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PO-REWORD

The writing of these instructional units represents Phase 11 of our
science curriculum mini-course development. In Phase I, modules were
written that involved the junior high disciplines, life, earth and physical
science. Phase II involves senior high physical science, biology, chemistry,
physics and science survey.

The rationale used in the selection of topics was to identify .-Istructional

areas somewhat difficult to teach and where limited resources exist. Motts
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.

it is anticipated that a teacher could use these modules as a supplement
to a basic curriculum that has already been outlined, or they could almost be
used to make up a total curriculum for the entire year in a couple of
disciplines. It is expected that the approach used by teachers win vary
from school t,o school. Some may wish to use them to individualize instruction,
while others may prefer to use an even-front approach.

Primarily, I 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 Lake
advantage of these aids.

it probably ,;'notild be noted that one of our courses ForlierIv ca[led ttellior
high physical scieLee, has been changed to science survey. The intent hei,Th
to broaden the co' :ent base and use a multi-discipline approach timt involves
the life, earth and physical sciences. lt is recommended that relevanI topics
he identified within this broad domain that- will result in a meaningful,
high interest course for the non-academic student.

ALFRED THACKSTON,
Assistant SOperi.ntendent for inst. ruc; i
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ELECTRICITY: PART I

TYPES AND GENERATION OF ELECTRICITY

Elec'tricity is a form of energy. We know how important electricity

Ls 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 see 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 the two types of elec-

tricity and how each of them is generated (made). It will be easy for you

to remember these two forms of electricity. Static means still, while

current means to flow. Therefore, static
electricity does not move, while

current electricity does move. Can you now tell the meaning of both static

and current electricity?

A. Electricity EVerywhere

OBJECTIVES

The student should be able to:

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

lives.

2. state a simple dcfinition of static and of current elec-

tricity.

ACTIVITY

The teacher will lead 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 teams) to

determine how much you and your classmates know about the many

uses of electricity. Your teacher will tell you how to respond

to this activity if there is no contest.

-1-
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B. Laws of Magnetism

OBJECTIVES

The student should be able to:

3. assemble the materials as directed In the Lab procedures.

4. state the laws of magnetic attraction and repulsion.

ACTIVITY

Lab, Problem 7-2, Magnetism and Electricity, 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,

-2-
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C. Static Electricity and Magnetism

OBJECTIVES

The student should be sill: to:

5. differentiate between the positive and negative eleeLricitv

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 oblectives 5 and

6 before going on to the next objectives. Get r.,ference Sheet

7-2 from your teacher.

OBJECTIVES

The student should be able to:

7. describe how to produce either a net positive or a net

negative charge given the proper materials.

8. state the relationship or similarities becween elect.co-

static forces and magnetic forces.

9. demonstrate the laws of 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.

-3-
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D. Laws of Electrostatics

OBJECTIVES

The student should be able to:

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

11. state the laws uf 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 student 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.

-4-
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E. Building and Using an Electroscope

OBJECTIVES

The student should be able to:

14. assemble a functional electroscope from provided maLerials.

15. place a known charge on an electroscope.

16. identify the charge of an object whose charge is unknown.

17. differentiate between charging an electroscope by conduction

and by induction.

ACTIVITY

Lab Worksheet - Building and Using an Electroscope

Do the folloaing 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 do)

silk cloth
fur or flannel material
sharp pencil (#2 lead pencil)
object whose charge is unknown to

students

Procedures:

cork

4paper
clip

thin
foil

jar or
flask

1. .Bend paper clip at a right angle k inch from the end atter

straightening it.

2. 'Insert the long end of the paper clip through the center

of the cork so that 2
inch extends above the cork. (see

diagram above)

3. Cut a narrow strip of foil ( about k inch by 2 inches)

and fold it in half.

4. Place the folded foil over the bent paper clip as shown

in the diagram.above.

-5-
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5. 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 susre that it is free to spread apart

as shown in the diagram.

6. 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:

If 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.)

7. Touch the paper clip with your finger. What happens to

the foil?

8. Charge a glaSs' rod using the silk cloth as you used the

fur in step 6 and then touch the rod to your electroscope.

What happened to the foil? Why?

9. Touch the paper clip with your finger. What. happened to

the foil? Why?

10. Put a known charge on your electroscope. Then ask your

teacher for an object which has a charge unknown to you.

Without seeing the object and by looking at the foil

in your electroscope, you should be able to tell the

cha:ge 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 electroscope.

Knowing the kind of charge you put on your electroscope

is important.)

11. You have just charged your electroscope by conduction.

Now charge you electroscope by induction as '.:olIows:

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 pl.nsric

rod. What did the foil do? Why?

-6-
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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 11-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 electrostatic 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.

1 4
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F. A Model for Electricity

OBJECTIVE

The student should be able to:.

18. describe a model for electricity.

ACTIVITIES

a. Read and study Chapter 15, Forming a Model for Electricity,

Silver 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.

