit, whether the point is some place in a conductor, in the cell, or measured at the light bulb.


Return to Page 1-36 (34A) for another answer.
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47A

YOUR ANSWER:
False.  The electron flow produced by a chemical source of EMF does

From Page 1-50 (48A)
not result from a potential difference created by chemical action.


Wrong.  Let us try to make this plain: Electrical energy is obtained by conversion of some other form of energy.  By "conversion", we mean that this other form of energy is used to establish an electrical imbalance - a situation in which one site has an excess of electrons while another has a deficit of electrons.


This is true of all the kinds of energy that are converted into electrical energy.  It is true of chemical energy, just as it is true of mechanical, thermoelectric, photoelectric, or piezoelectric energy.  They are used to create a difference of potential just like the one that existed between the pith balls in our earlier experiments.  The difference of potential due to the transformation of energy differs from that on the pith balls in that it is a continuing potential rather than a momentary one, as in the case of the balls.


What happens in a battery, in broad terms, is that electrons are taken from one pole of the battery and piled up on the other, ready for the time when the poles are connected by an external circuit.  In other words, the poles are placed at differing potentials.


Return to Page 1-50 (48B) and try again.
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48A

YOUR ANSWER:
All of the above.

From Page 1-39 (37A)


Bully for you.  All three of those statements were correct.  The most general statement was the first: Electromotive force is produced by the transformation of energy.  The other two are different ways of describing how the transformation is accomplished by-the development of an electrical imbalance.


To create a charge, electrons must be moved, to cause either an excess or lack of electrons at one point where the charge is to exist.  A charge may be created by any of the six sources of voltage (E) which you have studied.  These sources furnish the energy required to do the work of moving electrons to form a charge.  Regardless of the kind of energy used, it is changed to electrical energy once the charge is created, and the amount of electrical energy existing in the charge is exactly equal to the amount of source energy required to create the charge.  In effect, a transfer of energy takes place between the source that generates the electrical energy and the work that the electrical energy does.  The source energy may be chemical (battery) or magnetic (generator).  The work the electrical energy does may be to light your lamp, toast your bread, or make your radio play.


Is the following true or false?


The electron flow produced by a chemical source of EMF results from a potential difference created by chemical action.


True.
Page 1-47 (45A)


False.
Page 1-49 (47A)
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49A

YOUR ANSWER: 
The light is on.

From Page 1-44 (42A)


You are incorrect.


Study the diagram again.  The way it appears to you is the way we intended it to be.
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And here is a hint that should tell you all you need to know.  The three conditions needed before electrons will move are: A supply of electrons ready and able to move; a path through which they can move; a force to push them along.


Check those three against the diagram, remembering that you have been told that the cell and bulb are of the right size and in working order.


When you get the point, return to Page 1-44 (42A) and select another answer.
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50A

YOUR ANSWER:
None of the above produces electromotive force.

From Page 1-39 (37A)


You are suggesting that the transformation of energy, the development of a site of electron excess along with another of electron deficiency, and the development of an electrical imbalance are not the conditions needed to produce an electromotive force.


Electromotive force is present when there is a difference in electrical potential, when there is in other words, an electrical imbalance.  Any by "electrical imbalance", we mean a situation in which there are more electrons at one point than at another.


To create an electrical imbalance, we must expend energy.  By expending that energy, we create a situation in which electrical energy is available.  This is called transformation of energy.


Maybe that's enough to bring you up to date.  Return to Page 1-39 (37A) and look for the answer that best seems to fit the above facts.

50B

YOUR ANSWER:
The light is off.

From Page 1-44 (42A)


Right.  The lamp in the illustration would not be lit.


But what's wrong? We have everything necessary, don't we - a source of EMF, a supply of electrons, and a means for conducting them?
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The conductor should be attached to the


positive side of the cell, not the negative.
Page 1-54 (52A)


There is not continuous potential difference


with this hook-up.
Page 1-58 (56A)


The cell is not sufficiently strong to push


enough electrons to light the bulb.
Page 1-60 (58A)
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51A

YOUR ANSWER:
Yes.  If the battery's "pump" goes more slowly, electrons will pile up

From Page 1-57 (55A)
along the conductor.


