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FOREWORD

The writiug of these instructional units represents Phase 11 of our
science curriculum mini-course development. In Phase 1, modulcs were
written that involved the junior high disciplines, life, earth and phvsical
science. Phase 11 involves senior high physical science, bioloygy, chemistry,
physics and science survey.

The rationale used in the selection of topics was to identify “astruciinnal
areas somewhat ditiicult to teach and where limited resources existi. Lftorts
were made by the writers of the mini-courses to relate their subject to the
practical, real world rather than deal primarily in theory and model building.

1t is anticipated that a teacher could use these modules as & supplement
to & basic curriculum that has already been outlined, or thev could almost be
used Lo make up a total curriculum for the entire vear in a couple of
disciplines. 1t is expected that the approach used by tleachers will vary
from school tw schooi. GSome may wish to use them to individualize iustruction,
while others may prefer Lo use an even-front approach,.

Primarily, | hope these courses will help facilitate more process (hands
on) oriented science instruction. Science teachers have at their disposal
many '"props' in the form of equipment and materials to help them make their
instructional program real and interesting. You would be remiss not to take
advantage of these aids.

Tt probablv <iould be noted that one of our courses formeriy catied senjor
high phvsical scicice, has been changed to scieance survey. The intent heijny,
to broaden the co :ent base and use a multi-discipline approach that ivvolves
the life, earth and physical sciences. 1t is recommended that reievanl (opics
he identified within this broad domain that will result in a meaulnptul,
hiph interest coursce for the non-academic student.
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ELECTRICITY: PART I

TYPES AND GENERATION OF EIECTRICITY

Electricity is a form of energy. We know how important electricity
is by what it does. Electricity is probably used in more different ways
than any other form of energy. Nearly every activity we do is directly
or indirectly related to electricity.

By using electricity we can seé the invisible, hear the inaudible, move
faster than any other living thing, do more work, and have more fun. Elec-
tricity can wake us, warm us, cool us, entertain us, and warn us when we are
in danger. Can you think of 25 specific ways that you use electricity in
five minutes? Can you name any daily activity which is in no way connected
with the use of electricity? |

In this mini-course, you will be investigating rhe two types of elec-
tricity and how each of them is generated (made). 1t will be easy for you
to remember these two forms of electricity. Static means still, while
curreant means to flow. Therefore, static electricity does not move, while
current electricity does move. can you now tell the meaning of borh static
and current electricity?

A. Electricity Everywhere
OBJECTIVES
The student should be able to:

1. 1list specific ways that electricity is used in our daily
lives.

2. state a simple definition of static and of current elec-
tricity. oo ’

ACTIVITY

The teacher will leed a class;discussion to answer the questions
posed in the introduction. Your teacher may also allow your
class to have a contest (with individuals or with teamps) to
determine how much you and your classmates know about the many
uses of electricity. Your teacher will tell you how to respond
ro this activity if there is no contest. '




B. Laws of Magnetism
OBJECTIVES
The student should be able to:
3. assemﬁle the materials as directed in the Lab procedures.
4, state the laws of magnetic attraction and repulsion.
ACTIVITY

Lab, Problem 7-2, Magnetism and F.lectricity, Cambridge, page
197.

Get this worksheet from-your teacher and carry out the Lab.
Your magnets may not be painted red as mentioned on the work-
sheet. Look for the letter N which means north and the letter
S which means south. '



C. Static Electricity and Magnetism
OBJECTIVES
The student should be abl: to:

5. differentiate between the positive and negative electricity
using the terms proton and electron. )

6. describe the effect of a proton and an electron which are
adjacent (near or next to), as within atoms.

ACTIVITY

Read and study Reference Sheet 7-2, Magnetism and Electricity,
Cambridge, pages 206-207., Be sure you can do obiectives 5 and

6 before going on to the next objectives. Get li~ference Sheet
7-2 from your teacher.

OBJECTIVES

The student should be able to:

PN

7. describe how to produce either a net pos{Eive or a3 net
negative charge given the proper materials.

8. state the relationship or similarities becween electvo-
static forces and magnetic forces.

9. demonstrate the laws cf electrostatic attraction and
repulsion.

ACTIVITY

Do the Lab on Problem Sheet 7-5, from Magnetism and Electricity,

Cambridge, pages 208-209. Get Problem Sheet 7-5 from your
teacher.

10




D. Laws of Electrostatics
OBJECTIVES
The student should be able to:

10. dJdemonstrate the charging of an object by friction (rubbing).

11. state the laws of electrostatic attraction and repulsion.

12. determine which electrostatic charge is mobile (moveable).

ACTIVITY

Do the Lab on Problem Sheet 7-6, from Magnetism and Electricity,

Cambridge, pages 210-211. Get Problem Sheet 7-6 from your
teacher.

Be sure you can do objectives 10, 11, and 12 before going-on.

OBJECTIVES
The studeant should be able to:

13. describe the changes in location of electrostatic charges
while an object is being charged by friction.

ACTIVITY

Do Worksheet 7-2, from Magnetism_and Electricity,

Cambridge,
pages 212-213. Get Worksheet

7-2 from your teacher.

11




E.

Building and Using an Electroscope

OBJECTIVES

The student should be able to:

14.

ACTIVITY

assemble a functional electroscope [rom provided materials.

place a known charge on an electroscope.

identify the charge of an object whose charge is unknown.

differentiate between charging an electroscope by conduction
-and by induction.

Lab Worksheet - Building and Using an Electroscope

Do the following Lab activity recording your observations,
interpretations, and conclusions as directed by your teacher.

Materials:

glass jar or erlenmyer flask
cork to fit glass container
paper clip

strip of very thin aluminum foil

glass rod (test tube will do)

plastic rod (plastic comb will

silk cloth .

fur or flannel material

sharp pencil (#2 lead pencil)

object whose charge is unknown
students ' '

Procedures:

1. -Bend paper clip at a right
straightening it.

2. "Insert the long end of the
of the cork so that % inch

diagram above)

3. .Cut a narrow strip of foil
and fold it in half.

