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INTRODUCTION

Our world is full of devices that help us to communicate with one another
at an ever increasing rate of information transfer (e.g., telephone, radio;
television, communications satellites). Although we all use these devicés,
not many people understand how they work. Moreover, most people do not believe
they could understand the basics of how these devices work. 1In the schools
today, children are taught basic scientific theories. How these theories apply
to technological devices is, however, seldom taught.

The communications technology course described here is designed to provide
a learning experience whereby parents and their children can learn about and
build electronic communication devices together. The activities in the course
are designed to achieve the following goals:

1. To promote positive attitudes in both parents and their
children toward science and technology.

2. To take the mystery out of some of the electronic devices
used in communication systems.

3. To strengthen family relationships through a shared pavent/
child learning experience.

To attain these goals, the sessions of this course have four components

described below.

l. A series of 'experiments and demonstrations designed to explicate
the principles of how four communication devices work, the
telegraph, the telephone, AM radio, and audio amplifiers:

During the five weeks of this course, participants experiment with
series and parallel circuits using flashlight batteries and

bulbs, use iron filings to map the magnetic field around

permanent magnets and electromagnets, do the Qersted experiment,

build a sample galvanometer and discover Faraday's law of

i0
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electromagnetic induction, experiment with diodes and transistors,
and use an oscilloscope to observe wave patterns and measure frequencies.
Following each experiment, demonstrations and discussions help the
participants to understand how thetelegraph, telephone, radio, and
audio amplifier work.
Actual building of working models of some communications devices.
Using simple materials, a screwdriver, and a hammer, participants
build the following devices:
a) Two telegraph stations, each with a key and switch.
Participants connect the two stations and practice sending Morse
code messages between stations.
b) Two loose-centact carkon microphones.
Participants connect the microphones to earphones and a battery for
a two-way telephone system. They also connect a microphone to
an oscilloscope to observe their voice patterns, determine the
audio resppnse of the microphone, and measure an audio frequency.
c) A crystal radio receiver.
Participants connect their receiver to aa oscilloscope to observe
amplitude modulated and rectified wave patterns and to measure a
radio frequency.
d) An audio amplifier.
Participants connect the amplifier to their crystal radio receiver
and a speaker.
Troubleshooting the devices.
Most devices do not work the first time they are tested after they
are built. Troubleshooting involves a systematic approach to checking
and/or édjusting each component in turn to make the device work. 1In

this course, some hints for troubleshooting are given in the direction

11

viii



O

ERIC

Aruitoxt provided by Eic:

sheets for building each device. The instructor also models trouble-
shooting approaches as s/he circulates around the class to help
participants. Instead of "fixing'" the device for the participants,
the instructor suggests procedures for the participants to follow.

4. Home activities.,
Each week families are given an activity to complete together at
home. Some of these activities involve building a second device,
such as a telegraph or microphone, and connecting the two devices.
Other activities involve further testing of a device'built in class.

Teaching Parents and their Children

Teaching parents and their children about communications technology is
exciting because both groups are motivated to learn about and build communica-—
tion devices. 1In most families, the knowledge level of the parents and their
children is about the same for the content of this course, although the level
varies widely from family to family; a few parents are well versed
in electronics, while occasionally a child exhibits superior knowledge.

During the experiments and discussions, the parents generally ask more
questions and exhibit a greater need to know why or how something works. The
children, on the other hand, tend to be more absorbed in the actual performance
of the experiment or in the building of a working communications device. Many
children begin to see their parents as educational equals and can share
their knowledge with their parents in a new and different way.

Facilities

If possible, choose a classroom with several electrical outlets and a TV
antenna connector. In sessions 4 and 5 you will need to have an antenna wire
(and possibly agroundwire) strung across the room in such manner that all

families can reach the antenna simultaneously (see page 56 ). A TV antenna is

12
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the most convenient antenna. Otherwise, you will need té string an antenna

out a window or bring an antenna wire down to the classroom from the roof.

Be careful that the wire antenna does not get close to any electric power lines,
boxes, or outlets.

Activities in this course require working space for each family. Large
tables that comfortably seat 4 or 5 people (or two smaller tables pushed
together) work very well. You will also need a centrally located table for
demonstrations, an overhead projector and screen and a chalkboard or newsprint

easel and pad.

Materials

Although a materials list is included for each session, the total materials
list is given below for convenience in ordering materia!:.. The first list
includesmaterials for classroom experiments and demonstrations. Most of these
materials can be used again in subsequent classes or in different courses you
teach. The second list is for materials the participants use to make the tele-
graphs, microphones, radio, and audio amplifier. The participants keep these

materials, so they need to be reordered for each course taught.

In the lists below, the single asterisk (*) indicates materials that could
be difficult to obtain, so they should be ordered well in advance of the course.
The double asterisk (**) indicates readily available materials participants can
bring to class. To insure that participants bring the necessary materials on
the correct days, a single materials sheet can be prepared which lists the
materials needed for each session of the entire course. In addition to the
cunsiderable reduction in cost that can result from this procedures, partici-
pants tend to value the class experiences more since they have invested some of

their own time in preparation.



General Classroom Use
For each family:

* 30' #24 insulated solid wire

* 13' #28 insulated solid wire
3 1.5V flashlight batteries (D cells)

¥ 3 battery holders
3 3V flashlight bulbs
3 bulb sockets

* 2 knife switches
1 magnifying glass

** 4 assorted magnets (at least one 2'" cylindrical or bar magnet)

* 1 horseshoe magnet (strong)
1 magnetic compass
1 jar iron filings
1 7-1/4" x 9-1/2" piece of poster board
1 small ball of clay
20 steel pins

* 1 3" aluminum nail

* 1 3" brass nail
1 3" steel nail

ruler

-

1l single edge razor blade (or exacto knife)
2 8-1/2" x 11" unlined white paper
1 #2N1305 PNP Germanium transistor (optional)

1 #IN34A diode

xi 14
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10 Fahnestock spring clips
1 small box matches
1 birthday candle
** agsorted metal, wood and plastic chips
For the class:
1 slinky
2 demonstration magnets
* 3 to 6 wire strippers (optional)
2 cans spray glue
110' #24 insulated solid wire
2 rolls masking tape
2 rolls scotch tape

*#% tools (screwdriver, knife, needle-nose pliers, soldering iron, hammer)

Materials That Participants Keep
For Each Family:
1 3-ring binder (for written materials)
40" 1" x 6" pine board
14" 1" x 2" furring board
* 90' #24 insulated solid wire
* 136' #28 insulated solid wire
2 alligator clips (more if use for earphone connections)

aleats
W

2 3" steel nails
*%* 1/3 paper straw (3/16"in diameter)
4 corks (size 4)
13 1-1/2" .nails

* 29 large Fahnestock spring clips

37 5/8"'#6 round head wood screws

xii




4 carpet tacks
** 2 small cardboard boxes (6" x 6" x 2")
2 2" lengths #2 pencil lead
4 1/2" carbon electrodes (from #6 dry cell)
14" 5/8" wooden dowel (optional)
4 #6 stove bolts (1")
8 #6 nuts
4 washers
** 1 small square sandpaper (fine)

** 2 earphones (portable radio)

2%

brass paper fasteners

* 1 8€ispeaker (2 1/2 or 3")
1 6V battery
2 #IN34A ¢iodes

-1 8-pin IC Lucket

* 1 LM386 Audio Amp. (IC) (or substitute)
1 2200 F 16 V electrolytic capacitor (axial)
2 10pnF 25 V electrolytic capacitor (axial)
1 O.1WF 50 V PC capacitor (mylar)
1 0.22]JF 50 V PC capacitor (mylar)
1 10£L1/4W resistor
1 100£L1/4W resistor
1 10K audio tape resistor pot
* 3 lengths of steel banding

6 ziplock bags (optional)

xiii




Cost

The cost of the materials depends on where you buy the materials and the
amount of materials you already have. If you have to buy everything (e.g.,
classroom materials and take—home materials), the cost for the first class
for twelve families will range from $530 to $800 (or $44 to $67 for each family).
If you have all the materials and only need to buy replacement and take-home
matérials, the cost for a class of twelve families will range from $350 to $415
(or $30 to $35 for each family).
Ordering

The materials should be ordered well in advance of the course. Most of
the materials can be ordered from electronic supply stores (e.g., Radio Shack),
office supply stores, hardware stores, lumber stores, and scientific supply
houses. The cost is greatly reduced, however, if as many materials as possible
are ordered from surplus stores. In trial classes, we bought earphones, 8 4L
speakers, wire, magnets, Fahnestock spring clips, razor blades, flashlight
batteries and bulbs, washers, nuts, screws, and nails from surplus stores.

Battery holders, bulb sockets, Fahnestock spring clips, plastic magnifying

glasses and small magnetic compasses can be bought from:

Delta Education, Inc.

P.0O. Box M

Nashua, N.H. 03061

603-884-8899
Ask for their Elementary Science Study (ESS) and Science Curriculum Improvement
Study (SCIS) general education catalogs.

The electronic components for the amplifier can all be ordered from
Radio Shack. Since each store only carries a limited stock, you may have to
order the components from several different stores. Order extra IN34A diodes
and LM385 IC amplifiers -- a few will not work.

17
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Advance Preparation

Jefore each class session, you will need to reproduce the experiment
and home activity sheets and prepare the transparencies. The experiment sheets
include a list of materials and directions for performing the experiments. Since
the participants have different backgrounds and experience with many of the
concepts taught in class, we found it advantageous in trial classes to let
participants proceed at their own rate through many of the experiments.
Materials can be placed in boxes on a table or counter along with the labeled
experiment sheets. When a family finishes one activity, they can pick up the

next experiment sheet and the needed materials.

In trial classes, we found that some parents wanted to have additional
reading which reviewed the concepts taught in class and outlined the history
of the invention of the telegrabh and telephone. Four booklets are available.
They are: ''Circuits - Some Simple Definitions,' "Electromagnetism and the
Invention of the Telegraph," '"Electromagnetic Induction and the First Telephone,"
and '""How does a Radio Work?'. You may want to reproduce a few of these booklets
for interested parents to borrow. We also found it helpful to make available
a collection of suitable references for use during class or on a take-home basis.

To build the telegraph stations, microphones, radio, and amplifier, each
family will need a large number of small components (screws, corks, nails,
Fahnestock clips, etc.). Paésing out all the materials can be both time
consuming and confusing. In trial classes we discovered that much time was saved
and confusion avoided when all the materials (except wood bases) were put in

ziplock bags before class. For the telegraph and microphones, two bags were

prepared, one for use in class, and one for the hone activity. An alternative

is to place the materials in labeled trays or boxes and have participants get

what they need and then return materials to the trays when they are done.

Xv 18
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In addition, for each class session raw materials (wood, wire, steel banding,
etc.) need to be cut and prepared. Spgcific directions are included in the
advance preparation section of each chapter. Before you teach the course, read
through each of these sections to get some idea of the time you will need to
prepare materials for each class. You may want to try the experiments and

actually build the devices prior to each session.

If you have an assistant, you may wish to have all the wood and all the
wire cut and prepared at the same time, all the solidering done at the same t‘me,
etc. The lists below indicate the lengths or sizes that need to be cut and the
page numbers for specific directions.

(1) 1" x 6" pine boards (for each family)
1 9" length (radic base, page 55)
1 8" length (amplifier base, page 73)
3 6" lengths (telegraph and speaker bases, pages 19 and 71)
1 5" length (speaker holder, page 71)
(2) 1" x 2" furring boards (for each family)
2 3" lengths (telegraph clapper, page 19)
2 4" lengths (telegraph clapper, page 19)
(3) 5/8'" wooden dowel (for each family)
2 fé lengths (microphone, page 32)
(4) Steel banding (for each family)
2 4" lengths (telegraph keys, page 19)
2 4-1/2" lengths (telegraph switches, page 19)

2 3-3/4" lengths (telegraph clapper, page 19)

xvi




(5) #24 insulated solid wire
For each family (take-home):
1 50' length (telegraph, page 18)
2 15' lengths (radio, page 55)
2 18' lengths (speaker, page 71)
3 10" lengths (amplifier, paée 73)
7 1-1/2" lengths (amplifiers, page 73)
For each family (in-class experiments)
15 12" lengths (hook-up wire, page 2)
1 15' length (gavanometer, page 41)
For demonstrations
2 50' lengths (page 32)
2 5' lengths (page 32)
(6) #28 insulated solid wire
For each family (take-home)
1 110' length (radio, page 55)
2 13' lengths (electromagnets, page 18)
For each family (in-class experiments)
1 13" length (induction, page 30)
NOTE: The wire for in-class experiments and demonstrations can be used in
subsequent classes.
(7) Soldering (for each family)
2 earphones (page 32)
1 8-pin IC socket (page 73)
1 resistor pot (page 73)

1 speaker (page 69)

xvii




(8) Pencil-lead rods and carbon electrodes (for each family)
2 1-3/4" lengths #2 pencil lead (page 31)

4 1/2" thick electrodes (page 32 : requires a band saw and drill)

21
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SESSION ONE: INVESTIGATING CIRCUITS

OVERVIEW

Participants are introduced to the different ways tﬁa£ humans have
communicated over time and space. Since many communication devices
use electricity, the participants investigate electrical circuits
using flashlight batteries and bulbs. They are first given only one
wire, one battery, and one bulb. With these, they are asked to find and
diagram four different ways to light the bulb. They are then given
battery holders and bulb sockets to investigate short circuits, series
circuits, and parallel circuits. They are introduced to the concept
of resistance. Finally, the participants build light telegraphs and

practice sending Morse code messages.

MATERIALS
For each family:
3 flashlight batteries (1.5V)
3 battery holders
3 flashlight bulbs
3 bulb sockets
10 hook-up wires
2 switches
1 ﬁagnifying glass
1 sheet newsprint (optional)
1 felt pen (optional)
for the class:
masking tape (optional)
wire strippers (optional)
set of handouts and home activity
ADVANCE - PREPARATION

If your classroom lacks a chalkboard, you may wish to supply

Y




newsprint for your own use as well as for the participants. Hook-up

wire must be cut and the insulation stripped from the ends unless each
family or group of families is supplied with wire strippers. In trial
classes, participants enjoyed gaining the new skill of wire stripping.

You may want to provide name tags for the first few sessions.

TEACHING SUGGESTIONS )

Getting started (15 minutes)

One way of ''breaking the ice" is to have the children introduce
their parents and the parents introduce their children. After introducing’
yourself, give a brief overview of the course, showing participants the
devices that they will be building over the next five weeks. You may
want to give each family a 3 ring binder to organize the written
materials they will be given throughout the course.

Discussion of communication (15 mintues)

Objective: Participants will be able to list several ways humans have
communicated with each other throughout history.

Explain o the participants that the devices they will be investi-
gating and building are all communication devices; ways of sending
messages from a sender to a receiver. Ask the participants, '"What are
all the ways you can think of that humans have used to communicate
throughout history?" Make a list of their responses on the chalkboard

or on newsprint paper. In trial classes we received the following

responses:
voice tape recordings fire watches
music body signals semaphore
touch smoke signals light signals
fog horns mail carrier pigeons
drums satellite bells
radio drawings (pictures) telephone
TV telegraph phonograph
film (movies pony express writing

o - 23
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3

The above activity also works well in a brainstorming format. To
do this, divide the participants into small groups. Pose the duestion,
"What are all the ways you can think of that humans have used to communi-
cate throughout history?'" Explain that the object of brainstorming is
to list as many answers to the question as possible in 5 minutes. An&
and all answers given arc recorded and no attempt should bé made to
judge the worth of the answers during the brainstorming. Also, indicate
that there should be no interaction between the groups. When the brain-
storming is completed, compile a list of the responses on the chalkboard.

Explain that there are two ways we can think about communication

or the sending of messages. We can communicate over space or over a

distance, and we can communicate over time. Ask the participants,
"Which of these listed ways of communicating let us send messages

over time?" This question usually leads to an interesting discussion of
cave drawings and the development of writing, the printing press, film,
tape recorders, and phonographs. You may wish to point out that we

can send time messages only in one direction. That is, we can only
communicate with people in the future; we cannot communicate with

people in the past.

Explain that many of the forms of communication over time, 1like
writing and the printing press, also allow us to communicate over large
distances (carrier pigeons, pony express, mail, etc.). In the past, the
rate of information transfer was slow, usually a matter of days or weeks.
Ask the participants, "In which of these listed ways of communicating
over a distance must the sender and receiver be within sight or sound
of each other?" Throughout history, humans have attempted to invent
communi;ation devices that will send messages over longer and longer

distances in shorter and shorter times.
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Ask the participants, "Which was the first device invented which
allowed humans to communicate over a long distance in a short time?" Ask,
"Which of these listed ways of communicating over space and time involve
the use of electricity?"  Explain that since they will be building
communication devices that involve the use of electricity, they will
begin by investigating electric circuits using flashlight batteries
and bulbs.

Introducing circuits (110 minutes)

Objective: Given a flashlight battery, one bulb, and one wire, partici-
pants will be able to find and diagram four ways to light
the bulb.

Show the participants a battery, a wire, and a bulb. Explain that
their first task is to find at least four different ways to light the
bulb using only one wire and the battery. They can diagram the
different ways to light the bulb on the chalkboard or on newsprint
paper. If you use newsprint, have the families write their names on
the completed diagrams and tape the newsprint to the walls. In trial
classes we emphasized that if one member of the family already knew how
to light the bulb, then s/he was to try to help the other member(s)
of the family without showing them how to light the bulb.

As you circulate around the class, encourage families to discuss
how the ways to light the bulb are the same. What parts of the battery
must be touched by either the wire or the bulb? What parts of the bulb
must be touched? Some families can only find the two ways to light the bulb
shown below. Ask them to name the parts of the bulb that must be touching

something (either the wire or the battery) for the bulb to light (the




metal side and the metal tip). Then ask them what would happen if they
turned the bulb around so the metal side touched the battery instead of
the wire. What part of the bulb must the wire now touch? Usually

families find the other two ways to light the bulb shown below.

Some families will take up to 20 minutes to find and diagram

four ways to light the bulb; other families will complete this activity
within five minutes. When a few families have completed this activity,
announce to the class that there are several more experiments with
batteries and bulbs that they can try. Indicate where the experiment
sheets and materials are located. It is important to emphasize that

there is no need to rush through the experiments. If they do not complete
all of the activities in class, then they can take the materials and
finish the activities at home.

Experiment #1: Some Predictions

Objective: Given a prediction sheet, participants will be able to
predict in which circuits the bulb will light.

Encourage participants to speculate about why a bulb will light or

will not light as they make their predictions.
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Bession 1
Seassion 1

Experiment §1

Boterisles bsttely, bulb, 2 wirss.

Expetiment 82

®aterialps battery. battery holdss, 2 battery clips. bulb,
1. Tiy to 1ight the bulb vaing s battsty, & bulb, and ¢ socket, 2 vites, mgnifying glses.

-A{u. A few of the many patterns you Csn tey ais ?&w\
below. Try to predict whethsr or not the bulb will 1., Mske s circuit with s bsttery, battsr

. y holder snd

Light before you set thee up. battery cliPs, bulb, and 8oChet, Disv the wires.

. = ey
2. Look at s bulb through s sagnifying glsss. Now many
big wires d0 you sse?
Light ths bulb and look st the bulb with s magnifyt
A » c D 4

ying
gless. The gmall wirs that lights is called ths [ilasent.
3. Supposs ths: for the bulb to light, an “slectricsl

3, Prsdict in which ezamplis below the bulb will light. curzent” must travel from one snd of ths Battary.
Fark @ v for thoss whicy you think will light, and en thiough ths filament, snd back to the othsr end of
X for thoas which you do pot thinx will light. I¢ the bettsry. what sust the insids of & light bulb
yOou are not surs, you can tben tsst your Prediction. 100k 1iks for the filsment to light? Cross out the

disgrams Of the bulb that do not sxplain what you
know abOUt how to light a bulb. Catcle the diagtse
or disgrams that fit best.

7. .. 9.

888

Experiment #2: Examining the Bulb

Objective: Given a attery, bulb, wire, magnifying glass, and prediction
sheet, participants will be able to predict where the two
wires from the filament are connected in a bulb.

If possibl-., have one bulb opened so participants can see where the
two support wires for the filament are connected. Ask participants to
speculate as ‘to -the purpose of each part of the bulb: rthe glass case,
the girass bead, and the black ring between the metal side and the tip

of the lb. What would happen if these parts were not present or were

made of a differeiw.c materials?

0o
-
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Seeslon |
Seesica 1
Experiment #&
Experisent 93 N Two Bulbe

Haserials:  tattery, pattery noider. 2 bettery clipe.
Materials: 2 bDatteries, 2 battery holders, 4 battery ?bulba. 3 sockets. weveral uires.
clips, bulb, socket, several wires.

Find g11 the ways you cen to 119ht two bulbs with one
Find e13 bt ware you can to light one bulb with tig PHtEREY. Craw diagrams of your clrcuitaBalov.
batteries. Drav dlagrams of your circuite below.

For each carcuie you discover, Consider the following

Por sech circuit you anmni determine how the Questions:
brightness ©f the bulb ~omperes with the buip .
ungx.-enury circuit, Ie the bulb buqhgn.”a'A-u, f1) DO the two py1Deglou with the same brigntness?
©OF the same Drightness?

How does the brightress of sech byld compers with
the bule in a single-bulb Circust? Are the bulbe
brigheet, diswer, of the ®884 hrightness?
t2) Mhat happeng to the brightnese of the firgn bulb
1{ you temove the second Dulb from i1ts socket?
Does the firgt bUlb glov brighter, dimmer, with
the zame brighzness, or 9o out?

Zxperiment #3: Two Batteries and Experiment #4: Two Bulbs

Objective: Given batteries, bulbs, and wires, participants will be able
to find and diagram )
(a) two ways to light one bulb with two batteries, and
(b) two ways to light two bulbs with one battery.

Invite families to speculate about what causes the brightness of the
bulbs to be different in series and pafallel Circuits. Some families
may need help finding either the series or the parallel circuits. Other
families draw four or five circuits which they consider to be different.
To help families recognize equivalent circuits, encourage them to compare

the brightness of the bulb(s) in each circuit. For each circuit have

them trace with a finger or pen the path of the electrical current from

one side of the battery to the opposite side. You may wish to give

28  BEST COPY AVAILABLE



O

ERIC

Aruitoxt provided by Eic:

individual families the sheet explaining circuit diagram symbols. Have

the families redraw their diagrams using these symbols. It is often

easier to recognize equivalent circuits when they are drawn using these

symbols.

Experiment #5: How Bright Are The Bulbs?

Objective: Given a prediction sheet
with series, parallel,
and short circuits,
participants will be able
to predict the brightness
of each »ulb in the
ciruit (wury bright,
bright, dim or out).

Some families will not do
predictions before connecting the
circuits. Encourage predictions,
inviting families to speculate 1s
to why the bulb might be bright, dim,
very bright or out. Have families
trace with a pen the path of the

current in each circui:c before

they connect the circuit.

Bession 1

Lxperiment §3

[ 3: 2 batteries 2 tattecy holdecs, 4 bettary clips,
torisle: 2 bulb:, ; ;oclcu. sevarsl wictas.

[[F gt ths brightness of each 11§ht bulb (n the circults

be o\‘-. Than buzld the circults and observe the bnvhtn::-
of asch bulb, Write very bright, beight, dim, Of out tz5

ssch prediction and for sach obsscvation,

1. Predictions
4 ooservation: o

2. prediction:
@ opssevations___

3 prediction:
@ obasgvetion: .

.. Prediction:
Observation:

29




Expetrisent 45, continued

3. Prediction:
@ Observationt
. Prediction: bulb 1}
2 bulb 2
Obsstvationt bulb 1
bulb 2
7. Prediction:
Ooaezvationt

'y

bulb misaing

Predictiont bulb
bulb 2

T
®

®: Obssrvsetion: hulb 1
buld 2
L B Prediction:
Obssrvation:
buld missing
K e ——

Ssssion 1

orfionaL CRALLEMGES

1. Apattbent Nouas

An apsitsent houss has thive Apsitaents, Zach has
s light and a switch, 32 that ®ach spartsent‘s liaht
cen be controlled by its occupant, The carstaker,
who livea in the basement, has a mastes switch. He
can turn off the mzstes awitch st 11 o’'clock at night,
80 that Ko spaftment occupant can switch on his light,
sven if he wante to.

Design ® circuit to do this.

2. pockst Launching

The President of Tranaylvania hse & rockst aimed
at the capital of Ruvitania. Xe can launch the rockst
with & switch in his office. 1n case an gmergency
ariama vhen hs is not at work, he hee 9iven perriasion
for his Ministsr of Defanss and his Arsy Comrander-in-
Chief to launch to rocket., The President does not trust
either the Miniater of Defensas or the Army Corsmander-in-
Chief to act alone. MNe has 9iven thes switches to
thet the rockst will bs fires only if both s9tes to
work their switches togsther.

Design ® switch circuit eo thet sither the President of
hia tvo audordinstes togethsr can leunch ths focket.

I
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Bession )
CIRCUIT STIeOLS
1nstead of drawing pictures Of the actual batterien,
wirs, snd bulhs which make up the circuits, most pecple

vho work with electricity use symbols for these iteas.
Thees aze the symbols that are widely known and used:

=

battery bulb wires

T joined
_4}\‘ wirsa crosaed but not joined

|
—i—

= i%

1}
D
o = £

Use these sysbols to disgram the circuits you have pads.