Sorry, but the answer is no.


The number of electrons in the circuit is not going to be changed by slowing down or speeding up the "pump".  And you must remember that if the "pump" slows down, the number of electrons it is pushing out may be less than before, but that number still equals the number of electrons it is taking in.  The amount of "push" always equals the amount of 'pull".  The amount of negative charge always equals the amount of positive charge.


Return to Page 1-57 (55A) and select another answer.

51B

YOUR ANSWER: 
Yes, the bulb will light.

From Page 1-58 (56A)


You are correct.


Now we have satisfied the three conditions we needed for current flow.  We have a continuous supply of electrons (battery), a difference of potential (positive and negative posts), and we have a complete path for the electrons to flow through (conductor).


Let us review for a moment this electromotive force.  EMF is the force which causes electrons to move from one charge to another, we measure EMF in units called volts.  Voltage is the term most frequently used to express the difference in potential between two charges, or two points in a circuit.  This voltage (E) applied to a circuit causes current (I) to flow.


Now complete this statement:


The positive charge of battery is


exactly equal in value to the negative charge.
Page 1-57 (55A)


sometimes equal in value to the negative charge.
Page 1-59 (57A)


approximately equal in value to the negative charge.
Page 1-61 (59A)


None of the above are correct.
page 1-64 (62A)
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52A

YOUR ANSWER:
The conductor should be attached to the positive side of the battery,

From Page 1-52 (50B)
not the negative.


You are incorrect.


To make the bulb light takes a flow of electrons.  If all the components of the circuit are in working condition and the bulb still doesn't light, there is no flow of electrons.


For electrons to flow, there must be a source of EMF, a supply of electrons, and a path for the electrons to take between the sites of differing potential.


Here is the diagram again.
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In what way does this arrangement fail to meet the three conditions of the last paragraph?  Will hooking the conductor to the positive rather than the negative pole really provide a path for electrons between the sites of differing potential?


When you have reached a decision on that, you should be able to return to Page 1-52 (50B) to select the correct answer.
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53A

YOUR ANSWER:
No, if the pump goes more slowly, electrons will not pile up along the

From Page 1-57 (55A)
conductor.


You are correct.


They will not pile up on the conductor, or anywhere else for that matter.  If the pump moves more slowly, as it does when a battery wears down, it not only takes fewer electrons from the negative pole, it also sends fewer electrons to the positive pole.  Therefore, the negative pole cannot be sending out more than the positive pole will take.


Picture a water pump, the ends of which are joined so that all the pump does is keep water moving through the pipe, like this:

[image: image18.png]




Obviously, as long as the circuit is full of water and the same size pipe is used all the way around, the water cannot run faster at any point in the system than it is running at any other point.  The same is true in our electrical hook-up.


When an electrical hook-up makes a completely enclosed system, out from one pole of the battery and back to the other, it is called a circuit.


Is the following true or false?


There are exactly as many electrons flowing past one point of the circuit with the battery and bulb as there are flowing past any other point in that circuit.


True.
Page 1-62 (60A)


False.
Page 1-65 (63A)
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54A

YOUR ANSWER: 
No, the bulb will not light up.

From Page 1-58 (56A)


Sorry, but you're just playing hard to please.  Here is the diagram again:
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Here we have a source of EMF (the cell), with a supply of electrons, and we have a path for the electrons to take between the sites of differing potential.  The path is now a continuous path, since we have at last joined the conductor to both the negative and positive poles of the cell.  All the components used are of the correct value and in working order.


There is no reason at all why the excess of electrons gathered at the cell's negative pole should not speed their chain-reaction effect through the conductor, into the bulb, where their fierce energy will be partly used up as heat that will make the filament glow, then on through the conductor to the positive pole, where there is a shortage of electrons, and back, through chemical action within the cell, to the negative pole to start the whole thing over again in a continuing operation.


And now, if you've got your breath back, return to page 1-58 (56A) for the answer that fits all these facts.
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55A

YOUR ANSWER
The positive charge of a battery is EXACTLY equal to the negative

From Page 1-53 (51 B)
charge.