4. Place the folded foil over
in the diagram above.

12
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( about % inch by 2 inches)

the bent paper clip as shown




10,

11.

Place the cork (with the paper clip of foil) into the
glass container as shown in the diagram, Be sure that
the foil does not touch the sides or the bottom of the
container. You may need to fold and unfold the foil
many times to make sure that it is free to spread apar:
as shown in the diagram.

Charge a plastic rod using fur or flannel; rub the rod

for several seconds with back and forth motions. Touch
the charged rod to the part of the paper clip that extends
above the cork. What happens to the foil? Why? (Note:
1f nothing happens to the foil, you will need to fold and
unfold several more times. Repeat until you can see a

‘change in the foil when you touch your electroscope with

a charged object.)

Touch the paper clip with your finger. What happens to

.the foil?

Charge a glass rod using the silk cloth as you used the
fur in step 6 and then touch the rod to -rour electroscope.
What happened to the foil? Why?

Touch the paper clip with your finger. what happened to
the foil? Why?

‘put a known charge on your electroscoe. Then ask your

teacher for an object which has 4 charge unknown to you.
Without seeing the object and by looking at the foil
in your electroscope, you should be able to tell the

. chasge of the object. Be prepared to tell your teacher

how you decided the kind of charge your unknown object
had. (Note: You will not be allowed to see the object;
you will be allowed to see the foil in your électroscope.
Knowing the kind of charge you put on your electroscope
is important.)

You have just charged your electroscope by conduction.
Now charge you electroscope by induction as ‘ollows:

a. Charge a plastic rod using fur or flannel.

b. Hold this charged rod near (as close as possible but
not touching) the top of your uncharged electroscope.
What charge is on the plastic rod? What happens to
the foil when you bring the charged plastic rod near?
Why?

c. Now touch the sharpened end of a lead pencil to the

side opposite where you are holding the charged plastic
rod. Wnat did the foil do? Why?

13



d. Now remove the pencil before you remove the charged
plastic rod. Remember, do not allow the rod to
touch your electroscope at any time in step 1ll-d.
What did the foil do? Why?

Interpretations:

1. Why must you use a glass container instead of a metal
container to make an electroscope of this type?

2, Make two sketches showing the foil of your electroscope;
show the charges on a neutral electroscope and then the
charges on an electroscope which has a net positive
charge. Use + and - signs to show charges.

3. Of the two elecctrostatic charges, which one can move?
Explain.

. 4, Tell what happens to electrostatic particles when you
rub a plastic rod with fur or flannel material. What
. charge does the rod have and what charge does the fur

_or flannel have?

5. Explain why an electroscope could be valuable in a factory
' which uses inflammable materials, :

6. Could you‘tell the difference between two electroscopes
which are identical but have been charged, one by

induction and one by conduction? Why?

Optional 7. What would happen to the foil of an electroscope if it
were held near a Van de Graff generator?

Optional 8. ‘What would happen to the foil of an electroscope if it
were touched by a Van de Graff generator?

9. If you walk across a carpeted floor and then touch an

uncharged electroscope, what ‘would happen to the foil?
Why?

Conclusion:

Explain how to build and use an electroscope.




F. A Model for Electricity
OBJECTIVE
The student'should be able to:

18. describe a model for electricily.

ACTIVITIES

a. Read and study Chapter 15, Forming a Model for Electricity,
. gilver Burdett Company. Your teacher will give you

directions about how and where to write your responses.
Be prepared to discuss a model for electricity. You may
want to make changes in the theory that is presented in
this model. Note: The reading assignment above is on pp. 9-17
of this mini-course booklet.

b. Discuss with the rest of the class, a model for current
electricity.

>
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oHor Elsctrerty

W henever an clevator goe.:o up, a doorbell rings, a toaster heats,

o <borts, o balh Highits,onw radio plays, or a buzz saw cuts,
electricity s prescat, You coay not be able to see it, smell it, orv
taste it Jut you know bt electricity is there because of the

things that it does,
L]
ut what is electricity aoayway?  What is it thal passes along
wires between batteries anc bulbs?  What is it that flows from a
charger to a buattery?

A lot of things in this worlc are hard to define. Asking "\What is
clectricity? is like asking 'What is a school?" You could de-
scribe the things that happen in a school, but your description
would probably be quite difierent from that of a teacher, and
neilier one woiild Lbelike thaet of a janitor (and all the deoeriptions
could be "right”).

Suppose you wanted somchody to know what your school looks
like. You could show him different kinds of "models” of your
school. See Figure 15-1,
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Ilach of these models has a special kind of usefulness., The
small scale model might help a builder to make another school
like yours., The photograph would be a better model to send in a
letter. "T'he floor plan would be the most useful for directing
stranger:s to your classroom. To choose between these models,
you-must know what they are to be used for.

You could describe your school to a stranger by listing every-
thing you know about it. If you did, you would probably tell him
much more than he nceded to know. You would probably confuse
him, too. You could also describe electricity this way by listing
every obscrvation about it that anybody has ever made. Then,
to find out what would happen in a particular situation, you could
Just look at the list. The trouble is that this list-would take a
whole library. And it would take a very good index, indeed, to
find what you wanted to know.

A better way to understand electricity is to make a model. The
n'odel does not have to be something physical like a photograph
or a floor plan. It can be a "mental model" -- a thought descrip-
tion. Making a mental model for electricity is simply thinking of .
some good way to describe it. If a description is to be a good
model, however, it must be very carefully thought through. Any
description can be a good model if it:

1) explains the observations made.
2) is simple enough to be used for the purpose in mind.

To be a really good model, though, a description of electricity
- must allow you to predict things that you haven't even seen yet.

But whatl ir the model you think of is not true? Would this make
it a poor one? This depends unon what you mean by "true." If
you mean that the model does not agree with your'observations,
then it is, indecd, a poor one. (if you don't see why, read the

\\“f_ns)c’: ‘ characteristics of a pood model again.) If you mean anything else,
Ty\‘ OOC" . then the question is not a goodonc because you have nothing except
N p w observations to go by. In other words, several models for elec-

tricity can be "true" even though they are quite different.