15

-8-



1,5

"4 re J.
oiiffing or Euruci y

Whenever an elevator goe:: up, a doorbell rings, a toast.er heats,
ti ts, i 1.1.0b 11141it, a radio plays, or a buzz saw cuts,

electricity is pri..sent. You _lay not be able to see it, smell it, or
laste it. But you know t electricity is there because of the
things that it does.

Bui what is electricity :i.:yway? What is it that passes along
wires between batteries ant.; bulbs? What is it that. flows from a
charger to a battery?

lot things in this world are hard to define. Asking "What is
electricity?" is like askin..; "What is a sehool?" You could de-
scribe the things that happen in a school., but your description
would probably be quite (ht.:ex-Tilt from that-of a teacher, and
iteill,ev ..,ould be like tL;t of a janitor (and all the dc:....cription:::
could be "right").

Suppose you wanted somebody to know what your school looks
like. You could show him different kinds of "models" of your
school. See Figure 15-1,

9-

PHOTOGRAPH



Each 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 aletter. The floor plan would be the most useful for directing
strangers to your classroom. To choose between these models,
youmust 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 needed to know. You would probably confusehim, too. You could also describe electricity this way by listing
every observation about it that anybody has ever made. Then,to find out what would happen in a particular situation, you couldjust look at the list. The trouble is that this list would take awhole library. And it would take a very good index, indeed, to
find what you wanted to know.

A bolter way to understand electricity is to make a model. Themodel does not have to be something physical like a photographor a floor plan. It can be a "mental model" -- a thought descrip-
tion. -Making a mental model for electricity is simply thinking ofsome 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 electricitymust allow you to predict things that you haven't even seen yet.

But what if the model you think of is not true? Would this makeit a peor one? This depends upon What you mean by "true." If
you mean that the model does not agree with your observations,
then it is, indeed, a poor one. (If you don't see why, read the
characteristics of a:pod model again.) If you meanianything else,
then the question is not a goodone because you have nothing exceptobservatiom to go by. In other words, several models for elec-tricity can be "true" even though they are quite different.

All three models of the school were "true" because they all ex-plained a set of observations. In the same way, there could be(and are) other models for electricity than the one you will learnabout here.

Your taA in this chapter, then, is to think through one possible
model for electricity and become familiar with it. This model

- 10-
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bc extremely important in vei, later worl.., so be sure that
you understftild it thoroughly, it* ::11nething it-; not clear, ask
.questions!

/ Think biek for a MoIllyrt t.) work with the electric motor,
yul; the :fl.tt.1! ra:t tible to do work on a sinker

onl. unt:,r 'Two of these conditions were:

1) that tb,! d 10 1)c (70:11:c.ci.cd into a yomplete circuit
with you- battery, and
that the battery had t., bc full:. charged when the motor was
comiecte6 lo it_

In the larrit:Ile of ,,,yst ems anal)-lis, you concluded that the
school power .-supply (the outlet v..as the energy,supplier for
the char:,..er. T:te cliar!er suppliec; ,,H,rgy to the battery, and the
battery supnii...-1 enerLf,y to the rnou.)e. But how did energy travel
between tlic:;e !:ystein:t? This is the question that your model
niust answiu. rirst.

Let's begin by imaginin::: that your hattery contains millions of
tiny particlet called "ileetro-partieles." Thinking this way may
bother you -at first. Nu nyAtter ho^ hard you look, you won't see
tiny such p;ir1ic.1(2s. Don't. let this worry you though; remember
that in building a model you are not limited to describing only
wh.,t you onn see.

Ilow can imagining that there aro k.lectro-partieles in your bat-
fxplain-hov. energy travels f rom it to the motor? It can't,

tillie:-ts the eh.:ctro-parti( les can somehow act as cnergy carriers.
.tllo'y thi.ic this that we must as.-anne that electro-

pailicle:; ean:

1) he giv t: enerw.,
2) move from /flue,. to place, zui
3) givc

The:te tit.tlimplions lead lo si,.;ple explanation or iloW 01.1,ctri-
1 -rier%.,..tr...,els. t4'iis pick up energy in the

C.1!". %. thrlYHHi and pass it MI to the motor,
forth. (In onr sketches, the electro-

1,,,H;(1,., triiry rhe ;i:i.ze of cac.h
hft nuich it has.)

/ .

cur /
11.

18



But where do the electro-particle!: that co!n: Low 1:attery

get their energy? You know that the battery cannot suppl en,:rgy

unless it is charged. With this in mind, it k; issume

that charging gives the particles their energy.

Figure 15-2

Figure 15-2 illustrates what your model say.:, in:- -11..:.:in8

process. Notice that low-energy particles in 0, b;:ttor,; re-

placed by high-energy particles from the charR.er.

your battevy cannot be charged unle:::;; two lea:IF

charger. To build this into your model, you r.:an . ;

lead forms the path for high-energy eil'ctro-par; ;Thm

the charger. The low-energy partiel6:-; being rcal te;n1 ;!ic-

battery through the other lead.