Exactly.  If you create a charge - if you create a surplus or a deficiency of electrons, in other words - you create an equal and opposite charge at the same time.  The electrons gathered together for a negative charge cannot be created.  They must be taken from some other place, and in taking them, you leave behind a place without its full share of electrons.


We saw this in placing a charge on an amber rod.  The rod collected electrons, but it did so at the expense of the cloth, which ended up with a shortage of electrons.  However, when the amber rod lost its negative charge, it returned to electrical neutrality.  It had no way of replacing its charge until it was rubbed again with a cloth.


This does not occur so easily, of course, with a battery.  When a conductor is attached between the poles of a battery, the battery acts as a pump for electrons.

[image: image20.png]




In the conductor, electrons move from the negative to the positive pole.  That would neutralize the positive pole, were it not that, inside the battery, chemical action forces electrons from the positive pole to the negative pole as fast as the conductor delivers them to the positive pole.


If the "pump" goes more slowly, will electrons pile up along the conductor?


Yes.
Page 1-53 (51A)


No.
Page 1-55 (53A)
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56A

YOUR ANSWER:
There is not a continuous potential difference with this hook-up.

From Page 1-52 (50B)


You are correct.


This hook-up isn't a complete hook-up.  There is a place for some electrons to flow into the conductor.  but the numbers involved will be tiny and the flow will stop as soon as the electrons placed by chemical action on the negative side of the cell and those naturally in the conductor are in balance.


We're back with static electricity.  The number of extra electrons we can crowd into the conductor and light bulb is so small that, for practical purposes, we could say that there is no electron flow.
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For electrons to flow, there must be (1) a source of EMF, (2) a supply of electrons, and (3) a path for the electrons to take between the sites of differing potential.


We can meet conditions (1) and (2) right away.  We have the cell and we have the conductor.  We do not have a continuing path for the electrons to take.


Suppose we take the loose end of the conductor and hook it up to the positive pole of the cell.  Now will the bulb light up?


Yes
Page 1-53 (51 B)


No.
Page 1-56 (54A)
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57A

YOUR ANSWER:
The positive charge of a battery is SOMETIMES equal in value to the

From Page 1-53 (51 B)
negative charge.


No.  Somewhere along the line, your reasoning (or guessing, perhaps?) is at fault.


Cast your mind back to the way the Greeks charged a piece of amber.  They rubbed it with a piece of cloth.  In the process, the amber acquired extra electrons, giving it a negative charge, and, most important, the cloth lost electrons, giving it a positive charge.  The negative charge on the amber was gained at a cost of an equal and opposite charge on the cloth.


This situation is true not only of charges created by rubbing together amber and cloth.  Whenever a charge is created, an equal and opposite charge is also created.  If an excess of electrons is gathered at one point, they had to come from somewhere.  And "somewhere" is the site of a shortage of exactly the same number of electrons as have been gathered together to create the negative charge.


With a battery, chemical action deposits electrons at the negative pole.  Those electrons are taken from the positive pole.  Thus the positive charge of a battery will always be precisely equal in value to the negative charge, although, of course, opposite in polarity.


Now return to page 1-53 (51 B) and select another answer.
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58A

YOUR ANSWER:
The battery is not sufficiently strong to push enough electrons to light

From Page 1-52 (50B)
the bulb.


You're not reading the text very carefully.  The information you have on the battery – and the bulb, too, for that matter - is that it is of the right size and in working order.  You must look elsewhere for the reason the bulb does not light.


To make the bulb light takes a flow of electrons.  If everything is in working condition and the bulb doesn't light, there is no flow of electrons. 

For electrons to flow, there must be a source of EMF, a supply of electrons, and a path for the electrons to take between the sites of differing potential.
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In what way does this arrangement fail to meet the three conditions of the last paragraph?  Is there a path for the electrons between the sites of differing potential (the poles of the cell, in other words) ?


When you have reached a decision on that, you should be able to return to Page 1-52 (50B) to select the correct answer.
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59A

YOUR ANSWER:
The positive charge of a battery is APPROXIMATELY equal in value to

From Page 1-53 (51B)
the negative charge.


No.  The relationship is more precise than that.