All three rwodels of the school were "true" because they all ex-
plained 2 sct of observations. In the same way, there could be

(and are) other models for electricity than the one you will learn
about here.

Your task in thig chapter, then, is to think through one possible
model {or clectricity and become familiar with it. This model

Z
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will be extremely important in veor toter worlh, so be surc that
vou uiderstand it thoroughly. IY :oanething 1= not clear, ask
questions!
) Thid: baek for a monwent to vonre work with the electric motor,
Anovon omax reeally the estar v able to do work on a sinker
onls \l!_{\-:_:l-'._(_.l_‘.i.EL_EI’I-QEEEl-[!-“.if_\l_!;. “I'wo of these conditions were:
1) that the motor had to he conneewed into a complete circuit
with you~ baltery, and
2) that the battery hod to be ruily charged when the motor was
connected Lo it.

In the lan-cuaze of systems analy=is, you concluded that the
school power suppty (the wall outtetr vas the energy supplier for
the charser. The chorper sapplico cavegy to the battery, and the
hattery suppii.i energy to the motoc,  But how did energy travel
hetween these systems? This s the question that your model
must answer irst,

Let's begin by imagining that your battery contains millions of
tiny particles called Vlectro-particles, ™ Thinking this way may
Lother you ot first. No nmielter how hard you look, you woun't sce
any such parfictes. Don't let this worry you though; remember
thot in building a model you are not limited to describing only
whad you cnn see.

b How can trunginiag thal there are clectro-particles in your bat-
tery explain.how cnerdy travels from it to the motor? It can't,
unless the electro-particles can sormechow act as energy curriers.
To allow thear to Jdo this reeans that we must assume that electro-
paetticles can:

1) be givnenergy,
2) move Froon place (o place, qnd

0y

)
3) give tpoenerpy.,

These asstnpations Tead to oosieapte explanation of how electri-
cab energy tresels, Blectro-poncfeies pick upoenergy in the
batte vy, cart e ib throuel the wiveso wnd pass it on to the motor,
to the fathy, ot so forth, (Inour fooaeiful sketehes, the electro-
proclictes e chown as hadry crveciares. The gize of cach

1
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vattery
onergy

But where do the clectro-particie:s that comee oo the
get their energy? You know that the baltery cannot suppl
unless itis charged. With this in mind, it is rooconable e ssume
that charging gives the particles their energy.
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I'igure 15-2

Figure 15-2 illustrates what your model says aboul e o g
proccss. Notice that low-energy particles in the he ther o e res
placed by high-energy particles from the charser., o o 00w,
your batteuvy cunnot be charged unless bwo leasle cornees 0 0 the
charger. T'o huild this into your MOGCL, YOU ritny e i ENTIEN
lead forms the path for high-cnergy clectro-parin Lo oo
the charger., The low-cnergy particlés being rent et b
battery through the other lead.

o drnam
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Notice that the high-encray particles flow into the battery
through one terminal. Liet's call this the "high-energy terminal, "
1e terminal through which the low-cnergy electro=-particles

ave can be called the "low-cuergy terminal.”

Yoaure noddel cceounis for what goes on as a battery is charged,
Next vou peca W look more carciully at how jour imaginary .
rleatro-particles ¢an net as energy carviers., To do this, you
must make some more assumptions, this time about how electro-
particles behuave,  You must assume:

1) that high-energyelectro-particles can and will move through
. certain materials (like copper wire) as soon as a complete
pathway is provided, and
\ . .
2) that whenever they pitss through such a circuit, electro-
particles always losc ull their extra energy. (See below, )

Lo gnenny
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Fipgure 15-3
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Suppose you connected the terminals of your charged bhattery
together with a wire through which electro-particles could piss
(Figure 15-4).

Based on the assumptions you have made about the Lehavior of
clectro-particles certain things should happen at the numbered
places in the civcuit shown in Figure 15-4.

Figure 15-4

@ 15-1. What kind of electro-particles come out at point 1?

@ 15-2. What is happening to the electro-particles as they pass
through the circuit (points 2 and 3)?

- »

@ 15-3. What will happen to the electro-particles at point 47?

. @ 15-4. What is the difference betwecen the electro-particles at
. points 1 and 4?

@ 15-5. \What do the wavyarrows betweenpoints 2 and 3 represent?
(Ilint: What did you find when you felt the nichrome wire? Sce
page 14-4.)

-14-
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It you understand the model, Questions 15-1 through 15-5 should
hawve heen fairly casy. A complete circuit betwecn the two termi-
nals forms a path fer the electro-particles to follow. This allows

’ the high-energy clectro-particles to move from the high-encrgy
ferminal toward the low-encrgy terminal. The movement of
Heclro-particles contimues untilall the high-energy particles have
et the high-encrpy terminad. The high-energy clectro-particles
Stve dp their extea energy as they pass through the wire. Most of
L ecncrgs 1t piven off as heat (wavy lines in IFigur: 15-4),

I you =upposc that something has to move through the wire to
carey energy from one ond to the other? Could the cnergy he scnt
Mong the wire in some othier way? Take a look at Excursion 15-1
Motion Without Moving,

2>

Now, suppost you connected a bulb and a switeh to your charged

battery (Fipgure 15-5), Suppose that you also placed a small com-
pis: over the wire,

s - SWITCH
BATVERY ¢ /- -~

b MovT IWIRE
AENVEATH COMPASS

Coa T LINCS UFP

—  LIGHT
Fo DEHOMMNS NS

Figure 15-5 .

160 W hat do youpredict would happen if the switch were closed ?

Hook up the cirenit shown and find out what actually does happen.

Pa-7.0 What happens to the bulb?

-15-
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@ 15-8. What happens to the compass needle?