-12-
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Notice that the high-energy particles flow into the battery
through one terminal. I,et's call this the "high-energy terminal."

0le terminal through which the low-energy electro-particles
ave can be called the "low-energy terminal."

Yrn,t aul(H1 -eyounis for what (40es on as a battery is charged.
Next 011 neek, look tooro eacei'ully at how Jour imaginary
electro-partieles (..an net as (mergy carriers. To do this, you
must make i-mine more ansumptions, this time about how eleetro-
particles behave, You must assume:

1) that high-energy eleetro-particles can and will move through
certain materials (like copper wire) as soon as a complete
pathway is provided, and

that whenever they p:iss through such a circuit, electro-
particles always lose all their extra energy. (See below.)

Figure 15-3



Suppose you connected tiw terminals of your charged hattery
together with a wire through which electro-particles could pass
(E"igure 15-4).

Based on the assumptions you have made about the behavior or
elcetro-particles certain things should happen at the numbered
phces in the eircuit shown in Figure 15-4.

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

fo. 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 4?

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

15-5. What do the wavyarrows between points 2 and 3 represunt?
(Hint: What did you find when you felt the nichrorne wire? See
page 14-4.)

- 14-
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ii you understand the model, Questions 15-1 through 15-5 should
h:tve been fairly easy. complete circuit betwe'en the two termi-
n:11:4 forms a path for the electro-particles to follow. This allows
th high-energy electro-partieles to move from the high-energy
terminal toward the low-energy terminal. The movement of

iH.1.0-pa rtiel s e(,nti,nics until all the high-energy particles have
ft the hi oh-energy terminal. The high-energy electro-partiel es

ap their extra energ as they pass through the wire. Most of
tlit cnce;,...; given off as heM (wavy lines in Figur:.: 15-4).

)) you :ilippose that something has to move through the wire to
earl y energy from one end to the other? Could the energy be sent
along the :vire in sonic other way? Take a look at Excursion.15-1,
totion Without Moving.

.Now, supp:isb you cbnnected a bulb and a switch to your charged
tvitter.,; (1--iire 15-5). Suppose that you also placed a small corn-
pas:. over. the wire.

BATTER?

t-tiovT tA.1

1-4EWEATH CoMF'ASS
IT LANCS. LIP

Figure 15-5

LIGHT

v, hat do y9uprediet would happen if the switch were closed?

I ftiok up the eircuit shown and find out what actually does happen.

kk hat happens to the hulb?

-15-
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CD 15-8. What happens to the rompass needle?

This ;iitivity and your earlier e.,:otrienee t tile
tna:tnut should suggest. one final assumption ahoot ett
YOU must a:.isinne that eleetro-partieles passinp; :vire
cause it to act like a magnet. (Sec Figure 15-6.) \ ou must
make the assumption that the more cleetro-partielt-: that inov:::
through a wire in a certain time the greater the effect.

7.)

(c..!

SI G
IRON G

BATTERY

f.3.,{51-1,-

4-

STI2oNG 14,6
MAGNETIC EFFECT CII*\).

Figure 15-6

irs t.t. tAMAK
DATT r": Y

WM-/Atl<
MAGNETIC. Et2FC-1-

This completes your 'model for electricity.

Do eleetro-particles really have three legs and fu./.1:" The oni
shown for your model do! Add a leg to them or slinvr..inem :)ff
you like. But don't take the loads of eneru off their Whot
the cleetro-particles look like is not at important to mo(1G1.
They are drawn this way to remind you that they ;Ire pact or
model. (If you know about tdectrons, don't. confuse -le-t ro-partl-
cies with electrons. Electrons are part of another LI! )

By now, you may think that the elect:I-a-particle
.and completely explains what electricity is and ht.haves.
As you go on, you may believe this even more. The inodel
allow you to account for many new obst.::vations. 1)L.:;pite its

-16-
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wiefullite:s, however, this model cannot answer many questions.
:unle of these are:

1) Bow.can electro-particles pass throui.2,h the solid wire?
2) llos.,'does the !"low of cle.Aro-part;cles cause a wire to act

like a .magnet?
3 llo.e does an electro-pay.ticle actu7..ily carry energy?

Because your modol does not ans\,e' td thc.k.:.;e and other
questions does nol n,..in that it not a .7ooti model. If you could
give such a perfect descrip::;;I. you xould not need a rdodel.
Since tlle model does explain obsei. eations, however, it is a
good one for j:our pui

You may hav6 learn,:.d by e..:perience triu.t it is better to buy a
string of Christmas tree bulb:; i.hat is connected in a parallel
circuit. If .one bulb burns out, they don't :di go out. 13ut do you
know whether the bulbs in a n.tiaile Cii it ,.vould burn brighter
than those in a series circuit? Look at I5-2 for the answer.
You will al-so find there one of th, reasons your hairy eleetro-
particle model is not a perfect explanation of electricity..