Remember how the Greeks charged a piece of amber? They rubbed it with a piece of cloth.  In the process, the amber acquired extra electrons, giving it a negative charge, and, most important, the cloth lost electrons, giving it a positive charge.  The negative charge on the amber was gained at a cost of an equal and opposite charge on the cloth.


This situation is true not only of charges created by rubbing together amber and cloth.  Whenever a charge is created, an equal and opposite charge is also created.  If an excess of electrons is gathered at one point, they had to come from somewhere.  And "somewhere" is the site of a shortage of exactly the same number of electrons as have been gathered together to create the negative charge.


Within a battery, chemical action deposits electrons at the negative pole.  Those electrons are taken from the positive pole.  Thus the positive charge of a battery will always be precisely equal to the negative charge, although, of course, opposite in polarity.


Now return to Page 1-53 (51B) and select another answer.
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60A

YOUR ANSWER:
True.  There are exactly as many electrons flowing past one point of

From Page 1-55 (53A)
the circuit with the battery and bulb as there are flowing past any other


point in that circuit.


You are correct.


In the water circuit, there was only one route the water could take.  If you took a water droplet in any part of that circuit, the water pressure pushing at it from behind as other droplets came from the pump was the same as the pressure drawing it to the pump from the other direction.  Since this was true anywhere within the circuit, the water was not running – and indeed was unable to run - any faster at one point in the circuit than it was at any other point.


The situation is precisely the same for electron flow in the electrical circuit we considered.  With only one route for current to follow, the current (the number of electrons passing, in other words) is exactly the same as at any other point in the circuit.


This is important and it is something you should get firmly fixed in your mind.  Now, turn to Page 1-63 and answer the questions.  DO NOT continue until told to do so.


Now complete this sentence.  The three necessities for electron flow - the supply of electrons, the path for the electrons, and the source of EMF - must be arranged to form a _______________________.

current
Page 1-65 (63B)


circuit
Page 1-68 (66B)


polarity
Page 1-71 (69A)


potential difference
Page 1-76 (74B)
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1.
The force which causes electrons to move from one charge to another is ____________________ ____________________.
2.
To have current flow, we must have


a.  ___ ____________ ____________.

b.  ___ ____________ ____________.
3.
Electromotive force is measured in ____________________.  Its electrical symbol is an ( ).

4.
Potential difference is just another way of saying ____________________ ____________________ or ____________________.
5.
The six sources of voltage (EMF) (potential difference) are:


a.  _________________________

b.  _________________________

c.  _________________________

d.  _________________________

e.  _________________________

f.  _________________________

Now turn to Page 1-66 and check your answers.
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62A

YOUR ANSWER:
None of the above.

From Page 1-53 (51B)


You are telling us that the positive charge of a battery is not exactly, sometimes, or even approximately equal in value to the negative charge?


The one remaining relationship seems to be: The positive charge of a battery is NEVER equal in value to the negative charge.


Let's think back to the way the Greeks charged a piece of amber by rubbing it with a cloth.  This process rubbed extra electrons on to the amber, giving it a negative charge.  Even more important in what we are considering here is that the process rubbed the electrons OFF THE CLOTH, giving the cloth a deficiency of electrons, or, as it is called, a positive charge.  The negative charge on the amber was gained at a cost of an equal and opposite charge on the cloth.


This situation is true not only of charges created by rubbing together amber and cloth.  Whenever a charge is created, an equal and opposite charge is also created.  The excess of electrons that create a negative charge is obtained by taking the electrons from some other place.


Within a battery, chemical action deposits electrons at the negative pole.  Those electrons are taken from the positive pole.  Thus, the positive charge of a battery will always be precisely equal in value to the negative charge, although of course, opposite in polarity.


Now, return to Page 1-53 (51 B) and select another answer.
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63A

YOUR ANSWER: 
False.  The number of electrons flowing past any one point in the

From Page 1-55 (53A)
battery and bulb circuit is NOT exactly the same as the number flowing


past any other point in that circuit.


You are wrong.


In the water circuit we considered, in which the circuit was full of water and the same size pipe was used all the way around the circuit, water could not run any faster at any one point than it could at another.  The pump was delivering water to the outlet pipe as fast as it was receiving it at the inlet.