LA
\J

Optional activity:

You may have one or two families
that have so much background in or
experience with circuits that the
experiments are not challenging for
them. Sometimes these families
will explore complex circuits on
their own. If they appear bored or
restless, you can introduce the
optional challenges. They will
need four switches to solve the

challenges.

e
[eam]
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1. Apartsent Jousa

Apartment )

Caratakare r/
Raatar
Switeh
Apartwant 4

Apartment 3

2. pocket Launching
President

Rocket -

L/ 7

Kinfater Commandar-

o in
Defenae Chiet

Discussion (10-15 minutes)

Objective: Participants will be able to draw the path of the current
in a one-bulb, short, and series circuit, and explain the
concept of resistance.

About 40 minutes before the end of class, have participants stop
their experiments and share their discoveries. You may wish to draw

a large diagram of a bulb and battery

on the chalkboard or on newsprint

paper. Have one of the children
draw the wires inside the bulb.

Define a circuit as a complete path

of conductors from one side of the

battery to the other. Trace the
path of current flow in each of the four ways that light the bulb.

(Point out the direction of flow by convention from positive to negative.)

Piedi AR (G LA A 31
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Draw a second wire and ask, "What happens to the bulb when a
second path, a single wire, is added to the circuit?" Explain
that this called a '"short circuitﬁ.

Since the bulb does not light, the

‘, electrical current must be flowing
through the wire, and not through the

‘ path with the filament. The wire gets

hot, indicating a large current flow.
\\h o If the wire is kept on the battery, the

battery would soon ''drain". {t would no longer supply any current.

Draw a series circuit, and trace the current flow. Ask, '"How
does the brightness of each bulb compare with the brightness of one
bulb in a single-bulb circuit?"
The fact that the bulbs are
dimmer indicates that less current
is flowing through each bulb.
Explain that experiences with
short circuits and series circuits lead to the invention of the concept
of "resistance". In the short circuit, the path with the bulb has more
resistance than the path with no bulb, so most of the current flows
through the wire or the path with no bulb. A path with two bulbs
has more resistance than a path with one bulb, so there is less current
flowing through the path with two resistances.

At this point you méy want to introduce the water flow model of
electric current (See Appendix A). If, however, many participants have
not completed all the axperiments, you may want to wait until the beginning

of the next session to introduce the water flow model.

32
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Experiment #6: 'The Light Telegraph (20 minutes)

Objective: Given two bulbs, two batteries, two switches, and wire, the
participants will be able to build two light telegraph

stations.
— Show participants a
Bession 1
switch and explain that in the
Exper inent ¢4
el 3 B Lt A, L next activity they will be
A4 8 switch to your basic battery and bulb circuit, and N
Sake the bulb light. Draw the vices. building a light telegraph
C%ffff] f:é%i using the switch as a tele-
ngiﬂ graph key. They will also

Whan you can light the bulb with 8 switch, you have Rade
a telegraph sstl

Dse two svitches, two batterles, and two bulbs to make . receive a copy of the Morse
two telegraph atat . Bow can you'hook up the two atationa
#0 that you can send light aignals between gtations? Draw
your circult dbelow,

code. A dot is a short tap
on the switch or key; a dash

is a tap about three times as

Aak for the Norae code. Practice making the lettera with
the Morse cods and aending meRaages.

long. A pause should be left
Use your Morse code to decode the ansver to this guestion:
*Why 4o dbir4s fly south in the winter?”®

,” 1o @ vee ) o vom ane / tter v tet ) e emn / ven ve tare aea I between WOrds that is about

Mrite the namss for your family membera in Morse Code.

three times longer than the

pause between individual

letters.
Pass out experiment sheet #6, the Morse code*, and the switches.
Participants can pick up any addition materials they need. Some partici-~
pants may need help connecting the two telegraph stations.

Home activities (5 minutes)

Objectives: 1. Given the Morse code and two light tel~graphs, the
participants will be able to send Morse code messages
to each other.
2. Given a prediction sheet, participants will be able to
predict the brightness of each bulb in a circuit after
a change is made in the circuit (e.g., adding another
bulb to the circuit, placing a wire around a bulb, etc.).

*This version of the Morse code is used in radio communications (primarily
by amateur "ham' radio operators. Early telegraph operators connected
by wire used the American Morse code.

o 33
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In the last few minutes of class, explain the home activity. The
participants caﬁ take home the batteries, bulbs, switches, sockets, and
battery holders. They can complete at home any experiments that they
did not finish in class. They can also practice the Morse code ét home
so they will be able to send messages with the electfomagnetic tele~
graphs that they will build the next week. They must return all the
equipment the following week. Remind the participants ‘to bring a

hammer and a screw driver the following week.

i The international Mors cd.

A dot is a short tap of the key — A dash is about 3 times as long.
o N =me 1  oumemema

=-—eee 0 =wemem 2 90 mmmmn o

o= came 3 cconmem
4 eecomm
5 eeeee
[T 6 =mecee
7 =memese
8 ememumee
I3 9 mememem.
° = — 10 e e o e
-—oe mm Period ee ee ee
- rew = Comma esmemmemm

- o Question mark ewmesmme

grx-e—rommoo®p
N<Xg<c-A0wzpD

L]

L]
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Matarisls for Home Activity 41

For the home activity, take home:

battaries

bulbs

battery holders
battery holder clipa
avitchea

aockats

wires

L ST R Ay VR

Raturn ;é; equlpmant next week, In sddition, bring froa

1 screv driver
1 hasmer

h H

Home Activitv |

Firat, Predict what will happan to the brightness of esch
Bilb whan the circults below sre chanqed indicetad.

Then build the circulte and t write
brightar, seme brightn . d pradiction
snd for esch obssrvation.

1. J ' 1
= Placa a 3rd tdentical bulb = 2
2 in saries with bulb 1 4 2 )

Prediction: bulb 1
bulb 2

Cbaervation: buldb 1

bulb 2
., Lo .
- Place a vira parallel
H to uld2

Prediction: bulb 1

bulb 2

Observetion: bdulb 1}
bulb 2

Remova buld . -

Prediction: bulb 2

bulb )

Observation: bulb 2
bulb )

\

Ptediction: bulb 1
bulb 3

Observstion: bulb 1

buldb 3

1. \ L l
-L Place a vire betwaen

2 bulbe and 2 battarlaa

Prediction: tulb 1l
bulb 2

Observation: bulb 1

buld 2

Placa a )rd identical tld

? parallal to tuld2 2

Prediction: bulb 1

Observestion: bulb 1

oulb 2




SESSION 2
ELECTROMAGNETISM AND THE TELEGRAPH
OVERVIEW
In Experiment #1, participants review their knowledge of magnetism
by investigating magnets and their effects on other magnets and on different
metals. They are introduced to the concept of magnetic lineé of force by
using iron-filings to map the magnetic field around a cylindrical magnet.
The Oerstad experiment demonstrates the connection between current electricity
and magnetism; a magnetic field circles a current-carrying wire. Participants
discover that the magnetic effect of a current-carrying wire increases when the
wire is wrapped in a solenoid shape. When different cores (steel, aluminum,
brass) are placed inside the solenoid, participants conclude that only the steel
core increases the magnetic effect. They make a map of an electromagnet
(solenoid with a steel core) using iron filings and compare this map with
that of a permanent magnet. Finally, participants build a telegraph station

using their electromagnet.

MATERIALS
For each family:
Class activities:

1 tray or small box
several wood, plastic, and metal pieces
4 assorted magnets (at least one cylindrical magnet)
1 magnetic compass
2 1.5V batteries
2 battery holders
1 switch
1 magnet holder
1 small jar of iron filings

1 aluminum nail
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1 small container of steel pins
2 sheets of 8%" x 11" white paper
Telegraph stations:

2 13' lengths of #28 insulated solid wire

50' of #24 insulated solid wire

2 3" steel nails

2 2%" lengths of paper drinking straw (3/16" in diameter)
1 6V battery

2 wood bases (6" x 5%" x 3/4")

2 wood pieces (4" x 1%" x 3/4")

2 wood pieces (3" x 1%'" x 3/4")

8 large Fahnestock clips

10 1%" nails

14 5/8" #6 round head wood screws

2 carpet tacks

4 corks (#4)

2 4" lengths of steel band

2 4%" lengths of steel band

2 3-3/4" lengths of steel band (bent at one end)

For the class:

1 can of spray glue (optional)

masking tape or scotch tape
_newspaper

;ulers

2 demonstration bar magnets and ring stand

3 or 4 brass nails

overhead projector

1 transparency 3 '{v

set of handouts and home activity
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ADVANCE PREPARATION
1. Investigation of magnets and magnetic fields:
For each family, prepare a tray or small box of assorted metal, wood,
and plastic pieces and assorted magnets, including a magnetic compass. 1In
trial classes we used large brass fasteners, paper clips, steel and aluminum
nails, bottle caps. pieces of scrap lead, tin, and copper, scrap wood, and
different plastic items such as pen caps, vials, and beads.
Each family or pair of families will need a small
container for iron filings. 1In trial classes we drilled

holes in the lids of plastic vials and poured a small

quantity of iron filings into each vial. Any small
jar with holes drilled in the 1id can be used.
Magnet holders can be made from poster board. Cut a 7%" x 9%" piece of

poster board for each family. With a razor blade or exacto knife, make four

Front Back
an 5/8l| 3 3’11;"

| RS L} 7
: .

|
|
[
l
I
9 1/2"],
|
|
|
|
|

_-— e, = e s e e o
P
I

5/8" an
cuts halfway through the poster board, as shown. These cuts allow the poster
board to be easily bent along the cuts. Do not cut all the way through the

board. Turn the poster board over and make one cut, as shown.

38
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The magnet holder can now be bent into the shape ~hown helow. You may

wish to label the magnet holders.

B RN
< T

{MAGNET WOLDER |

2. Telegraph stations:

Each family will build two telegraph stations, one in class and one at
home. A telegraph station consists of a wood base, a wood clapper holder, a
clapper and clapper screw, an electromagner, a key, a switch, apd two

Fahnestock clips for connections, as shown in the diagrams below.

Clapper
holder

Clapper

éle____—Screw

Clapper

&Electromagnet

]

electromagnet

Side view

Fahnestock
clips

An electromagnet is made from a 3" steel nail, a paper drinking straw,
and three layers of wire. Cut two 2%" lengths of paper drinking straw (3/16"
in diameter), and two 13' lengths of #28 insulated solid wire for each family.
Each family will also need approximately 50' of #24 insulated solid wire to
connect the two telegraph stations each of which will be placed in a separate

room of the house.

Q 5359
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To make the bases and clapper holder for each family, cut two 6'" lengths
from a 1" x 6'" pine board, cut two 4" lengths and two 3" lengths from a 1' x 2"
pine furring board. You may wish to stain the'cut pieces. Participants often
have trouble deciding which pieces to hammer together first, It is helpful

(and saves time) if you hammer two nails through the base, as shown below.

Participants can hammer the 3" wooden side of the clapper holder onto the nails
on the base (after attaching the clapper), then happer the &4" top of the clapper

holder onto the 3'" side (after attaching the clapper screw).

To make the bases and clapper holder for each family, cut two 6" lengths
from a 1" x 6" pine board; cut two 4'" lengths and two 3" lengths from a 1" x 2"
pine furring board. You may wish to stain the cut pieces.

We found in trial classes that the best switches, keys, and clappers
were made from scrap steel banding used for shipping heavy packages. With
large tin snips, cut six pieces of steel banding for each family; two 4"
lengths (for the switches), two 4'" lengths (for tﬁe keys), and two 3-3/4"
lengths (for the clappers). Using a 3/16" drill bit, drill two holes %" from
the ends in the 4" and 4%" lengths, Drill only one hole in the 3~3/4" lengths.
With a vise and a hammer, make a 90° bend in the 3-3/4" lengths about 5/8" from

the end with hole.

@ switch '.D & key oj

4 1/2 4

° clapper :::::>

3-3/4n

Q ‘;()




2.

Build at least two telegraph stations to use as models for the participants
to copy (and for a demonstration in the third session). 1If you have time, place
the materials needed to build each telegraph station in ziplock bags, or on
labeled trays.

3. Demonstrations

Place masking tape over the labeled ends of two demonstration bar magnets.
Suspend one magnet with a string from a ring stand. Put the suspended magnet
on a centrally located table so all participants can see the direction the
magnet is pointing.

If you have the demonstration equipment available, you may want to demon-

strate the magnetic field around a wire and aroud a solenoid (See Appendix B},

TEACHING SUGGESTIONS

Getting Started (20 minutes)

Ask the participants if they have any questions about the home activity.
In trial classes we found two majior areas of concern. Some participants do
not understand how a battery can deliver more current in a parallel circuit
than in a one-bulb circuit. As one father remarked, 'A battery must put

out the same current no matter what is hanging on it. How can a battery

know what is connected to it ahead of time?" The second area of concern was
with series circuits: how can two bulbs in series offer more resistance
(less current) than one bulb? One mother stated the problem as follows:
"Current rushes out of the battery, sees the resistance, and slows down to go
throught the bulb. Once the current has slowed down, it shouldn't matter how
many more bulbs are connected in series, the same current would go through
each bulB." A demonstration of the water flow model resolves these concerns.
(See Appendix A.) You can also use an ammeter to measure the current in
one-bulb, series, and parallel circuits.

41
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Experiment #1: FExploring magnetism (10-15 minutes)

Objective: Given a tray of magnets and common metal, wood and plastic pieces,
parficipants will be able to find which materials are attracted to
the v-.gnets.

Explain to .%e participants that last week current electricity was
investigated. This week magnetism and thx connection betweeen current elect= .
ricity and magnetism will be investigaved. It was the discoverf of this
connection which led to the invention of electromagnets and the telegraph.
Show the participants an unlabeled bar magn~t and ask, "What are the names of.
the ~nds of this magnet?" (North pole and south pole) Ask, "Suppose we have
only one magnet and the ends are not labeled. How could we find the north and

south pola2s of this magnet?" Show the participants the freely suspended bar

magnet. Explain to the partici-

Session 2
Experinent 01 pants that a freely suspended
Exploring Ragnatism
Ratarisle: s tray of wood, metsl, and plastic pieces, magnet will always point: in the
sssorted magnats, 8 Bagnetic cospass. and tepe.
1. Which objscta on your tray srs sttracted to a magnat? same direction . we name the
end of the magnet that points

o e T e e O ot aseking pole and toward geographic north the

the demonstration magnats to identify tha north-seexing
pols of assch of your nqnn::.“:;x:.:::"mzzzmllm

1 1 4 b of ur sagns . .
ey "morth-seeking" pole, the

opposite end is named the
"south-seeking' pole.
3. List 1] the facts you knov about Bagnetizm.

Show participants the
trays of magnets and metal,

wood, and plastic pieces. Tell

them to use these materials

to review what they know about

magnetism. Have two or three

42
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children pass out the experiment sheets and the trays. Most families complete

this activity quickly. You can challenge these participants with the

PN

b e

questions, "How cdo we know there are only two kinds of magnetic pole A few
participanté are surprised when the magnets do not attract all the different
metals (lead, brass, copper, aluminum). For a few participants, the study of
magnetism is a new experience. These families take longer to complete this
experiment and need more assistance.

Experiment #2: Magnetic fields (20-30 minutes)

Objective: Given acylindrical magnet and iron filings, participants will be
able to make a map of the magnetic field around the magnet using

iron filings.
When most of the families have completed experiment #1. announce to
the class that they can continue with the next experiment. Indicate where the

experiment sheets and materials are located. Set newspapers out in a corner

Seanion 2 saperiment 62 (continuved)

Expetiment 02
Magnetic Fielde

cardboard magnet holdse, cylindrical sagner,

Racerialyy
jsr of {ron £11ings, sheet of vhite paper.

D)

S~

rold the magnet holder into ita propet shipe, as
shown below, Place a magnet inaide the alct of tne
magnet holder. Center the maghet In tha slae,

Optlonal Activity

Ths diagrans below show the lroe-filing pattsfns of

Ltvo magneta. Bow Bust
Lay s sheet Of paper ovet the top of the magnet,
-nz speinkls irom filings oato it. Keep the
aprinklar sbout six to ;nn anches sbove ths

thase?

Sevsion 2

place the polss of seeh megnet
t0 obtain these petzarna? Cam you make patterss like

paper, MNotice how the ings tend to form into
® patterm,

vy
cy -

.
.

Gently tap the £ with yost fingar, Whets do
wost g! t:. lllru': go? Catefully bring your
magnet bolder, snd sheet to the lnstructor, who
will apray your pattern with glue so you will have
& persanent record.

.. 1
.zt
o N

LIRS

~

L

‘the iron filings sze following the curred path of ths
“maqnetic 1ines of force® surrounding the magnet.
Ragnetic 1inas of force sre usually dtmwm with atrows
90ing from the nazth-seeking end of the magnet to the
BOUth-geeiing end, 88 shown on ths Dext Paqs. The arfovs

indicste the direction the morth-seeking snd of & cospams
oeedle would point st that loestioa.
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of the room, preferably near an open window. The space must be large enough
so that the pattern of iron-filings can be left to dry after spray gluing.
When most of the participants have completed this experiment, stop the class
for a brief discussion. Ask the participants what they have discovered about
magnetism and magnetic fields. List their responses on a chalkboard or news-
print paper.

You may wish to discuss the earth as a magnet. We know that like poles

repel (e.g., two north-seeking poles repel) and unlike poles attract (e.g.,

O
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a north~seeking pole of one magnet attracts the south-seeking pole of another
magnet). Since the north-seeking pole of a magnet is attracted to or points
approximately twoard the goegraphic north, there must be a '"south' magnetic
pole located somewhere near the geographic north pole. If you have time, it

is helpful to discuss (a) other magnetic materials (besides iron and iron
alloys) such as the metals nickel and cobalt and the non-metalic liquid oxygen,
(b) the '""domain theory'' of magnetism, and (c) the ways a piece of iron can be
demagnetized (e.g., heating, dropping).

Experiment #3: Oersted Experiment (20 minutes)

Objective: Given a magnetic compass, batteries, wire, and a switch, partici-
pants will be able to find the direction of the magnetic field
around a current-carrying wire (Oersted Experiment).

Ask the participants, '"Do you think there is a connection between current
electricity and magnetism?'" You may wich to relate the history of the search
for a connection between electricity and magnetism. The connection was
finally discovered accidentally by Hans Christian Oersted. Explain that in
the next experiment the connection between electricity and magnetism will be

explored by repeating the Oersted Experiment. Pass out the experiment sheets

and let the families collect the needed materials.
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sSessfon 2

Experiment 13 {continved) Sesalon 2
Experiment 43
The Oerated Ewperiment .. w Tope the wite to the
table or floor in s
m;;h-:outh ditection,
801d the compams sbove
patgrigler two Datteries, Dattary holders, wire, switch, s the wire ®0 the cospass
and & coapsss. n needie is persllel to
the wvite @8 shown, Press
Gown on the switch.
1, Book up the circuit ahown below. Does the CoBpans nepdle

move? If 8o, LA which
direction Goes 1t point?

Can you predict whet will heppen (f repest hi
l \ [ \ exper imgnt with the cuirent mttnlm ::'.':nu"r’ :
Test your prediction.

5. Can you think of e genersl rule to ptedict the direction

Place the cospase ewsy from any metal cbjects, including of the north end of e compase when it 1s pleced peer
the lege of the table, current—cetrying wicre?
Bold tbe wire adove the
2. compass in e north-south
L direction (parellel to
t

he compass needle) as
/_\ shown, Press down on the

svitch, Does the compass
] n needle mave? 1If so, in
which direction does it

X point! eest, west. south

of in-batween (southesst,

etc.)?

Bow raverse tbe bdattaries 80 the curfunt is flowing in the
OPPOsite direction. Agein hold the wire ebove the cospass
in @ north-south direction. Press down on the switch.
Doss the cospass needle move? If 80, in which direction
doee it point?

3. Bold the wite over the
compass needle in an
esst-vapl dirsction
(perpeniliculer to the
compsss needle), e

. shows.  7Press down on
the svitch. Does the
cospars needle move?

I1f »0, in which direction
does it point?

¥het happens If you reverse the Datterlies fcurrent
flow) snd repest this experiment?

When most of the participants have completed the experiment, stop the
class for a discussion. Ask the participants what they have discovered.
Explain that the movement of the compass needle near a current carrying wire
indicates that there is a magnetic field associated with a current. Project
transparency #1 on the overhead projector and explain that the magnetic
field circles the wire. If you have the demonstration equipment available,

you may wish to demonstrate the field avound a wire (see Appendix B).

1 45
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Jesslom 2
Transpateacy #1

- I CODELTION BETWEEN ELECTRICITY AND HASNETISH

Experiment #4: Solenoids and Electromagnets

(40 minutes)

- Objective: Given wire, straw, nails of
aluminum, brass, and steel,
and steel pins, participants
will be able to:

(a) build a solencid, and
(b) test the magnetic strength

‘ of the solenoid (e.g., the

mgnetic Held circles ' number of steel pins the

* curront carrying vire solenoid will pick up)

using cores of aluminum,
steel, and brass nails,
and

(c) make a map of the magnetic

field around an electro-
magnet (solenoid with

steel core) using iron
filings.

Explain to the participants that Ampere predicted that that lines of

force around a current-carrying wire might- be concentrated by wrapping the
wire into the shape of a coil or solenoid. 1In this experiment the partieipants
investigate Ampere's prediction..

Give directions for making the solenoid, demonstrating the first part of
the procedure as you explain.
1. Place the drinking straw on the nail. Tape the straw on the nail to
keep it from turning as you wrap the wire. Use a small piece of tape, since
you will later remove the tape so ycu can take the solenoid off the nail.
2. Starting about 8" from the end of the wire, wind about 5-10 turns onto the
straw covered nail. Leave about ¥" of the straw showing. Have your partner
tape the coils to the straw.

3. Continue winding wire until about %" of the straw remains. Again, tape the

Q 48
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Sesslen 2
. Experimeat 40 (continved) Bession 2
Rxperiment 44

Solenoide snd Electiomeqnete 811de the 1a:g® steel nail into one end of the coil.
Push down on tha svitch. will the coll plck up pins
now, what heppens to the pins when you telesse thg
largs stesl nail lumt 1 evitch? vnu':-v- nade an -hc:éo‘ugn-:. }1:‘:::..“".
Batgrialg: » etrev, o large e ¢+ aluminum nai ste cslled t tety magnetia. sn you saplein .
and brass nail, 13 feet of wire, 2 batteries, potery . p ¥
2 battery holdsze, 8 svitch, o nmagnstic compass,
and o small conteinet Of gteel pins.

1. Wisp thise loyers of wite ezound the etiew on the steel
MJ. following the directions gissn in clses. Do not
cut off the extra wire.

1/4° 1/¢*

Y [T T O

2. Remove the mail from the stisw. Connect the cirenit shown
below.

4. What 4o you think the sagnetic linss of force lood like
sround you slectrosagent?

(s) Place your slectromagnst insids the slot of ths magnat
boldes. Centsr ths elactromagnet in the elot.

{b)  Lasy e shest of paper Over ths top of the magnet,
snd sprinkls iton (ilings onto it. Press down on
the switch snd gently tsp the paper with yous
tingez. Bow dows ths pattern of iron £ilings
ocompars with the pattern for s bar sagnet?

@

Bring the end of the coil mes: the campass., Does ths
compase needls move?

Keep the coil in this poaition and praes down on the
svitch, Does the cospass needle move? If 20, how
such does it swing? Is the effect bigger, smallsr.
of the same as in the Oerexed experiment?

(c) 1f you would like e Permanent record of this pattsin,
cersfully disconnect the electromagnet end bring
the magnet holdsz snd ehest to the instructor
tor epray 9lusing.

3. will your coil pick up Pina? fTeet the coil ani see.

Slide tbe large eluminus nail into one end of the coil.
Push down on the switch. Will tbe coil pick up pine
DOw?

wire to the straw to hold the coil in pl.. .

4. Wrap a second layer of wire on top of the first, winding the wire in the
same direction. You will probably need to tape the coil to the straw when

you reach the end.

5. Finally, w;ap a third layer of wire on top of the second. Be sure to leave
about 8" of wire at the end. You may want to wrap masking tape around the
finished coils to hold them in place.

Show the participants a completed solenoid, demonstrating how the coil can
be taken off the naii. Pass out the experiment sheet and materials. It
usually takes participants 15-20 minutes to wind the solenoid and 15 minutes
to complete the expefiments. When most of the participants have completed
the experiment, discuss briefly what they have learned about solenoids and
solenoid cores. If you have the equipment available, you may wish to demonstrate

the field"around a solenoid (see Appendix B).
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Experimert #5: Building a telegraph (60 minutes)

Objective: The participants will be able to build a telegraph station and
make it work.

Show participants a completed telegraph station; demonstrate and explain
how the telegraph works. The shorter steel band is used as the telegraph key.

The longer sterl band can be hooked under the Fahnestock clip and used as a

"switch. Explain that the switch is used when two telegraph stations are

hooked together. This will be investigated in the home activity. The clapper

Sesalen 2
Bxperiment 3 (continued) session 2

Experiment 0%
1. Troubleshooting your telegraph: Connect a 1.3 volt
Bullding & Teleyroph Station battery to your telegraph atation, as shown in the
diagras on the preceding page. Be aure the switch is
orn. Por the telegraph to work, there are two criticel
distancss which must be adjusted; (1) the distance

Baterislas -slectromagmer betwean the nsil hesd and the clapper (1/6° to 1/8%),
" battery ul\a (21 th:hdh;-nc- betwean the C spper grnlmd the

* wood clapper. ¢ clapper screw ahould touch the clapper

e+ base (6" z 84") but not push %wm on the Clapper. '

=1 wood place (4" x 14°)
=] wood plece ()* x 14°)
=] steel band, bent at one end

~2 stael bands {1 short. 1 longer)
-1 corks I
=4 7ahnestock clips

=3 naila 1%°)

-7 :od screvs {3/0° or )/4%) Jle— clapper screw

=1 carpet tack clapper 3 clapper
tolder——* E

1. Use {o\ar hammer end acrew driver to bulldtn telegreph i
ntnlzn‘.n g::: the diegraa below &nd refer to the b slectronagnet

/chppn bolder

1t your telegrapd doee not woOrk, try saking tbe
following adjustmenta:

(1) Remove the clapper holder and move the
clepper acrew electzomagnet 5‘:9: down.