G. Conductors and Insulators

OBJECTIVES

The student should be able to:

19. define the terms -conduCtbrand insulator in terms of
electricity.

20. demonstrate the difference between a conductor and an
insulator given a ver 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 - Physics 1.

b. Do Lab Problem No. 8, Through Which Materials Can Electricity
Flow?, pages 37-40, in Laboratory Workbook for Pathwaysin
Science. Your teacher will tell you how to collect and
record your data and in what form to make your lab report.

-18-
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H. Making Electricity Using Chemicals

OBJECTIVES

The student should be able to:

22. assemble a simple wet cell given the proper material:).

23. attach a voltmeter or galvanometer to the wet ce.11 electrodes
and determine a reading indicating an electron flow.

24. describe changes in electrodes of a wet cell as it produr:es
an electron flow.

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

ACTIVITIES

a. Read and study pages 11-12, Pathways in Science - Physics I.

b. Do Lab Problem No. 6, How Can You Make Electricity 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.

c. Bring lemons from home (one per team w,'.1 be enovgh or you
may bring your awn). 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 ½ inch x 2 inches) close enough together for a person
to touch their tongue to both pieces at the same time. W1,at

do you 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.

d. 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.
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I. Magnetism and Electricity

OBJECTIVES

The student should be able to:

27. demonstrate the magnetic effect caused by electricity flowing

through a conductor (wire).

28. list 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 Pathwaysin Science -

,
Physics 1, pageL; 45-48. Your teacher will tell you how to

record 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 Problem No. 3, How Can Magnetism Make Electricity?,

in Laboratory Workbook
for Pathways in Science - Physics 1.

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

lab report.
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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.
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SECT.i:ON

Each sec',:iot of this mini-coarse is Uesi;,-med to be completed in one clas

peciod, dependin on the ability ar,d motivation of your studentc. You should

duplicate all materials before starting the mini-course. Another suggestion

would be to make sure Chat you have all materials availablc HT- the entire

unit because each section should he do:le in sequence. Part Tl oC this mini-

cw-se om :.iceLricilv uses essentially the same resources but the lab equipment

is more sophisticated.

Electricity Everywnere

Use your ingenuity in development of the two obecLiyes of this

activity. Some stigentions regarding a contest which you might hold

to generate interest are: (1) Nave each student. list as many specific

lexamnles liAh: bulb, radio, TV, etc.) as he/she can a

specH.;ed time; i:) Choose i-wo or. more teams (each with a recorder)

And hold competi:(on .w:ween t._eams: 0) Work aMlinst 'Ito clock;

det.I.:rmi-:e mar:v uses of electricity can be listo(., by

cut:inf.: class on th( C6alkboard. Repeat this process using the same

time iterval and compare tne number ot new USOS not on the original

]ist; (4) Peques:- each member of the ciass lo mention a specific

use of electricity ox You around" the room. Keep a 1.st on the

,halkboard. Allow onl.'; a certain number of seconds for each st-udent

to respond. Counting the time needed to write the responses on the

board. Len seconds or less should be plenty of time for most students.

These last two techniques provide an oppouLunitv for :urlher dif;cussion

since a composite list will he available for all to see, You may need

to repeat 80Mc these exercises if a particular class is "slow" to

think oI d.c myraid of uses for electricity. You may even challenge

a particular class to find an activity t.hat is in no way connected with

clectricitv. (This may sound easy but it is not easy to find activities

that cannot be affected by electricity in anyway.)

Mould von clioose Lo have a contest, the students i)e instructed

as to how and where to make their lists. Certainly some discussion wiii

result concernin Lhe difficulty of finding daily aCt:ivities which do

involve electricity.

Laws of Nagnetism

if voor stode,lic; .iemce.strate that: they ar(..adv k.lw 1hc

LIti.rqctlor and repulsion, you may omit this section.

wIll c.eed (II:Hie::e this Lab which is Problem 7-," in

(7.ambri,d;i.e, pay,e 197. 14! sure iha:_ t matericii you

prevlue you.: st.ndeg:s are similar in those listed in Ike i

no; the same, :,;ive an explanation for those items substituted.
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MaLcrials; 2 bar nid6oets

thread
support (ring stand and ring works well)

C. Static Electricity and Magnetism

You will need to duplicate Reference Sheet 7-2 trom Mavnetis:0 n!rd

Electricity, Cambridge, pages 206-207. The reading level of any

particular class may dictate that supervised (oral) reading be used

with this activity. You may need to review the model of atoms and

explain "a little" about electron spin.

Transparency v5 of the Milliken book will help.you explain the

electron !,pil; :.hcorv of magnetism in rather simple lam;ual.;e. There

is also a ditto master with the transparency mentioned above. Both

are in the book titled Magnetism and Electricity.