In an electron circuit, the "pump" (the battery, that is) once more is pushing out electrons at the same speed as it is receiving them.  The negative charge always matches the positive charge.  For this to be true, the flow of electrons must be even all the way around the circuit.  If something happens to slow down the flow of electrons at any moment, fewer electrons will be received by the "pump" and it will thus give out fewer electrons.  Electrons, remember, are the only commodities which this "pump" handles.  It cannot pump air when no electrons are available.


And now, return to Page 1-55 (53A) for a more accurate answer.

63A
YOUR ANSWER:
The three necessities for electron flow - the supply of electrons, the

From Page 1-62 (60A)
path for the electrons, and the source of EMF- must be arranged to


form a CURRENT


No.


What you've said here is something like: The necessities for a current are necessary for a current.  It may be true, but it does little to further the cause of science!


Back on the page you just left is an answer that summarizes much of what you have been thinking about for the past several minutes.  Return to Page 1-62 (60A) and find it.
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1.
The force which causes electrons to move from one charge to another is electromotive force.


Page 1-53(51B)

2.
To have current flow, we must have


a.
a complete path.

b.
an electromotive force.



Page 1-42 (40B)

3.
Electromotive force is measured in Volts.  Its electrical symbol is an (E).


Page 1-42 (40B)
4.
Potential difference is just another way of saying electromotive force or voltage.


Page 1-53 (51B)

5.
The six sources of voltage (EMF)(potential difference) are:


a.
Chemical

b.
Magnetic

c.
Thermal

d.
Photoelectric

e.
Piezoelectric

f.
Friction


Page 1-39 (37A)


If you missed any of the questions above, turn to the pages indicated and refresh your memory, then proceed with your lesson Page 1-62 (60A)
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65A

YOUR ANSWER:
Few.

From Page 1-74 (72B)


You are correct.


You can see that if we are going to use resistors to control current flow, they must have few free electrons.  This makes it more difficult to bounce them from atom to atom, thus slowing down the flow of electrons from the source.


Resistors are defined as components that offer a specific amount of opposition to current flow.


The electrical symbol for a resistor looks like this:

[image: image23.png]




The unit of measurement is the same for all opposition to current flow, the OHM.  The abbreviation for electrical resistance or OHMS is the Greek letter Omega (Ω).


Resistance and resistors are represented in a electrical circuit by the capital letter B.


The more opposition to current flow a material offers, the higher the resistance in ohms.  Turn to Page 1-69 (67A) and answer the questions.  DO NOT continue until told to do so.


Do the two statements below say the same thing?


Resistor "a" offers 35Ω of opposition to current flow.


Ra = 35Ω.


Yes.
Page 1-70 (68A)


No.
Page 1-74 (72A)
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66A

YOUR ANSWER:
A resistor has MANY free electrons.

From Page 1-74 (72B)


No.


A conductor is a substance that allows easy transfer of a current because it has MANY free electrons.


An insulator is a substance that opposes the transfer of current because it has FEW electrons to pass along the current.


Resistors, you have just been told, are substances that lie somewhere in between conductors and insulators.  They have some free electrons so that they allow current to pass, but not enough of them to make the passage of current easy.  This ability to block the flow of current varies from substance to substance.


Now return to Page 1-74 (72B) read it again, and then select a more accurate answer.

66B

YOUR ANSWER: 
The three necessities for electron flow must be arranged to form a

From Page 1-62 (60A)
circuit.


Correct.  You may have a supply of electrons, a source of EMF, and a path for the electrons, but unless the path leads from a negative pole to a positive pole in an unbroken line, there is no current flow.


We have talked, so far, of electron flow and an EMF to make them move.  We have been concerned only with how many electrons we could move in a certain amount of time.  Now is the time for us to study another important device in electronics; we use it to control this current flow.


When we have a difference of potential, we have electron flow, providing, of course, our three conditions are met.


Do the protons flow, too?


Yes.
Page 1-76 (74A)


No.
Page 1-74 (72B)
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1.
A component designed to have a specific amount of opposition to current flow is a ____________________.
2.
Draw the electrical symbol for a resistor ___________________.

3.
The unit of measurement for all opposition to current flow is the ___________________.
4.
The abbreviation for electrical resistance or ohms is (  ).