This bast swelivity and your carlier expoericence wrii diie oil and
miagnet should suggest one final assumption abouet el ctro~pariiclons,
You must assume that electro-particles passing thecugh o awive
causce it to act like a magnet. (See Figure 15-6.) You must also
make the asswmption that the more cleciro-partictc: that movi:
through a wire in a certuin time the grester the magtciic effect,

| STRONG

| BATTERY A
HBMALL WEAIK E:" . .r_—,‘—.‘..."‘
BATTERY s T
S ;
&y
STRONG WE £33 .:\\" '
MAGNETIC EFFECT éo‘ "@‘ MAGNETIC EFFeCT %

Figure 15-6

This completes your ‘'model for electricity.

Do electro-particles really have three legs and fuzs? The one s
shown for your model do! Add a leg to them or shaveaihem off i
you like. But don't take the loads of encuvry off theiv fonrls. What
the electro-particles look like is not at ol important to this model,
They arce drawn this way to remind you that they are pact of o
model.  (If you know about ¢lectrons, don't confuse ~le-iro-parti-
cles with electrons. itlectrons are part of another andel.)

By now, youmaythink that the eleclro-purvticle ne ol nccuriteiy
«and completely explains whint eclectricity is and hoe it hohaves,
As you go on, you may believe this even more. The inodel witl
allow you to account for many new obscrvations.  {reapite its

=16~
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Come of thiese are:

asefullneas, however. this model caimet answer many questions.

How can electra-particles pass through the solid wire?

2) Hovw does the ftow of cleciro-particles cause a wire o act
like a .magnel?

3) How does an electro-pariicte actuslly carry encrgy?

Because your model does not give answoecs (0 thdse and other
questions does nol mean that it v~ not 4 2oo0d model. If you could
give suchi a perfect descrivtion. you would not need o raodel,
Since the onodel does expluin conn obse:vations, bowever, il is a
Jood one for joul pur,-oses,

You may havé learncd by cwporience thai it is better to buy a
string of Christmas trec bulbs chat is connected in o parallel
circuit. 1 onc bulb burns outl, they don't ali go out. But do you
tnow whether the bulbs in a parailel ciociit would burn brighter
than those in u series cirvcuit? Took at D 1H-2 for the answer.
You will also find there one of e reasons why your hairy electro-
particle mode] is not o perfect cxplanation of clectricity.




G. Conductors and Insulators

0OBJECTIVES
The student should be- able to:
19. define the terms conductér” and insulator in terms of
electricity. e
20. demonstrate the difference between a conductor and an
insulator given a , 'wer supply, wire, bulb, socket, a
conductor, and an insulator.
21, state a use for conductors and insulators.
ACTIVITIES
a. Read and study pages 10-11, Pathways in Science - Physicsll.
b. Do Lab Problem No. 8, Through Which Materials Can Electricity

Flow?, pages 37-40, in Laboratory Workbook for Pathways in
Science, Your teacher will tell you how to collect and
record your data and in what form tc make your lab report.

-18-
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Making Electricity Using Chemicals

OBJECTIVES

The student should be able to:

22.

23,

24,

25.

assemble a simple wet cell given the proper materiais.

attach a voltmeter or galvanometer to the wet cell electrodes

-and determire a reading indicating an electron flow.

describe changes in electrodes of a wet cell as it produces
an electron flow. ’

state a model which explains the transfer of chemical enerygy
to electrical energy.

ACTIVITIES

Read and study pages 11-12, Pathways in Sciencz - Phvsics 1.

Do Lab Problem No. 6, How Can You Make Elec:iricity From

Chemicals?, pages 27-30, in Laboratory Workbook for Pathways
in Science - Physics 1. Your teacher will give directions

concerning how you will report 'your results.

Bring lemons from home (one per team w::l1 be enouvgh or you
may bring your own). On the day of this lab, squeeze the
lemons with enough force to break the internal sections

but not the rind. Insert two clean dissimilar metals about
1/3 of the way into the lemon. Keep the two strips of metal
(about % inch x 2 inches) close enough together for a person
to touch their tongue to both pieces at the same time. What
do vou notice when you touch the two different metals with
your tongue? (Other fruits, even a potato, may be used as a
substitute for a lemon.) Note: If you use lemons, you may
want to keep them in a refrigerator (school's refrigerator)
because they would make a very interesting project later when.
you study about series circuits.

Optional. Someone may want to study different fruits using

a galvanometer to find which one can produce the most elec-

tricity. If you do this project, you should do some reading
in chemistry. Find out about acids, ions, and electrolytes

before you begin.

-19-
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1. Magnetism and Electricity
OBJECTIVES
The student should be able to:

27. demonstrate the magnetic effect caused by electricity flowing
through a conductor (wire).

28. 1ist factors which affect the strength of magnetic fields
which are induced by an electric current.,

ACTIVITIES

-
.

a. Read Pathways in Science - Physics 1, pages 90-95.
b. Do Laboratory Problem No. 10, How is Magnetism Related to
Electricity?, in Laboratory Workbook for Pathways in Science -

Physics 1, pages 45-48. Your teacher will tell you how to
re;ord your data and make your report.

-20-
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J. Making Electricity from Magnetism

OBJECTIVES
The student should be able to:

29. assemble a simple alternating current generator that functions,
given the proper materials.

30. develop a model which explains why magnetic fields induce
an electron flow in a conductor.

ACTIVITIES

a. Read pages 103-105 in Pathways in Science - Physics 1.

b. Do Laboratory Prcblem No. 3, How Can Magnetism Make Electricity?,
in Laboratory Workbook for Pathways in Scieunce - Physics 1.

Use the same style as you have been using when making your
lab report.

-21-
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K. Review
OBJECTIVE

The student should be able to complete all 30 objectives of
this mini-course.

ACTIVITIES

a. Cryptogram - Ask your teacher for this worksheet.

b. Crossword Puzzle - Ask your teacher for this worksheet.