You will also have to duplicate the Lab, Problem Sheet 7-5, from

:iignetism and Electricity, Cambridge, pages 20(3-209.

Materials; tissue paper
piece of wool cloth
plastic or rubber rod
glz;ss rod (test tube will work)

piece of silk cloth

During the discussion of this lab, you may find Transparency #1 of

the Milliken book, Electricity, very helpful. You may want to dis-

cuss the placement of electrostatic charges by friction but do not

draw anv conclusions since this will be the subject of another

investigation.

As an optional activity, the teacher may present an impressive

demonstration using a Van de Graff generator at this point or at the

conclusion of the next activity.

Unless you are extremely familiar with and Feel t:ecore in the operation

of a Van de Graff generator, do not undertake this activity. Sec pages

)02-50 in Soorcebook for Physical Sciences, Harcourt, Brace, and

iovanovich, For some ideas and techniques for using a Van do Graff

generator. airections for constructing a Van de Graff generator are

given in the event that your school does not have access to Uric.

Below is some additional information concerning demonstrations using

Lite Van de Graff generator.

Demonstrare a Van de C;raff Generator

I. hoc ur(.2 a Van de Graff eneratc,r. nt a motz;1

E'ci wire lea6ing to a water l'auce: or oi_ilec F,00d rok

dischar6e the generator. Provide Lhe ball used ;c
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the generator with st least a two-toot
dry wood handle such as a broom stick
or plastic rod, in order to enable you

to manipulate the ball without ,-eeeiving
shock.

Operate the generator and nottel, the

spark as you discharge it through
metai bail. Instead of a round ball,
attach 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 is drained off
continuously tLrough a pointed metal
object and demonstrates the function

of a _lightning rod.

3. Attach tissue paper streamers to the
metal ball to resemble hair. Note

how the paper streamers stand away
from each ocher showing the behavior
of objects having like charges.

4. Move close to the ball without touching

any grounded object and without getting
quite close enough to draw a spark.
Now step away and hold a faucet or

radiator. You should hear a spark.
You may be able to cause a neon tube

to flash. Your body h...becomc
charged by the generator, either
drawing electrons onto your body
leaving you with a negative charge,
or driving electrons from vou leavin

vour body with a positive charge. The

ball of the generator may be charged
either positively or negatively
depending on the constructLon. Thus

when you approach the radiator,
electrons jump either to you or from

you.

You ca.1 demonstrate how charged particles
are accelerated by the Van do Graff

generator by charging a proof plate (round

dit,c with insulated handle) opposite to

Lhni of the generator bail. Drop pith

balis ontu the plate as you hold it with the

plate facing the ceiling. Now approach

-25-

3 2



the ball of the Van de Graff generator from below w.:th the

pith balls on thc proof plate. The pith bail should hop

to the ball as a result of the opposite charge attracting

them.

Attach one proof plate with a wire to large bail ol the

Van de Graff. Attach a wire to a second plate lo a y5ood

.,-rnund. Place some pith balls on one proof plate wi(h

plate tactng the ceiling. Approach the first prool plate

with the second proof plate from ab6ve with the second plate

facing downward. The pith balls should be First attracted

as a re.valt of an opposite charge and then repelled downward

as a like charge accumulates. The pith balls should continue

to move back and forth as long as the generator is operating

and you keep yourself insulated from the system by the use

of the insulating handles of the proof plates.

D. Laws of Electrostatics

You will need to duplicate Problem Sheet 7-6, Magnetism and Electricity,

Cambridge, pages 210-211.

Materials: 1 support (ring and ring stand)
plastic coated wire (bent in the shape of a stirrup)

9 thread (about a foot long)
plastic rods

2 glass rods (test tubes will work)
1 wool cloth
1 silk cloth

You will need to duplicate Worksheet 7-2 from Magnetism and E1eclricily,

Cambridge, pages 212-213.

To help you review the laws of electrostatics with your class, use

Transparencies #5 and #9 from the Milliken hook, Magnetism and Elec-

tricity. Ditto masters are also provided with these transparencies.

As a part of your discussion (Y.: this lab and worksheet you may do the

followin;; demonstration. Have a student blow up a balloon and lie it

so that it remains inflated. Then have student rub the inflated

balloon several times across his/her hair. Now ask the student to hold

the balloon against a wall where the entire class can see it. Ask the

class to explain why the balloon remains "attached" to the wail. An

acceptable answer appears on the Following page in diagram form.

3 3
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before contact

neutral or
no net charge
on the wall

after contact

'')net negative
_1

marge on the

s

balloon's
urface +

net positive T.

charge is
induced on
the wall -

+

net negative
charge remsiml
on balloon after
contact with
the wall

wall

On contact with the wall, the net negative charge on the balloon repels

some of the negative charges into the ground. This produces a net

positive charge in the wall at the point of contact with the negatively

charged balloon. The net negative charge on the balloon and the net

positive charge in the wall cause an electrostatic attraction which is

great enough to support the weight of the balloon. This demonstration

does not work well if the humidinr is high. Ask your class to explain

what_ part humidity plays. You may want to try this experiment before

your students arrive. In fact, you should always try your experiments

before asking your students to do them. It will save you from many

embarrassing moments if you do.