5.
Resistance and resistors are represented in an electrical circuit by the letter (  ).


Now turn to Page 1-72 and check your answers.
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YOUR ANSWER:
Yes.


You are correct.


Now, let's review our study of dynamic electricity.


Pages 1-73 and 1-75 will require that you answer fill-in type questions.  Although the material will seem quite simple to you now, DO NOT rush through it.  Read the material given, think out the answer, and then write it in the space provided.  The correct answer to the question will appear to the left of the next question.  Cover the answer until you have written your response in the space provided.  You may use a card for this purpose.  Move card down and cover answer of next question and continue down the page.


One more word on how to answer the questions: Don't move your card until you have written your answer.  You are not graded on your answers, but you must decide on an answer before you move your card to check it.


1.  Remember the cell and the light bulb?
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In this hook-up, the light bulb offers opposition

to current flow, so the light bulb is a ______________.
(resistance)
2.
Resistance is the opposition a material offers to current flow,



and is measured in __________________________.


(unit of measurement)

(ohms)
3.
Each electrical component has an electrical symbol, so that we may



readily recognize it in an electrical diagram.  Draw the electrical



symbol for a resistor.


____________________________
Continue on Page 1-73
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YOUR ANSWER:
The three necessities for electron flow - the supply of electrons, the

From Page 1-62 (60A)
path for the electrons, and the source of EMF - must be arranged to


form a POLARITY.


Sorry, but this answer doesn't make much sense.


You appear to be confused about the meaning of "polarity".  When we ask, “What is the polarity of this charge?", we mean, "is it negative or positive?"


As far as we've gone, it's as simple as that.  Later on, we'll get a little more sophisticated about polarity, but the sense in which you have considered polarity so far is simply, "Is it negative or positive? To which pole does it belong?"


Polarity, then, denotes the kind of charge present.


Look back at the question.  The statement lists the three necessities for electron flow.  There is one other thing that is necessary, as you have seen, and that is a completed circuit.  The path for the electrons has to lead somewhere, that "somewhere" being back to a spot that has polarity opposite to the negative pole from which they came - to a spot that bears a positive charge, in other words.


And with that, return to Page 1-62 (60A) and select the word that more aptly completes the statement.
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1.
A component designed to have a specific amount of opposition to current flow is a resistor.
2.
Draw the electrical symbol for a resistor. [image: image25.png]




(resistor)

3.
The unit of measurement for all opposition to current flow is the OHM.

4.
The abbreviation for electrical resistance or ohms is (Ω) or OMEGA.

5.
Resistance and resistors are represented in an electrical circuit by the letter (R).

If you missed any of the questions above, turn to Page 1-67 (65A) and re-study until it is firm in your mind, then proceed with your lesson on Page 1-67 (65A).
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	4.
The cell in our hook-up gives us a difference of potential between

	
	
two points in the circuit.  The cell, then, would be our
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(voltage/current) source.

	
	

	
	

	(voltage)
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5.
The electrical symbol for a cell is drawn like this .

	
	

	
	
A battery is made up a series of cells and drawn like 

	
	
this [image: image27.png]iz



.  This battery has _____________ cells.

	
	(number)


	
	

	
	6.
In the electrical symbol of a battery, the short plates are negative.

	(three) 
	
The long plates then are ____________________.

	
	

	
	

	(positive)
	7.
If we connect a piece of copper wire between the negative pole and

	
	
and the positive pole of the battery, we will have __________________

	
	
flow.

	
	

	
	

	(current)
	8.
Electrically, it would look like this:
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Current would flow from the ____________________ pole

	
	
to the ____________________ pole.

	
	

	
	

	(negative)  
	9.
Now to show a cell and a light bulb in an electrical diagram, we

	(positive) 
	
would draw it like this:
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Current would flow through the lamp     from (A to B)

	
	
or (B to A).


Continue on Page 1-75
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YOUR ANSWER:
No.

FROM Page 1-67 (65A)


You are not thinking in the correct terms.


We have said that in an electrical circuit we use the capital letter R to represent resistors and resistance.  The "a" we used in our example simply denotes which resistor we are talking about.