-292-
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THACHER SECTLON

Bach sccrior of this mini-coarse is designed to be completed in one class
neviod, depending on the ability and motivation of vyour students. You should
dupiicate all materials before starting the mini-course. Anolher supgestion
would be to make sure that vou have sl1 wmatevials availabic for the entire
uni!l because cach section should be doune in sequence.  Part 1T of this mini-
course o cleciricily uses essencially the sauwe resources bub the lab equipment
is more sophisticated.

A, EPlectricity Fvervwiere

Use vour iapenuitv in ihe deveiopment of the two obleciives of this
activity. Some sugpestions regarding & contest which you wmight hold

Lo vencrabe interest are: (1) Have cach student list as manv specific
wave oexamnles - liga: bulb, radio, TV, cte.) as he/she can iv a

spectiied tiae; (0 Choouse Two o1 move teamy {vach with a recorder)

amd liold commel st ion aeiween ceams: (30 Wovk asainst the clocik;
detoruine now many speci fie uses of electricity cuan be listed by tae
entire ~laes on tne chalkboard. Repeat this process usiag the same
{ime interval and compare toe number ol new uses not on the original
Tisc, (4) Request each membev of the ciass to mention a speciflic

use of electricicy as vou “wo around’ the room. Reep a list on the
‘halkboard. Aliow only a certain aumber oi seconds for cach =student
ro respond,  Counting tae time needed to write the responses on the
board, Len scconds or less should be plenty of time for most students,

These last two Lecaniques provide an opportunits for Jartner discussion
since a composite list will be available for alil Lo sece.  You way need
Lo repeat some oi these exercises if a particular class is "slow' to
think of the myraid of uses for clectricity. You may cven challenge

a particular class to find an activicy that is in no wav connected with
clecericlty., {(This may sound easy but it is nol easy to find aclivities
(hat cannot be affected by electricity in anvwav.)

should wou chivose mob Lo have a contest, the students shoula be instrucoed
as to how and where to make their lists. Certainiy some discussion wiil
rosull concernisy ke dilficulecy of finding daily activities whieh do

sot ianvolve clecuricity.

n.  laws of Maguetism

demotsirate ihat thew aliyeady Koow |

i :
mavnelic atiTactior and repulsion, vou mav_omit tiits scotio
] 2 -

cood To dupiteate this Lab which is Problem 7-20 a0 Srvceiet i
o, fambridee, pape 197, Be sure that the wmateria i want

- studenta are similar io those tisved in the fext and il

',"l [

noi the samc, vive an explanation for those itens you subsiituted,

i
[
L

i

oo
<o

O

ERIC

Aruitoxt provided by Eic:



Materials: 2 bar wagvels
thread T
support (ring stand and riung works well)

C. . Static Electricity and Magnetism

You will need to dunlicate Reference Sheet 7-2 irvom Magnolisa drd
Electricity, Cambridge, pages 206-207. The reading level of any
particular ciass may dictate that supervised (oral) reading be used
with this accivity. You may need to review the model of atoms and
cxplain “a little"” about electron spin.

Transparceuncy # ul otae Milliken bhook wiil belp-vou explain the
¢lectron spin theory of magnetism in rather simple lanpuape.  Thero
is also a ditto master with the transparency wmentioned above. Both
are in the book titled Magnetism and Electricity.

You will also liave Lo duplicate the Lab, Problem Sheet 7-5, trow
Mapnecisw and diectricloy, Cambridge, pages 203-20Y.

Materials: Utissue paper
niece of wool <loth
plastic or rubber rod
gluss rod (test tube will work)
piece of silk cloth

During the discussion of this lab, you may find Traansparency #l ol
tihe Milliken book, Electricity, very helpful. You may waunt to dis-
cuss the placement of electrostatic charges by friction hut do not
draw anv conclusions since this will be the subject of another
investigation.

As an optional activity, the teacher may prescat an impressive
Jemonstraticon using a Van de Graff generator at this point or at the
conc lusion of the next activity.

linless vou ave extremely familiar with and feel secure in the operation
of & Van de Grafl generator, do not undertake this activity. 5See pages
SUZ-505% Lu Sourcebook for Phvsical Sciencey, Harcourt, Brace, and
tovanovich. for some ideas and techniques for using a Van de Graff
generator, Dircetions for constructing a Van de Graff pgencrator are
siven in the eveat that your school does not have access Lo one.

Beiow is some additional information coucerning demonstrations using

Demonglrate a Van de Gralf Generator

ceure @ Yan de Cralf penerator, Use 2 metal batl attached
to wire leading lo 2 water iaucel or olaes puod sround o
discharge the generator. #Provide the ball used 1o dincharge

O
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{he penerator witn at least a two-foot
dry wood handle such as a broom stick

or plastic rod, iu order to erable vou
to manipulate the ball withoat receiving
a shock.

Operate the generator aud rnotice the
spark as vou discharge it Lhrough Lue
metai ball. Zlastead of a round ball,
atrach the ground wire to the metal
of a screw driver or other pointed
object. You will find that you will
not get a long spark, if any at all.
The static charge 1s drained off
continuousiy tl.rough & pointed metal
object and demonstrates the function
of a lightuning rod.

At tach tissue paper streamers to the
meral ball to resemble hair, Note
low the paper streamers stand away
from each other showing the behavior
of objccts having like charges.

Move close to the ball withoul touching
any grounded object and without getting
gquite close enough to draw a spark.,
Now step away and hold a faucel or
radiator. You should hear a spark. X
You may be able to cause a neon tube 2
(o flash. Your body has becomec g
charged by the generator, either §
i

A A
W2ErE)
DR

S BNTT A S
irradTr i
PN e

drawiny electrons onto your body
leaving you with a negative charge,

or driving electrons from vou leaving
vour body with a positive charge. The
ball of the gencrator may bhe charged
cither positivelv or nregatively
depending on the coastruction. Thus
when vou approach the radiator,
electrons jump either to vou or froum
vou.

