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FOREWORD

The writing of these instructional units represents Phase 11 of our
science curriculum mini-course development. 1In 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 instructional
areas somewhat difficult to teach and where limited resources exist. Efforts
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 vear in a couple of
disciplines. 1t is expected that the approach used by teachers will vary
from school to 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 take
advantage of these aids.

It probably siiwuld be noted that one of our courses formerly called senijor
high physical science, has been changed to science survey. The intent being
to broaden the content base and use a multi-discipline approach that involves
the 1life, earth and physical sciences. It is recommended that relevant topics
be identified within this broad domain that will result in a meaningful,
high interest course for the non-academic student.

ALFRED THACKSTON. JR.
Assistant Superintendent for Tnstruction
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- ELECTRICITY: PART II

THE CONTROL AND MEASUREMENT OF ELECTRICITY

You probably already know that every material thing is basically
electrical. All material objects are made of atoms. All atoms contain
electrons. Electrons can be stored or set into motion. In either case,

stored or moving, we have electricity when we can control and measure
electrons.

In this mini-course you will be learning how we control and measurc
the flow of electrons. We will be investigating such things as switches
and circuits, and the instruments which measure the electricity as it
passes through these switches and circuits.

A. Properties of an Electric Circuit s

OBJECTIVES
The student will be able to:

1. assemble a simple circuit given a power sourcu, swilch,
conductor, and a means of determining electric currecnt
flow.

2., define and demonstrate an open and a closed circuit.

3. determine whether or not a current is flowing in a
circuit, given the proper materials.

ACTIVITY

Do Lab Problem Sheet 7-7, Magnetism ¢ Electricity, Cambridgce
Company, pp. 216-218. Get Problem Siecet 7-7 from your tcacher.
When dcing this lab, and nearly all other labs involviug
electricity, do noc keep circuits closed for more chan a {ow
seconds - just long enough for you to make the specific
observation related to your investigation.




B. Two Types of Circuits - Series and Parallel
“OBJECTIVES
The student will be able to:

4. given the proper materials, assemble a series and a
parallel circuit.

5. state a difference in the physical appearance of a
series circuit and of a parallel circuit.

ACTIVITIES

Lab: Two Types of Circuits - Series and Parallel

Materials

dry cells (with terminals or holders)
knife switches
6 flashlight bulbs and sockets «E} means bulb)

hook up - bell wire
2

ro o

J O I
® ® @
—S— '
Serles Parallel
Procedures:

1. Read Chapter 4, Book 1, The Series Circuit, Pathways
In Science, pp. 18-20 (stop at paragraph #4)

2. Read Chapter 5, Book 1, Parallel Circuits, Pathways
In Science, pp. 24-27 (stop at paragraph #6)

3. - Set up a seriles circuit as shown in the diagram,
page 26. Do not close switch.

4. Set up a parallel circuit as shown in the above
diagram. Do not close switch.

5. When you have completed steps 1-4 above, ask your
teacher to approve your set=-up.

6. While vour teacher watches, close both switches at
the same time for several seconds. What do vou sece
different in the bulbs when the circuits are closed?

Note: 1If possible, keep your set-ups just as they are
for later use. If you are not able to do this, be surc
you remember how you make your set-up because you will
be using it again.

-2-

9




Interpretations:

How do you think parallel circuits got their name?

2. Why do we call series circuits by that name?

3. List any advantages of the series circuit over the
parallel circuit.

4.. List any advantages of the parallel circuit over
the series circuit .

5. Although you have not used a meter to measyre the
amount of electricity flowing in these :+n circuits,
can you make any conclusions about th:: electricity
flowing through the two different = r.uits?

6. If nne bulb "goes out" on a striry of Christmas
lights, what kind of circuit do you have if the
rest also go out?

. 7. 1f one bulb "goes out" while the rest stay on in a
string of Christmas lights, what kind of circuit de
you have?

8. What kind of circuits do you think you would have
in your homc? Why?

Conclusion:

Draw a series circuit and a parallel circuit and explain
any differences you discovered when closing both of thesc
circuits.

ERIC
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Circuits

ES:

student will oe able to:
define a short circuit.

describe the function of any of the conventional circuic
breakers - fuses etc.

ES:

Read pp. 21-22 of Pathways [n Scicnce, Phvsic 1.

Watch your teuacher demonstrate the use of a lusc or
circuit breaker in a circuit which is "overiovaded"
Or carries more current than it should, ie. has a
shorc circuit.

Quickie Lab for students

1.) Cut a piece of aluminum foil about 0.5 cm. by 5
cm. long. : :

2.) Put a piece of scotch tape to the dull side of this
foil.