{2) Bend the clapper either up or down,

clepper 1)) Loosen or tightan the clepper screw.

1tch (longer Cood Luck!
stesl band)

o -

FrS

Q

screw is present so that the telegraph will make two clicks, one when the key
is pressed down, and one when the key is released. This is necessary to
distinguish a dot from a dash. For a dash, the key is held down about three
times longer than for a dot. The exact dimensions for the telegraph station
are not critical, so thgy are not given. The participants can examine the

models around the class to see how to put their stations together.

" ot3! COPY AVAILABLE

RIC 48
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Pass out the experiment sheets and materials. If you have not placed the
materials in ziplock bags, the most efficient way to pass out the materials is
as follows: (a) have all the children in the class line up near the materials;
(b) give the first child the screws and instruct him/her to give each family
7 screws; give the second child the nails and instruct her/him to give each
family five nails, and so on.

Participants generally do not need much assistance in building their
telzgraph stations. They do, however, need help in troubleshooting their

stations.

Home Activity (5 minutes)

Objective: Given two telegraph stations and the morse code, participants will
be able to send messages to each other.

In the last few minutes of class, explain the home activities. Each
family will take home the materials for building a second telegraph station,

a 6 volt battery, approximately 50' of hook-up wire, and the home activity

O
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sheet. Remind the participants

Home Activity 2

to bring both telegraph stations,

Connecting Two Telegraph Stations

1. Make a second telegraph atation like the one you rade the bat te ry and wire > and a screw -

in clasa.

2, Use the S0 feet Of wire t5 €onnect the two stations

a8 shown in tha d!agra® below. ' driver to class the following week.

STATI(ON B

J. Suppose you are at station A and you vant to send a
measage to atation 3. Should switch 1| be open or cloaedA?
Should swvitch 2 be open or closed? Experiment to find out.

Complate the following rule: To send 3 messsge, ry
switch must be <+ and py pactner’s gwitch must
be . To recelve a message, my svitch must be
and my partner's switch must be .

———

1. Practice aending Morse code messiges between rooms in 18
you home.




Session 3

Electromagnetic Induction and the Telephone

OVERVIEW

During this session participants continue to troubleshoot their telegraph
stations. They find a different way to connect their two telegraph stations so
that messages can be sent and received simultaneously. Through demonstrations,
they review the purpose of the switches on the telegraph stations and are intro-
duced to relays. In experiment 2, participants build a galvanometer and deter-
mine how it works. Using the galvanometer, they discover that when magnetic
lines of force cut across a coil of wire, a current is induced in the wire
(electromagnetic induction). This principle is used to explain Alexander Bell's
first commercial telephone. Through a sequence of demonstrations, participants
learn how a modern telephone receiver and tramsmitter work. Finally, they build
their own loose-contact carbon microphone which they connect to a battery and
earphone to make a one-way telephone.
MATERIALS
For each family:

Class Activities:

15' #24 insulated solid wire
13 #28 insulated solid wire
1 cardboard galvanometer base
ball of clay

magnetic compass

horseshoe magnet (strong)
switch

1.5V batteries

N N = = = =

battery holders

hook-up wire
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Box Microphones:

2 small cardboard boxes (participants can bring these)
4 carbon electrodes
2 1-3/4" lengths of #2 pencil lead
2 7" lengths of 5/8" wooden dowel (optional)
4 1" #6 stove bolts
8 #6 nuts
4 washers
2 5/8" #6 round head wood screws
2 Fahnestock clips
2 earphones (portable radio)
1 small square fine sandpaper
1 1-1/2" nail
For the class:
2-3 relays
slinky with a ribbon tied in the center
demonstration telephone receiver and transmitter (optional)
headphone set(s) (optional)
sewing needles
#1 and #3 pencil leads
100' #24 insulated solid wire

2 telegraph stations

overhead projector

10 transparencies

set of handouts and home activity
envelopes

ADVANCE PREPARATION

1. Investigation of Electromagnetic Induction

For each family, cut a 15' length of #24 insulated solid wire and 13' of
#28 insglated solid wire. From posterboard, cut a rectangle 3" x 2" and label
""Galvanometer Base.'" Each family will also need a ball of clay about 1" in
diameter. Test your horseshoe magnets to see if they are strong enough to

deflect the compass needle in Experiment #3. If it does not work, you may have

o P
[MC to use more turns of wire. 5_'.

IToxt Provided by ERI
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2. Loose-Contact Carbon Microphones

Each family will build two microphones, one in class and one at home. A
microphone consists of a cardboard box about 6" x 6" x 2", two carbon electrodes,
a carbon rod, screws, nuts, and washers for holding the electrodes and connecting

wires, and a wooden dowel for a handle, as shown in the diagram below.

6" x 6" x 2" box

et @Y

carbon v
electrode

‘-.___£? pencil

lead

“.‘

2/
©

7" wooden dowel

handle (optional) side view

Carbon electrodes can be made from the carbon rods in old 1.5V lantern
baﬁteries (#6 dry cells). A possible source of old dry cells is a local burglar
alarm company. Remove the rod from the battern. On a band saw, cut the rod in
half lengthwise. Cut each half into pieces 7/16" to 1/2" long. Using a 1/8" drill
bit, drill a hole in the center of each piece. You can get

(>

\e%
10-12 pairs of clectrodes from one carbon rod. Each family will need &
electrodes (two pairs). Make some extra electrodes for participants who cannot

get their microphone to work.

o2
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To make the carbon rods used in the microphones, use a exacto knife or
razor blade to cut the wood away from the pencil lead in #2 pencils. Break
the lead into 1 3/4" lengths. Each family will need two lengths of pencil lead
(make some extra lengths, since they break easily). For the handle, cut the
5/8" dowel into 7" lengths. Using a 3/16" drill bit, drill a hole in the

center of one end. Each family will need two handles. Finally, cut the

o
o

plugs off the earphones, split the double wire, strip the ends of the insulation,
of the insulation, and solder

each end. Each family will

need two earphones.
1f the pa;ticipants are bringing

their own earphones, you will need

alligator clips to connect the ear-—

phones to the microphones.

Build two microphones to use as models for the participants to copy and
for a demonstration in the fourth session. If you have the time, place all the
materials needed to build each microphone in ziplock bags.

3. Demonstrations

Connect two telegraph stations, one on each end of a long table (about 6'
apart). The stations should work with a 1.5 V battery. Have on the table several
batteries (1.5 V and 6 V), several Fahnestock clips, and two coils of #24
insulated solid wire, each coil about 50! long. This demonstration is used in
the discussion of how to increase the current in a telegraph circuit so messages
can be sent over longer distances; it is the lead-in demonstration for a discussion
of the purpose of relays.

You may also wish to demonstrate electromagnetic induction using a demon-

stration galvanometer and large coils and magnets. Several demonstrations

33
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are described in Appendix B. Also described is a variable resistance carbon box

demonstration which can be used in the discussion of how a telephone transmitter

works.
Statton A /_—\X Statton B

[Tl R

TEACHING SUGGESTIONS

Getting Started (5-10 minutes)

Ask the participants if they have any questions abor’ : 1e home
activity. In trial classes, some of the participants did not .. * .stand why
the switch on one telegraph station must be open and the switch on the second
station closed. Use transparency #l to trace (with a colored pen) the path of
the current when station A is the sender and Station B is the receiver, and vice
versa. (The switches are not included on this transparency; you can draw them

as you explain.)

54
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Seseion )
Tranepatency §1

THE PURPOSE (OF THE SYITCRES

Statfon 8

If you have the demonstration equipment available, you may wish to review the
magnetic field around a straight current—carrying wire (right hand rule) and
around a solenoid.

Experiment #l: Connecting Telegraph Station (30-40 minutes)

Objectives: Given two telegraph stations, wire, battery and a circuit diagram,
- participants will be able to connect their stations and send
messages.
Given two telegraph stations; wire, and batteries, parcicipants will
be able to find a way to connect the two stations so messages can
be sent and received simultaneously.
In trial classes we found that there is a wide variety in both the amount
of time spent on the home activity and in the level of success. Some families
built the second telegraph station, but did not attempt to troubleshoot this
station or connect their two stations. A few families were unsuccessful in

connecting their ‘wo stations together. Still other families successfully

connected their scations and spent considerable time practicing the Morse code.

Q ' | 53
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Give the families who have successfully connected their two telegraph

stations experiment sheet #l. Have the remaining families connect their

stations together using the

Seasiom ]

Experivent 11 circuit diagram from home

A Teleqraph Challenge
activity 2. Circulate among the
materislgs wite, batteries, 2 telegreph statlons

1. .rlna @ way to conmect your two telegraph atatlons so fami‘ics to he lp with the trouble-
®wessaqes can be eent and reculved aisultanecusly.
Orav the batterles &nd viree ia the diagras below.

shooting. Be prepared for a few
drained batteries (some families
leavs both telegraph switches on,
creating a short circuit and con-
sequently draining their batteries).
As familie; successfully connect
their stations, give them experiment

sheet #1.

Discussion: The Purpose of the Switches (5-10 minutes)

Objective: Participants will be able to explain the purpose of the switches
on telegraph stations.

If you have not already done so, project transparency #l and trace the
path of the current when station A is the sender and station B is the receiver,
and vice versa. Project transparency #2. Ask a child to come to the overhead
projector and draw the wires which connect two telegraph stations in such a way
that the stations can simultaneously send and receive messages. Explain to

the participants that two batteries and twice as much wire is needed for stations

96
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to be able to simultaneously send and receive messages. To save energy and wire,

switches are placed at each station so they can either send or receive, but not

both.

Session )
Teansparency 12

ANOTHER KAY TO CORRECT TWO TELEGRAPH STATIORS

Station A

Demonstration and Discussion of Relays (10-15 minutes)

Objective: Participants will be able to explain the purpose of relays in a
telegraph circuit.

Go to the table where you have prepared the two telegraph stations

(see page 33). Demonstrate that both telegraph stations work.

Station A Station B
Battery
A 7

IRSN - P
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Make one of the wires longer by connecting a coil of wire (about 50'), and ask,
"Will the telegraph work now?'" Demonstrate that the telegraph does not work.
Draw the coil of wire, battery, and connecting wires on a second copy of trans-—
parency #2. Explain that the wire has resistance; if the wires are too long,

there is insufficient current in the circuit for the electromagnet to move the

clapper.
Station A Station B
50' wire g
1=~}
-~ Battery
Key T Key
Ask, "What will happen when a second coil of wire (about (' is connected

parallel to the first coil?" Draw this second coil in transparency #2. Demon-

strate this procedure. Most participants are surprised that the telegraph again

works.
Station A (T Station B
é B0 N
50* wire
.

Battery

Key #%y
<ﬁ . =5

xplain Lo the participants that adding a second parallel coil is like using

thicker wire. The thicker the wire, the smaller the resistance of the wire, so
more current will flow in the circuic.

Disconrcct the second coil, and demonstrate again that the telegraph does
not work. Ask, "What other method could we use to increase the current in

the telegraph cirzuit?' Most participants will tell you to add more batteries.

58
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Connect a few more batteries in series and demonstrate that the telegraph now

works.
Station A Station B
50' wire
==
(= g
Battery

]. ng,jg Ql\\ES?
=5

Explain that there are two ways to increase current in a telegraph circuit;
using thicker wire, and connecting more batteries in series.
With a fixed number of batteries and thickness of wire, there is a maximum

distance that two telegraph stations can be apart and work (project top of

transparency #3).

aesrtbin )
Trensparency &V

THE PURPOSE OF THE BELAY

Station A Staticn B

Station B

—

| 54
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Ask, "How could we send telegraph messages over longer distances?". At first
glance it seems that more batteries and wire could be added to the circuit so
the current remains the same and the telegraphs still work (project bottom half
of transparency #3). However, this would make telegraphs high-voltage devices
which are dangerous to operate. If we keep adding batteries and wire to the
circuit, at some point there would be sparking or discharges between the clapper
and core of the electromagnet.
Another method of sending messages over longer distances is to build
another ;et of telegraph stations and have a telegraph operator relay messages
(project overlay of transparency #3 and draw a telegraph operator between station
B and C). This solution is expensive. The telegraph company would have to pay
the salaries of many of telegraph operators. Consequently, the relay was invented.
A relay is just an electromagnet that is used as a switch (project trans-

parents #4). When the key at Station A is pressed, then the current flows from

THE RELAY

Statfon A Station 8
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the battery, through the telegraph electromagnet, key, relay coil, and back to
the battery .tcace current flow with colored pen). When current flows through
the coil of the relay, the iron bar ir "+ racted to the iron core and touches it.
This completes a second circuit fer Stica..a B (trace the current flow with

a different colored pen). 1In this diagram, messages can be sent in only one
direction, from Station A to Station B. To send messages in both directions,
more switches are needed on both stations.

With a relay between telegraph stations, messages can be sent over longer
distances without high voltage problems and without paying the salaries of alot
of telegraph operators (project top of transparency #5). With time, the
technology of relays advanced so messages could be sent over even longer distances
(project bottom half of transparency #5). The relays were enclosed in oil with
very sensitive pivot points and very light iron bars. Now a very small current
through the relay coil will cause the light iron to touch the core of the relay.
The Station A circuit can be made longer (more wire added). The current in this
circuit does not have to be large enough to attract a heavy iron bar; it only
has to be sufficient to move the light iron bar of the sensitive relay. In
telegraph and telephone systems today, mechanical relays are no longer used.

The relays now are all solid state devices (no moving parts).

AYLRYTILAN )
Tesntparency 8%

Station A Station 8

— I

l
l

rqhh
—%+

vacy
sensitive
Station A colay Stwiend

FM-F,

5

B
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Experiment #2: A Galvanometer (20 minutes)

Objective: Given batteries, switch, wire, cardboard base, clay, and a magnetic
compass, participants will be able to build a simple galvanometer

and explain how it works. ——
Sesalon )
Explain to the participants ::ﬁ::;l.
that the remainder of the session Kateriale: 13 feet of wirs, bookeup wire. 2 batcaries,

3 battery holders, a gwitch, a compass, 8 ball
! of o!.ay, and a cu'md pl‘e- nacked :gnvw

will be spent on the telephone.

1. Starting about 10° away from the end of the vixe,
wing .m:to:w asound four fingets of your haad,

. as showm .

To understand how the first

telephone worked, there is one

more electromagnetic effect they unotbar 18° ot vITE T e other mar oo
Leave vize » ther . ]
tvo vires togetbec, and remove the coil from ':l Cingers.

need to investigate. To investi- T et Tt etny e Bt dakids, che oot ead bald 1a

Jalvanometssr ie now reedy to use.

gate the effect, however, they need

to build a device which will detect small

electrical currents and their direction.

3. Place the finisbed galvanometsr om the floor {away

. . . from metal table and chair lege). Tuzn the cospess o
This device is called a galvanometer. o2 15°s aorth south Oleeceiots o0 taoim. oot
galvancsetsr to the battery asd switch. Whet happeas
wben you close the switch?

Have some children pass out the experi-
ment sheets and materials for building s o
a galvanometer.

4. Can you explain how s galvancmetsr vorke?

Experiment #3: Electromagnetic Induction (20 minutes)

Objective: Given a galvanometer, a coil of wire, and a magnet, participants will
be able to demonstrate that when magnetic lines of force cut across
a coil of wire, a current is induced in the wire.

ERIC |
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)
When a few families
Session )
Exper taant 13 have completed their
Blogtromaqaeti{o Inductiom
. . ) galvanometer, announce
mteriles rous atvancmetir, T ans 13 reesstteics. :
1. Kale ¢ second coll juet 1ike the coll n- made for the to the class that they

galvanoseter. Attach the ends of thie coll to the evds
of the gslvanometer using the Pahnestook clipe, se

showa. Se surs the 68 nesdls and the coll are liazi R N
up La the northi-south directica. can continue with the next
@ experiment. Indicate where
L
T . .
N the experiment sheets and
. BoMd mwzx'umm@mm:hmom. materials are located.

Nore an (ax evey from the gelvanometer ae the wires
permit. thie should At least three feet. DPush the
opet end of the horseshoe magnet through the coll. Dpi4

bappeas

Move the magnet in and out Of the coil sevegal times in
8 row. Bow try holding the mayhat nutb:}r and
m,euu through the end of the magoet. t bippess
Do

1. The property of a msgnet to produce aa electrlo cucreat
in & wire {@ called (11 netic induction. (Thfs
discovary vee firet made chael Yaraday [n the yesr
1811.} Today, huge colls, moved by gream Of water
power, are made tO turn ineide magnetic flelde. These
devices, celled Jeneretora Or dynamos. help to produce
the electri{city that ve use. Can you think of any otber
devices that use the principle of glectromsgnatic
induction?

Demonstrations of Electromagnetic Induction (15 minutes)

In experiment #3, the effect seen by the participants is very small. If
you have the demonstration equipment available, demonstrate electromagnetic
induction with large.coils, magnets, and a galvanometer (see Appendix B). 1In
trial c}asses, we found the most effective demonstration was lighting a bulb
by moving a coil through a large horseshoe magnet. Throughout these demonstra-
tions, emphasize that a current is induced in a wire only when magnetic lines
of force through the wi;e are changing. This can be accomplished by moving
the magnet or by moving the wire. 1If either the magnet or the wire are

stationary, then no current is induced in the wire.
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Explanation of Bell's First Telephone (10-15 minutes)

Objective: Participants will be able to explain how a modern telephone
receiver works.

Explain to participants that to understand how Bell's first telephone
worked, they need to be familiar with two phenomena, (1) electromagnetic induc-
tion, .and (2) sound. Ask the participants to tell you everything they know
about sound. List their responses on a board or overhead projector. Use a
slinky with a ribbon tied to a coil in the middle to demonstrate compression,

rarefaction, and frequency. (See picture on page 40).

Sesvion 3
Transpacency &0

ALEXANDER BELL'S FIRST COMERCIAL TELEPHOKE

Drushead

fron 017

"7
frrnm_
'TA)“ g )))@

ﬁl 2000/

Transai ttee Recaiver

Show transparency #6, and explaih how Bell's first telephone worked. When
you speak directly into the mouth piece of the transmitter, sound waves or
vibrations strike the drumhead, causing the drumhead and disk to vibrate in .
the identical pattern of vibrations as the words you are speaking. This vibra-
tion changes the space between the disk and the magnet so the number of lines
of force pushing through the coil of wire wound around the magnet changes.

This changing magnetic field induces an electric current in the coil whose

strength changes according to the original sound vibrations.
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At the receiver, the induced current in the coil around the magnet changes
the strength of the magnet, <5 the iron disk is attracted to the magnet with
changing pulls. The iron disk and drumhead then vibrate back and forth in the
same rhythan as the transmitter iron disk and drumhead. This reproduces sound
waves that are an exact copy of your voice.

Bell's telephone could only operate over a few miles, and voice reproduction
was very poor. Edison improved the telephone by inventing a variable - resistance
transmitter. The modern telephone receiver, however, is almost exactly like the

first receivers. Project

Senston 3 transparency #7 and briefly

Transperency ¢

WODERN TELEPHOME RECEIVER
explain the modern telephone

receiver. If you have a demon-
permanent ly aagnatized Sron

stration telephone receiver or

omincm . headphones available, remove the
Aluminua dia, Srae

cover(s) and pass them around

slsctrosagnet
the class so participants can
examine the permanent magnet,
\\\ coils, and diaphragm.
R N

Demonstration and Explanation of Modern Telephone Transmitters (5-10 minutes)

Objectives: Participants will be able to explain how modern telephone
transmitter works.

ERIC 66
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Edison's first telephone

transmitter is almost exactly like

Sestian )
trensperency o

MODERN TELEPHORE TRANSN| TTER

the ones today. Project transparency
#8. The diaphragm of the transmitter
is a circular piece of extremely thin
aluminum. The outer edge of the
diaphragm is held in place, but the
rest of the surface is free to vibrate.
On the underside of the diaphragm there
is a small, goldplated brass dome which

is nestled in a chamber containing

small grains of carbon. When the hand-

set is lifted from the cradle, the Loosely packd Tightly packed

carbon carbon
carbon in the chamber becomes part of

the electr. . circuit and the current

passes throug. ..

When you speak directly into the mouthpiece, soundwaves strike the diaphragm
causing it to vibrate in the identical pattern of vibrations as the words you
are speaking. This, in turn, causes the small dome to vibrate in the carbon
chamber. Each vibration causes the dome to compress the grains of carbon.
. When the charcoal grains are closer together, due to compression, more current
flowé through the cirtuit (decreased resistance); as the pressure is lessened
the grains have a greater space between them, reducing the amount of current

. flowing through the circuit (greater resistance).

O
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voice speaking into the transmitter.

back into voice patterns.
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Thus, the current in the circuit varies in an identical pattern as the

The receiver converts this changing current

If you have prepared the carbon variable resistance

box demonstration (see Appendix B), show the participants the chenge in current

which results when carbon grains are alternately squeezed and loosened. If

N {
you have a demonstration telephone transmitter, dismantle the transmitter so

participants can see the components.

Experiment #4:

Objective:

A Box Microphone (30-40 minutes)

Given appropriate materials, participants will be able to

(a) build a loose-contact carbon microphone,
(b) connect the microphone to a battery and earphone, and
(c) explain how this simple telephone works.

Explain to the participants that it is difficult, with simple materials,

to build a telephone receiver that works.

variable resistance microphone with simple materials.

It is easy, however, to build a

Show the participants a

Sedeica )

Expet iment #4
A Box Microphone

AL b Alexander Grahas Bell 1e credited yith the
invention of the eel ¢+ it vas Thomae Zdison who devised
the firet telephone transmitter that could be used over
long dietences. tnlixe Bell'e linited-rang® (necrument,
zdison’'e cransmitter took advantage of o wonderful plop.l:z
of carbon: If a loosw pack of cerbon particles le equessed,
the electrical resistance of the pack decreesss. In other
words, when current i passing through the pack, more curreat
will flow when preasurs is applied.

£dison bad the 1dea that voice waves could epply that
pressurs, and the was right. In the cerbon transmitter be
perfected, loud voice sounde (upon eeriking che cerbon
pacticles and compressing chem) caused larger currents
than did quieter sounds. These vibratione in current crevell:
down e transmission line requlated a receiver ot the ather
end of the line which reproduced the sounds of the opesker’s
volce. Thie use of cerbon in o nuraou ie atill precticed
today. Edison’s cerbon particle device, then, was the
forarunner of the modern telepbone transmitter. It vae,
it tact, o sicrophone. .

The box elcrophone pictured below le eimilar to Tdison’e
in ot least one tespects it ie e closed~circuit systes,
which eans that cutrent (g conetantly flowing, Rdison‘s
firet *speek telegraph rrunsmitter® (patent no. 474,320)
inclfled thie reant concest. Bell'es instrument did not,
which (e cne of the ryeconm its range wes limited to only o
few niless Rowever, the box *alke® {e not 3 cerbon-particls
teansuitear, even though it uses carton. It ie & loose-
contact mike. It von't give anywhere ner: the sound quality
thet Rdison’t did. Novarthelsts, (t is as extrenely
ersitive dets3tor of gound ard one that cas be fun to
sake,

T

Experiment #4 (continued)

fow Dogs Qyc M{ke Worky

%eing o loose-contact detectcr, ehe box elce hae
tae same high seneit{viey to vibrationd ee insecure electrical
connections. You've no doudt roticed how oaslly o
light bult flickere when scmecns preees by. 50 it {e with
our elke. e carboa electrodes CO8NlY eupport the peacile
1ead tod, The elightest yibretion, lixe fros o sound,
will dieturd ehe rod. the clrcuit 1o closed and curceme
{e tlowing through the earphone, this dieturbance changes
the current flov. The serphone P to thees cb.
and, hencs, tends to isivate the sound.

=Corbom Flectrodee: the cerdon electrodes vete nade
from the cerdoa rods from o 46
4y cell

=Cerbon rodi  2° plece of pencil 1eed (pencil lead fe
ectually grephite, e form a carbos)

~Sounding soard: small cerdboard box

=Carphones

=1} volt battery

~Eandler  wooden dowel

-Ninot Ivemer 2 nachine ecreva, 1 woo:l screw, 4 nute,

3 washerd, 2 rahnestock spring clips,
and 50 feet of wire.

Gow So Build the Mike

1. On the flet elde of each cerbon electrode, =2k & omall
deptession for the penoll lead to rest in, Ose a nafl
to gently drill e dimple in each slecttods.

2. with o nall. Jah two holes in ehe bottom
Of the boe 2° apage, with @ rasor biade.

hole {n the side of the box end ettach the
dovel. hendle with ths wood ectev and

enlarge one hole to about §* tong. Jah @ \4
washer, U

Q
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completed microphone and explain how it works. Pass out the experiment sheets

and materials.

Aiperinent #4 (continued)

3. “'-“’hb.“l;'m slectrodes 1+ the (aside of the bax ve
mm-heu doa. sscond out L3 for attscking wires to

e ¢ box

4. Sharpen both ends of & 1 3/4° length of penail lead om
Line :mdwvﬂ- Now we come to the trickxy part. The
rﬂﬂl 1384 wust fit between the stectrodes 30 that

t l: £ree to sove siightly. If it e haid firm.
our loose~contact aicrophon: wom't have s toose
coatsct . , , eonnz:aauy, st won't work. At the Same
time, tha fit shouldn‘t be aloppy sither. Move the
$lectrods in the slot beck and forth until the peacil
lead is held loosely in the depraasions.