@'séﬁ

You can demonstrate how charped particles
are acceleraced by the Van de Graff
penerator by charging a prool plate (round
dioe with insulated handle) opposite i
that of the generator ball. Drop pith
halis onte the plate as vou hold it with Lhe
plate taclng the ceiling. Now approach

O
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D.

the bail of the Vau de Graff generator frow below with the
pith bails on the proof plate. The pith ball should hop
to the ball as a result of the opposite charge attracting
them.

6. Attach one proof plate with a wire to large batl o! Lhe
Van de Graff. Attach & wire to a second plate 1o a pood
~vound. Place some pith bails on vne proof plate with
nlate lacing the ceiliny. Approach the first proot plate
with the second proof plate frow abdve with Lhe sccond plate
faciny downward. The pith balls should be fivset atiracted
as & result of an opposite charge and then repelled downward
as a like ciiarge accumulates. The pith bails should continue
to move back and forth as long as the generator is operating
and you keep vourself insulated from the system by the use
of the insulating handles of the proof plates.

Laws ol BLlectrostatics

You will need to duplicate Problem Sheet 7-6, Magnelism and Electricity,
Cambridge, pages 210-211.

Mlaterials: 1 support (ring and rinyg stand)

2 plastic coated wire (bent in the shape ol a stirrup)
2 threed (about a foot long)

2 plastic rods

2 glass rods (test tubes will work)

1 wool cloth

1

stik cloth

You will need fo duplicate Worksheet 7-2 from Magnetism and leclriciiy,
Cambridge, pages 212-213.

To help vou review the laws of electrostatics with wvour class, usce
Transparencies #8 and #9 from the Milliken book, Magnetism aund iilec-
iricitv. Ditto masters are also provided with these transparencies.

As a part of vour discussion oif this la®» and worksheel vou may do the
Followin;; demoustration. Have a student blow up a balloon and Lie it
so that it remains inflated. Then have student rub the inflated
halloon several rimes across his/her hair. Now ask the student to hold
thie balloon apainsi a wall wherc the entire clags can see it. Ask the
¢lags to explain why the balloon remains "attached" to the wall. An
acceptable answer appears on the following page in diagram form.



before contact after contact

neuirsl or
ne net charge
on the wall

wfﬁﬁggg negative (=
cnarge on tne
baslloon's A |
surface . =
net positive
charge 1s
induced on
the wall

net negative
/C?T?\\charge remains

- on ballcon sfter
contact with

the wsall

On contact with the wall, the net negative charge on tihe balioon repels
some of the nepatiive charges into the ground, ‘fhis produces a net
positive charge in the wall at the point of contact with the negatively
charged balloon. The nelt negative charge on the balloon and the net
positive charpe in the wall cause an electrostatic attraction which is
preat enough to support the weight of the balloon. This demonstration
does not work well if the humiditv is high, Ask your class to explain
whal part humidity plays. You may want Lo LTy this experiment beforce
vour students arrive. 1In fact, you should always try vour experimenls
hefore asking your students to do them. It will save you {rom many
embarrassing moments if you do.

' . Building and Using an Llectroscope

Materials: glass jar or erlemmver flask
cork to fit glass container
paper clip
strip of very thin aluminum
foil

glass rod

nlastic rod

silk cloth

fur or flannel material

sharp pencil (#2 lead
pencili)

object whose charge is
unknown to students

T1 vour school has cowmercial elcctroscopes, you may decide to wmit ihe
first [ive steps in this lab. When students have difiiculty itn potiing
the leaves (foil) of their electroscopes Lo move, check the eifecctivenes:s
of the rods and other materials. 1f the humidily is extremeiv high, vou
mav have to poslpone Chis lab. If the foil vou have available 1s very

o

thick, you probably will have to fold and unfold 1t manv times. When
vou present the obiect of unknown charpe Lo vouv students, have the
sludent turn his/her back while vou charge the object. Do not allow
the student to sce the object since they may he able to prodict wha
. charve a glven material mav have, Allow the student to ace waal happous
-27-
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to the leaves of the electroscope while you conceal the object as you
touch it tn the electroscope, ‘

F. A Model for Electricity

a,

Your class may require that you have directed (oral) reading of
rhis activity. Pointing out the importance of the term model
shouid be stressed because there is no one accepted model wirich
explains electricity to the satisfaction of all scientists. 1f

you have creative students, you may want to assiyn special projects
which would involve the writing of other models Ior eieclricity.

A student talented in art may make an enlarged copy of the "fuzzy
cvreature” model for electricity, which could be posted in some
prominent place in your room as a display and for [uture
relerences.

rne Milliken transparency and ditlo sheet #11 Lrom plagnelisu
and Flectricity will help develop a model for electricity.

. Cooducltors and JTnsulators

a.

O
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Students should read paragraphs 1 and 2 only since they will be
doing activities on chemical generation of electricily at a
later date.

vou will need to duplicate Lab. No. 8 from the yathway Series, Workbook,
Physics Book 1, pages 37-40.

Materials: dry cell peany
miniature socket dime
1% voit flashlight bulb  rubber band
3 insulated wires wooden pencil
iron nall plastic comb
paper clip foot of striny

wire cutter and stripper (optional)

17 vour school does not have ceils, bulbs, wire, etc., vou may
Go this activity as a teacher demonstration. Place a singic

~1ight bulb in a circuit using household current. Using a 100

watt bulb will enable studeats in any part of the room to see
whether or not specific materials conducl electriciiv. Be
careful vl anv bare wires if you uge a student as an assistarnt
during the demonstration.’

buring the discussion ol this lab, an lmportant concepl L0 SiTess
is thav iasulation is needed waenever -clectricity is invoived

withi objects that we are likely to touch, flor crxampie, clectrical
appliances. -

-2§=
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H. Making b

During vour GLLCUSELON Ul conducLors and iasutacors, vou shouid
usc Lthe Miliikesn transparency #2 {rom the book ¥lectritily

For the sophisticated student, you probably wiil need to dit-
ferentiate between the terms conduction (as used with charging
objects clectrostatically) and vorduclor, whiich means any sub-

stance which can carry a flow of electrons (electricity).