3.) Now trim the foil— tape combination intc the size and
shape shown below.

G.5 cm.Z’%

1 cm.

foil backed by tape (5.0 cm. long)

Now hook this "home-made' fuse to a 6 volt power
supply. It should "blow'".

i |

|

>
~

6 volts

.

Watech film: Elements of Electrical Circuits, 1l min.

Y-



D. Circuit Symbols
OBJECT_VES:
The student 'will be able to:

8. identify 15 selected circuit symbols commonly used in
electronic circuit Jiagrams. '

9. draw very simple circuits using the selected symbols
and specifications as to their location in the circuit.

ACTIVITLES:
a. Read and study the circuit symbols listed on page 32

of "Pathways In Scieuce, Physic I. Add to this list
of symbols the following:

——{E} ohmmeter
QE} motor
— o switch (closed)

(Note: The switch in the book 1s an open switch.)

b. Drill: Your partner (or team) will practice until cvery-
one is ready to take a quiz on these symbols - (About
10 minutes).

c. Quiz - 15 selected symbols - Check and repeat after 5
more minutes of study. Study again for” homework if you
did not get at least 10 of the 15 correct.

d. Drill on drawing simple circuits - Watch your teacher
draw simple circuits cn the chalk board as examples
for you. Now you draw the following circuits:

1.) A series circuit containing a cell, a bulb,
and a switch.

2.) A parallel circuit containing a batterv, a
switch which operates 1 bulb, and a coil.

Your teacher may want you to do more of this circuit dia-
gramming.

\‘1 -

ERIC
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E. Units and Instruments (meters) for Measuring Electricity

OBJECTIVES:

The student will be able to:

10. demonstrate the proper use of an ammeter.

11. demonstrate the proper use of a voltmeter.

12. demonstrate the proper use of an ohmmeter.
ACTIVITIES:

Lab - Units and Instruments (meters) for Measuring Electricity

Materials:

Lf you saved the set-up for the Lab in section B, Typus

of Circuits, use them. for.this lab.

2 dry cells (with terminals or holders)

2 knife switches

6 flashlight bulbs and sockets

hook-up wire

1 eacn of ammeter, voltmeter, ohmmeter or multimeter.

Procedures:

a.

O

ERIC

Aruitoxt provided by Eic:

Read pp. 19-20 in Pathways — Physic I. Attach an ammeter
as shown in figure 19-2 and record the readiny ror cach
of the four positions. What do you notice about thesc
readings?

Read pp. 25-26 in Pathways - Physic 1. Attach a volt-
meter as shown in figure 25-1 and record the reading
for each of the five positions. What do you notice
about these readings?

Read pp. 30-31 in Pathways - Physic 1.
1. Attach an ammeter and voltmeter as shown in
figures 31-1 on page 3l.

2. Read and record the current flow (ampsi and curvent
sressure (volts) when the number of bulbs is chanyed.

3. Zero -in vour ohmmeter as directed by your
teacher. Measure and record the resistance oi
vour switch, your bulb, and your dry cell while
not connected.

14



4. Connect the cell, switch, and bulb iu a series
circuit. Measure the resistance of each while
current is flowing in the circuit.

Interpretations: : «
1. 7Tell how to connect an ammeter in a series circuit.
2, What are the units of current flow?
3. Tell how to connect an ammeter in a parallel circuit.
4., Tell how to connect a voltmeter in a series circuit.
5. What are the units of electrical pressure?
6. Tell how to connect an ohmmeter in a series circuit,
7. What are the units of electrical resistance?
8. 0f~the three instruments(ammeter, voltmeter, ohumeter),
through which does all the electricity of the circuit

flow?

9. Through which instrument does very little of th~ clectricity
of the circuit flow?

i0. Which instrument provides its own electricity while it is
in use?
Conclusion:
what are thrce factors of an electric current which can be

measured? What is the name of each meter which can measure
these factors?

o 14
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F. Finding Resistance Without an Ohmmeter - Optional
OBJECTIVES:

The student will be able to:

13. demonstrate the effect on amperage and voltage when resistance
is changed in a circuit.

14. state the mathematical relationship between amps, volts, and
oms (R =E).
I

15. calculate the resistance of an object using an ammeter, a
voltmeter, and Ohm's Law.