—42

S. Hook up the slcropbone battery, and carphone sa showm
in the di{ram on the flnt pq:. I you can't hesc
": l(l::::::‘l:l:lm iato the aike, adjust the pencil
reproduceton. 00sen) until you get good sound

mﬂ{::!ml Tou hsve just made & one-vay telephone
bow your ":'c. “‘!.ct-,s::z;m transaittar. Can you 8¥plain

In trial classes, many participants
could not get their microphones

to work. Usually the pencil had

is held too tightly between the
electrodes. Also, better sound
reproduction results with very
sharp points on the pencil - .
In trial classes we found it anelp-
ful to take a working microphone to
each table. Let each family listen
to the good microphone and feel the

looseness of the pencil lead.

If some of the participants
finish this experiment early, given

them the optisnel exprciment.

Ssaatom I

Optional Experisent
Caing Yowr Micropbooe

1. Doea you *trraphons work kntter {f you taik into the
inside of :.a box of to tin bagk of the box? Casm youw
think of amy reascoe why?

2. Bold the box igainst & wall or door And Mave sonecoe talk
on the othar sida of nbe wwil Of d0o¢. Can You hesar
the person talking? Can yow axplain how you cae bear
througd o wail?

3. Purther Erperisenta Yop Caam Trys

8. QAL we us a seviog neodle Lnsteal Gf s penci! rod?
Tey Lt with the polnt down, tiem with the point upy
tuen L€ to £1nd ;018 of igdwl swneitivity.

b.  See ynat KEPPORC 1 you use & porail leed of s
diftarent hatdnues +$1, §3, ¢ ¢4), Eplit a pencil
:p:g tanghvisg wits 4 rasov bledw to Jat out the

oM.

-
~

-
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Home Activities (about 5 minutes)

Objective: Given two microphones, two earphones, a battery and wire,
participants will be able to connect a two-way telephone.

In the last few minutes of class, explain the home activity. Each family
should take home the materials for building a second microphone, a couple of
D cells and holders, and the home activity sheet. Remind participants to bring
their microphones, a screw driver, a cardboard box and a cardboard rol!l from
paper towels or aluminum foil to class the following week. You may also wish
to have families yolunteer to bring either aluminum foil or plastic wrap for
building radios, 1If you have only one oscilloscope for thec next class session,
you may want to ask volunteers to bring to class any musical instruments they

play (see page 62),

Hone Activity )
A Tvo-way Telephone System Home ACtivity )

Two-way Telephone System

- 3:.‘.’1,: picond aicrophone with & small box at hone.
Ve two microphones, two eacphones. & battecy,
and :o:c wire, can yes flqu;o out hos to connect the (You may need tO use more than one battery)
RiCIOPRONes and cacphones so you can both send and
;l. u: VoiCe messages from different cooms. Draw a
9 of your telephone circult below.

reafou have & in th
attached .nvﬂ;:::ﬂn the ciccuit diagram i» .

miccophone ? miccophones

earphone T e earphone

71




Sessinm 4
A Crystal Radio Receiver
OVERVIEW
Participants are: introduced to an oscilloscope and how to use an
oscilloscope to measure frequency. They connect their loose—cintact box
microphone to an oscilloscope and determine the audio response of thair micro-
phone (the sounds the microphone reproduces best). The oscilloscope is also
used to measure the frequency of a note that they sing (or play) into the
microphone. In the second experiment, participants discover that the detector
they will use in their crys:al radio receiver, the diode, will allow current
to flow in only one direction. Finally, participants build a radio receiver

and tune at least one station.

MATERIALS
For each family:
Class activitiess
4 Fahnestock clips
3 1.5V batteries
3 battery holders
1 birthday candle
1 box matches
hook—up wire
Crystal Radio Set:
110' #28 solid insulated wireor #2¢ plastic coated or enamelled wire
2 15 lengths of #24 insulated solid wire with an alligator clip on one end
7 Fahnestock clips
5 #6 round head wood screws
2 brass fasteners
1 6" x 9" pine woad base

1 #IN34A diode '72
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carpet tacks

1 roll aluminum foil
1 roll pl:ustic wrap
1 cardsoard tube

1 cardboard box

For the class:

1 can spray glue tonette or recorder (optional)
newspapers overhead projector
masking tape 1 transparency

oscilloscopes (1 for every 2-3 families) and probes
set of handouts and home activity
Demonstrations:
oscilloscope
sine wave generator
3" speaker

variable air capacitor from old radio (optional)

ADVANCE PREPARATION

1. Oscilloscopes

For the participants, one of the highlights of the course is learning to
use an oscilloscope to measure a frequency. In this session, the families use
an oscilloscope to measure the frequency of & note that they sing (or play)
into their microphones. In the fifth session, the oscilloscopes are used
(1) to observe amplitude modulated and rectified wave patterns on the crystal
radio sets, and (2) to measure a radio frequency.

You will need one oscilloscope for every two to three families. To observe
radio frequencies, the oscilloscopes should have a time scale as fast or

faster than one microsecond and a vertical scale larger than 50 millivolts.

73



53

For more information about oscilloscopes that you could use, see Appendix C.

If you do not have enough scopes, arrange to borrow some scopes from the physics -

or electrical engineering department of your local college or university,

or from a vocational electronics school. 1In trial classes, we borrowed six
Tektronix T932A dual trace student oscilloscopes and twelve probes. Each
family had access to a scope, although two families would take turns using the
screen.

Set the oscilloscopes on tables around the room so that family groups can
work comfortably around each scope. You may need o use several extension
cords:. If you only have three or four oscilloscopes for twelve families,
place them on tables close together. Family groups can take turns using
the scopes, and they will be clecse enough for you to simultaneously help

each group.

If it is impossible for you to obtain more than one or two oscilloscopes,
then Experiment #l: Testing Your Microphone with an Oscilloscope, can be

done as a class demonstration.

2. The Crystal Radio ¥eceiver

Each family will build one crystal radio receiver, as shown on the next
page (taken from Elementary Science Study, "Batteries and Bulbs I1," Webster
Division of McGraw Hill, New York, 1974). The detector is a #I1N34A diode.
The tuning circuit consists of an induction coil and a variable air capacitor.
The induction coil is made by winding about 11 feet of thin wire on a card—
board tube (from a paper towel, waxed paper, or aluminum foil roll). 1In trial
classes we have used both #28 insulated solid wire and #28 plastic coated
wire. The capacitor consists of two pieces of aluminum foil glued to card-
board. Plastic wrap over the plates keeps them from touching. The diode and

the induction coil are mounted on a pine board.
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Different stations can be tuned by moving the capaci:zor plates rloser

together or farther apart. To tune a larger number of stations, the induction

coil can be made inte a variable inductor by scraping the insulation off
2-3 wires about every 100 turns.

Place a blob of solder on each point as shown

tuning to antenna
plates

diode
coil

AN

to

earphon'
e N '
ground

)
N

in the diagram below:

Attach an alligator clip to a short length of wire.

The
alligator clip can be moved to different solder points, changing the number of
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tuning to antenna
plates
diode
coil
=
Z
™
'
earphone

turns of wire of the inductor, This allows for tuning a larger number of
stations than would be possible using the capacitor plates alone.

For each family, cut a 9" length from a 1" x 6' pine board. Cut the
wire for the induction coils into 110' lengths. Each family also needs a
length of wire for connecting to an antenna and a ground. Cut two 15 lengths
of #24 insulated -~clid wire and attach an alligator clip to one end of each
wire.

Build two radio receivers to use as models for the participants to copy
and for a demonstration in the fifth session. 1In trial classes, we found it
convenient to put all the materials needed to build the radio receiver into

ziplock bags.
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T.V. Antenna or antenna wire 3. Radio Antenna and Ground

from window or poof

The crystal radio set requires

demonstration a good antenna and ground. The most
table

convenient antenna is a T.V. antenna

=

outlet or connector in a classroom.

If you do not hive a T.V. antenna

connector in your classroom, you

7
\\
[
3

can (1) string an antenna wire

out of a convenient window, attaching

il
\

£
~—— | £ the other end of the wire to a tree

or wall; or (2) bring an antenna

wire down to the classroom from the

T

A\
i
b

roof.
._)

All the families will need to

1

antenna wire struflg connect to the antenna simultaneously.
across room above head
height In trial classes, we strung a thin,

bare wire from the antenna across

the room above head height, as

shown in the diagram. Arrange the tables so that all families can reach the
wire with their 15' lengths of antenna connector wires.

Use the crystal radio set that you built to determine if the antenna
arrangement in your classroom is satisfactory. You should be able to tune at
least one station. In trjal classes, We Uused the oscilloscopes for a
ground. You may find that you will need to string a ground wire along the

floor from a piece of plumbing in the room.
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4. Demonstration

a. In trial classes we found it easier to communicate the concept
of frequency if participants could hear frequency changes while seeing the
change in waveform on an oscilloscope screen. On a centrally located table,
ﬁonnect an oscilloscope to a sine wave generator and a small (3") speaker.
Adjust the amplitude of the sine wave generator so that a medium loudness sound
can be heard everywhere in the room. Adjust the vertical
and horizontal gain on the oscilloscope so the 200 cycles/
second waveform fills about half the vertical screen and
two peaks and one valley are visible.

During the demonstration, loud and soft sounds can be visually associated
with a larger and smaller amplitudes. Higher frequencies can be visually
associated with more peaks and valleys on the screen (i.e., 4 peaks for 400
cycles/second, etc.).

b. On the same table, have ready an oscilloscope probe, battery, earphone,
wires and a box microphone. The microphone can be connected to the scope to

show voice patterns.

TEACHING SUGGESTIONS

Getting Started (5-10 minutes)

Ask the participants if they have any questions about the home activity.
In trial classes, svme participants complained that voice reproduction was
very poor, while other remarked that they were surprised at how well their two-
way telephone worked. Explain again the two critical adjustments to the micro-
phone: (1) the pencil leads must have very sharp points, and (2) the pencil

leads must be loose, but not too loose, between the electrodes.

73




58

Demonstration and Discussion of Frequency (15 minutes)

Objective: Given several oscilloscope pictures of sound waveforms, participants
will be able to distinguish:
(a) the picture representing the loudest sound, and
(b) the picture representing the highest pitch sound.

Explain that later in the session the particpants will build a crystal
radio recei;er. To understand how a radio works, some basic understanding
of frequency is heipful. Before measuring radio frequency, however, they will
learn how to measure frequencies of sound waves with an oscilloscope.

Turn off the room lights and go to the table that you prepared with
thé oscilloscope connected to sine wave generator and speaker. Turn the
sine wave generator to about 200 cycles/second. Explain to the participants
that althouzh we can't see sound waves, we can use an oscilloscope to produce
pictures which help us to understand what sound waves are like. You may wish
to briefl} explain how the sine wave generator and the speaker work.

Explain that the peaks at the top of the oscilloscope screen correspond
to compression bands or higher air pressure; the troughs or valleys atthe
bottom of the screen correspond to rarefaction bands or lower air pressura.
The horizontal line corresponds to normal air pressure.

Increase the amplitude of the sine waves. Ask the participants, '"How has
the sound changed?" (The sound gets louder.) Ask, '"How does the oscillo-
scope picture change as the sound gets louder?'" Explain that the louder the
sound, the more the air molecules are compressed. On the oscilloscope, this

increas~d pressure is represented by higher peaks. Now change the frequency

of the sine waves to about 400 cycles/second. Ask, "How has the sound changed?"

7Y
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(higher pitch) Ask, "lHow does the oscilloscope picture change as the pitch
increases?" (More peaks and valleys) Explain that the aumber of éompressions
or peaks produced in one second is the frequency of the sound.

Set the sine wave generator at about 250 cycles/second. Tell the partici-
pants that this sound is middle C. Ask, "What is the frequency of middle C?"
(256 cycles/second) This means that every second the diaphragm of the speaker
is vibrating 256 times and sending out 256 compressions. These compressions
travel in all directions at the speed of sound. Ask, "What is the speed of
sound in air?" (1130 feet/second) At the end of one second, the first com-
pression (of th 256) has traveled 1130 feet. For middle C then, the compressions
are about 4% feet apart.

Disconnect the sine wave generator and speaker from the oscilloscope
and connect your microphone and battery. Talk or sing into the microphone
and show participants the voice patterns that appear on the scope.

If you have one oscilloscope, continue with a demonstration of Experiment #1
(page 61). If you have several oscilloscopes, explain to the participants
that they will have an opportunity to examine their own voice patterns on an
oscilloscope and measure a frequency. First, however, they need to learn

how to use their oscilloscope.

Demonstration of How to Use the Oscilloscope (20 minutes)

Objective: Given directions, participants will be able to correctly identified
and adjust the knobs on an oscilloscope.

You can use the following procedure to teach the participants how to use
each krob on an oscilloscope (i.e., on/off, intensity, focus, vertical position,
horizontal positicn, volts/division (ve;tical gain), and time/division
(horizontal gain).

(1) Point out the knob on your scope.

(2) Demonstrate and briefly explain the purpose of the knob.

(3) Instruct each group to find the knob on their oscilloscope and

turn the knob to see what happens.

Q. 80
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For the volts/division knob and the time/division knob, have the participants
turn the knob to given values (e.g., 0.5 volts, 2 mil!isgconds). Circulate
around the class to see if each group of families has correctly set 'heix keob
to the given value. Depending on the type of oscilloscope you use, you may
need to explain that "m" stands for "milli' (1/1000, one one-thousandth, or
0.001) and '"M" stands for "micro" (1/1,000,000, one-one millionth, or 0.000001).

Discussion of How to Measure a Frequency onthe Oscilloscope (5-10 minutes)

Objective: Given directions, participants will be able to explain how to
measure a frequency using their oscilloscope.

Project transparency #1.
Session 4
Transparency #1

HOW TO MEASURE A FREQUENCY Suppose that this is the voice
pattern you see on your oscillo-

scope. To measure the frequency

of this note, we must determine

2 cycles .
A how many compressions or 'c¢ycles"

‘ \ occur in a given time. First

‘ turn the horizontal position

knob until two peaks line up with

the vertical lines on the scope.

In this example, there are three

C peaks or two complete cycles in

time division
three divisions of time. 1If the

time/division knob is set at

2 milliseconds, the frequency is:

F = 2 cycles

" 6 milliseconds

_ 2 cycles
~ 0.006 seconds

333 cycles/second

i}

You may need to repeat this type of calculation using different examples.
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Experiment 1: Testing your microphone with an oscilloscope (30 minutes)

Objective: Given an osciilw:inope, probe, battery, earphone and loose-
contact box mic~ouhone, the participants will be able to
(a) determine whicl letters or sounds the box microphone does
not reproduce wall, and
(b) measure the frequency of a note they sing (or play) into
the microphone.

Session 4
eseto Expeciment #1 (continued)

Exper imant §1
3. Meesuring en Audio Frequency

Testing Your Mirrophone With end Oscilloscope “(e) Sing e pure note into your microphons. Quickly
tuen the horitontel position knob until two peeks
line up with the verticel lines of the oscilloscope

Meteciels: microphone, bettery, bettery holder end clipe, screen.
eecphone, Pahneetock clipe, wire, and en
oecilloecope end probe. (b} Estimate the number of cyclee and the number of

time divieions between the two lined-up peeks.

1. Adjust your microphone until you get good voice {¢) Celculate the totel time for theee cycles by
ceproduction. Connect your microphone to the multiplying the number of time divisions by the
oscilloscope es shown in the diagram below. tize setting on your time/divieion thorizontel

gain) knob. For exemple, if there were 4 time

4 - divieions between the two lined-up peeks end the

time /division (horizontel gein) knob were eet

at 2 millieeconds, then the totel time would be:

totel time = 4 x 0,002 seconds
= 0.008 seconds

Probe For the nota you sang:

total time =
Oscilloscope .

(d} Now calculete the frequency of the note you seng

Speak ot eing into your microphone and observe your by dividing the number of cycles by the totel

voice petterns on the oscilloscope acreen. Do these time.

petterns look the same es the patterns from the sine

wave genecrator? How ere they different? frequency = cgc:;-
seCo ]

2. Determining the Audio Response of Your Microphone

You cen determine the eudio reeponse of your microphone
by speaking the elphabet letters (or phonic sounds)
into your microphone one at e time and obsetving * 1f you find this Jdifficult, you mey wish to try e
each resulting vave pattern. tonette or recorder.

Which letters or sounds are reproduced best by your
nicrophone?

Which letters or sounds are not reproduced well by
your miccophone?

Can you think of any ways to improve the voica
reproduction of your microphone?

O

ERIC

Aruitoxt provided by Eic:

Pass out experiment sheet #1. Circulate around the classroom, helping
participants adjust their microphones and oscilloscopes- i! you have
more than 2 families (4-5 people) escilloscope, /ou may want to
divide the class into two groups. The first group can dc experiment #1 while
the second group does the Optional Experiment: Using Your Microphone (See

session 111, page 49). After 15-20 minutes, switch the two groups.
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If you have one oscilloscope, you can do this experiment as a class
demonstration. Have the children take turns making the sounds of the letters
into the box microphone. For part 3, you may want to use transparency #l
(page 60) to show participants how to measure a frequency with an oscilloscope.
If you have a commercial microphone available, you can compare the voice repro-
duction of the two microphones. Participants also enjoy observing and dis-
cussing the patterns of overtones produced by different musical instruments
they have brought to class.,

When most of the participants have completed this experiment (or demon-
stration), have the class put their microphones away and turn off the oscillo-
scopes. Aks, "What do you think is the frequency range of the human voice?"
(about 85~1100 cycles/second). Ask, '"What do you think is the frequency range
of human hearing?" (about 20-20,000 cycles/second). Frequencies in this
range are called "audio" frequencies.

Experiment 2: Diodes (20 minutes)

Objective: Given a diode, batteries, and a bulb, participants will (a) observe
that diodes allow current to flow in only one direction, and
(b) identify the direction of current flow.

Ask the cl’ass what materials or componznts they think they will need to

build a crystal radio set. List their responses on the board. Responses

vary greatly, but usually include a ''tuner", a transistor or integrated
circuit, an antenna, a plug or battery, a dial, etc. Explain to the class that

all radio receivers need a detector of scw2 sort. 1In the first radios, the

&3
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Experiment 32

Diodes Experiment 42 (continued)

s,

2, Connect the circuits below. To the right of each
circuit, describe what happeng to the light bulb.

. e —

Materials: 1 11N34A diode, 3 batteries, .) battery holders
and clips, wire, 2 Fahnestock clips, 1 birthdzy
candle, and a box of matches.

R TR

1. A common type of diode suitable for use in cry. a
radios is in a glass container vith twn wires, on.
coming out of each of the narrow o'

o= T

Inside this glass container is a small piece of germanium.
Touching the piece of germanium is a sharp wire.

;piece of germanium

Any manufactured diodes which are like the Archer diode
#11N3J4A can be used for simple radios. The Archer dicdes
you are using come in a package of 10 diodes for § 0.99.

s BATHEIIE
O

Py
T e

T

b)

The electrical symbol for a diode is:

—&b—

The direction in which a diode is pointing is soretires
important. Work with the circuits below may suggest

to you some of the main properties of diodes. The
symbol

c) Gently heat the diode with a candle flame.

gstripe

corresponds to a diode with its stripe to the right.

What do you think a diode does in a circuit?

The symbol —e——

corresponds to: _FD__
Ahades

detectors were wafers of quartz crystal (hence the name "crystal'" radio).

Later crystals were replaced by vacuum tubes. In the radio th;t they will build,
the detector is a diode. 1In Experiemnt #2, they will explore the properties

of diodes.

Have some children pass out the experiment sheets and materials. As you
circulate around the class, encourage families to invent a mcdel to explain
how a diode works. 1In trial classes, we fcund that the children were very
creative in inventing models. The parents, however, tended to want to know
what is ''really'" happening in the diode.

When most of the participants have finishe!, ask the class what they have
discovered about diodes. Discuss some of the childran's ﬁodels. Tell the

participants that in the next session they will exan.une further the purpose

of a diode in a radio receiver.

ERIC 84
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Radio Set (75 minutes)
Objective: Given the materials,
participants will be able to
(a) build a crystal radio
receiver, and
(b) tune in at least one
station.
Show participants a com-
plet= crystal receiver.
Briefly explain the function
of each component. The
aluminum foil on the czrd-
board makes the variable
capacitor tuning plates. By
opening and closing the plates,
the radio can be tuned to

differert stations. Show the

Seasion ¢

Exper iment 03

Bullding a Crystal Radlo Se

to antenna

tuning
plates

to ground
earphone

* Elementary Science Study, “Batteries and Bulbs II°,
Webster Division of McGraw Hill, N.Y., 1974.
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Expetiment §) (continoed)

1. winding A Cotl

The tube from e roll of wawed plrl or sluminum Yoll
coil on,

1e o good eize for winding e

Punch two holes obout 1/2° to )/4° from esch end of ihe
cardbosrd roll, Leave about 1 foot of wire at the end.
One person can hold and unwind the wire while the
second person twista the tube ta wind the coil. If
you get tired, tspe the coil to the cerdboizd and

rest yout fimgers for a while.

3. Radio Tuaing Platss

To change ststions on ®oet radfos. you turs 8 dial.
That 4ial {s comnacted to tmln’ Platas (variable
capscitor) inside the radio, Oftes thesa tuniog plates
are pieces of smtal, € together but not touching.
When you turn the dial, You bring them closet togather
or further spact.

You can make tuning {hlll for o aimpla radio rom
folded cardboard, uaiPg pieces of aluminum foil for the
satal Platas and Plactic wrap to Xeep toe pieces of
foll from touching, TO changs stetions with these
platesa, squeesa the falvee of tbe Cardbosrd together
with more Of less Presaure. You will have tO SQueess
the tuning plstse flat to receive some stations: for
e:‘hn; stations, the plates may have to be opsned fairly
widely.

Rxperinent §) (continued)

a. Cut a plece of cerdbosrd about 1F° by 12°. Use
& rasor hlade and rular to allt the cardboard 80
it is easy to f0ld, Do not cut ill the vay
through the cardboard.

h. Cut two pieces of alusinum foil @° bI 11°, Bring
the foll to the instructor for opraying with

glue. Glue the twc abwats of aluminum foil
to the inner side of the (olded carddoard.

.

N

. Tale two papat Czateners t hing the sluminpo
° foil and ;‘uw thes meuﬁu car o

4. Teke two sheats'of plastic vrap and fold over the
foll, taping edyes to the outiide of the folded
cardboaxd. Attach Tahmratock sprisg clipe with
the peper fastsnor.

Rxpesiment §) (continoed)

3. Attzch five Yahnestock Spring clips to your pise board
with the wood screvs, as chown below,

(TR RO IR

The coil can be hald to tha center Of the board with
carpet tacks. Hook up your tuaing platas. coil,
d4iode. and sarphone shown on the dlagram oo the
first pege.

Attach your cntewpa wite and groand wire. Squesse
you tuning platas togetber with vicious ssounts of -
prossure untlil yoo can hear e statiom.

4. Tbe Circuit Disgram of Tour Radio

Looking down dirsctly abowe it, your radio might look
somathing like this:

Rxperinent §) (Onntirved)

The view 2{cm sbove oan be trasslated into s electrical
dingeam in which the symbolr ard atrafght 1linea are
used tu fePresent parta of the tadio and wite:

1 satecns 1

«l

Q

ERIC

Aruitoxt provided by Eic:




66

participants a variable air capacitor from an old radic, if you have one
available. The foil plates correspond tothe dial you turn to tune in re:ic
stations on your receiver.

The plates will work best if they are very smooth. The more bumps or
wrinkles they have, the less efficient they will be. Show the participants
the part of the room where they can spre,-glue the foil ro the cardboard.

The plastic wrap over the foil is to make sure the plates do not touch when
they are close together.

The induction coil is also part of the tuning circuit. The coil must be
wound very carefully. Warn the participants that if they have wound several
turns and then accidentally drop the tube, the coil will unwind and they will
have to start over again. To avoid this, they should tape the coils to the
tube about every 50 turns. Then they can stop and-'rest their hands for a few
minutes.

Pass out the experiment sheets and materials. You may want to supeilvise
the spray-glueing. Otherwise, vculate around the class, giving help when
needed.

Home Activity (5 minutes)

Objective: Given directions, the participants will beable to find the bes:
antenna and ground in their homes for their crystal radio receivers.

In the last few minutes of class, explainthe home activity. Each family
takes home their crystal radio set (with earphones), and the home activity
sheets. Remind participants to bring their radio receivers and a screw driver

to class the following week.

8/
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Materials for Mome ACtivity 04

Ffor the homs activity this week. take home

- the radio you built {n class

=« sarphone

= 1 Pahnastock clips

= diode
Bring all matsrials, Including your Tadio, to class next week.
In sdaltlon, bring from homet

= & 1cTev driver.

Home Activity ¢

1. Antennas T and Croundl—l_—

Finding the Best Antenns and Ground in Your Nome

Most pocket portable and electric Rou
antennas built into them. Almost alwa
like ths one you built. requires an ex nal antenna in
order for you to feceive voices and music loud enough
to hear. The better the antsnna you use. ths louder the
sound. snd ths larqger the number of stations you will Jet.