The Miiliken boow, Mapnetism and Blectricity, has a lransparency
and a ditto master # 10, which should help you on this topic.

v

tectricity Using Chemicals

Read parayraphs 3, &4, 5, and 6 of Pathways in Science - Physics 1,
pages 1i-12. Paragrapas 5 and & will be discussed later but they
are appropriale now.

[T vour school dees not have class quantities of voltmeters or
walvanometors, vou mav be able to get a small Tient bulb to glow.
Another alternative would be to do this experimert as a demon-
atration with students zachered around one (hopefully large)
voltmeter.

During the class disct

cussion vou will find the Milliken transparescy
#3 from the book, Flectricity, to be uselul.

71 vour school has the equipment, vou should demounstraie the prin-
ciples invelved in the operation of thermocouples and Lurbines.
Siress ‘in vour discusslon that only direct current hias been
mentioned thus {ar and that alternating currest will be studied
later. Discuss dry cells at this peint. Milliken iransparency
#4 From the book Electticity will be useful here. Although you
should mot mention the Lerm serics at this point, vou shrou Ld
introduce and discuss the storage batlery as a source ol direct
current . Milliken transparency #5 [rom the book, Electricity,
will aid vour discussion.

1{ von arc very careful, vou might bring to vour claszs an old
aulo hatterv, Charping and discharping, as well as recharging,
should be considered optional topics, dependinp on the

sophistication of your class.

Milliken transparcncs and ditto master #12 trom Mapne’ s and
Electricity will lLelp you explain electrochemistrvy,

wWhen vou do the mi.t-lab using lemons, make sure that cach student
has separate strips cpairs) of metal or thal vou provide a way Lo

Sterilize tne metal strips before tuey are used by wore than ance
srudent.



N
metel strips must
be close enough
together to touch
the tongue =2t

the same time

1.

J.

e TN
“two dissimilar metal strirs
which must be sterilized if
more than one student will
be using them during this
experiment

In a later lab on series circuits, a large number of lemon cclls
conneclted in series mav produce enough current to light a small
bulb. You may want to allow a student (or a teawm of students)
to save these lemon cells and demonstrate this idea when you come

o series circuits.
Magnetism and Electricity

a. Remind students to check the lists of main ideas as they read;
for example, on pages 92, 93, and 94 each has such a list titled,
YOU NOW KNOW. At the completion of the reading, a teacher
Jdemonstration of the concepts shown in figures 91-1 and Y1-2 on
page 91 will make the reading more meaningful.

b. Materials needed for Lab #10, Pathways Workbook, pages 45-48:
switch (single pole if possible)
compass A
dry cell or DC power supply
5 feet of bhell wire
wire cutter and stripper (optional)

Use Milliken transparency #9 from the book Electricity in your
discussion of the magnetic effect of electricity.

Making Electricity from Magnetism

a. 1If your school has a hand operated dynamo, it could be used at the
conciusion of the reading and before starting the next lab.

b. Materials for Lab #3 in Pﬁthwazs Workbook, pages 13-17:
6 feet insulated wire
direction finding compass or galvanometer
bar magnet
6 inch piece of dowel rod (broom stick will work)
string
wire cutter and stripper (optional)

During the discussion, you may want to refer back to Milliken
transparency #3 from Electricity (at top of transparency}) and to
information found in World Book, page 127, Volume 6, 1972, Make

a transparency or duplicate this page for vour students. Borh of
these sources will show the essential diflcreunce between AC and LC

-30-~
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generators. Noie that AC generators have two slip rings while DC
generators have a split ring known as a commutator. Both are the
same in structure and in operation.

K. Review

tach teacher probably has a preference for review. For those who like
crossword puzzles and cryptograms, you may duplicate either or both,
The ¢ryptogram could be used for "slow" students. The crossword
puzzie is more difficult to solve but average students should not have
excessive difficulty with it.

Q 38
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CRYPTOGRAM

Below it a list of words which can be found in the cryptogram, One list word
is not-in the cryptogram. Which oune is it?

\Y A N D [ G R A F 3 G E N E R A T 0 R F v

I’ 3 A M J Jy 0

!
< -
wn

T X |E G R A H C N _|J L

M la le (v JE {17 |1 |s IM {Q ic {z ls |B |J IT |qQ {2z lu |E |c
ot otE (N jL ot e T fo |p 1 {w |rR |c |u |1 {E {y {¢ |L |}

0 N E K Y N E C E C I T A T S N i P 0 C I’

S S A C I L I 0 S M [E B P 0 N T T R L R 0

L jR {T jE lCc |E |T ,D {0 |L |D JL (N |I |E |C (R |O |F jO T

U (@ fo L |1 {c I1 {v ju {K |0 jL [M |T |R JE 10 T |M IN jA

P P R E R Y S T B J R G L |C G R S 0 N I L

B |L {E C T R 0 S T A T I C U Y I C N P L U

=
=
™~
[
(@]
tw}
=
=
(@]

H |C F K {D G D 0 X {1Q [o S

J M T N I R R U C G {E D |J N

-
w

Py R W N

K L B C L N R F D F L C H 0 D T E \Y S T 1

pola dr lo e |r Y §s [ jz g {1 |F |¢ |1 {1 |8 |x |6 |a {m_
direct fur Van de Graff generator maynetic ficld
current electron north friction electrode
clectricity alternating electrolyte attraction plastic rod
caergy induction dynamo repulsion wlass rod
static conduction lightning electrostatic dry cell
insulator silk south . electroscope senerator
conductor wel cell magnetism charge battery
proton electron flow force positive model
negative
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ACROSS