ACTIVITY:

Lab - Finding Resistance Without an Ohmmeter

Materials:

1 dry cell or power supply ( < 12 volts DC)
hook - up wire )
ammeter

voltmeter

unknown resistance (coil or wire, bulb, or some other convenient
object)

Procedures:

a. Read paragraph 6 on page 46 of Pathways In Science — Physics 1.

b. Set up a series circuit with the provided materials, leaving
out the unknown resistance.

c¢. Using your ammeter and voltmeter, find the amperage and volt-
age in the circuit. Record your results.

d. Using Ohm's Law ( R = E ) calculate the resistance of the wirc
I

and switch in your circuit. Record your results showing your
calculations.

e. Now insert your unknown resistance into your c¢ircuit and again
find the amperage and voltage. Record results.

f. Calculate the total resistance 1irn your circuit containing
the unknown resistance. Record your results and calculations.

1o
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g. Galculate the resistance of the unknown by subtracting the
resistance you found in stepd . Record your results and cal-
culationg. Why is this the resistance of the unknown?

h. Using an ohmmeter, find the resistance of the unknown resis-

tance. How did your calculated resistance in step g compare
with this answer?

Interpretations:

1. An ohmmeter contains a power supply which sends a current
through a resistance you are trying to measure. Why do you
think ohmmeters are not found as often as ammeters and volt-
meters?

2. Why is it important to have your dials and "plug in leads"
correct when you use electric meters?

3. What is meant by "zeroing" an ohmmeter?

OPT IONAL

4. Why do you think a multimeter costs so much money?

Corclusions:

How can you find the resistance of an object without an ohmmeter?
Explain. Look at the diagram below and tell how each of the meters
shown is being used. How are the lamps in the top diagram illustrated
in the bottom diagram? Tell where you would put an ohmmeter to

find the resistance of any one of thé lamps. What is the total
resistance in the circuit? Explain how you found your answer.
Is the current in this circuit AC or DC? -
70 ohms aach bulb . . - “‘\fliﬁ“

g et T

- _’_’/;_,,im,_:._..—-/ .(_’ . .,/"—. | r* 'r\“
. 4 /uiﬂ Lr\-.'"'/~ y
. : _’J"‘gg PSS N
e T N\ ""':"EGN e N
Sourcy of \___,,—_:—”:"'/ N st

voliage

- -

vn) crcult of 8 puibe (1 sories

ANV ’VW‘"W\

- o AN T N .
( ) UA '—"‘ Voltmater \\ .
s Ty Voiuneter reading AN
~ ) S rendng ) \ 8Cross
ot i-‘ \i dcrosn sl \\. "N ybuib
B 4 | 8bulbs —
e Y —- WV
Sour-a \ esamaasd :
voltege \ AN T '
e ~
“ Ammeter reads
e C.2 amp
) wosng diagram selies osrcult
Qo "
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G.

Sending Electricity to Our Homes

OBJECTIVES:

The student will be able to:

16. assemble a primary and a secondary coil using a common
(the same) core of soft iron.

17. demonstrate the induction of a currernt in the secondary
coil of a transformer by applying a current in the primary
coil.

18. define step — up and step - down transformer.

19. diagram the transfer of electricity from power plant to
your home showing the major places where transformers are
used.

ACTIVITIES:
a. View film 300F95100 Powerline - Transportation of Energy,
available from, Board of Education, 11 min.
b. Read pp. 111-118, Pathways in Sdience - Physics I.
c. Lab - Sending Eléctricity to Our. Homes.

Maferials:

dry cell or (power pack, 12 volts)

switch (knife)

soft iron core (large nail or 20 penny nail)
wire, insulated

galvanometer

Golvanometer



Procedures:
1. Assemble the materials as shown in the diagram on page 10.

2. Now open and close the switch several times. What happens
to the reading of the galvanometer each time you open and
close the switch? Tell why this happens.

3. Until now you were using direct current (DC) in this lab.
Now connect your primary coll to a source of alternating
current (AC) of no more than 12 volts. Connect a volt-
meter to the secondary. Close the switch and read the
voltage in the secondary coil. Record your results.

4. Optional. If your school has a model generator, examine
the primary and secondary coilsi. How do they differ?

5. Look at the primary and secondary coils of a ring trans-
former. Count the number of turns of wire in each. If
you can't count the actual number of turms, estimate a
ratio by comparing the size of the two coils. Measure
the voltage in the primary and in the secondary. How
are these voltages different? 1Is this a step = up or a
step — down transformer? How do you know?

Interpretations:

1. How can electricity in a primary coil cause electricity
to filow in a secondary coil?

2. Electricity must have a place or origin and & complote
path back to that place of origin (called a circuit) in
order for electrons to flow. Look at the diagrams on top of page

and tell why the current (amperage) is different in each
case A, B, C, D, and E.

-11-
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Current

None of the above diagrams represents a transformer but

each has something in common with a transformer. What is
it?