T A nRecessary psct of any radio r-c-lv-r ll ths antenna.
ios ha

Almost sny long wite of large piece of metal can be
used as an antenna! metal window f screwa on light
switches, finger stops on telephon antennas,
very long wires laid on the floor, let out of a window.
or tsped to a wall, metal desks of chalrs, draln pipes
(sandpapered st the place where wires from the radio are
connected). intercom buttons. metal Cablnets. wires
from s window to & tree. etc.. (Noter Be sure not
to touch wsll outlets or lamp sockets.)

A wite which {s connected from en electrical dcvlc-
fradio, telephone, egcaph, etc.) to & er
s drain pipe, s tadiator, of ahy other plece of l-tll
that leads eventually Into the earth.is a grounding wits.
The metal itself {a a ground.

qu___

For the simple radio you bullt in class and for ths
radios suggested in this home activity packet, a qrrundlnq
wite i3 little mare than an additlonal anten
otner electrical work.a ground ‘acts as & pfo
aqalnet shock.

An rntenna-Finder (and 8 Very Simple Radlo)

One possible way to test things in your home to
ase 1f they maxe able antennas ts to use the ‘antenna=
finder” pictured on the next page. when you hold one
of the end clips in yout d. your body becomes part
of the electrical cifcuit == a human sntenna or gfound.

Tty the antenna finder o4 metal obj-cts. long
wites. and any othar things l.sted above which vay tutn
out to be useful as an anten - or qrfound. Listen
carefully for faint voices ot music. The objects which
produce the loudest sounds will make the best antenna
or ground for your radio.

The Antenna~Finder

eatphone

fahnestock clip

earphone

antenna

clip

Hoeme activity 4 {continued?

After you have found the bs*i o ' . . -+ zound n
yout hore, Connect your tadio t. * ° T e How
Tany stations can you receive? - : Jess ate they In

broadcasting ¢ vency? Try
day and in the evening. Doe
diffecence in the number of

Can you think of any feasons

f.o during %he
Tave a
& ° smive?

Some Experiments wWith Your Radic

Once you have found a qood an'»
yout ho you may want to tfy amu 9
expefiments.

- d ground 1in
¢ tollowing

1. what happens {f you disconnect the antenns wire?

2. what rappens 1f you disconnect the gfound wife?

3. what happens if you %ake out ths diode?

4. what happens if you take out the coil?

9. What happens {f you take out the tuning platee?

6. You Could try mauing tuning—plates of dll(ur-nt sites
tvery larqe and very smalll. what effw do dif
size tuning plat on the numbe: stations
fOU Can fecelve and the quality of the sound?

7. Do %wo earphones. cne for each eaf. imptove your radio?

8. If you put a battety t}1.% volts! into your radio,
perha betwveen the tphone and the diode. wii}
your radlo worx better"

FUr hﬂgh&z{--

O
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Home Activity 4 (continued)
ttl. Other Madio Clrcuits
You méy wiah to design or invent other sirple radio

clrcults. Here are 30me circults you could try.

1. Simple radion

2. Connect #n antenna=findsr to a coll, tuning platas,
and an antennas

poes this radio work (£ you reverse ona Of the diodes?
BSoth of the diodes?

Howe ACtivity ¢ (continued)

J. 1t you wind another coil and maxe another tuning
plate, you can connect two sivple radios together.
{You can buy wire at sll electronics shops. The
least expensive wire can be found st Ax Man Surplus
and Acme Electronics Inc.)

Does this radio work bettar than & aingle radlo?

Home Activity & (contlinued)

tv. A Ssmall Box Radio

aluminum foll and plaatic wrap
qglued to plece of cardboagd

paper
lastener

sluminua foil glued to the
{nside front of the tox

Clreuit Disgram




Session 5

An Audio Amplifier

OVERVIEW
Participants are introduced to the basic theory of radio transmission and
reception. They use an oscilloscope to observe amplitude modulated and rectified
wave patterns on their crystal radio receivers. They also measure the broad-
casting frequency of the radio station to which they are tuned. Participants
learn how transistors can be used to amplify an audio signal. They build
an audio amplifier (with an integrated circuit) and connect the amplifier to
a speaker, battery, and their crystal radio receiver.
MATERIALS
For each family:
Speaker:
1 5-1/2" x 5" board with 2-1/2" hole
1 5-1/2" x 6" board
2 1-1/2" nails
4 #6 round head wood screws
280
Amplifier:
1 5-1/2" x 8" board
12 Fahnestock clips
12 #6 round head wood screws
1 6V sattery
1 8—pin 70 - <t
1 LM 386 nudio Amp. (1%) (or substitute)
1 220 MF 16V electrolyiic capacitor (axial)
2 1C MF 25V electrolytic capacitor (axial)

1 0.1 MF 50V capacitor (mylar)

O
-
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1 0.22 MF 50V capacitor (mylar)
1 101 1/4W resistor
1 100X 1/4W resistor
1 10K audio taper resistor pot
For the class:
Oscilloscopes and probes
#2N1305 PNP germanium transistor (optional)
old radio (taken apart, optional)
resonance demonstrations (optional)
overhead projector
6 transparencies
set of handouts
ADVANCE PREPARATION
1. Oscilloscopes and Antenna
Arrange the tables, oscilloscopes, antenna wire, and group wire in your
classroom in the same way as for the fourth class session. If you have c¢ne
oscilloscope, Experiment #l: Amplitude Modulated and Rectified Waves can be
done as a demonstration.
2'. Speaker Holder (Experiment #3)
Each family will build one speaker holder, which consists of two pine

boards hammered together, as shown in the diagrams below.

gt
.

2" or 2 1/2"
hole
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For each family cut one 5" length and one 6" length from a 1'" x 6" pine board.
In the 6" length, use a 2" or 2-1/2'" hole saw to drill a hole through the board.
Center the speaker over the hole and mark the screw holes (you may want to make
a template.) Using a 3/32" drill bit, drill four holes (for the screws to hold
the speaker to the board). You may also need to solder two 18" lengths of #24

insulated solid wire to the speaker connections.

® [ ]
2" or 2_1/2" Q
hole ° .

6" 5“

3. Amplifier Board
Each family will build one amplifier, as shown in the diagram below

(top view).

capaci tor 100J0 resistor
(104F) (brown-black~brown)
= N
[ &/ %
capaci tor
. E ') A O (0.224F)
S>B Ty 'k
SE[] |c N
~ s E <
;) 5 S
ad ars < [ ) ‘l "‘;
10 resistor capaciTop &3 capacitor

(brown-black~black) (0.14F) (220 A F)

variable resistor
(10K pot)




)
Template for Amplifier Boand
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The amplifier consists of an LM 836 integrated circuit (IC), .:'io amplifier,
and 8-pin IC socket, two 1/4 watt resistors, one audio taper pot, two mylar
capacitors, and three electrolytic capacitors (see page 81 for an explanation
of the purpose of these components.)

For each family, cut an 8" length from a 1" x 6" pine board. Using the .
template on the following page, drill twelve holes in the board with a 3/32"
drill bit (for attaching the Fahnestock clips.) Use needle-nose pliers to
gently bend 8 pins of the IC socket, as shown in the diagram. 1In trial classes
we used 14 pin sockets; the remaining 6 pins were removed from the socket.
solder a 1-1/2" length of #22 or #24 insulated solid wire onto each pin.
Different co.ored wires are helpful for identification of pins. Finally,
éolder 8" tol0" lengths of #22 or #24 insulated solid wire to the three
connectors of the audio taper pot. (You may want to instruct participants in
soldering and have them solder these wires.) again, different colored wires
are helpful for identification.

Prepare a ziplock bag for each family containing the wood screws, Fahnestock
clips, nails, and electric components needed to build the speaker holder and
amplifier board. Build and connect a speaker to an amplifier board and radio
for participants to use as a model.

4. Demonstrations

If you have an old radio availatl~, you may waat to dismantle the radio
so that the components can be easily identified. 1In trial classes, we found that
the participants particularly enjoyed tracing the connection of the antenna to
variable capacitor and inductor (the tuning circuit).

You may also wish to prepare a demonstration of resonance phenomena to
help explain the tuning circuit of a radio receiver. In trial classes we have
used both springs with weights and sound tubes. These dcimonstrations are
designed to be used as analogies to the resonance phenomena that occurs in radio

tuning; the tuning circuit is not explained in detail.

Jo
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(a) Springs with Weights: Attach twosprings (with different spring constants)
to a stand and suspend identical weights from each spring. Tap a weight
with your finger using different tapping frequencies. At most frequencics
of tapping, the weight merely jiggles. At one frequency, howecver, the
weight bounces up and down with a large amplitude. This frequency is
called the 'resonant'' frequencey.

Demonstrate that the resonant frequency of the second spr- 3 is
different. Changing the spring is like changing the capacitance of the
tuning circuit of a radio (moving the plates closer or farther apart);

a different radio frequency resonates. You may also demonstrate that
changing the weight suspended by the spring changes the resonant frequency.
This is similar to changing the inductance of the coil in a radio tuning
circuit.

(b) Sound Tubes: Connect a sine wave generator to a small speaker. [lace a
mailing tube near the speaker diaphragm and slowly increase the frequency
until resonance occurs. Remove and replace the tube several times so
participants can hear the difference in loudness. With a given length
of tube, there is only one resonant frequency. Now use a second, longer
or shorter tube. Demonstrate that the resonance frequency is different.
Changing the length of tube is like changing the distance between the
élates of the capacitor in a radio tuning circuit.

TEACHING SUCGESTIONS

Getting Started (5-10 minutes)

Ask the participants if they have any questions about the home activity.
In trial classes, some families asked why they could not tune in more than one

station, If they live near a radio transmitter, the signal from this station

o)
C.
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dominates. Some families asked how they could tune more stations. You can
show them how to make the coil into a variable inductor. The children wanted
to know how to make the radio louder.

Discussion: How a Radio Works (20-25 minutes)

Objective: The participants will be able to explain the basic theory of
radio transmission and reception.

Explain the basic theory of radio transmission and reception. .Imagine
a circuit with a long wire called a transmitter antenna. We have seen that a
current—-carrying wire has a magnetic field around it (Oerstad experiment).

Now suppose that the current in the antenna wire is made to oscillate, or flow,
first in one direction, then in the opposite direction. The magnetic field
(and the electric field) around the wire will change in both strength and
direction. These oscillating magnetic (and electric) fields propagate through
space in all directions and are called electromagnetic waves. 'Electromagnetic
waves travel at the speed of light, 186,000 miles/second.

Suppose that the electromagnetic wave from the transmitter antenna cuts
across a second long, vertical wire some distance away, a receiver antenna. We
know that when this happens, a small current is induced in the receiver circuit
(electromagnetic induction). This current will oscillate in the same pattern
as the original current in the transmitter antenna. The current in the trans-
mitter can be made tc oscillate in the same pattern as voice or music by using
a microphone. At the receiver, the induced current can be amplified and used

to drive a loudspeaker.
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M RADIO TRAKSHITTER Sesuion 3

Transparency §1

//
/./
AN
Audio Frequencies
15 - 15,000 cycles/sec
)))]—@— i .““||.l
T

sicrophons
[Modulater |-

e |

. | Rado Freq.
Oscillator

Radio Frequencies

550,000 ~ 1,500,000 cycles/sec éﬂ

»

Project transparency #l on the overﬁead projector. Explain that
the amplified audio current from a microphone cannot be used to transmit electro-
magnetic waves. The frequency of audio current is between 15 and 10,000 cycles/
second. The electromagnetic waves generated at these frequencies are very weak,
and are quickly absorbed by air and other objects. The transmitting antennas
would have to be 4 to 10 miles long to efficiently transmit these frequencies.
Moreover, all transmitters would operate at the same frequency range and there-
fore, signals from different stations could not be separated at the receiver.

These problems are overcome by superimposing the audio signal on a high-
frequency radio carrier signal. Radio carrier frequencies range from about
550,000 cycles/sccond (550 kilocycles or 55 on your radio dial) to about
1,500,00C cycles/second (1,500 kilocycles or 150 on your radio dial). At these

frequencies, with transmitting antennas ranging from 160 to 450 feet, electro~

38
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magnetic waves can be transmitted with maximum efficiency. Moreover, each
radio station can broadcast at a different carrier frequency, so they don't
interfere with each other.

The effect of mixing audio signals with a radio frequency is to increase
or decrease the amplitude of the radio frequency carrier wave in accordance
with the variations of the sound or audio frequency. The carrier wave has an
"envelope'" with the same shape as the audio frequency wave. This proﬁess is
cqlled amplitude modulation or AM radio.broadcasting. You may wish to mention
the second means used to put information on a radio frequency carrier, frequency

modulation, or FM radio broadcasting.

seaslon §

N m'o lElilVER Transparency §2
Lnd
Asplitude Hodulated
froutt Detactor

= Eiuj

D

Project transparency #2 and explain how the radio receiwver works. Many
signals are received by the antenna of a radio receiver. To select a signal,

the radio receiver must be '"tuned" to the radio carrier frequency. The inductance

O
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coil and variable capacitor are used to do this. When you turn your radio
‘dial to different stations, you are increasing or decreasing the air space
~between the capacitor plates. At different settings, the tuning circuit will
respond to only one carrier frequency. If you have an old radio available,
show the participants the tuning circuit and antenna. If you have the demon-
stration equipment available, you may want to demonstrate the resonance
phenomenon.
After a signal is selected, it is sent through a detector. Most detectors
are diodes or transistors. You know that a diode will allow current to flow
in one direction only. The diode "rectifies" the modulated signal, eliminating
the negative half of the wave so the wave pulses are all in one directlon.
There is now a direct current signal which is made up of a carrier and the
audio signal. By passing the signal through a filtering device (usually a
resistor and a capacitor), the carrier part of the rectified wave is removed
and only the audio signal remains. The audio signal can be sent directly to
earphones or ampliiied and used to drive a loud speaker. If you have an old
radio available, show participants the reirevant components.

Experiment 1: AmplitudeModulated and Rectified Waves (40 minutes)

Objective: Given a radio receiver and an oscilloscope, participants will be
able to:
(a) observe amplitude modulated and rectified wave patterns, and
(b) measure a radio frequency.

Explain to the participants that they can connect an oscilloscope to their
radio and observe amplitude modulated and rectified wave patterns. They can
also use the oscilloscope to measure a radio broadcasting frequewncy, in the
same way they measured an audio frequency last week. Project transparency
#3 and ask, "Where should the oscilloscope probe be placed to look for an
amplitude modulated wave pattern?" (draw in the probe). Ask, '"Where should
the oscilloscope probe be placed to look for a rectified wave pattern?" (draw
in the probe).

o -
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Session §
Teanspatency §)

HOW TO CONMECT YOUR OSCILLOSCOPE T0 YGLR R/0IO

Osciloscope

Pass out the experiment sheets. Circulate around the class, helping with
oscilloscope connections and triggering. Some participants will need heip in
"finding" the amplitude modulated signal. Usually they have the vertical gain
set too low, or the horizontal gain too high. Some participants also forget
to disconnect the earphones before attaching the oscilloscope probe.

Some participants also need help in calculating a radio frequency.

If you have more than two 'amilies per oscilloscope, you can divide the
class into two groups. One group can do the optional activity, "A Transistor
in Your Rad?o,” while the second group uses the oscilloscope. After 15-20
minutes, switch the two groups. If you have one oscilloscope, you can do
this experiment as a demonstration.

When ' the pérticipants have all seen amplitude modulated and rectified
waves, have them disconnect the probes and turn off the oscilloscopes. Discuss

briefly the radio frequencies that they measured.
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Session 3

Bxperisnat 41
Amplitode todulated and Mectified Pettezns

1. Tune in o radio stetion with your set. RemOve the earphones
and connect the cecilliscope probe ss showwn below. Turn
the u./u-l-loa (bociscatal L:n) tnod betwees 10N and
34 secoods and the wolte/divie (vertical gain) between
0.1 and 1 volte, wmtil you lsar wave patterm.

R

m.v-plmne!uou aveforn you see mu.exun.ow-

face., This type of weveforn is called "amplitude
modulatad®,

2. TO sea the radio frequency batter, nrn the sec/div kscb
to 1M, You caa measurs the fr

Experiment §1 (contisued)

80 & pesk linge up with o wvertical line oo the screea.
Then ocount the number of diviaioes to a . pesk
which lines up with a vertical line on the scresa.

4 cycles

i
———n
S

Tor exasple, ip the picture above thers ere four complete
erln in I.‘no dlnl-lu\n. of is thres sicroseconda
{0.00000) .-cu:h). Thia tadie station wouls be

ing o

o freq Yy ©
) 4 qﬁlla
x U, - BOC
- =3)
. seQ
« 1,330,000 gycles/sec

Thin is radio etetion KRN b:oodentun ot 1,300
kilocyclss or 13) on your radio dial

Calculats the broodcntl.nq frequency of the rpdio statios
you ars listening o

Experiment ¢l (continuved)

1. canx:ct the oecilloecope probe to your radic as shows
be .

J

If the waveform is nOt abowing on your screen, adjuat
T3 volte/div position knob until you see the weweform.
CBrav - picture of the vaveform you sea.

As you discovered earlier. s diode only lete curreat flow
in one Airection i a circuit. The divde in your radio
cut of’. the negstive half of the currea Lo

only tne positive smplitode sodulsted wa
proocess ia called °rectification®, The upm wil)
fespond to the direct currest nuctutlr-i o8 the volos
vave flucustes.

Sesaion 3

Optional Experiment
A Transietor in Your Radio

e of tranaistors call PRP and

Thers are two ocommon
.d into parte of the
®, and the

type
¥PE. The three vlu of o traneister le
tranaistor called the “collector®, the *
‘emittert.

- - -

ror the radio c™owd lnl.o-, the dltnrncn amoung the
parte ars cnisportat when & bettery is in t.!n
same circult, the aunnn: lud- wust be connectst {8 a
certein order for NP ¥P¥ craneirtore.

Attaching s transistor to your radio:

nlzn'; a traneietor sound different from ® diode in yoar radio?

Q
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Discussion of Amplification (10 minutes)

Objective: Participants will be able to explain how transistors are used
to amplify audio signals.

Explain to the participants that the induced current in tgeir radio circuit
is sufficient to drive a small earphone, but not large enought to drive a speaker.
To drive a speaker, the audio circuit needs to be "amplified" without distorting
the frequency pattern. Transistors are commonly used for amplification.

Project transparency /#4. Explain that transistors are made from the
same materials as diodes. They have th;ee connections instead of two--a base,

a collector, and an emitter. When a transistor is used for amplification, it
cannot 'create more current. What it does is act like a switch to "turn on"

the current in another circuit with a battery.

Point out the two circuits——

Loty 14 the control circuit with the

A TRANSISTOR AS AR AMPLIFIER
mircrophone and the working
circuit with the battery and

loudspeaker. If the microphone

is not connected in the control

Collactor /\"!\,

Gass circuit, the transistor blocks the
~ _ Emitter .
current in the working circuit
Control
Work{ . .
Cireuit - o like the diode. To make current
Circuit
a: . E flow in the working circuit,
Speaker .
Nicrophone ’ there has to be a signal or small
current to the base of the tran-
— 1] '
‘ sistor. When someone talks into
Battery

the microphone. a small audio

current is produced at the base.

The transistor then acts like a

104
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switch and "turns on'" the working circuit, so a large current flows from the
emitter to the collector. Moreover, the current in the working circuit varies
in exactly the same way as the audio current to the base. The current in the
working circuit is now large enought to drive the speaker.

Explain that the circuit shown in this diagram would not really work as
shown; some components are left out. Amplifiers need cwo or more transistors
plus some capacitors and resistors to filter unwanted frequencies. Explain
to the participants that the audio amplifier they will build today had in it
the equivalent of ten transistors. These transistors are, however, on a small

chip called an "integrated circuit" or IC chip.

Experiment #2: Building an Audio Amplifier (80 minutes)

Objective: Given appropriate materials, participants will be able to:
(a) follow a circuit diagram to build on audio amplifier, and
(b) troubleshoot the amplifier (make it work).

Show the participants a completed amplifier board. Project transparency

’

#5 which shows a top view of the Fahnestock clips and electronic components

SESS1

NPLIFIER BOARD TEAnsoRRENCY 1S

(4r01)

{0t resistor
(brown-b)ack-black)

oetsd” capacitor
AF) (220/(“')

capact
(0.1

variabls resistor
(10K pot)

D
5

ERIC 1
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on the amplifier board. Pass out the ziplock bags with electronic components.
The following procedure can be used to help participants both identify. the
electronic components and discriminate bewteen the components:

(1) hold up a component and describe its identifying characteristics.

(2) on the overhead projector, show the'location of the component in
the circuit. '

(3) instruct the participants to find the component in their ziplock
bags. Participants should be able to discriminate between the two resistors and
the two mylar capacitors, find the positive and negative ends of electrolytic
capacitors, and find the small dot in the IC which identifies pin #l. Caution

participants to carefully align the IC pins with the socket when inserting the

IC, so the pins do not get bent.

. Sesgion 3
Audio Asplifier — Perts and Connections
Expazismsat 42 « 1 pine board 34° x 0° =1 220§ P 16¥ capscitor (axial)
" Suilding an Awdie Awplifier « 12 Pahnestock clipe « 32 1047 257 cepecitors (axial)
« 1 0=pin IC wmockst -1 0,1 47 30V capacitor (¥Ylax)
1. Introducticn = 1 tn1s6 Audio Asp =1 0,227 30V capecitor (Wylar)
r our smplifier, wve will use an LMWINE Lntegreted - 1 6V betts -1 108 kw 1
euc-u (xcl evdlo ampiifier. The LXINE is & power swplifisr v resistor
desifned for use in low voltage congumer applications M « 1 8N speshar = 1 100 1A W resistoc
(e.g. Tadlo or tape player asplifiers, intsrcoms., TV
mognd systems, line drivers. ultrasoaic drivers, small . = 1 10 K zesistor pot
servo drivers, and power converters). The gein is . . . .
l.nulunl set st 10 to kewp external pact coum low, bat
the addition of an ssternal resistor and cspacitor beatween
pins 1 and 8 will incresase the geia to any value Up to 200. capaciter restatee 1008
B ald (v rea-bloch-brova)
Bquivalent ic and ion DI . -
aspeditew
0,337
:i . o’
g.:. o 1c
’ L
0
reatater 104 aepocitne
capeciter (9pn
Orrww-bioek-black) (0. 1a0)
varishls restsver
(108 pot)
opesber

erlc 107
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Reperimset §2 lo_ant inoed)

Connecting Tour Amplifiar to Your Radio. Speskec, and Battary

I

Exper iment $2 (ooatinsed)

3.

4

Suildisg the Spedker Bolder

magerisly: 0.2 speskec, thres 14° nails. 1 pine boagds
4 wood scTewe * *

Hail tho two boards together. Screw the aker onto the
wvertical boszd, as shown in the disgres below.

Suilding the Mplifier Board

Magerislgt 0° pime board, 12 Pahnestoct clipd, 12 #6 wod
scrows, ¥-pia IC socket, LXIN6 IC eudio ssplifier.
210 pa P capacitoe, two 10 c’r cspecitors, 0.1 uP
capacitor, 0,23 MP capecitors 1043 reeistoc,

shoet wire, and @ 10K.2 resistor pot,

(e) Screw the Pahnestock Clipe ooto the hoard, as
shown im the disgram.

{b) , Cosmect the ground wire and the electromic compomcats
s showm. Be sure you have the ¢ and - emds of
the capecitors coanectsd correctly. Also, be
suze you 0 not comfuse the 101 and 100N resietore.
Consectisg the Amplifier, Radics Spester, and Battery.

Katacialat crystal radioc receivec msplifier board
speakez, and ¢V bnur;. ’

Use your esrphone to tune & station. Disconnect the ear-
and condect your smpiifier board, spesker, radio.
and battery as shows in the disgram. Tuzn the 10T.N
resistor pot to adjust the loovdness.
I2 your amplifier does mot woek.
(e) check all electromic coamections
(b) check to ses if radic i@ etill tuned to @ statioa
(c) check your spesker and battery

{d) check the IC (exchange for another)

Have the children pass out the experiment sheets and remaining materials.

Circulate around the class and help participants to troubleshoot their circuits.

In trial classes, we had one IC that did not work, and a few cold solder joints

which caused particular problems. Most problems, however, arose from incorrect

connections (e.g., resistors reversed, connections to or from radio incorrect,

ground wire not connected, etc.) As you help participants,_try to model good

troubleshooting behavior by instructing participants to systematicallv check

connections.
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Describing the Function of the Amplifier Parts (10 minutes)

Objective:

The participants will recognize that each electronic component

in the amplifier has a specific function.

If you have time, and the class is jinterested, you may want to briefly

. . . l
describe the purpose of the capacitors and resistors connected to the IC.

o

0.2 AF
|

Seaslon §
Transpacency 06

THE AUDIO AWPLIFIER

10AF

@

Pzoject transparency #6.
Explain that the triangle is a
common symbol for an integrated
circuit amplifier. Give the
following brief explanation of
the purpose of the component;
connected to each pin of the 1IC:
(1) 10 pF capacitor and 10K

pot to pin 3: These com-

POnents are a ''coupler" to

the radio. They "attenuate"

or greatly reduce the radio
frequency, so only the audio
voltage (current) passes to.

the amplifier.

IO,LF capacitor and 100N resistor between pins 1 and 8: These components

determine the gain or how much the chiP will amplify. The LM 386 IC can

-y

have a gain between 20 and 200, depending on the value of the capacitance

and resistance.
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(3) o.1 PF éapacitor and 10f1resistor from pin 5: these components prevent
the IC from "ringing'" or oscillating. The LM 386 is also commonly
used as an oscillator, a device like a sine wave generator that produces
oscillating current. To use the IC as an amplifier, we must stop it from
oscillating.