1
9

11
13

14
1o
17
18
24
25
27
24
31
33
34
35
36
37
38

DOWN

10
12
15

rotor driven device which makes large amounts of static electricity

the force of resistance of two objects as they move over or through each
other '
‘s metallic substance which can conduct electricity, &also used Lo plate
other metals to prevent corrosion

a mental picture vhich explains how or why some process works; a scaled
representation of an object

a wenerator oi electricity

to push apart - to force in opposite directions

past Lense of light

abbreviation tor India Iunk

ovey or in contact with

aopposite of north

enlid part of the earth

nesatl ively charped particle found in an atom

to flow, as eleclricity flowing through a wire

a suhstance which coes not conduct electricity and is unsed Lo -protect

us from clectrical shocks when using electrical appliances

battery spelled backwards :
not woving, electricity which is not flowinyg through a conductor

a tvpe of cloth used to cause a positive charge to form on a glass rod
through friction

straight, slender bar made of glass

magnet spelled backwards ‘

.

to make, i.e., a device which makes electricity

a device used to tell the kind of electrostatic charge on an object

“the action of pushing apart of two objects

a device which produces eiectricity uslng chemicals in liquid form

the action of carrving, as electricity beinyg carried throuyh a conducter
puositive particle found in atoms

opposite of south

a push or a pull, mapnerism is an example

the short, thick hair of some animals which can be wade ito a trpe ol cloth
discharye of extremely large amounts of static electricitv i the i aosphere
during stcrms

causing an eicclrosratic charge to form oun an object

the true or real name for "{lashlight bhatter+"

a form ol enccgy = Lie (low of electrons through a conduci ur

an object wirich can carrvy electricity or heat

changing direction as in AC electricity

as a rvesult; therefore .

ihe ability o do work, for example, heat, clectricity

clectricits which JToas in only one Jdivection

(e force associated with the aree around a mu, net

Lhe word chirpgt spelled backwards

-

ey
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CROSSWORD PUZZLE ANSWERS
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UN1T OBJECTIVES

The student should be able to:

10.
11.
12,

13.

18.
19,

20,

list specific ways that electricity is used in our daily lives.
state a simple Jefinition of static and current electiicity.
assemble the materials as directed i1 the lab procedures.

state the laws of magnetic attraction and repulsion.
differentiate between positive and neg;tive electricity using the

terms proton and electron.

describe the effect of a proton and an electron which are adjacent
{near or next to), as within atoms.

describe how to produce either a net positive or a net negative charge
given certain materials.

state the relationship or similarity between electrostatic [orces
and magnetic forces.

demonstrate the laws of electrostatic attraction and repulsion.
demonstrate the charging of an object by friction (rubbing).
state the laws of electrostatic attraction and repulsion.
determine which electrostatic charge is mobile (moveable).

describe the changes in location of electrostatic charges while an
object is being charged by friction (rubbing).

assemble a functional electroscope from provided materials.
place a known charge on an electfoscope.
identlfy the charge on an object whose charge is unknown.

differentiate between charging an electroscope by conduction and by
induction.

describe a model for electricity.

define the terms conductor and insulator in rterms of electricity,

demonstrate the differcnce between a conductor and an insulator aivoen
a power supply, wire, bulb, socket, a conductor and an insulator,



O

ERIC

Aruitoxt provided by Eic:

22,

23.

24,

29,

30.

state a use for conductors and insulators.
assemble a simple wet cell given the proper materials.

attach & voltmeter or galvanometer to the wet cell electrodes and de-
termince a reading indicating an electron flow,

describe changes iu electrodes of a wet cell as il produces a Llow ol
electrons, '

state a model which explains the transfer of chemical energy ‘v electrical
energy.

state a delinition of direct- current electricity.

demonstrate the magnetic effect caused by electricity {flowing through
a wire.

1ist some faclors which affect the strenglh of magnetic fields in-
duced by an eireclric.current,

siven Lhe proper waterials, assemble a simple alternating current
generator that functions.

develop a model which explains why magnetic fields induce clectron
flow in a conductor.

44
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Evaluation

Form for Teachers

Name of wmini-course
! T — !
: : . ! i
L Pvaluat Lod Questions Yes NO Coument i
| | !
! ;
1
i1, Did this unit acdomplish its
! objectives with your students? J
; . |
| !
{
‘ |
L » . |
<2, Did vou add anv ol your own i i
. P . - ! t
. activities? 1( so, please | | |
' iaclude with the return of ; i | 1
+ H : +
f this lorm. !
1 1
! .
' i |
| |
i3, Did wou add anv ilms that |
i sther teachers would {ind
< useiul?  Please wention
) i !
'[ sotrce. i :
4. Were the student instructions ‘
' cleav? !
i i
! {
|
'
5, Was there cnoush information
iv the veacher's section?
i
%
h, Do wvou plan to use this unit
: .o |
! gzain. i X
! i )
i i
; i
i .
7. wWhich dfevel of stadess used this unit?
Ao diow didoron uae thdn o umlt = class, small o scoup, indaeiduady
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SCIENCE MINI-COURSES

PHYSICAL SCIENCE Prepared by
ELECTRICITY: Part 1

{Types of Generation of Electricity) Marvin Blickenstaff
ELECTRICITY: Part 2

(The Control and Measurement of Electricity marvin Blickenstaff
ELECTRICITY: Part 3

(Applications for Electricity) Marvin Blickenstaff
CAN YOU HEAR MY VIBES? .

(A Mini-course on Sound) Charles Buffington
LENSES AND THEIR USES Beverly Stonestreet
WHAT IS IT? _

Identification of an Unknown Chemical Substance Jane Tritt
BIOLOGY

A VERY COMPLEX MOLECULE:

D.N.A. The Substance that Carries Heredity Paul Cook
Controlling the CODE OF LIFE Paul Cook
Paleo Biology — BONES: Clues to Mankind's Past Janet Owens
A Field Study in HUMAN ECOLOGY Janet Owens
Basic Principles of GENETICS Sharon Sheffield
HUMAN GENETICS - Mendel’s Laws Applied to You Sharon Sheffield

SCIEMCE SURVEY

WEATHER Instruments ' Tohn Fradiska
TOPOGRAPHIC Maps John Geist and John Fradiska
CHEMISTRY

WATER Ross Foltz
PHYSICS

PHYSICAL OPTICS - Walt Brilhart
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