1. Building and Using an Electroscope

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

foil

glass rod
plastic rod
silk cloth
fur or flannel material
sharp pencil (12 lead

pencil)
objec:: whose charge is

unknown to students

If your school has commercial electroscopes, you may decide lo omit !hn .

first five steps in this lab. When students have di. I I cu I it. gettig

the leaves (foil) of their electroscopes Lo move, check Oe eifeetiyeneaa

of the rods and other materials. If the humidity is extremelv high, you

may have to postpone this lab. IF the Coil you have available is very

thick, you probably will have to Fold ard unfold it many times. When

you present the oect of unknown charge to your aludenta, have :he

student turn his/her back while you charge the object. ho 1,ot allow

the student to see the object since they may be able to pred;ct wl)ai

charge a given material mav have. Allow the :tudert to ace what happen:,

-27-
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to the leaves of the electroscope while you conceal the ob;cc as vou

touch it to the electroscope.

F. A Model for Electricity

a.

Your class may require that you have directed (oral) reading of

this activity. Pointing out the importance of the term model

should be stressed because there is no one accepted model which

explains electricity to the satisfaction of all scientists. If

you have creative students, you may want to assign special projects

which would involve the writing of other models ior electricity.

A student talented in art may make' an enlarged copy of the "fuzzy

cceature" model for electricity, which could be pouted in some

prominent place in your room as a display and for future

references.

The Milliken transparency and ditto sheet ;,fll. from Magnetism

and Electricity will help develop a model for electricity.

G. Conductors and insulators

a. Students should read paragraphs 1 and 2 only since they will be

doing activities on chemical generation of electricity aL a

Later date.

b. You will need to duplicate Lab. No. 8 from the l!athway Series, Workbook,

Physics 5ook 1, pages 37-40.

Materials: dry cell penny

miniature socket dime

12i volt flashlight bulb rubber band

3 insulated'wires wooden pencil

iron nail plastic comb

paper clip foot of string

wire cutter and stripper (optional)

your school does not have cells, bulbs, wire, etc., you may

do this activity as a teacher demonstration. Place a single

light bulb in a circuit using household current. Using a 100

watt bulb will enable students in any part of the room Lo see

whether or not specific materials conduct electricity. Bo

careful f any :-)are wires if you use a student as an assistant

during the demonstration.'

During the discussion of this lah, an important concept 10 stress

char ilsulation is needed whenever .electricity I inv1.4ved

wi.th obeeLs chat we are likely to touch, for example, eiecirical

appliances.
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Durin:a., your dl:xussion al conducLorz; aud insulac.ora, yoo should

use the Milliken transparency #2 from the book Zlect.zieitr.

For the sophisticated student, you probably will need to dif-

ferentiate between the terms conduction (as used with charging
objects electrostatically) and conductor, which means any sub-

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

The Milliken book, Magnetism and Electricity, has a transparency
and a ditto master 0 10, which should help you on this topic.

H. Making Electricity Using Chemicals

a. Read paragraphs 3, 4, 5, and 6 of Pathways in Science - Physics 1,

pages 11-12. Paragraphs 5 and 6 will be discussed later but they

are appropriate now.

b. Li your school does not have class quantities of voltmeters or

galvanometers, you may be able to get a small light bulb to glow.

Another alternative would be to do this experiment as a demon-

stration with students gaLhered around one (hopefully large)

voltmeter.

During the class discussion you will find the Milliken transparency

#3 from the hook, Electricity, to be useful.

It your schobi ha:-; the equipment, you should demonslrate the prin-

ciples involved in the operation of thermocouples and turbines.

Stress.in Your discussion that only direct current has been

mentioned thus far and that alternating current will bc studied

later. Disc!iss dry cells'aL this pc,int. Milliken zransparency

from the book Electricity will be useful here. Although you

should not: mention Cie term series at this point, you should

introduce and discuss the storage battery as a source of direct

current. Milliken transparency #5 irom the book, Electricity,

will aidyour discussion.

von are very careful, you might, bring to your clas an old

auto hatterv. Charging and dischargin, as well as recharin,

should be considered optional topics, depending on the

sophistication of your class.

Milliken transparency and ditto master 412 irom Mane'ism and

Electricity will help you explain electrochemistry.

c. When you do the mi-i-Lab usini; lemons, make sure Hal each sl_udent

bas separate stripn metal or that you pruvi.le wav LU

er:Lize the metal scrips before Lucy are used by more than one

srudent.
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4-etal strips must
be close enough
topether to touch
the tongue at
the stime time

J.