(4) 220’)F capacitor from pin 5: This capacitor acts as a ''decoupler' from
the amplifier to the speaker. It eliminates the direct current voltage
and only allows the audio voltage to pass to the speaker.

(5) 0.22’;F capacitor parallel to the battery: You may have noticed that the
electronic components in radios and TV sets usually have very short wires
soldered to printed circuit boards. There is a reason for thece short
wires. The amplifier you built had longer wires which act like antennas
and pick up radio static. The 0.22 PF capacitor eliminates this static.
If the component leads were cut very short and soldered to a circuit board,

this capacitor would not be needed.

110
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A Water Flow Model of Electrical Current
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Participants usually have difficulty understanding how less
current can flow in a series circuit and more current can flow in a
parallel circuit (as compared to a one-bulb circuit). This difficulty
stems from two misconceptions about electrical current:

(1) A battery must always put out the same amount of current.

A battery does not have a 'brain'', so it cannot know what
circuit is attached to it.

(2) A bulb "uses up" electrical current. Everyone has an intuitive
feeling that something is 'used up" (not conserved) in electrical
circuits. The bulb gives off light and heat, and a battery will
eventually run down. Many people have the idea that it is the
electrical current that is ''used up'".

Some of these problems can be overcome by introducing a water flow

mode electrical current. In this model, electrical current is

like water flowing through hoses or pipes. The hook-up wires are very
large pipes; the filament of a bulb is a very narrow pipe. The battery
can be thought of as a faucet or a very large reservoir of water and a
pump. The water is never ''used up"; it continues to flow round and round
the "circuit". Eventually, however, the pump will wear out (the battery

will run down). Diagram 1

(< ' _ :11_2
ERIC -
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To introduce the water flow model to the participants, you can ask
them to consider a garden hose attached to a faucet. If someone steps
lightly on the garden hose, the hose becomes narrow, and less water flows
throught the hose. This is like comparing a short circuit to a one-bulb
circuit.

Suppose that two people step lightly on the hose. The hose is now
narrow in places, like a series circuit. Less water flows through the
hose with two narrow places than if there is only one narrow place.

Now imagine attaching a connection to the faucet so there are two hoses
(see diagram below). With two hoses, there is twice as much water flowing

from the faucet. This is like a parallel circuit.

Diagram 2

1 gallon/ 2 pints/ 1 pint/ 4 pints/
minute minute minute minute

113
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Diagram 3

|

The best way to compare current flow in short, one-bulb, series, and
parallel circuit is to demonstrate water flow through glass '"circuits".
Have a glassblower make four '"circuits'" out of 80 mm OD glass tubing, as
shown in the digraﬁ above.

The constrictions should be as close to the same diameter as
possible. Attach a %" ID latex tubing to the glass tubing, and a
clamp (screw compression or pinch clamp) to one end of the tubing, as

shown in the diagram on the next page.

114



O

ERIC

Aruitoxt provided by Eic:

93

Diagram &

RERANN

Hold each glass "circuit" with a clamp to a ring stand. Fill a

bucket with colored water and put the latex tubing into the bucket.

The bucket must be positioned above the glass circuits. Siphon water into

each glass circuit, making sure there are no air bubbles .in the tubes.
For the demonstration, collect and measure (with a graduated

cylinder) the amount of water that flows through.each circuit in a 10 to

15 second interval of time. Be sure to fill the water bucket to the

same level before each measurement. First measure the amount of water
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flows through the short circuit. Ask the participants to predict
how much water they think will flow through the single bulb circuit in
the same time, and then measure the amount. Next ask the participants
to predict how much water will flow through the series circuit, then
measure the amount. Finally, ask the participants to predict how much
water will flow through the parallel circuit, then measure the amount.

The measurements will not be exact (because of friction in the tubes
and the fact that the constrictions are not exactly the same size).
They are close enough, however, to show that there is less flow in series
circuits and more flow in parallel circuits as compared to a one-bulb

circuit.
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Several optional demonstrations are described below. The equipment for
a few of these demonstrations needs to be construacted; most of the demonstra-
tions use commercially available equipment. The demonstrations are desigaed
to help participants understand the concepts taught in this course. You may

wish to substitute your own favorite demonstrations.

Oersted Experiment and Ampere's Right-Hand Rule (Session II or I11II)

Materials: Knife switch and battery or power supply, wire, and Miller Magnetic-
Field-Abcuut-Conductor Demonstrator (Central Scientific #71942-085).

This apparatus consists of a rectangular aluminum frame mounted on é
transparent plastic base (for
use with an overhead projector).
Midpoint on the upper cross-
member of the frame is a
magnetized steel needle which
rides on a pivot. Concentrically

mounted to one upright of the

frame is a clear plastic disk which
serves as a platform for small transparent compasses or iron filings. The
compasses or iron filings can be used to show that a magnetic field circles

a long, straight wire which is carrying current.

Magnetic Field Around a Solenoid (Session II or III)

Materials: Knife switch and battery or power supply, Miller Magentic
Solenoid Demonstrator (Central Scientific #71937-008).

This apparatus consists of a
series of continuous coils of heavy
wire anchored in transparent plactic
(for use with an overhead projector).
Iron filings can be used to show the

magnetic field around a solenoid.
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Electromagnetic Induction (Session III)

Materials: Demonstration galvanometer, battery and knife switch or power
supply, bar magnet, iron bar, primary and secondary induction
coils (Central Scientific #79750-000).

(%)

0 Q

t 1

There are several demonstrations you can do with this equipment. Each
demonstration described below is designed to show that when the magnetic field
across a wire changes, a current is induced in the wire (Faraday's Law of
Electromagnetic Induction).

1. Connect the primary coil to a
galvanometer. When a magnet is
moved into or out of the coil, a
current is induced in the coil.
When the magnet is held stationary
inside the coil, there is no
induced current.

2. Connect the primary coil to a
battery or power supply and the
galvanometer. When a soft iron
bar is moved into or out of the
coil, the current changes. There
is an induced current in the same
direction or in the opposite direction to the current flow, resulting in

an increased or decreased total current in the circuit.

Q 1.1}9
ERIC
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3. Connect the primary coil to a

battery or power supply and a —

knife switch; connect the secondary

coil to the galvanometer (secondary

coil rests inside primary coil). When

the switch is opened or closed, a current is induced in the secondary coil.
When there is a steady current in the primary coil, there is no induced
current in the secondary coil.

4, Connect the primary coil to a

battery or power supply; connect

the secondary coil to the

galvanometer. When the secondary -[

coil is moved into or out of the
primary coil, a current is induced in the secondary coil. When the secondary
coil is stationary inside the primary coil, there is no induced current in

the secondary coil.

Electrbmagnetic Induction (Session II1)

Materials: Large, powerful horseshoe magnet, ¢ il of wire, flashlight bulb
and socket.

In trial classes, the most

dramatic and convincing demon-

stration of electromagnetic

induction was the lighting of

a flashlight bulb by moving a

coil of wire through the field of

a large, powerful horseshoe magnet.
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Make a coil of wire about 4'" in diameter with about 150 turns of #20 bell
wire. Connect the two ends of the wire to a socket which holds a 1.5V flash=

light bulb.

Variable Resistance of a Carbon-box S§e5510n I1)

Materials: 1/2" carbon made from carbon rod of a #6 dry cell, two #6
1/2" or 3/4" stove bolts, four #6 nuts, two washers, pill vial,
small box, charcoal or carbon grains, 3V battery, wire, and a
demonstration galvanometer.
This demonstration shows that when carbon grains are closely packed, their
resistance decreases (more current); when carbon grains are loosely packed,

their resistance increases (less current). It can be used to augment a discussion

of how a telephone transmitter works.

cth

C |

Cut two 1/4" slices from a carbon rod taken from a #6 dry cell. Drill
a hole in the center of each slice for a #6 stove bolt. Find a pill vial
about the same diameter as the carbon slice, and a small box. Assemble the

pieces as shown in the diagram. Fill the pill vial with charcoal grains.

121




"100

When the carbon rod is resting firmly on the charcoal, the galvanometer
should register a current flow. Press down on the carbon slice, and the
galvanometer registers an increase in the current. Let go or loosen the

charcoal and the galvanometer registers a decrease in the current.

ERIC
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The oscilloscopes for this course need to have sweep times fast
enough to measure a radio frequency (at least 1 psec/division). To check
if an oscilloscope has the required sweep rate, look under "sweep section",
"sweep time', '"calibrated sweep rates'", or '"time base" when examining the
osclilloscope specifications. Two other oscilloscope features are convenient;
(1) dual trace, so two families can work at one scope simultaneously, and
(2) antomatic triggering,

Appropriate dual trace oscilloscopes are sold by several scientific
supply houses (e.g., Fisher, Central Scientific, Thorton, Pasco, and
Tektronix). The cost of these scopes ranges from $800 to $1500. In
trial classes we found the most reliable and easy-to-~use oscilloscopes
were Tektronix scopes. For «xample, the Tektronix 2213 (60 MHz) dual
trace oscilloscope only costs £1100. It has a full 8 x 10 c¢m CRT, color-
code’ knobs, and automatic triggering, intensity and focus. It is small

(5%" high, 13" wide and 20" deep) and only weighs 13% pounds.
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Session 1

:> Experiment #1

Some Predictions

Materials: battery, bulb, 2 wires.

1. Try to light the bulb using a battery, a bulb, and two
wires. A few of the many patterns you can try are shown
below. Try to predict whether or not the bulb will

light before you set them up.
E

2. Predict in which examples below the bulb will light.
Mark a v’ for those which you think will light, and an
X for those which you do not think will light. If
you are not sure, you can then test your prediction.

WED

A B Cc D

1. 2. ' 3. @

(1]
ST o
i k=

‘ | 125




{l F , Session 1

Experiment #2

Examining the Bulb
Materials: battery, battery holaer, 2 battery clips, bulb,
socket, 2 wires, magnifying glass.

1. Make a circuit with a battery, battery holder and
battery clips, bulb, and socket. Draw the wires.

) m— c:-_'j—ha
( R

2. Look at a bulb through a magnifying glass. How many
big wires do you see?

Light the bulb and lcok at the bulb with a magnifying
glass. The small wire that lights is called the filament.

3. Suppose that for the bulb to light, an "electrical
current" must travel from one end of the battery,
through the filament, and back to the other end of
the battery. What must the inside of a light bulb
look like for the filament to light? Cross out the
diagrams of the bulb that do not explain what you
know about how to light a bulb. Circle the diagram
or diagrams that fit best.
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r> Experiment #3

- Two Batteries

Materials: 2 bu:teries, 2 battery holders, 4 battery
clips, bulb, socket, several wires.

Find all the ways you can to light one bulb with two
batteries. Draw diagrams of your circuits below.

For each circuit you discover, determine how the
brightness of the bulb compares with the bulb in a
single-battery circuit. 1Is the bulb brighter, dimmer,
or the same brightness?

127
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Experiment #4

Two Bulbs

Materials: battery, battery holder, 2 battery clips,
2 bulbs, 2 sockets, several wires.

Find all the ways you can to light two bulbs with one
battery. Draw diagrams of your circuits below.

For each circuit you discover, consider the following
questions:

(1) Do the two bulbsglow with the same brightness?
How does the brightness of each bulb compare with
the bulb in a single-bulb circuit? Are the bulbs
brighter, dimmer, or the same brightness?

(2) What happens to the brightness of the first bulb
if you remove the second buld from its socket?
Does the first bulb glow brighter, dimmer, with
the same brightness; or go out?
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Experiment #5

How Bright are the Bulbs?

Materials: 2 batteries, 2 battery holders, 4 battery clips,
2 bulbs, 2 sockets, several wires.

Predict the brightness of each light bulb in the circuits

below. Then build the circuits and observe the brightness
of each bulb. Write very bright, bright, dim, or out for

each prediction and for each observation.

1. Prediction:
Observation:
2. ——g Prediction:
Observation:
3. _Eg Prediction:
Observation:
4, Prediction:
Observation:

123




EXp&. iment #5, continued

5. Prediction:

l @ Observation:

6. W Prediction:

Observation:

7, Prediction:

Observation:

8, v c)l Prediction:
®)2 .

Observation:

9. Prediction:

C) Observation:

Q)

Rbulb missing

130
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OPTIONAL CHALLENGES

Apartment House

An apartment house has three apartments 6 psch has
a light and a switch, so that each aPartment:rg jight
can be controlled by its occupant. The caretzker,
who lives in the basement, has g master SWitch. He
can turn off the master switch at 11 o'clock ¢ night,
so that no apartment occupant can sWitch on pic 1ight,
even if he wants to.

Design a circuit to do this,

Rocket Launching

The President of Transylvania has a rocket gimed
at the capital of Ruvitania., He can launch tpo rocket
with a switch in his office. 1In cas€ an emergegnpcy
arises when he is not at work, he has given pq nission
for his Minister of Defense and his Army Commanger-in-
Chief to launch to rocket. The pPresident dogg pot trust
either the Minister of Defense or the Army Copmander-in-
Chief to act alone. He has given them switcheg so
that the rocket will be fired only if both agree to
work their switches together.,

Design a switch circuit so that either the prgcident or
his two subordinates together can launch the . . yet.



Session 1

CHALLENGE SOQOLUTIONS

1. Apartment House

)
EE Apartment 1
Caretakers —
Master ﬁ%
Switch / 1
t2_| Apartment 2
, B
. Ei__ Apartment 3
2. Rocket Launching
President
‘%3 Rocket
/S /]
Minister Commander -
of in-

Defense Chief

132




Session 1
:) Experiment #5
The Light Telegraph

Materials: 2 batteries, 2 battery holders, 4 battery clips,
2 bulbs, 2 sockets, 2 switches, several wires.

Add a switch to your basic battery and bulb circuit, and
make the bulb light. Draw the wires,

(‘S]_—Qw . r%!_ij
—

When you can light the bulb with a switch, you have made
a telegraph set!

Use two switches, two batteries, and two bulbs to make

two telegraph stations. How can you hook up the two stations

so that you can send light signals between stations? Draw
your circuit below.

Ask for the Morse code. Practice making the letters with
the Morse code and sending messages.

Use your Morse code to decode the answer to this question:
"Why do birds fly south in the winter?"

Y A S G S

Write the names for your family members in Morse Code.

o : 133




Materials for Home Activity #1

L 9

For the home activity, take home:

2 batteries

bulbs

battery holders
battery holder clips

switches
sockets

A W NN W

wires

Return g&} equipment next week. In addition, bring from home:
-

1l screw driver

1 hammer




Home Activity 1

First, predict what will happen to the brightness of each
bulb when the circuits below are changed as indicated.

Then build the circuits and test your predictions. Write
brighter, same brightness, dimmer, or out for each prediction
and for each observa'ion.

1.
1
Place a 3rd identical bulb - = )
in series with bulb 1 & 2 3

Prediction: bulb 1

bulb 2

Observation: bulb 1

bulb 2
2. J: 1
Place a wire parallel -
—
to buldb 2 ]' 2

Prediction: bulb 1

bulb 2

Observation: bulb 1

bulb 2




;[- Place a wire between
2 bulbs and 2 batterdes

Prediction: bulb 1

bulb 2

Observation: bulb 1

bulb 2

Place a 3rd identical tulb

parallel to buldb 2

Prediction: bulb 1

bulb 2

Observation: bulb 1

bulb 2




—e
5. 1 ML 1
E.. 9 Remove bulb 1 > '_'T' 2 3 @)
= p
Prediction: bulb 2
bulb 3
Observation: bulb 2
bulb 3
—®— —&)
6. 1 1
—_;:-'- 2 Remove bulb 2 —_— — 2 3®
Prediction: bulb 1
bulb 3
Observation: bulb 1
bulb 3




Session 1

CIRCUIT SYMBOLS

Instead of drawing pictures of the actual batteries,
t1ire, and bulbs which make up the circuits, most people
sho work with electricity use symbols for these items.
These are i&he symbols that are widely known and used:

battery bulb —¢—  wires
JW— : joined

A wires crossed but not joined

Ty T T

i :53?
|
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Use these symbols to diagram the circuits you have made.




CIRCUITS - SOME SIMPLE DEFTNITIONS

The definitions given in this booklet refer to circuits
in which the batteries and bulbs are identical. The
brightness of a bulb in a circuit is a qualitative indication
of the amount of electrical current flowing through the
bulb. Thus, if two identical bulbs glow with the same
brightness, then the same amount of current is flowing

- through each bulb. If one bulb glows brighter, then there

is more current flowing through the brighter bulb than through
the dimmer bulb. . '

I. Closed Circuit

A closed circuit can be defined as a complete,
unbroken path of electrical conductors from one side of
the battery to the other side. 1If a bulb is in the
circuit, the path is through the filament of the bulb,
which gets hot and glows.

II. Open Circuit

An open circuit occurs whenever a path is broken,
such as

(1) placing non-conducting materials (air, wood,
plastic, etc.) in the path,

(2) disconnecting a wire, or

(3) opening a switch.




Some open circuits

(1) (2) (3)

plastic l

III. Series Circuits

A. Bulbs in Series: Two or more bulbs connected to a
battery so that

(1) all the bulbs light, but are dimmer than in a
single-bulb circuit, and

(2) if one bulb is unscrewed, all the other bulbs
go out.

Some series circuits:

- ©)
U ¢

For series circuits, there is only one path fo: .he
current, so all the current from the battery flows
through the first bulb, then through the second bulb,
then through the third bulb, etc. Since the bulbs are
dimmer, there is less current flowing from the battery
in a series circuit than in a one-bulb circuit.

B. Batteries in series: Two or more batteries connected
to a bulb so that

(1) the bulb glows brighter than in a single-battery
circuit, and

(2) the positive side of one battery is connected
to the negative side of the next battery.
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Some series circuits:

Since the bulb is brighter, there is more current
flowing out of the batteries connected in series than
from a one-battery circuit.

IV. Parallel Circuits

A. Bulbs in parallel: Two or more bulbs connected to
at battery so that

(1) all the bulbs glow with the same brightness as
in a single-bulb circuit, and

(2) if one' bulb is unscrewed, all the other builbs
still glow with the same brightness.

Some parallel circuits:

© © ©




These diagrammed circuits are equivalent, with
each bulb lighting as though it has its own separate
path with the battery. That is, wire "a" (in circuits
2 and 3) is so "large" that it acts like a separate
wire for each of the three bulbs in the circuits.

Since each bulb has the same brightness as a single
bulb, there is more current flowing from the battery in
a parallel circuit than in a one-bulb circuit.

The connections for christmas tree lights and for
the electrical outlets in your home are parallel
connections.

B. Batteries in parallel: Two or more batteries connected
to a bulb so that

(1) the bulb glows with the same brightness as in
a one-battery circuit, and

(2) the positive side of the first battery is
connected to the positive side of the second
battery, while the negative side of the first
battery is connected to the negative side of
the second battery.

Some parallel circuits:

The circuits above are equivalent; each battery has
its own path with the bulb. Since the bulb is the same
brightness, there is less current flowing out of each
battery in a parallel circuit than there is from a
single-battery circuit. Although two batteries in parallel
will not deliver more current than one battery in a toy
or appliance, they will last twice as long as one battery;
the toy or appliance does not have to be opened as often
to change the batteries. 142



V. Short Circuits

If wire 2 is connected
to the battery as shown, the
L * bulb goes out and wire 2 gets
2 very hot. This is called a
1 "short circuit".

Very little current is flowing through the
filament, and a large current is flowing through wire 2.

Some short circuits:

Whenever there is a path of wire directly from one
side of the battery to the other, a large amount of
current will flow through this wire; very little current
will flow through any other paths with bulbs.

In your home, short circuits occur when the insulation
of two wires in a cord or inside an appliance wears
away and the wires touch each other, creating a path
of wire from on2 power line to the other. A large
amount of current flows through the wires in the walls,
which become very hot. To prevent a fire, fuses or
circuit breakers are put into the circuit.
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irection of current
fuse box directi S t

— _
e
to . short
power lamp toaster blender circuit
lines .)
— 4 ~—— — -— -— e

short circuit occurs, the
current flowing through the metal
causes it to get hot and melt,
breaking the circuit. Everything
is turned off before the wires

in the walls get hot and start a fire.

A fuse consists of a thin strip
of very soft metal. when a

A circuit breaker works on the same principle as a
fuse except that its wire doesn't burn out. Instead,
when heated, it acts as a2 switch and breaks the circuit.
A burned-out fuse has to be replaced. A circuit breaker
can simply be turned on again when the short circuit
(or overloading) has been corrected.

VI. Comparing the current flow in one-bulb, series, and
parallel circuits:

one-bulb series parallel

10 units 5 units 20 units

(&)
@ ©

Suppose we were to place a current meter (ammeter)
in each of the above circuits and then measure how much
current flows out of the battery in each case. If 10
units of current were measured in the single-bulb circuit

then:
144



1) we would expect 5 units of current to flow
through each bulb in the series circuit.
Also, the two bulbs would be dimmer than the
single bulb in the one-bulb circuit.

2) We would expect 10 units of current to flow
through each bulb in the parallel circuit with
a total of 20 units being measured by the
ammeter. Also, each bulb in the parallel
circuit would be as bright as the single bulb
in the one-bulb circuit.

There are two rules that can help you predict the
brightness of bulbs in complex circuits.

1) the more paths in the circuit, the more current
flows out of the battery

2) the more bulbs in one path, the less current
flows through that path, and the dimmer the bulbs.

Can you use these rules to predict what will happen
to the brightness of bulbs 1 and 2 when a third identical
bulb is added to the circuit, as shown below?

4 ‘:’ Place a 3rd identical —~

®
bulb parallel to bulb 2
¢ £

Placing a 3rd bulb parallel to bulb 2 adds another

ath to the circuit, so the total amount of current
flowing out of the battery increases. Since all this
current must now flow through bulb 1, bulb 1 will glow
brighter. However, bulb 1 will not glow as bright as the
bulb in a single-bulb circuit. After passing through

bulb 1, the current then divides; half the current Fflows
through bulb 2 and half through bulb 3. There is now less
current flowing through bulb 2 than in the original

series circuit, so bulb 2 will glow dimmer.

Try to use the two rules stated above to make your
own predictions.
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{II: Session 2

:> Experiment #1

Exploring Magnetism

Materials: a tray of wood, metal, and plastic pieces,
' assorted magnets, a magnetic compass, and tape.

1. Which objects on your tray are attracted to a magnet?

2. Do all your magnets have both a north-seeking pole and
a south-seeking pole? Use the magnetic compass or
the demonstration magnets to identify the north-seeking
pole of each of your magnets. Mark the north-seeking
pole of each of your magnets with masking tape.

3. List all the facts you know about magnetism.
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Session 2

L
:> Experiment #2

Magnetic Fields

Materials: cardboard magnet holder, cylindrical magnet,
jar of iron filings, sheet of white paper.

l. (a) Fold the magnet holder into its proper shape, as
shown below. Place a magnet inside the slot of the
magnet holder. Center the magnet in the slot.

N _ >
<K ~.

MAGMET WOLDER ]

(b) Lay a sheet of paper over tht .. % the magnet,
and sprinkle iron filings onto jit. Keep the
sprinkler about six to eight inches above the
paper. Notice how the filings tend to form into
a pattern.

(c) Gently tap the paper with your finger. Where do
most of the filings go? Carefully bring your
magnet holder and sheet to the instructor, who
will spray your pattern with glue so you will have
a permanent record.

2. The iron filings are following the curved path of the
"magnetic lines of force" surrounding the magnet.
Magnetic lines of force are usually drawn with arrows
going from the north-seeking end of the magnet to the
south-seeking end, as shown on the next page. The arrows
indicate the direction the north-seeking end of a compass
needle would point at that location.
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Aruitoxt provided by Eic:

Experiment #2 (continued) Session 2

compass

I

Optional Activity

The diagrams below show the iron-filing patterns of
two magnets. How must you place the poles of each magnet

to obtain these patterns? Can you make patterns like
these?
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Materials:

1.

Hook up the circuit shown below.

:> Experiment #3

two batteries,
and a compass.

L N\ L

Session 2

The Oersted Experiment

battery holders, wire, switch,

Place the compass away from any metal objects, including

the‘legs of the table.

Hold the wire above the
compass in a north-south
direction (parallel to
the compass needle) as
shown. Press down on the
switch. Does the compass
needle move? If so, in
which direction does it
point; east, west, south
or in-between (southeast,
etc.)?

Now reverse the batteries so the current is flowing in the
opposite direction. Again hold the wire above the compass

in a north-south direction.
Does the compass needle move?

does it point?

'l o

Press down on the switch.
If so, in which direction

Hold the wire over the
compass needle in an
east-west direction
(perpendicular to the
compass needle), as
shown. Press down on

the switch. Does the
compass needle move?

If so, in which direction
does it point?

What happens if you reverse the batteries (current
flow) and repeat this experiment?



Experiment #3 (continued) Session 2

4. w Tape the wire to the
table or floor in a
north-south direction,
Hold the compass aboye
the wire so the compass
needle is parallel tqo
the wire as shown. press
E down on the switch,

Does the compass needle

move? If SO, 1n which

direction does it point?

Can you predict what will happen if you repeat this
experiment with the current (batteries) reversed?
Test your prediction.

5. Can you think of a general rule to predict the direction
of the north end of a compass when it is placed near a
current-carrying wire?
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| Session 2

Experiment #4

Solenoids and Electromagnets

Materials: a straw, a large steel nail, aluminum nail,
and brass nail, 13 feet of wire, 2 batteries,
2 battery holders, a switch, a magnetic compass,
and a small container of steel pins.

l. Wrap three layers of wire around the straw on the steel
nail, following the directions given in class. Do not
cut off the extra wire.

1/4" 1/411

e O]

2. Remove the nail from the straw. Connect the circuit shown
below.

— ’/

Bring the end of the coil near the compass. Does the
compass needle move?