The electricity that is generated at a power plant may
have its voltage increased or amplified 100 or perhaps
even 1000 times. This is done to prevent loss of current
in the long journey from the power plant to your home.
Look at the diagram p.13 and tell where transformers

are being used. Indicate whether they are step -~ up or
step — down. Use letters for your answers.

-12~
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v this ideal diagram there are &4 tu™ -~ the primary of the generating plant
transformer. How many turns shouid (™ese-be in the secondary? There are 3
tums in the secondary of the houss teenstormer. How meny tums should there
be in the primary? Discuss the turns ®« n the middie transformer.

5. Choose any one of the transformers in the diagram above
and find the ratio of the number of turns in the primary
to the number or turms in the secondary.

Conclusion:
Explain how a step - up and a step. - down transformer works.

List several places in or around your home where transformers
can be found.

20
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H. Measuring Electrical Energy Used by an Electrical Appliarce
.OBJECTIVES:

The student will be able to:

20. define electricity in terms of energy.

21. calculate the energy requirements of an electrical appli-
ance while it is in use.

ACTIVITIES:
When an electrical appliance 1is in use, it consumes a certain
amount of electricity. The amount of electricity used is ex-
pressed in watts. To find the amount of electricity used,
you multiply the current used by the voltage applied. The

mathematical expression for this calculation is W (Watts) =
I x E. '

a., Lab - Finding the Electrical Energy Used by an Electrical
Appliance

Materials: -
various household appli ances
" ammeter (30 amp range)

voltmeter (130 volt range)

Procedures:

a. Plug in one electrical appliance into a standard house
circuit.

b. Measure and record the amperagein the circuit using your
ammeter.

c. Measure and record the voltage in the circuit using your
voltmeter.

d. Calculate the number of watts used by this appli ance as
described in the introduction. Record your results.

e, Carefully inspect the appliance and find its wattage which
is stamped or molded somewhere on it. How did your cal- "~

culated value compare with the manufacturer's rating of
this appliance?

f. Rcpeat steps a-e for as many different appliances as your
teacher tells you.

-14-
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Interpretations:

1. From your experimental data and from the data from other
members of your class, do you think that manufacturers
correctly state the wattage of their products?

2. If you needed to know which of two (or perhaps even a whole

series cf) appliances wused the most electricity, how
would yo . tell?

3. Look at the wattage of several different appliances. What

factor or factors seem to affect the wattage of the different
appliances?

4. Does a 100 watt light bulb use more or less electricity
than a radic which has a wattage of 10C?

5. A toaster usually is rated at about 1,000 watts, could

you toast bread with a 100 watt bulb? Explain your an-
swer.

6. How many watts would an appliance use if it were rated at
8 amperes in a 120 volt circuit? Hint: W= T x E

Conclusion:

Since the electricity that passés through any appliance
must have a circuit which ultimately leads back to the power
source (power plant), how or why can we say that any electri-
city has been used? How does one know the number of appliances
which can safely be put in one circuit of your home? How are

homes protected when we accidentally use too many appliances
cn one circuit?

OPTIONAL: ™

Find the electrical code for Frederick County and report to
class your findings.

~15-
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I. Poyer Consumption - Figuring Your Electric Bill
OBJECTIVES: -
The student will be able to:
22. defiue electrical power in terms of watts and hours.

23. define the term kilowatt - hour.

24. read a wall - hour meter.
25. calculate an electric bill for one month.

ACTIVITIES:

a. Investigation - Power Consumption - Figuring Your Electric
Bill. You have just learned to figure the energy require-
ments for an electrical appliance. To find the power used
by electrical appliances you multiply their energy rating
(in watts) by the time {(in hours) they were in use. The
mathematical formula would be watt - hours (wsh) = watts
W % hours (h). Since most of us use thousands of watts
in a short period of time, power companies charge for
electricity in kilo - watt - hours (k-w*h). The prefix
kilo means 1,000; therefore a kilowatt -- hour is 1,000
watt - hours. Below is a table showing a schedule used
by Potomac Edison Company for determining electric bills.
You will be using this schedule for this investigation.

First . 150 kilowatt hours used tor $6.90
Nest 250 kilowatt hours 2.16 cents per kilowatt hour
Next 1250 kilowatt hours 1.50 cents per kilowari hour

A.1 over 1650 kilowatt hours L.40 cents per kilowatl hour

Materials:
watt - hour meter in school for practice recading
watt - hour meter in ycur home
electric bill

Procedures:

4. Read paragraph 6 on page 27 in Pathways In Scicioce - Physics 1.

b. liook at the sketch p.1l7 and determine how to read a watr-
hour meter. Now read the watt - hour meter in your school.
Have your teacher verify that you can do this accurately.