The first statement said "Resistor "a" offers 35Ω of opposition to electron flow".  The second statement was "Ra = 35Ω".  This statement says, in effect, that resistor "a" in the circuit offers 35Ω of opposition to electron flow, so you can see that both statements say the same thing; the second statement, of course, is a much shorter way of expressing the information.


Now return to Page 1-67 (65A) and select the correct answer.

72B
YOUR ANSWER:
No.

From Page 1-68 (66B)


That's right.  The protons are locked inside the atom, and the atom is much too bulky to move around.


We also know from our study of electrical physics that in some atoms the electrons are bound very tightly, it would be very difficult to force these electrons to move, so you can see we wouldn't want to use a conductor made up of this type of atoms for our current to flow through.  We also have atoms which give up electrons easily, such as copper.  That's why we use copper wire as a conductor in most of our electronic circuits.  We have one more type of atom, he's the one that's right in between the other two we just talked about, and the one we are interested in for controlling this electron flow.


All materials offer some opposition to current flow due to the characteristics of the atoms or molecules.  These in-between materials are called resistors.


In a resistor, there would be _______________________ free electrons.


Few.
Page 1-67 (65A)


Many.
Page 1-68 (66A)
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	(A to B)
	10.
Draw an electrical diagram having a three-cell battery and

	
	
and a resistance, and indicate with an arrow the direction of

	
	
current flow.
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	11.
Current is the movement of free electrons and is measured in

____________________.

	
	
	
	
	

	
	
	
	
	

	(amperes)
	12.
The symbol for current is the upper-case letter I (for intensity).

	
	
Its electrical abbreviation is the lower-case letter a or

______________________.

	
	
	
	
	

	
	
	
	
	

	(amp)
	13.
Electromotive force is the ability to move electrons and is

	
	
measured in units known as _____________________.



	
	
	
	
	

	(volts)
	14.
The electrical abbreviation is the lower-case letter v' the symbol

	
	
for EMF is the upper-case letter ____________.



	
	
	
	
	

	(E)
	15.
Now fill in the chart below.


	
	
	
	
	

	
	
	
	
	Abbreviation

	
	
	
	Unit of
	for Unit of

	
	
	Symbol
	Measurement
	Measurement

	
	
	
	
	

	
	EMF
	
	Volt
	

	
	CURRENT
	I
	
	

	
	RESISTANCE 
	
	
	Ω

	
	
	
	
	


Continue on Page 1-77.
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YOUR ANSWER:
Yes, protons flow too.

From Page 1-68 (66B)


We'll say it again: Protons can be many thousands of times heavier than electrons.  As far as electronics is concerned, it is accurate to say that because of sheer bulk, protons stand still within a solid (this is not true of liquids and gases).


It is the electrons that are busy-busy-busy with the work of the world.  The protons sit with their close friends, the neutrons, and exert their pull upon the electrons, a useful but not very active life.


Return to Page 1-68 (66B) for another answer.

74B
YOUR ANSWER:
The three necessities for electron flow - the supply of electrons, the

From Page 1-62 (60A) 
path for the electrons, and the source of EMF - must be arranged


to form a POTENTIAL DIFFERENCE.


No.  Your statement is somewhat muddled.


What is a difference of potential? It is a difference in the level of charge, isn't it? It denotes that one object is carrying a greater share of electrons than another and that, if the two are linked together, there will be a flow of electrons in an attempt to equalize these charges.


A difference of potential is, in fact, the source of electromotive force.  It is the difference of potential that provides the electromotive force - the force that causes the electrons to flow.


On the page you have just left is a word that much more aptly completes this statement.  It tells you that the three necessities for current flow are no use for starting a current flow without one more vital factor - the path for the electrons to travel must be a complete path.  That should be plain after your work of the last few minutes.


Bearing this in mind, return to Page 1-62 (60A) and select the word that best completes the above statement.
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Your answer should read ...

	
	
	
	Abbreviation

	
	
	Unit of
	for Unit of

	
	
	Measurement
	Measurement

	
	Symbol
	
	

	EMF
	E
	VOLT
	v

	CURRENT
	I
	AMPERE
	a or amp

	RESISTANCE
	R
	OHM
	Ω
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