Keep the coil in this position and press down on the
switch. Does the compass needle move? 1If so, how
much does it swing? 1Is the effect bigger, smaller,
-or the same as in the Oersted experiment?

3. Will your coil pick up pins? Test the coil and see.
8lide the large aluminum nail into one end of the coil.

Push down on the switch. Will the coil pick up pins
now?
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Experiment #4 (continued) Session 2

Slide the large steel nail into one end of the coil.
Push down on the switch. Will the coil pick up pins
now. What happens to the pins when you release the
switch? You have made an electromagnet. Electromagnets
are called temporary magnets. Can you explain why.

What do you think the magnetic lines of force look like
around your electromagnet?

(a) Place your electromagnet inside the slot of the magnet
holder. Center the electromagnet in the slot.

(b) Lay a sheet of paper over the top of the magnet,
and sprinkle iron filings onto it. Press down on
the switch and gently tap the paper with your
finger. How does the pattern of iron filings
compare with the pattern for a bar magnet?

LMAGNET wWoLpeER

(c) 1If you would like a permanent record of this pattern,
carefully disconnect the electromagnet and bring
the magnet holder and sheet to the instructor
for spray glueing.
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Session 2

:> Experiment #5

Building a Telegraph Station

Materials: ~electromagnet
~wire
~1.5 V battery
~1 wood base (6" x 5%")
~1 wood piece (4" x 1%")
~1 wood piece (3" x 1%")
~1 steel band, bent at one end
-2 steel bands (1 short, 1 longer)
-2 corks
-4 Fahnestock clips
~5 nails (1%")
-7 wood screws (5/8" or 3/4")
-1 carpet tack

l. Use your hammer and screw driver to build a telegraph
station. Follow the diagram below and refer to the
models in class.

clapper ~

telegraph key

switch (longer
steel band)

oo e




Experiment $5 (continued) Session 2

2. Troubleshooting your telegraph: Connect a 1.5 volt
battery to your telegraph station, as shown in the
diagram on the preceding page. Be sure the switch is
open. For the telegraph to work, there are two critical
distances which must be adjusted; (l) the distance
between the nail head and the clapper (1/6" to 1/8"),
and (2) the distance between the clapper screw and the
clapper. The clapper screw should touch the clapper,
but not push down on the clapper.

iﬁf——-clapper screw

‘\\x__.clapper

clapper
holder—

electromagnet

If your telegraph does not work, try making the
following adjustments:

(1) Remove the clapper holder and move the
electromagnet up or down.

(2) Bend the clapper either up or down.

(3) Loosen or tighten the clapper screw.

Good Luck!




Materials for Home Activity #2

For the home activity, take home:

1 telegraph station you built in class
1 telegraph base
1 bag with telegraph parts
1l 6V battery
50 feet of wire

1 home activity sheet and booklet "Electromagnetism and
the Invention of the Telegraph"

For next week, bring to class both of your telegraph stations. 1In
addition, bring from home:

l screw driver




Home Activity 2

Connecting Two Telegraph Stations

1. Make a second telegraph station like the one you made
in class.

2. Use the 50 feet of wire to connect the two stations
as shown in the diagram below.

Switch 1 Switch 2

&

STATION A STATION B

3. Suppose you are at station A and you want toc send a
message to station B. Should switch 1 be open or closed?
Should switch 2 be open or closed? Experiment to find out.

Complete the following rule: To send a message, my

switch must be » and my partner's switch must

be . To receive a message; my switch must be
and my partner's switch must be .

4. Practice sending Morse code messages between rooms in
you home.




Electromagnetism and The Invention
of the Telegraph

A deliberav2 .:arch for a connection between electricity
and magnetizm dates from at least as early as the eighteenth
century. Benjamin Franklin (1706 -~ 1790) tried to magnetize
"a needle by electrical discharge. Sir Edmund Whittaker in
his History of the Theories of Aether and Electricity
reports that "In 1774 the Electoral Acadamy of Bavaria proposed
the question, 'Is there a real and physical analogy between
electric and magnetic forces?' as the subject. of a prize."

In 1805 two French scientists attempted to determine whether
a freely suspended battery would, like a magnet, point in

a fixed direction relative to the earth. The connection
between electricity and magnetism was finally discovered in
1819 -by Hans Christian Oersted. (1777 - 1851).

Oersted was born in Denmark, and as a young boy, worked
in his father's apothecary shop (drug store). He later
studied at the University of Copenhagen, traveled through
Europe, and in 1806 was appointed professor of physics and
chemistry at the University of Copenhagen.

In 1819, Oersted (along with half of Europe's scholars)
.was experimenting with electric currents and magnetism.
As part of a classroom demonstration, he brought a magnetic
compass needle near a wire through which a current was
passing. To his great surprise, the compass twitched!
The compass pointed neither with the current nor against it,
but in a direction at right angles to it. When he reversed
the direction of the current, the compass needle turned
and pointed in the opposite .direction, but still at right
angles to the wires.

A VA

R0

.This was the first demonsztgation of & connection between
electricity and magnetism, so thak Oersted's experiment
may be considered the foundation »f the new study of
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electromagnetism. Oersted wrote to all his scientific
friends telling them of his discovery; then he published a
report about his experiment in 1820. Soon all the scientists
of Europe and America had heard the news and were busily
experimenting with this new discovery.

One of these scientists

was the French Physicist

Andre' Marie Ampére (1775 -
1836). Within one week

l after Oersted's work

had been reported to the
French Aczademy of Science,

l Ampére showed that the

deflection of the compass

needle could be expressed

l by what is now known as
the "right hand screw

— rule". The right hand

is imagined as grasping

= the wire through which

the current runs, with

the thumb pointing in

l + the direction cf the
current. The fingers

then indicate the direction

l in which the north pole
of the a magnetic

compass needle will be

deflected. The compass

will be deflected in the

direction of the curling

fingers at any point

around the wires, so

that one might imagine a

magnetic force circling the wire. This was the beginning of

the concept of lines of force that Michael Faraday (1791 -

1867) was to generalize.
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In setting up the right-hand screw
rule, one had to decide in which direction
the current was traveling. There was no
clear indication of that from the wire
itself. It was a matter of convention only
whether the current was flowing from the )

positive pole to the negative pole or y N
visa versa. It seemed natural to take the [~
flow from positive to negative. That —
convention has been used ever since,

although we now know that electric charges =

travel from the negative pole to the
positive pole. However, taking things
in reverse does not affect the physics as +
long as the definitions and directions

are consistent.

Ampére also worked with a coil of wire which he named
a solenoid. He thought that if a wire were wrapped into a
solenoid, the magnetic effect of the current would be
stronger. He was right. The magnetism was stronger, but
now it was concentrated at each end of the solenoid. A
solenoid carrying a current acts like a bar magnet; each
end of the solenoid is like a magnetic pole.

> : magnetic field

magnetic field

\4

d
P SR T e
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The solenoid was only a weak magnet, but it was the
forerunner of the most useful application of the magnetic
properties of electric currents, the electromagnet. An
electromagnet is a coil of insulated wire wound spirally
back and forth in a number of layers around a soft iron core.
When the wire is connected to a battery or another source of
electrical current, an electromagnet behaves just like, and
can be made much stronger than, any permanent magnet.

The first electromagnet was made in 1823 by the English
scientist William Sturgeon (1783 - 1850). Sturgeon was a
shoemaker's apprentice in early life. He was educated in
the army with the help of his officers who apparently
recognized his ability.

Sturgeon's own addition to Ampere's solenoid, perhaps
accidental to begin with, was to wrap bare wire about an iron
core making eighteen turns or so. The iron core concentrates
or magnifies the magnetic effect. Sturgeon used an iron
core ben!: in the shape of a horseshoe. He varnished the
core to insulate it and keep it from short-circuiting the
bare wire. His electromagnet could 1ift nine pounds--
twenty times its own weight--while the current was running.

Four years later, the American physicist Joseph Henry
(1797 - 1878) made two small but very important improvements
to the electromagnet. Henry came from a poor family, and
at thirteen, was apprenticed to a watchmaker. There is a
story that at the age of sixteen, while on vacation at a

7

Y

)

By placing an iron core through the solenoid,
magnetism is concentrated and the magnetic field
strengthened.
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relative's farm, Henry chased a rabbit under a church building.
He crawled underneath, found some of the floorboards missing,
and promptly abandoned the rabbit to explore the church.

There he found a shelf of books. One was a book called
Lectures on Experimental Philosophy, which he began leafing
through. This book 1s sald to have aroused his curiosity

to such an extent that he returned to school.

He entered the Albany Acadamy in New York, teaching at
country schools and tutoring on the side to earn his tuition.
After graduation, he was about to enter medical school
when the offer of a job as surveyor turned him toward
engineering. By 1826 he was teaching mathematics and
science at Albany Academy.

In 1829 Henry heard of Sturgeon's electromagnet and
thought he could do better. The more coils of conducting
wire one could wrap around an iron core, the greater the
reinforcement of the magnetic field and the stronger the
magnet. The only trouble was that when ohe started to wrap
more layers of bare wire around the iron core, the wires
touched and short circuited.

It was necessary therefore to insulate the wires.
Insulation would not interfere with the magnetic field, but
it would prevent short circuiting. Insulation was not easy
to come by in those days, so legend has it that Henry
tore up one of his wife's silk petticoats for the purpose.
In the years to come a great deal of Henry's time was put
into the exceedingly boring task of slowly wrapping insulation
about wire.

By 1831 Henry had developed an electromagnet that would
1lift more than one ton of iron. In 1832 he was rewarded
with a professional appointment at Princeton. But electro-
magnets were more than a matter of brute strength. Henry
built small, delicate electromagnets that he used in an
elementary telegraph that operated through a mile of wire.

electromagnet

key \\ iron bar

—
—
—
—

U U battery
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Imagine a small electromagnet at one end of a mile of
wire, with a battery and a key at the other end. When the
key is pressed and a current flows, a soft iron bar held
by a spring is pulled towards the coil. If the key is
then released, the current is broken, the electromagnet
loses its force, and the small iron bar is pulled away by
the spring attached to it. By opening and closing the key
in a particular pattern, the iron bar a mile away can be
made to open and close, clicking away in the same
particular pattern.

However, the longer the wire, the greater the resistance
and the smaller the current flowing through the wire.
There is, then, a practical limit to the distance over
which such a pattern can be sent. To overcome that problem,
Henry invented the electrical relay in 1835. A current just
strong enough to activate an electromagnet would lift a
small iron key. This key,when lifted, would close a second
circuit with a battery so more current would flow in this
second circuit. This, in turn, would activate another relay,
and so on. In this way the current would travel from relay
to relay and could cover long distances without weakening.

Henry did not patent any of his electrical devices.
He believed tha% the discoveries of science were for the
benefit of d+. humanity. As a result, it was Samuel Morse
(1791 - 187%) ‘10 worked out the first telegraph put to
practical uge, and it is Morse who usually gets credit as
the inventor or the telegraph.

Samuel Morse graduated from Yale in 1810 and went
to England to study art. At home he achieved considerable
fame as an artist, but little wealth. He unsuccessfully
entered politics as a member of the Native American party
(a group of anti-Catholics and anti-immigrants).

During the 1830's he caught the fever of electrical
experimentation from Charles Jackson (American chemist,
1805 - 1880), a fellow passenger on an ocean voyage.

Morse decided to build an electrical telegraph but found
that he could not, since he had no knowledge of or training
in science. He met Joseph Henry by accident, and Henry
gave his help freely, answering all of Morse's questions,
The first telegraph model was constructed in 1835. Morse
then kt<gan to try to enlist support for the construction

of a telegraph. Ten years later he finally managed to
persuade a reluctant congress to appropriate $30,000 to
build a telegraph line over the forty-mile stretch from
Baltimore to Washington. It was built in 1844, and it
worked. Morse's first message was "What hath God wrought?"
sent in a code of dots and dashes that he invented and that
is still called the "Morse code".

162




Morse never acknowledged Henry's help in designing
his telegraph. 1In fact, during a prolonged litigation
with Charles Jackson over priority in the invention of
the telegraph, Morse tried to maintain that Henry had never
helped him. Henry, testifying at the trial, was easily
able to prove that he had, in fact, helped Morse.

Meanwhile, Sir Charles Wheatstone (1802 - 1873), an
English physicist, also invented and patented a telegraph
in 1837, slightly ahead of Morse. Wheatstone also
constructed his telegraph only after a prolonged visit
from Joseph Henry. Henry, an idealist, did not mind not
sharing in the financial rewards of the telegraph. It
bothered him, however, that neither Morse nor Wheatstone
ever publicly acknowledged Henry's help.
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Session 2
Transparency #1

CONNECTION BETWEEN ELECTRICITY AND MAGNETISM
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||| Session 3

Experiment #1

N“l A Telegraph Challenge

Materials: wire, batteries, 2 telegraph stations

1. Find a way to connect your two telegraph stations so
messages can be sent and received simultaneously.

Draw the batteries and wires in the diagram below.
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Session 3

:) Experiment #2

A Galvanometer

Materials: 15 feet of wire, hook-up wire, 2 batteries,

2 battery holders, a switch, a compass, a ball
of clay, and a cardboard piece marked "galvanometer
base"

Starting about 18" away from the end of the wire,
wind several turns around four fingers of your hand,
as shown below.

=
}- {
i
M
1

Leave another 18" of wire at the other end. Twist the
two wires together, and remove the coil from your fingers.

Slide the compass into place inside the coil and hold in
position with clay on the galvanometer base. Your
galvanometer is now ready to use.

u.‘m(r--con ETER BASE

Place the finished galvanometer on the floor (away
from metal table and chair legs). Turn the compass so
the coil of wire and the compass needle are both lined
up in'a north-south direction, as shown. Connect the
galvanometer to the battery and switch. what happens
when you close the switch?
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Experiment #2, Continued

4. Can you explain how a galvanometer works?
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.,4,|F___1\ Session 3

r) Experiment 3
i Electromagnetic Induction

Materials: 2 Fahnestock spring clips, a horseshoe magnet,
your galvanometer, and 15 feet of wire.

1. Make a second coil just like the coil you made for the
galvanometer. Attach the ends of this coil to the ends
of the galvanometer using the Fahnestock clips, as
shown. Be sure the compass needle and the coil are lired
up in the north-south direction.

Galvanometer
Base

2. Hold the coil in one hand and the magnet in the other.
Move as far away from the galvanometer as the wires
permit. This should be at least three feet. Push the
open end of the horseshoe magnet through the coil. Did
you see a very tiny movement of the compass needle?

Pull the magnet back out. What happens this time?

Move the magnet in and out of the coil several times in
a row. Now try holding the magnet stationary and moving
the coil through the end of the magnet. What happens
now?

3. The property of a magnet to produce an electric current
in a wire is called electromagnetic induction. (This
discovery was first made by Michael Faraday in the year
1831.) Today, huge coils, moved by steam or water
povwer, are made to turn inside magnetic fields. These
devices, called generators or dynamos, help to produce
the electricity that we use. Can you think of any other
devices that use the principle of electromagnetic
induction?
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:> Experiment #4

A Box Microphone

Although Alexander Graham Bell is credited with the
invention of the telephcne, it was Thomas Edison who devised
the first telephone transmitter that could be used over
long distances. Unlike Bell's limited-range instrument,
Edison's transmitter took advantage of a wonderful property
of carbon: 1if a loose pack of carbon particles is squeezed,
the electrical resistance of the pack decreases. 1In other
words, when current is passing through the pack, more current
will flow when pressure is applied.

Edison had the idea that voice waves could apply that
pressure, and he was right. 1In the carbon transmitter he
perfected, lcud voice sounds (upon striking the carbon
particles and compressing them) caused larger currents
than did quieter sounds. These vibrations in cuirent traveling
down a transmission line regulated a receiver at the other
end of the line which reproduced the sounds of the speaker's
voice. This use of carbor: in a telephone is still practiced
today. Edison's carbon particle device, then, was the
forerunner of the modern telephone transmitter. It was,
if fact, a microphone.

The box microphone pictured below is similar to Edison's
in at least one respect: it is a closed-circuit system,
which means that current is constantly flowing. Edison's
first "speaking telegraph transmitter” (patent no. 474,320)
included this important concept. Bell's instrument did not,
which is one of the reasons its range was limited to only a
few miles. However, the box "mike" is not a carbon-particle
transmitter, even though it uses carbon. It is a loose-
contact mike. It won't give anywhere near the sound quality
that Edison's did. Nevertheless, it is an extremely
sensitive detector of sound and one that can be fun to
make.




Experiment #4 (continued)

How Does Our Mike Work?

Being a loose-~contact detector, the box microphone has
the same high sensitivity to vibrations as insecure electrical
connections. You've no doubt noticed how easily a loose
light bulb flickers when someone passes by. So it is with
our mike. The carbon electrodes loosely support the pencil-
lead rod. The slightest vibration, like from a sound,
will disturb the rod. wWhen the circuit is closed and current
is flowing through the earphone, this disturbance changes
the current flow. The earphone responds to these changes
and, hence, tends to imitate the sound.

Materials Needed to Build the Mike:

-Carbon Electrodes: the carbon electrodes were made
from the carbon rods from a #6
dry cell

-Carbon rod: 1 3/4" piece of pencil lead (pencil lead is
actually graphite, a form a carbon)

-Sounding Board: small cardboard box

-Earphones

-1% volt battery

-Handle: wooden dowel

-¥ipor Items: 2 machine screws, 1 wood screw, 4 nuts,

3 washers, 2 Fahnestock spring clips,
and 50 feet of wire.

How to Build the Mike:

l. On the flat side of each carbon electrode, make a small
depression for the pencil lead to rest in. Use a nail
to gently drill a dimple in each electrode.

©
dimple

@) O
[+ 2]

2. With a nail, jab two holes in the bottom
of the box 2" apart. With a razor blade,

enlarge one hole to about %" long. Jab a
hole in the side of the box and attach the
dowel handle with the wood screw and
washer. lf7U



Experiment #4 (continued)

3. Attach the two electrodes to the inside of the box as
shown below. The second nut is for attaching wires to
the electrodes.

[T T 777777 T 72 @— DOX
/]
7
/|

Y «~carbon electrode
.Y
CLT

7
—L/-L/
washer7
/
é

4. Sharpen both ends of a 1 3/4" length of pencil lead on
fine sandpaper. Now we come to the tricky part. The
pencil lead must fit between the electrodes so that
iv is free to move slightly. If it is held firm,
our loose-contact microphone won't have a loose
contact . . . consequently, it won't work. At the same
time, the fit shouldn't be sloppy either. Move the
electrode in the slot back and forth until the pencil
lead is held loosely in the depressions.

N =

5. Hook up the microphone, battery, and earphone as shown
in the diagram on the first page. If you can't hear
your partner speaking into the mike, adjust the pencil
lead (tighten or loosen) until you get good sound
reproduction.

CONGRATULATIONS! You have just made a one-way telephone
with a loose-contact carbon transmitter. Can you explain
how your telephone works?
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Optional Experiment

Using Your Microphone

1. Does you microphone work better if you talk into the
inside of the box or to the back of the box? Can you
think of any reasons why?

2. Hold the box against a wall or door and have someonc talk
on the other side of the wall or door. Can you hear
the person talking? Can you explain how you can hear
through a wall?

3. Further Experiments You Can Try:

a. Can you use a sewing needle instead of a pencil lead?
Try it with the point down, then with the point up;
turn it to find spots of higher sensitivity.

b. See what happens if you use a pencil lead of a
different hardness (#1, #3, or #4). Split a pencil
open lenghwise with a razor blade to get out the
lead.
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Home Activity 3

A Two-Way Telephone System

Build a second microphone with a small box at home.
You now have two microphones, two earphones, a battery,
and some wire. Can you figure out how to connect the
mlcrophones and earphones so you can both send and
receive voice messages from different rooms. Draw a
diagram of your telephone circuit below.

(If you have trouble, the circuit ‘diagram 1s in the
attached envelope) .

173



Home Activity 3

Two-way Telephone System

(You may need to use more than one battery)

microphone microphone

earphone

™

_—\\\\YZB earphone
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Electromagnetic Induction and the First Telephone

After Oersted had shown that an electric current could
produce magnetism, scientists were bound to ask the next
question: could magnetism produce electricity? Many
scientists worked on this problem, and in 1831 two people
reached an answer almost at the same time. One of these was
the English scientist Michael Faraday (1791 - 1867). The
other was the American scientist, Joseph Henry (1797 - 1878).

Faraday and Henry lived thousands of miles apart, but
their lives were alike in many ways. Each came from a
poor family, and each began to earn his own living while
still a young boy. Faraday was apprenticed to a bookbinder,
and Henry to a watchmaker. Both boys first became interested
in science when they happened to read books .on this subject.
And each became a great scientist and the head of a large
scientific research institution in his own country.

In 1812 a customer gave Faraday tickets to attend the
lectures of Humphry Davy (1778 - 1829), director of the
Royal Institution. Faraday took careful notes which he
elaborated with colored diagrams. He sent these notes
and diagrams to Davy, who was so impressed that he hired
Faraday as an assistant. 1In 1825 Faraday became the
director of the laboratory.

In 1831, Faraday did an experiment that gave him
the first hint that electricity could be produced from
magnetism. During a total of 10 years of further oxperimentation
and thinking, that hint was broadened and enlarged to become
the basis for the telephone, electric lighting, ané electric-
power developments that came about in the next half century.

Two of Faraday's experiments will be described. 1In
the first experiment, Faraday wound a coil of wire around
one segment of an iron ring. This coil was attached to a
battery. The circuit could be cope¢ned or clcsed by a key.
If he closed the circuit a magnetic field would be set
up in the coil as Ampere had shown and it would be concentrated
in the iron ring as Sturgeon had shown.

Then suppose that a second coil is wrapped around
another segment of the iron ring and connected to a
galvanometer. Faraday thought that the magnetic field
created in the iron ring by the first coil might set up
a current in the second coil, and the galvanometer would
indicate that "induced" current.
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The experiment worked, but not in the manner Faraday
had expected. There was no steady flow of electrical
current in the second coil to match the steady magnetic
force set up in the iron ring. 1Instead, there was a
momentary flash of current, marked by a jerk of the
galvanometer's needle, when he closed the circuit. There
was also a flash of current, in the opposite direction,
when he broke the circuit.

77 g\
Primary
Circuit
Secondary Galvanometer
Circuit
Battery

In making the report that went into his laboratory
journal, Faraday called the circuit that included the
galvanometer the secondary circuit, and the current formed
the induced current. By contrast, the battery circuit
was referred to as the primary circuit. He wrote in his
journal:

"An electric current is induced in the
secondary circuit at the instant that -the key is
closed in the primary circuit . . . A current is
also induced when the key is relesased. 1It's
direction is opposite to the pre.ious induced
current. There is no induction while the current
is flowing steadily in the primary circuit."

Note: From this first experiment by Faraday and a
similar experiment by Henry, came the modern transformer.
A transformer is a device that makes it possible to send
electric power over long distances. Transformers are an
important part of telephone, radio, and television systems

also.
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Because Faraday was uneducated, he co.ld not explain
this phenomena mathematically. He made up for thig through
his intuitive ability to pictorialize, an ability perhaps
unequalled in scientific history. He began to visualize a
magnetic force stretching out in all directions from a
magnet or electric current that served as its starting point.
It filled space as a kind of magnetic field. Lines could
be drawn through that field representing all points where the
strength of the magnetic force was equal. These Faraday called
"lines of force", and it was along these lines, it seemed
to him, that iron filings aligned themselves, thus making
them "visible". This was the beginning of a picture of the
universe as consisting of fields of various types. The
field universe was to be associated with James Maxwell
(1831 - 1879) a half century later and with Albert Einstein
(1878 - 1955) after an interval of another century.

Faraday pictured magnetic lines of force as real lines.
When a circuit was closed and current was set flowing, the
lines sprang outward into space. When the circuit was broken,
they collapsed inward again. Faraday decided, then, that an
electric current was induced in a wire only when the lines
of force across a wire or through a coil changed. 1In his
transformer, when the current started in the primary circuit
coil, the expanding lines of force increased througn the
secondary circuit coil and accounted for the short burst
of electric current. Once the original current was established,
the lines of force through the coil no longer changed and
there was no current in the secondary coil. wWhen the circuit
was broken the collapsing lines of force through the coil
decreased. A burst of electric current resulted again,
but in a direction opposite to that of the first.

Faraday demonstrated his theory involving changing
lines of force with a second experiment. He inserted
a magnet into a coil of wire attached to a galvanometer,
as shown on the next page. While the magnet was moving into the
coil or out of the coil, current flowed through the wire.
If the magnet was held stationary and the coil moved over
the magnet, there was current in the wire. 1In both cases
the magnetic lines of force through the coil were changing.
If the magnet and coil were both held motionless, whether
the magnet was within the coil or not, there was no current.
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The Telephone

One day in 1876 the U.S. patent office received two
communjcations describing a telephone. The first description
was in the form of a patent application by a 29 year-old
amateur lhventor whose name became world famous, Alexander
Graham gell (1847 - 1922). The second description, which
arrived ©nhly hours later, came from a 41 year-old professional
inventors Elisha Gray (1835 - 1910).

Bell was born into a family interested in the problems
of speech. Both his grandfather and his father had been
teachers of speech, teaching deaf people to talk and
training Stammerers to speak properly. In 1871 the Bell
family moved from Scotland to the United States, and in
1873 Bell was appointed professor of vocal physiology at
Boston yhiversity.