-16-
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registers inunits of 10,000, like the me'~r in the photograph, fup.
{nui A’y pointer myst moke o complete revoiution for dial 8’5 to
move ahead onr umit, ond 30 on down the line.

c¢. Read the following watt - hour meters and record your
results.

lLast wmonth's reading

O 24
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d. Vtind the amount,K of kilowatt - hours that were used during
the month.

e. Using the schedule (rate charged by the electric company)
in the introduction to this investigation, find the electric
bill which would be charged for the difference between the
two readings in st. ' ¢ above.

f. Read the watt - hour meter of your home at cne month intervals
and then calculate what your bill should be. Compare this
figure with the bill sent by the electric company. (Note:

In Frederick County, electric bill are sent out at two
month intervals.)
Interpretations: —

Japs———

1. If your calculation of an electric bill does not agree with
the one sent by the electric company, what could ac-
count for the difference? '

2. If you find an unexplained difference between a bill from

the company and what you calculate the bill should be,
what should you do?

Conclusion:

a. How do we pay for the electric power we use, ie., explain
how tr tfigure «: @lectric bill.

b. Uptional Activiiy - Have a guest speaker come to your class
from the electric company to lecture and arswer questions
I ram your class.

. ¢. Optional Activity - List all the electrical appliances in
your home. Look up the power rating of each appliance in
the table p.19 (a better way is to look on the appliance
if the information is given.) Keep a record of the number
of hours each appliance is in use and then calculate the
number of kilowatt - hours that were used in your home
for that day. If you want to have precise results, yonu
will need to know the number of feet of wiring and the kind
of metal in the wire. Since wire has resistance, some
clectric power is used by the wiring of your hou:e. Does
thiz method of finding power consumption agree with monthly
meter readings?
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FLFCTRICAL RATINGS OF SOME HOUSEHOLD DEVICES

|
Device Watts Device li Watts
IR M
Lamp bulbs 7% watts upward Portable heater 800 to ,l.SO()
Radio 75 to 100 Hot plate per burner 500 to 1.000
Refrigerator 200 to 275 Mangle 1.200 to 1,500
Electric iron L' 800 to 1,000 Electric range per
Coffeemaker 500 to 900 i bumer 500 ta 1,200
Toaster %500 to 1,000 Electric range all
Electric fan 25 to 300 _F Jeumers up to 12,000
Sewing machine | S0to75 ¢ i Water heater tank
Heating pad -10¢t0 60 type 1.504) to 5.000
Electric blanket . 1000300 % borsepower motor 325
Sunlamp . 273 to 600 ’: horsepower motor 800
Clock 1tod " 1 horsepowér motor 1.000
Vacuum cleaner 150 to 500 Television 200 to 300
Kitchen mixer 150 to 250 Freezer 200 to 300

(25

Optional Activity - Find out by research whether heating homes
is more economical using electricity or by other means.  Yeur
research should involve more than just asking different companies

Lecause they will be biased.

e. Optional Activity - Filmstrip - Electrical Terms And Use,

Potomac Edison

20
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J. Review
OBJECTIVES:
T¢ review the 25 objectives of this miai - course.
ACTIVITIES:
a. cryptogram - see your teacher

b. crossword puzzle — see your Lleacher




An important point to make with all your students for the first few days
and then periodically throughout this mini-course is: Respect electricity.
Although your students probably will not be dealing with harmful amounts of
clectricity, they can harm their equipment. Stress this idea about being
careful when using electricity -~ promote safety for the student and safety
for the equipment the student is using.

Each section is intended to be one period in length. All reterence sheets
and proolem sheets should be mimeographed for the students.

A, Properties of Electric Circuits

Materials for lab, Problem Sheet 7-7

éry cell lamp socket (to fit bulb)
flashlignt bulb ' cell hclder (optional)
enameled wire knife switch

sand paper small screw driver

Juring ycur discussion of this Lab, you can summarize the mzin dideas
very nicely witl Milliken transparency #6, Complete Civcuit. (Note: If
you do not s refevence sheet 7-3 from this same text, you may need to
review the nature of current electricity. Procedure 1 of this lab tells
the student to review this information.)

B. Twe Types cof Circuits - Series and Parallel

AL vod can sce, nu attempt to measure electricity has as yet been made.
if you do not have enough bulbs to carry cut the lab as it is written,
you bnould do this lab as a demonstation.

The Miliiken itransparencv #7 ElCthlCitY Book may be used here, but

it is advisable to omit discussing the ammeter shown in the circuit.
The :liliiken transpavency #12, Electricity Book Electrical Circuits
At iome will aid o your discussion of parallel circuits.