/two dissimilar metal strips
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 oC lemon cells
connected in series may produce enough current to light a smail
bulb. You may want to allow a student (or a team of students)
to save these lemon cells and demonstrate this idea when you come
to 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
demonstration of the concepts shown in figures 91-1 and 91-2 on
page 91 will make the reading more meaningful.

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

Use Milliken transparency P9 from the book Electricity in Nour
discussion of the magnetic effect of electricity.

45-48:

Making Electricity from Magnetism

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

b. Materials for. Lab #3 in Pathways 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 your students. Both of
these sources will show the essential difference between AC and De
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generators. Note 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

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

Below i a list of words which can be found in the cryptogram. One list word

is not.in the cryptogram. Which one is it?

V A D ". ,RAFFGE N E P A T 0 : F V

B L T Y F
I

I H T R 0 N V E V I TA E N W
4-

CT V N G N T W K I S W X M T N D C C N

D E W A HDUPXT N W V Y L R 0

'RXMJUO L YSTX E C R A H C N

' 0 K C S A Z R H Y T Z K C P B

Ii A C N E T I S M Q C Z S B J T Q Z LI E

H L 1 P T 0 P I W R C H I E Y C

N I N 0 M 0 4 I D E L E C T R 0 L Y !; R

0NER Y N E C E C I T A N ' P 0 C V

, N R T R

S S A C I L I 0 S M E , P 0 N T T K , R

E C E T D 0 L D L N I C R 0 F 0 T

ii Q 0 L I. C I V U K OJL T R E 0 -MN A

3 R E R 'I S T B J R C L C C ' 0 N F L

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

N Z D C D P R C H C F K D C D 0 X Q 0 s

M T N E R R U C G E D J N r S P.W RWN
K I. B C L N R F D F LC H OD T '. V S T

A 1 E R Y S DL!EI F , I T R N G A M

direct fur Van de Graff generator magnetic field

current electron north friction electrode
electricity alternating electrolyte attraction plasLic rod
energy induction dynamo repulsion glass rod

static conduction lightning electrostatic dry cell

Insulator silk south electroscope gc.neraLor

conductor wet_ cell magnetism charge batLery

proLon electron flow force positive
negative

model
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ACROSS

1 ixtor driven device which makes large amounts of static electricity

9 the force of resistance of two objects as they move over or through each

other

11 a metallic substance which can conduct electricity, also used Lo plate

other metals to prevent corrosion

13 a mental picture rhich explains how or why some process works; a scaled

representation of an object

14 a generator of electricity

16 to push apart - to force in opposite directions

17 past tense of light

18 abbreviation for India Ink

24 over or in contact with
25 opposite of north

27 solid part of. Hie earth

29 negatively charged particle found in an atom

31 to flow, as electricity flowing through a wire

33 a suhsiance which 6oes not conduct electricity and is i.ed to-protect

us From electri.cal shocks when using electrical appliances

34 battery spelled backwards
35 not moving, electricity which is not flowing throu6h a conductor

36 a type of cloth used to cause a positive charge to form on a glass rod

through friction
37 straight, slender bar made of glass

38 magnet spelled backwards

DOWN

to make, i.e., a device which makes electricity
a device used to tell the kind of electrostatic charge on an object

4 'the action .1- pushing apart of two objects
5 a device which produces electricity using chemicals in liquid form

the action of carrying, as electricity being.carried through a coAuctor

7 positive particle round in atoms

8 opposite of south

10 a pusn or a pull, magnetism is an example

12 the short., thick hair of some animals which can he made i:to n 01 cloth

15 discharge of extremely large amounts of static electricity i ,u.!losphere

during storms
19 causing an etectrostatic charge to form on an object

20 the true or re81 7,dme for "flashlight battery"

2.1 a Form ot energy - LJe ClOW of electrons t:Itrough a conductor

2? an ohlecr whi.cn can carry electricity or heat

changing directiot: as in AC electricity

as a ro!4ttit; therefore
2f, ihe ability o do work, For example, heat, eiectricitv

f.lectricitv which iv, only one direction

lu (Hu C(o7ce nocint.A...d with the area around a m,net

)2 die word chzfro2 spelled !)ackwards
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CROSSWORD PUZZLE ANSWERS

FIFIG E NIEF-IRA1T1OHR;1

1, I IL 1 _1_ .

L

1,\
i

I t

1 I

i .....
T;I N :R; ini I

1 L 1

CI D YI.NLIA1M 01I ; :

i----1
I

I

E u T 0!
I

_
I

L1 C 10; L;i___i
I

,
1

, 1 ,il T,
r----

1 -I I D;
I-7 ----I1.----,

0 N ILL.;,;

4
,

: LA N i 1-J

0-
----

'T1

0 0

E L EC T R

RI

;0

EikiE I,

so
0 N

T

. .