Hovw€Ver, when Bell made the first workable telephone,
he was pOt thinking of speech at all. He was trying to
improve the telegraph Morse had invented nearly forty
years egflier. Both Bell and Elisha Gray were trying to
find a wady of sending several telegraph messages at the same
time ovef a single line (multiplex telegraphs) when they
simultap€Ously ‘invented.a telephone.

Eljisha Gray was born in Ohio. His early interest in
the electrical aspects of telegraphy led in 1867 to his
first patent for a self-adjusting relay. This device earned
Gray enoUY3h money for him to secure a partnership in
Western Electric Manufacturing Company, the sole supplier
of telegraphic equipment to Western Union. Gray knew that
the inventor of a multiplex telegraph system would earn a
great deal of money.

MegnWhile, Bell was hired by Gardiner G. Hubbard to
‘tutor his deaf daughter (who Bell later married). Hubbard
was a tel@graph enthusiast. He provided Bell with enough
money to hire an expert ‘astrument maker to help with the
work on the multiplex telegraph. By the summer of 1875
Bell's work had convinced him it was possible to transmit
speech, the same conclusion that had been reached earlier
that samé year by Gray. Although Gray had set the notion
aside in favor of further work on multiplex telegraphy,
Bell's keen interest in the voice made him feel that such
an achievement would be of the first importance, and he
continued work on his "talking telegraph".
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In February of 1876 Gray finally filed with the Patent
Office what was known at the time as a caveat or warning. A
caveat was supposed to give the Patent Office official notice
of an inventor's basic concept. After filing a caveat the
inventor would develop the concept into a working device and
then apply f¢r a patent. Gray's talking telegraph caveat
potentinlly interfered with Bell's patent application for the
telept e filed the same day. 1If Gray had filed a patent
applic rion immediately after receiving this notice of possible
interfc.ence, he could have been credited with the invention
of the telephcne. However, the experts in telegraphy, including
Gray himself, did not think the telephone had any commercial
value, so Gray let the matter drop. The telephone was left to
the amateur Alexander Graham Bell.

A diagram of the first commercial telephone is shown
on the next page. An iron disk is attached to a skin
drumhead. Coils of wire are wrapped around a permanent
magnet mounted pbehind the disk. Some of the lines of
force from the magnet go through the coil to the iron disk.

When you speak directly into the mouth piece of the
transmitter, sound waves or vibrations strike the drumhead,
causing the drumhead and disk toc vibrate in the identical
pattern of vibrations as the words you are speaking. These
vibrations change the space between the disk and the magnet,
so the number of lines of force pushing through the coil
of wire wound around the magnet also changes. This changing
magnetic field induces an electric current in the coil whose
strength changes according to the original sound vibrations.

When the varying electric currents from the transmitter
flow into the coil of the receiver, the coil forms a magnetic
field which aids or opposes the permanent magnet. Therefore,
the iron disk is attracted to the magnet with a varying amount
of magnetic force (pull). This causes the iron disk and
drumhead to move back and forth with the same pattern as the
transmitter disk and drumhead. The drumhead pulls and pushes
the air into vibration at the same rate. This air vibration
is the "voice" you hear in the telephone receiver.

Modern telephone receivers ar: almost exactly the same
as this first telephone receiver (se¢ Diagram II)., 1Instead
of a drumhead, however, there is a thin, aluminum diaphragm.
The diaphragm is surrounded by a permanently magnetized iron
ring (called the armature). On the underside of the diaphragm
is a disk~shaped permanent magnet. This permanent magnet
provides;a constant pull on the armature. Under the permanent
magnet of the d1aphragm is the electromagnet The electromagnet
is a cyli inder of soft iror .ith a thin wire wound around
it formlnf the coil.
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Diagram 1

ALEXANDER BELL'S FIRST COMMERGIAL TELEPHONE

Drunhead Magnei'] [ron Disk
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Dizzram II

MODERN' TELEPHONE RECEIVER

nermanently magnetized iron

aluminum diaphragm
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Bell's first commercial telephone could only operate
over a few miies, and voice reproductien was very poor.
Two improvements on this simple telephone were (1) batteries
and transformers to give more powerful currents, and (2)
a different, more sensitive transmitter invented by Thomas
Edison. Edison's first transmitter is almost exactly 1like
the ones used today (see Diagram [II). The diaphragm of the
transmitter is a circular piece of thin aluminum. the outer
edge of the diaphram is held in place, but the rest of the
surface is free to vibrate. On the underside of the diaphragr
there is a small, gold plated brass dome which is nestled
in a chamber containing small grains of carbon. When the
handset is lifted from the cradle, the carbon in the chamber

becomes part of the electrical circuit and current passes
through it.

Diagram II11

MODERN TELEPHONE TRANSMITTER

n chambepr

;_ - Diaphragm

Loosely packed y:.ghtly packed
carbon carbon




When you speak directly into the mouthpiece, sound
waves strike the diaphragm causing it to vibrate in the
identical pattern of vibrations as the words you are speaking.
This, in turn, causes the small dome to vibrate in the carbon
chamber, so the carbon grains are pressed close together and
then loosened in turn. When the carbon grains are loosely
packed, little current can pass from one grain to the other,
so not much current flows in the circuit. When the carbon
grains are pressed closer together, they make better contact
and more current can flow. The changes in current in the
circuit follow the same pattern of changes in the sound
waves of the speaker's voice.
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Session 4

Experiment #1

festing Your Microphone With an Oscilloscope

Materials: microphone, battery, battery holder and clips,
earphone, Fahnestock clips, wire, and an
oscilloscope and probe.

1. Adjust your microphone until you get good voice
reproduction. Connect your microphone to the
oscilloscope as shown in the diagram below.

Oscilloscope

Speak or sing into your microphone and observe your

voice patterns on the oscilloscope screen. Do these
patterns look the same as the patterns from the sine
wave generator? How are they different? '

2. Determining the Audio Response of Your Microphone

You can determine the audio response of your microphone
by speaking the alphahet letters (or phonic sounds)
into your microphone one at a time and observing

each resulting wave pattern.

Which letters or sounds are reproduced best by your
microphone?

Which letters or sounds are not reproduced well by
your microphone?

Can you think of any ways to improve the voice
reproduction of your microphone?




Experiment #l1 (continued)

3. Measuring an Audio Frequency

*(a) Sing a pure note into your microphone. Quickly
turn the horizontal position knob until two peaks
line up with the vertical lines of the oscilloscope
screen.

(b) Estimate the number of cycles and the number of
time divisions between the two lined-up peaks.

(c) Calculate the total time for these cycles by
multiplying the number of time divisions by the
time setting on your time/division (horizontal
gain) knob. For example, if there were 4 time
divisions between the two lined-up peaks and the
time/division (horizontal gain) knob were set
at 2 milliseconds, then tue total time would be:

4 x 0.002 seconds

total time =
= 0.008 seconds

For the note you sang

total time

(d) Now calculate the frequency of the note you sang
by dividing the number of cycles by the total
time.

frequency cycles

seconds

* If you find this difficult, you may wish to try a
tonette or recorder.
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Optional Experiment

Using Your Microphone

1. Does your microphone work better if you talk into the
inside of the box or to the back of the bex? Can you
think of any reasons why?

2. Hold the box against a wall or door and have someone talk
on the other side of the wall or door. Can you hear the
person talking? Can you explain how you can hear througu
a wallz?

3. Further Experiments You Can Try:

a. Can we use a sewing needle instead of a pencil rod?
Try it with the point down, then with the point up;
turn it to find spots of higher sensitivity.

b. See what happens if you use a pencil lead of a different
hardness (#1, #3, or #4). ©Split a pencil open
lengthwise with a razor blade to get out the lead.




Session 4

:> Experiment #2

Diodes

Materials: 1 #1N34A diode, 3 batteries, 3 béttery holders

1.

and clips, wire, 2 Fahnestock clips, 1 birthday
candle, and a box of matches.

A common type of diode suitable for use in crystal
radios is in a glass container with two wires, one
coming out of each of the narrow ends.

) )

Inside this glass container is a small piece of germanium.
Touching the piece of germanium is a sharp wire.

T

piece of germanium

Any manufaétured diodes which are like the Archer diode
#1N34A can be used for simple radios. The Archer diodes
you are using come in a package of 10 diodes for $ 0.99.

The electrical symbol for a diode is:

— 33—

The direction in which a diode is pointing is sometimes
important. Work with the circuits below may suggest

to you some of the main properties of diodes. The
symbol

4 _stripe

corresponds to a diode with its stripe to the right.

The symbol — D

corresponds to: ____125::33______
stripe




Experiment #2 (continued)

2. Connect the circuits below. To the right of each
circuit, describe what happens to the light bulb.

2) — D

L @

b)

c) Gently heat the diode with a candle flame.

de>

—4}—4}—4h

What do you think a diode does in a circuit?

O
(>
Ui
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Experiment #3

Building a Crystal Radio Set*

/ to antenna

tuning
plates

diode

to ground

earphone

* Elementary Science Study, "Batteries and Bulbs II",
Webster Division of McGraw Hill, N.Y., 1974,
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Experiment #3 (continued)

1.

Winding A Coil

The tube from a roll of waxed paper or aluminum foil
is a good size for winding a coil on.

Punch two holes about 1/2" to 3/4" from each end of the
cardboard roll. Leave about 1 foot of wire at the end.
One person can hold and unwind the wire while the
second person twists the tube to wind the coil. If

you get tired, tape the coil to the cardboard and

rest your fingers for a while.

Radio Tuning Plates

To change stations on most radios, you turn a dial.
That dial is connected to tuning plates (variable
capacitor) inside the radio. Often these tuning plates
are pieces of metal, close together but not touching.
When you turn the dial, you bring them closer together
or further apart.

You can make tuning plates for a simple radio from
folded cardboard, using pieces of aluminum foil for the
metal plates and plactic wrap to keep the pieces of
foil from touching. To change stations with these
plates, squeeze the halves of the cardboard together
with more or less pressure. You will have to squeeze
the tuning plates flat to receive some stations; for

- other stations, the plates may have to be opened fairly

widely.
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Experiment #3 (continued)

a. Cut a piece of cardboard about 18" by 12". Use
a razor blade and iuler to slit the cardboard so
it is easy to fold. Do not cut all the way
through the cardboard.

b. Cut two pieces of aluminum foil 8" by 11". Bring
the foil to the instructor for spraying with
glue. Glue the two sheets of aluminum foil
to the inner side of the folded cardboard.

=
/

c. Take two paper fasteners touching the aluminum
foil and push them through the cardboard.

d. ‘Take two sheets of plastic wrap and fold over the
foil, taping edges to the outside of the folded
cardboard. Attach Fahnestock spring clips with
the paper fastener.




Experiment #3 (continued)

3.

-

Attach five Fahnestock spring clips to your pine board
with the wood screws, as shown below.
L) v
T
8 i g
The coil can be held to the center of the board with
carpet tacks. Hook up your tuning plates, coil,
diode, and earphone as shown on the diagram on the
first page.
Attach your antenna wire and ground wire. Squeeze
you tuning plates together with various amounts of
pressure until you can hear a station.
The Circuit Diagram of Your Radio
Looking down directly above it, your radio might look
something like this:
antenna
tuning
plates _»
— diode
—_—
3 ]
\\\ o> —m—
y —
coil B o
—_—
P earphone

ground 2(}9



Experiment #3 (continued)

The view from above can be t i

3 ) . ranslated into an electri
dlagram in which the symbols and straight lines arerlcal
used to represent parts of the radio and wire:

T antenna T
ground |

diode ~€E_._

tuning plates ‘+\+‘

earphone (o)
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Materials for Home Activity #4

For the home activity this week, take home

the radio you built in class

- earphone

3 Fahnestock clips

diode

Bring all materials, including your radio, to class next week.
In addition, bring from home:

- a screw driver.




Home Activity 4

Antennas T and Grounds —L-

Finding the Best Antenna and Ground in Your Home

A necessary part of any radio receiver is the antenna.
Most pocket portable and electric house radios have their
antennas built into them. Almost always, a simple radio
like the one you built, requires an external antenna in
order for you to receive voices and music loud enough
to hear. The better the antenna you use, the louder the
sound, and the larger the number of stations you will get.

Almost any long wire or large piece of metal can be
used as an antenna: metal window frames, screws on light
switches, finger stops on telephones, TV antennas,
very long wires laid on the ZIloor, let out of a window,
or taped to a wall, metal desks or chairs, drain pipes
(sandpapered at the place where wires from the radio are
connected), intercom buttons, metal cabinets, wires
from a window to a tree, etc.. (Note: Be sure not
to touch wall outlets or lamp sockets.)

A wire which is connected from an electrical device
(radio, telephone, telegraph, etc.) to a water faucet,
a drain pipe, a radiator, or any other piece of metal
that leads eventually into the earth,is a grounding wire.
The metal itself is a ground.

For the simple radio you built in class and for the
radios suggested in this home activity packet, a grounding
wire is little more than an additional antenna. 1In
other electrical work,a ground acts as a protection
against shock.

An Antenna-Finder (and a Very Simple Radio)

One possible way to test things in your home to
see if they make usable antennas is to use the "antenna-
finder" pictured on the next page. When you hold one
of the end clips in your hand, your body becomes part
of the electrical circuit -- a human antenna or ground.

Try the antenna finder on metal objects, long
wires, and any other things listed above which may turn
out to be useful as an antenna or ground. Listen
carefully for faint voices or music. The objects which
produce the loudest sounds will make the best antenna
or ground for your radio.
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The Antenna-Finder
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Home Activity 4 (continued)

After you have found the best antenna and ground in
your home, connect your radio to these objects. How
many stations can you receive? How far apart are they in
broadcasting frequency? Try tuning your radio during the
day and in the evening. Does the time of day make a
difference in the number of stations you can receive?

Can you think of any reasons why?

ITI. Some Experiments With Your Radio
Once you have found a good antenna and ground in

your home, you may want to try some of the following
experiments.

1. What happens if you disconnect the antenna wire?

2. What happens if you disconnect the ground wire?

3. What happens if you take out the diode?

4. What happens if you take out the coil?

5. What happens if you take out the tuning plates?

6. You could try making tuning plates of different sizes
(very large and very small). What effect do different
size tuning plates have on the number of stations
you can receive and the quality of the sound?

7. Do two earphones, one for each ear, improve your radio?

8. If you put a battery (1.5 volts) into your radio,
perhaps between the earphone and the diode, will
your radio work better?
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Home Activity 4 (continued)

ITII. Other Radio Circuits

You may wish to design or invent other simple radio
circuits. Here are some circuits you could try.

1. Simple radios

2. Connect an antenna-finder to a coil, tuning plates,
and an antenna:

Does this radio work if you reverse one of the diodes?
Both of the diodes?
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Home Activity 4 (continued)

3. If you wind another coil and make another tuning
plate, you can connect two simple radios together.
(You can buy wire at all electronics shops. The
least expensive wire can be found at Ax Man Surplus
and Acme Electronics Inc.)

Does this radio work better than a single radio?
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Home Activity 4 (continued)

IV. A Small Box Radio

luminum foil glued to the

a
% inside front of the box

Circuit Diagram
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HOW TO MEASURE A FREQUENCY
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How Does a Radio Work?

We have seen that a current-carrying wire has a magnetic
field around it (Oersted effect). We have also seen that a
changing magnetic field across a wire will induce a current in
the wire (Faraday's electromagnetic induction). These two
effects explain how a radio works.

Imagine a circuit with a long wire, a transmitter antenna.
The current in the antenna wire is made to oscillate, or flow
first in one direction, then in the oppostie direction. A
magnetic and electric field is formed around the wire, which
changes in both strength and direction. These oscillating
electric and magnetic fields propagate through space in all
directions, and are called electromagnetic waves. Electro-
magnetic waves travel at the speed of Iight, 186,000 miles/second.

The electromagnetic wave from the transmitter antenna will
cut across a second long, vertical wire some distance away,
the receiver antenna. When this happens, a small current is
induced in the receiver circuit. This current will oscillate
in the same pattern as the original current in the transmitter
antenna. The current at the transmitter can be made to
oscillate in the same pattern as voice or music by using a
microphone. At the receiver, the induced current can be
amplified and used to drive a loudspeaker. A loudspeaker is
similar to a telephone receiver. The alternating current
passing through coils around a magnet causes a diaphragm to
vihrate in the same pattern as the original sound spoken into
the microphone. '

The Transmitter

Unfortunately, the amplified audio current from a microphone
cannot be used to transmit &lectromagnetic waves. The frequency
of audio current is between 15 and 10,000 cycles per second.

The electromacnetic waves generated at these frequencies are
very weak, and are quickly absorbed by air and other objects.
The transmitting antennas would have to be 4 to 10 miles long
to effeciently transmit these frequencies. Moreover, all
transmitters would operate at the same frequency range, and
therefore signals from different stations could not be
separated at the receiver.

These problems are overcome by superimposing the audio
signal on a higb-frequen-* radio carrier signal (see Diagram I).
Radio carrier 7 .quencies range from about 550,000 cycles/second
(550 kilocycles or 55 on our radio dial) to about 1,500,000
cycles/second (1,500 kilocycles or 150 on your radio dial).

At these frequencies, with transmitting antennas ranging

from 160 to 450 feet, electromagnetic waves can be transmitted
with maximum efficiency. Moreover, each radio station can
broadcast at a different carrier frequency with minimum

interference.
219



How Does A Radio Work? (continued)

The effect of mixing audio signals with a radio frequency
carrier signal is to increase or decrease the amplitude of
the radio frequency carrier wave in accordance with the
variations of the sound or audio frequency. The variations
in the audio frequency current are very slow compared with
the variations of the radio frequency carrier current. A
single flucuation of the audio current corresponds to a large
number of cycles of the carrier current. Therefore, the carrier
wave has an "envelope" with the same shape as the audio
frequency wave, as shown in Diagram I. This process is called
amplitude modulation or AM radio broadcasting.

The Receiver

Many combined carrier and voice signals are received by
an antenna of a radio receiver. To select a signal, the radio
receiver must be tuned to the carrier frequency. An inductance
coil and a variable capacitor are used to do this. When you
turn your radio dial to different settings you are increasing
or decreasing the air space between the capacitor plates.
At different settings, the tuning circuit will respond to only
certain carrier frequencies.

The selected signal is then sent through a detector. 1In
the development of radio systems, a variety of detectors were
successfully used, including crystal detectors and vacuum tube
detectors. Today most detectors are diodes or transistors.

A diode will allow current to flow in one direction only.
Thus, a diode "rect:i“ies" the modulated signal, eliminating
the negative half of the wave, so the wave pulses are all in
one direction (see Diagram II). There is now a direct current
signal which is made up of the carrier and the audio signal.
By passing the signal through a filtering device, the carrier
part of the rectified wave is removed and only the audio
signal remains. The audio signal can be sent directly to
earphones, or amplified and used to drive a loudspeaker.
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Diagram I
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A RADIO RECEIVER

Diagram II
V
: | Rectified
Tuning |
;}*!, . (% Anp1itude HoduTated
iraitt Detector
1 Filter

Jro N

( ( ( ::I:} - - udio Freq,
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Experiment #1

Amplitude Modulated and Rectified Patterns

Tune in a radio statiom with your set. Remove the earphones
and connect the oscilliscope probe as shown below. Turn

the time/division (horizontal gain) knob between 10p and

2m seconds and the volts/division (vertical gain) between
0.1 and 1 volts, until you see a clear wave pattern.

\l

. Probe

{
t
l
|

Oscilloscope

{,

T

Draw a picture of the waveform you see on the oscilloscope
face. .This type of waveform is called "amplitude

modulated”.

To see the radio frequency better, turn the sec/div knob
to lpu. You can measure the frequency of your radio
statlon by counting the number of complete cycles and the
number of time divisions. Turn your time position knob
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Experiment #1 (continued)

so a peak lines up with a vertical line on the screen.
Then count the number of divisions to a second peak
which lines up with a vertical line on the screen.

4 Cycles

N\

For example, in the picture above there are four complete
cycles in three divisions, or in three microseconds
(0.000003 seconds). This radio station would be
broadcasting at a frequency of

£ = 4 cycles
3 x 0,000001 sec

1.33 cycles
0.000001 sec

1,330,000 cycles/sec

This is radio station KSJN broadcasting at 1,300
kilocycles or 133 on your radio dial.

Calculate the broadcasting frequency of the radio station
you are listening to.
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Experiment #l1 (continued)

l. Connect the oscilloscope probe to your radio as shown
below.

Oscilloscope

If the waveform is not showing on your screen, adjust
the volts/div position knob until you see the waveform.
Draw a picture of the waveform you see.

As you discovered earlier, a diode only lets current flow
in one direction in a circuit. The diode in your radio
cut off the negative half of the current, leaving

only the positive amplitude modulated waveform. This
process is called “"rectification”. The earphone will
respond to the direct current fluctuating as the voice
wave flucuates.
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'

Optional Experiment

A Transistor in Your Radio

There &re two common types of transistors call PNP and
NPN. The three wires ofa transistor lead into parts of the
transistor called the "collector", the "base", and the

"emitter".

PNP NPN
o] o] collector

b b base

emitter

For the radio shown below, the differences among these
parts are unimportant. However, when a battery is in the
same circuit, the different leads must be connected in a
certain order for PNP and NPN transistors.

Attaching a transistor to your radio:

i

l
\

(R

!
\

B

';

Does a transistor sound different from a dio¢ in your radio?
How?
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:> Experiment #2

Building an Audio Amplifier

Introduction

For our amplifier, we will use an LM386 integrated
circuit (IC) audio amplifier. The LM386 is a power amplifier
designed for use in low voltage consumer applications
(e.g. radio or tape player amplifiers, intercoms, TV
sound systems, line drivers, ultrasonic drivers, small
servo drivers, and power converters). The gain is
internally set at 20 to keep external part count low, but
the addition of an external resistor and capacitor between
pins 1 and 8 will increase the gain to any value up to 200.

Equivalent Schematic and Connection Diagrams:

-0 6
gain —1 L g1~ gain
~input — 2 7}~ bypass
3 +input —f3 ~ Vsource
IE GND {4 e Vout
R
Amplifier With Gain = 120
0.22uF
6V
| l
||I | | | [
r 7] o
to ‘ 3 I I
radio 10K
0. lyF
s speaker
B 10

AV}
A"
Qo

|
|ll



Audio Amplifier ~-- Parts and Connections

1l pine board 5" x 8"

1

220}4 F 16V capacitor (axial)

- 12 Fahnestock clips - 2 10 MF 25V capacitors (axial)
- 1 8-pin IC socket - 1 0.1 0\F 50V capacitor (mylar)
~ 1 LM386 Audio Amp - 1 0.22\F 50V capacitor (mylar)
- 1 6V kattery - 1 10 8L %W resistor
-~ 1 &fL speaker -1 100N %W resistor

- 1 10 K resistor pot

capaci tor 100JV resistor
(104F) (brown-black-brown)
’ B 2
N> S~

capacitor
() (0.224F)

& o]
)
U‘.

(13701)
J0} 1oeded
gL

4 o]
80'
A
o

B
<o

H -

na D E () ﬂ &
10JLresistor capaciforts  capacitor
(brown-black-black) (0.14F) (220/1F)

variable resistor
(10K pot)
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Experiment #2 (continued) '

2. Building the Speaker Holder

Materials: 8 .2 speaker, three 1k%" nails, 2 pine boards,
4 wood screws

Nail the two boards together. Screw the speaker onto the
vertical board, as shown in the diagram below.

6“
Speaker "} 2" of 2 k"

- _ hole
of wire |

3. Building the Amplifier Board
Materials: 8" pine board, 12 Fahnestock clips, 12 #6 wood
screws, B8-pin IC socket, LM386 IC audio amplifier,
220 m F capacitor, two 10 MF capacitors, 0.1 F
capacitor, 0.22 MF capacitor, 10 resistor, 100 resistor,
short wire, and a 10K resistor pot.

(a) Screw the Fahnestock clips onto the board, as
shown in the diagram.

(b) Connect the ground wire and the electronic components
as shown. Be sure you have the + and - ends of
the capacitors connected correctly. Also, be
sure you do not confuse the 102 and 100N resistors.\
4. Connecting the Amplifier, Radio Speaker, and Battery.

Materials: crystal radio receiver, amplifier board,
speaker, and 6V battery.

Use your earphone to tune a station. Disconnect the ear-
phone and connect your amplifier board, speaker, radio,
and battery as shown in the diagram. Turn the 10K .
resistor pot to adjust the loudness.
If your amplifier does not work,

(a) check all electronic connections

(b) check to see if radio is still tuned to a station

(c) check your speaker and battery

(d) check the IC (exchange for another)
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Experiment #2 (continued)

Connecting Your Amplifier to Your Radio, Speaker, and Battery

—

to tuning plates

’d
\ // to antenna

X1

—

]
{

)

p _
= | ol
to ground
'
capacitor 100J0 resistor
(10.4F) (brown-black-brown)

(43701)
40} 1oeded

1
(brown-black-black) (g1 1 F)

.

Speaker

variable resistor
(10K pot)
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AM RADIO TRANSMITTER
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HOW TO CONNECT YOUR OSCILLOSCOPE TO YOUR RADIO

Session 5
Transparency #3

Oscilloscope
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A TRANSISTOR AS AN AMPLIFIER

Collector /-\’JL
Base ﬂfiti\\\\
nnﬂ:\jKi;/ - Emi tter

Control |
Circuit Working
Circuit
Microphone Speaker
{111
Battery
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AWPLIFIER BOARD e sonrancy I

capacitor' - 100 resistor
(10.4F) (Brokin-black-hrown)

capaci tor
O (0.224F)

(12-0L)
J0} Loeded

10JU resistor capacitor capacitor
(brown-black-black) {0,14F) (220 /F)

L)

variable resistor
(10K pot)
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THE AUDIO AMPLIFIER
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