(. Protecting Circults

a. ii you courd have some actual fuses as shown in Cathwivs p. 21 to

©..%5 dround as the students read, they will understand tnis passage.

b. VYour demonstration will dejend on the macerials avaliabico. A
simple set—up would be te use & standard fuse in o socko! which
15 pluced i series with severa ouner appliances (resistances).
Pf ovou use a 15 amp fuse, it wiil blow whun you conncet cncugh
sesistunces (appliances such as an iron, Loaster, Far, nlee) in

! Llel civsuir., You will need ta =Hptadn UThal, Gn Uhe cursent
increases, heat is generated, and the fuse "blows' - rctually meiis.

Y-

a\
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This opens the circuit and prevents further heating. Ask studcuts
why they should not put a penny "behind" a blown fuse.

Tell students to keep fingers clear of their "home-made' fuse
when they close the circuit.

You may now summarize section C. Protecting Circuits by using
34 1)

Milliken transparency # 8, Electricity book.

Film: 290F092 Elements of Electricél Circuits, 11 min. Board
of Education.

D. Circuit Symbols

You may want to add or delete from this list as you choose.

Circulate around the room while the students arc memorizing
the selected symbols.

Self checking Quiz - Simrly call out in any order ycu choose,
the symbols and have students answer on their own papers. If
majority of class gets 10 or more correct on the first try,
then gn on to activity d. If your students are self paced you
will need to provide a self test quiz for them to administer
to themselves at this point.

Use your own judgement here ~ you may want to omit this activity,
or if your class shows interest and/or need, go into greater
depth .,

R . N I
wamyle circualts

1) ,__f_%g @ A
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I.

Units

und Iastruments (meters) for Measuring Electricty

Remind students to close circuits for as long as it takes to make
a reading. If your school iias multimeters, you probubly will nced
to give instructions as to how they operate (ie., settings, ranges,
senles, and plug in positions). Tt might be a rood idea to have
each team signal when they have a particular circuit set-up finished.
Then you (che teacher) can avert any incorrect placement cf meters
in the circuit which woulc damage the meter. ;

Transarency ::16, Series and Parallel Circuits from the Milliken
book, Magnetism & Electricity can be used to summarize this Lab.
The ditto #16 could be used as a quiz.

Finding Resistance Without an Ohmmeter (Optional)

Even if you do this lab with your capable students, make it clear
to them that measuring electricity is not as simple as these labs
seem to indicate. Explain that parallel circuits require different
variations of Ohm's Law; and, that when you werk with alterrating
current, the mathematics become quite complicated. Tor those who
insist on more information show them the diagram below. If they
insist on more details, give them one or more of the resources
listed in this manual. If they want still more information get them
a physics text or an electronics text.

SERIES
R=K +R,+R,
Vv=V..V,.V,
t=l.z 1,4,
i PARALLEL

= ;~r L.
RTR"R R
l=i. 41,41,
V=V, z:V,=V,

—— —_—

In o series circunt, the voltage across each resistor is different, but the current
.« the same in each resistor. In a paratiel circuit, the current splits up so that it
15 ditferent in each branch. The total current in a parallel circuit is the sum of
the indivicua! currents. The voltage in a parallel circuit, however, 1s the same
across each resisfor and across the whole circuit.

30



G. Sending Electricity to Our Homes

a. The film, Powerline-Transportation of Caergy, 00t951°:0 is
minutes long and is listed under social studiex but it has
scientific implications.

L

b. No comment.

c. You may omit procedures 4 and 5 if you don't have the equipment.
However, you should make an attempt to explain the concepts of
transformevs using the chalk board, lecture, or by duplicating
material from one of the may resources listed in this manual.

H. Measuring Electrical Energy Used by an Electrical Appliance

a. Since students will be working with house current in this 1lab,
it- is essential that they be supervised closely in the use of
their instruments. You could use the transparcncy and ditto
sheet #20 from rhe Milliken Dook, Magnetism and Rlectricity,
to summarize the importance of not using more wattage in a
particular circuit than it is designed to carry.

b. This special project should be done by one person or by a tean
of persons who will give one report to the class.

I. Power Consumption -~ Figuring Your Electric Bill

a. If your students have difficulty with math, you may want to modify
this activity and give them only one rate for all the kilowatt-
hours used. If your school does not have watt-hour meters for
demonstration purposes, you could assign a student or students
to build one large enough for your whole class to see.

b. Finding someone from the electricity company to come talk with
your class will be your biggest problem - good luck!

c. This activity would become quite involved and only hiphly moti-
vated students should attempt this.

d. This activity will require research into the topic of heat loss

and gain. Only highly motivated and students well prepared in
math should attempt this activity.