,...._r_4_________L___4'C C,

1---1
, I

: h C:ijihR E,N,T Ei
t 4

L. ,R 0

I 1 c L I 4
rp o Ai

_
1

HA , 0 I

: !

I

T 1 N I hi

l'Ti A T._ I CliI

G L S Hi

VI 1

;

A rn;

r
u

0

E T!TIALEH

4 2

- 3 5 -



UN1T OBJECTIVES

The student should be able to:

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

2. state a simple definition of static and current elect:Acity.

3. assemble the materials as directed il the lab procedures.

4. state the laws of magnetic attraction and repulsion.

5. differentiate between 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.

7. describe how to produce either a net positive or a net negative ch:irge

given certain materials.

8. state the relationship or similarity between electrostatic forces

and magnetic forces.

9. demonstrate the laws of electrostatic attraction and repulsion.

10. demonstrate 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).

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

14. assemble a functional electroscope from provided materials.

15. place a known charge on an electroscope.

16. Identify the charge on an object whose charge is unknown.

17. differentiate between charging an electroscope by conduction and by

induction.

18. describe a model for electricity.

19. define the terms conductor and insulator in terms ol elecIrLni1v.

20. demonstrate the difference between a conductor and an insufal,,r !,iven
a power supply, wire, bulb, socket, a conductor and an insnlafou.
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21, state a use for conductors and insulators.

22, assemble a simple wet cell given the proper materials,

23, attach a voltmeter or galvanometer to the wet cell electrodes and de-

termine a reading indicating an electron flow,

24, describe changes in electrodes of a wet cell as iL produces a flow of

electrons,

25, state a model which explains the transfer of chemical energy :o electrical

energy.

96, state a definition of direct.current electricity,

27, demonstrate the magnetic effect caused by electricity flowing through

a wire.

28. list some factors which aff6ct the strength of magnetic fields in-

duced by an eiectric.current,

29. given Lhe proper materials, assemble a simple alternating current

,Jenerator that functions.

30. develop a model which explains why magnetic fields induce electron

flow in a conductor.
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Winstoh, 1972, ChapLer 10, pp. 268-304
VI217Sc., IIol , id

i',-Pai:iwav!i in i';:ysic:3 1, (lext), Globe hook Company, 19(,,

f, ;I, III, pp. 1-122
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*Pathways in Science Physics 1, (lab book), Globe Book Company, 1966,

Labg 3, 6, 8, and 10

Energy. It's Forms and Changes, Harcourt, Brace, and Joyanovich, 1972,
Chapters 11-13

basic Physical Science, Singer, 1964, pp. 418-430

*Physical Science, (text), Cambridge Book Company, 1971, pp. 206-224

World Book Encyclopedia, 1972, Volume 6

*Electricity, (transparency book), Milliken Publishing Company, 1969

*Magnetism and Electricity, (transparency book), Milliken Publishing Co., 1969

Exploring Physical Science, Allyn and Bacon, Inc., 1970, Chapters 10-13,
pages 273-432
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Name of mini-course

Evaluation Form for Teachers

livaluat tlest i ons 1.es No

1. Did this unii acComplish its
objectives with your students?

9. Did vou add any ot your own
activities? If so, please
incLude with the return of
ihis form.

3. Did vou add any lilms that
,)ther Leacherh would find

useful? Please meution

source.

Were the student instructions
clear?

Was thvve eloncji information
the reacher's section?

o. Do you filar; to use this unit

again:

7. ic,c.,e1 of ';'..11(1c2.;' x,rd ;Hi uni

did -nol ' class, small ;1-otip, !,(11Hlin:117

4 7



SCIENCE MINI- COURSES

PHYSICAL SCIENCE

ELECTRICITY: Part 1
(Types of Generation of Electricity)

ELECTRICITY: Part 2
(The Control and Measurement of Elentricit

ELECTRICITY: Part 3
(Applications for Electricity)

CAN YOU HEAR MY VIBES?
(A Mini-course on Sound)

LENSES AND THEIR USES

WHAT IS IT?
Identification of an Unknown Chemical Substance

BIOLOGY

A VERY COMPLEX MOLECULE:
D.N.A. The Substance that Carries Heredity

Controlling the CODE OF LIFE

Paleo Biology BONES: Clues to Mankind's Past

A Field Study in HUMAN ECOLOGY

Basic Principles of GENETICS

HUMAN GENETICS Mendel's Laws Applied to You

SCIEKE SURVEY

WEATHER Instruments

TOPOGRAPHIC Maps

CHEMISTRY

WATER

PHYSICS

PHYSICAL OPTICS

48

Prepared by

Marvin Blickenstaff

Marvin Blickenstaff

Marvin Blickenstaff

Charles Buffington

Beverly Stonestreet

Jane Tritt

Paul Cook

Paul Cook

Janet Owens

Janet Owens

Sharon Sheffield

Sharon Sheffield

John Fradiska

John Geist and John Fradiska

Ross Foltz

Walt Brilhart