J. Reviaw
a. Cryptogram — for 'below average" students.

b. Crossword Puzzle - for "average™ and "abovc average' students.
—24-
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can you find in the cryptogram?

i

t message

secre

L}

What

circuit symbols

wire
¢coil

neter

bulb

cireulit
series

resistance

ammeter

transformer

step-up

voltmeter
ohmeter
amp

parallel

electricity

switch

step-down
iron core

volt
ohm

conduc tor

ted wive
gaivanoneter

insuia

1

circuit

clused circuit
Sa0re circuit

soerets

vpen

Ohm's Law

power line -

I
o

tyd

irv coil

Prinn

civrcuit breaker
power supply

dry ceil

Y¥oCOil

secondary

terminals

direvet
split

ame

dvn

current

riag

s
stip ring

alternating current

ce

-
¢

i1l

eilectric bi

induct ion

appliar

EHEY

W

power company

swat t-iour

il

1

1
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ACROSS

1 eneryv in the forin of fiowing electrons
3 end; that part of an clectrical device to which wires are attached
8 Ohm's : the ratio of volts to amps R =L

10 a device which automatically opens an electrical circuit when too much
current flows

11 to put in place: to open a closed circuit breaker

13 have or use the sense of light

14 circuit; a circuit with more than one path for flow ol e¢lectrons

18 another word for generator

20 to causc:; as the current in the primary causes _of another current
in the secondary

21 a tvpe of circuit which has only one path for the electroa flow
25 circuit; electricity cannot flow through this circuit
77 a conductor in long slender strands which has a covering that allows it

to carry clectricity with safety (two words)
29 a device which either opens or closes a circuit
30 electricitv which changes direction of flow at a regular rate; abbreviated AC
31 the conducting material which carries electricity to all parts of your home
34 - transformer, a device which reduces the voltaye
35 a service organization which sells electrical power
38 a path that electrons follow
39 an instrumeat which measures the flow of electrons in a circuit
40 a device to change the current or voltage during electrical power lLiansmission

41 -the rate of using energy

1 charpe made [or the electric service in your home
2 characters used to make diagrams representing the path of electricity
4 devices used Lo measwure, for example, voltmeters and ammeters
5 -up transformer
6 4 unit of power iavolving electricity
7 turns of wirce which supply electricity to a transflormer
9 a unit of electrical energy
11 Luras »f wire through which electricity flows from a trans former
2 cub agaiunst, or ring, parct of an A.C. ucnerator
5 a dovice which wives off light

foi

to carrv; vhe word is spelled backwards in the puzzic
a verv sensilive ammeler

the low of elecrrons in oqe divection within a circui

1 device which melts dnd onens a circuit which is overloadod

S

>

S O e s A
~d

3 a unit of clectrical pressure
2 a device which uses electricity to do a usce service
26 wire which carries eleccricity from a power plant to places whoere Lne
¢lectricity is used )
28 eell; a device which makes clectricity tvom chemical cneryy
17 one of arvining; a way of expressing different kiads of measureme ot
33 to divide or ring, part oi a D.C, gencrator

34 abbreviadion

e

i a2 word which means a mark or sign tiat stands o anotner
ohiject, or for an idea, qualitv, etc.

36 a unit ol eclectrical resistance

17 the center of something; the long tubular material arownd whico wire ix coiied

-27-
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CRGSSWORD PUZZLE SOLUTION
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Objectives

The student will be able to:

1.

10.
11.
12.

13.

15.
le.

i7.

assemble a simple circuit given a power source, switch, conductor,
and a means of determining electric current flow.

define and demonstrate an open and a closed circuit.

determine whether or not a current is flowing in a circuit, gliven
the proper materials.

given the proper materials, assemble a series and a parallel circuit.

state a difference in the physical appearance of a series and a
parallel circuit.

define a short circuit.

describe the function of any of the conventional circuit breakers -
fuses, etc. '

identify 15 selected circuit symbols commonly used in eclectronic circuit
diagrams. '

draw very simple circuits using the selected symbois and specifications
as to their location in the circuit.

demonstrate the proper use of an ammeter.
demonstrate the proper use of a voltmeter.
demonstrate the proper use of an ohmmeter.

demonstrate the effect on amperage and voltage when resistance is
changed in a circuit.

stace the mathematical relationship between amps, volrs, and ohms
(R=E,

1
calculate the resistance of an object using an ammetcer, a veltmeter,

and Ohm's Law.

assemble a primary and a secondary coil using a common {th¢ same)
core of soft iron.

demonstrate the induction of a current in the sccondary caiil oi a trans-
former by applying‘a current in the primary coil.

-29-



18. define step-up and step-down transformer.

19. diagram the transfer of electricity from power plant to your home
showing the major places where transformers are used,

20. define electricity in terms of energy.

21. calculate the energy requirements of an electrical appliance while
t is in use.

22. define electrjcal power in terms of watts and hours.

23. define the term kilowatt-hour.

24. read a watthour—meter.

25. calculate an electric bill for one month.




RESOURCES

Resources marked * are primarily for student use or for teacher duplication.

Hatter, Life, and Energy, Lvons & Carnohan, 1972, Ch. 15-18, PP. 256-323

Physical Science Challenges To Science, McGraw Hill, 1973, ch. 19-23,
PP.-272-353

Focus on Physical Science, Charles E. Merrill Pub. Co., 1974 Ch. 18-19,
ppP. 374-409

Physical Science, Lippincott, 1972, ch. 9-10, pp. 277-351

Energy Matter and Change, Scott Foresman, 1973, Ch. 6-8, pp. 116-225

Physical Science Investigations, Houghton Mifflin, 1973, Ch. 8, pp. 244-300

Science You Use, Prentice Hall, 1964, Topic 3, pp. 77-112

Spaceship Earth, Physical Science, Houghton Mifflin, 1974, Ch. 06-8, pp. 113-184

# Physical Science, soft back, Cambridge, 1971, pp. 69-80

Physical Science, Ginn, 1971, Ch. 12-13, pp. 278-326

Modern Physical Scieace, soft back, Holt, Rinéhart & Winston, 1974,
Exercises and Investigations, Ch. 31-37, pp. 155-176

Modern Physical Science, soft back, Holt, Rinehart & Winston, 1974,
Lab Investigations, Exp. 36-38, pp. 100-108

Modern Physical Scierce, soft back, Holt, Rinehart & Winston, 1974,
Ch. 31-37, pp. 562-673 -

Physical Science Review Test, softback, 1970, Amsco School Publications,
Ch. 17, pp. 318-343

Modern Science Forces, Changes, and the Universe, Holt, Rinchart & Winston,
1972, Ch. 10, pp. 268-304

% Pathways in Science, Globe, 1968, Textbook 1 - Physics, Units I, 1T, III,
pp. 1-122

# I'sthways in Science, Globe, 1968, Lab Book - Physics 1, Labts 3, 6, 8, 10

Energy, it's Porms and Changes, Harcourt, Brace, 1972, Ch. 11-13, pp. 91-113
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Basic Physical Science, Singer, 1964, pp. 418-430

% Physical Science, Cambridge Book Co,, 1971, pp. 206-224

World Book Encyclopedia, 1972, Volume 6

% Electricity, Trausparency Book, Milliken, 1969

4 Magnetism and Electricity, Trausparency Book, Milliken, 1969

Exploring Physical Science, Allyn & Bacon, 1970, Ch. 10-13, pp. 273-432

Film : Elements of Electrical Circuits, Board of Ed., F092

Film : Powerline : Tcansportation of Emergy, Board of Ed., F951




Evaluatio:s {'orm for Teachers

Name of mini-course

Evaluation Questions Yes No Comments

1. Did this unit accomplish its f—
objectives with your students? !

|

b2, vid wou add any of your own
: activities? If so, please
include with the return of
this form,

7. Did vou add any films that ’

othier teachers would find
usciul? Please mention
source.

j4. Were the student instructions
vlear?

5. Was rthere enough Lnformation
; in the teacher's section?

;0. Do vou plan to use this unit
5 again?

7. Which level of student used this unit?

3. liow did vou use this unit - class, small group, individual?

.

PLEASE RETURN TO SCLENCE SUPERVISOR'S OFFICE AS SOON AS YOU COMPLETE ‘i COURSﬁ:
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SCIENCE MINI- COURSES

PHYSICAL SCIENCE Prepared by
ELECTRICITY: Part 1

(Types of Generation of Electricity) Marvin Blickcnstaff
ELECTRICITY: Part 2

(The Control and Measurement of Electricity marvin Blickenstaff
ELECTRICITY: Part 8 : '
(Applications for Electricity) Marvin Llickenstaff
CAN YOU HEAR MY VIBES?

(A Mini-course on Sound) Charies Buffington
LENSES AND THEIR USES Beveily Stonestreet
WHAT IS IT?

Identificatiqn 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

SCIENCE SURVEY

WEATHER Instruments 1,,,J0hn Fradiska
TOPOGRAPHIC Maps John Geist and John Fradiska
CHEMISTRY

WATER Ross Foltz
PHYSICS

PHYSICAL OPTICS . Walt Brilhart
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