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30 - In - 1 SCIENCE ELECTRONICS LAB

Introduction

The EKI 30-In-One Science Electronic Lab was designed to provide science teachers and electronic
students with a meaningful and exciting introductory course in electronics. No previous electronic
knowledge is required. The EKI Science Electronics Lab stimulates students minds by using easy to
understand experiments to increase their knowledge about electronics and explain how much electronics
is a part of our world . Science project ideas will come as they build the thirty experiments while working
with integrated circuits, light emitting diodes (LED's), photocells, semiconductors, etc.

The Lab was prepared for individuals of 10 years old and up.

Objective

The main objective of this Lab is to help students:
- recognize the basic components used in electronics
- learn the names and schematic symbols of electronic components
- learn to follow and understand electronic schematic diagrams
- learn the basic function of electronic components
- learn how to construct electronic devices by following schematic diagrams

The student will achieve the above objectives by using the proven technique of learning by doing.

How To Use It

This Lab Manual was designed with a progressive order of complexity. Therefore, we recommend that the
beginner start with lesson #1 and follow the lessons and experiments in the order given in the manual. But
this is not a requirement. After the student has learned the basic concepts taught in the lessons, they can
choose any lesson or project and construct it by following the directions.

Now you are ready for the fun and excitement in the world of electronic technology.

Copyright © 1992 by Electronic Kits International Inc. Irvine CA 92714




PARTS INVENTORY SHEET

EXI SCIENCE ELECTRONIC LAB
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| LESSON 1
Basic Electronic Theory -

MATTER »
Everything you see around you is made of "matter”. The desk,
pen, paper, water, etc., even yourselfl. Matter is something
that has mass and takes up space. it canbe found in three
states: SOLID, LIQUID, and GAS. At this point you might ask,
what is matter made of?

Answer: ELEMENTS

Matter Is made up of elements, which are substances found
naturally in the universe, such as carbon, oxygen, silver, goid,
etc. There are approximately 104 different known elements in
the universe. These elements when chemicalty mixed to-
gether in specific combinations make-up...EVERYTHING.
Now, the next question, what are the elements made of?

Answer: ATOMS

stectrons aucleus

Each element |s made up of "atoms”, as the one shown in
fig. 1. Atoms have a central core, called a NUCLEUS, filled
with positively (+) charged particles known as PROTONS.
Surrounding the nucleus, in several orbits, are negatively (-)
charged particies called ELECTRONS. All atoms are arranged
in this way, regardiess of whether they constitute an element
of hydrogen or gold. The only important difference is the
number of protons and electrons each atom has. For ex-
ample, hydrogen has one efectron, while goid has thirty-nine.

PENCIL EXERCISE # 1.
Draw an atom and label its parts.

THE ELECTRONS AND THE ELECTRIC CURRENT

Now you can say, “Okay, |understand that everything is made
up of atoms, and that atoms are made up of protons inside a
nucleus with electrons running around it, but ...what does this
have to dowith electronica?” By definition, electronics is apart
of physics that studies the movement of electrons. Electric
current, is the movement of milions of electrons through a
conductor (wire).

When you connect a lamp to a battery as shown in fig. 2, the
lamp lights up, because electric current circulates through it.

Copyright © 1992 by Electronic Kits intemational Inc., Irvine CA USA. // Mr Circuit Solderiess Electronic Kit Series // Lab Kit A0

-1 lons and millions of electrons in excess

N
“Lights up*

)-lccu'ons

What actually happens is: inthe nega-
tive side of the battery you have mil

and In the positive side of the battery
you have a lack of electrons. There-
fore, electrons flow from the negative
terminal of the battery to the positive
terminal, passing through the lamp.
This flow of electrons, called “slectric
current”, causes the lamp to ight up.

9 Volt Fig. 2

PENCIL EXERCISE #2

1) In the negative side of the battery, there are millions and

milkons of "

2) In the positive side of fhe battery, you have atoms with a

- _of electrons .

3) When you connect a lamp or any other conductive material

across the terminals of a battery, electrons will flow from the
terminal to the terminal of the bat-

tery. This flow ig called current.

Now that you know that electronics is the part of the physics
that studies the movement of electrons, and that an electric
current is the movement of millions and millions of electrons,
from a negative source to a positive source, you are ready to
go to Lesson 2, called: The Resistor Color Code.

LESSON 2
Resistor Color Code

RESISTORS, RESISTANCE & OHMS (Q).

-%g

Resistors are one of the most popular and fundamental
electronic components. You will aiways find them in electronic
circuits. Resistance is the opposition to the current flow. We
often need resistance to control current flow . Each resistor
contains a certain amount of resistance. Resistance is mea-
sured in ohms(Q). For example, a resistor of 10,000 ohms
would provide much more opposition to a current flow than a
resistor of 1000 ohms. So the higher the number of ohms, the
higher the resistance, the fewer electrons flow through the
resistor.

PENCIL EXERCISE 1.

1. Registance is the to current flow.
2. Each resistor contains a certain amount of R
3. Resistance is measured in .
4. Aresistor of 20,000 ohms will provide

opposition to
the current flow than a resistor of 5,000 ohms.

-7-




THE RESISTOR COLOR CODE

The resistor color code is a method of indicatingthe resistance
vaiue in ohms. It is not a secret code designed by sinister
cryptographers to confuse and frustrate us. On the contrary,
it was made simple and easy to read, so that everyone can
leam it in just a few minutes, including you !

WHY THE COLOR CODE

With the color code we use colored bands
overcome two basic problems:

ONE: it would be very difficult to print numbers on a small
resistor.

TWO: Evenif we could prilt numbers on them, placement of
the resistor in the project might make it impossible to see the
numbers.

The color coded bands that go entirely around the resistor
seem to solve these two problems. When reading the color
code, the resistor should be held with the gold (or silver) band
on the right, as shown in the next picture.

in order to

band four

! ' tolerance

band three
number of zeros
band two
second digit

band one
first digit

THIS IS THE RESISTOR COLOR CODE

black
brown
red
orange
yellow
green
blue
violet
| aray
white

Wi & jW 0= O

Each color stands for a particular number. For example, red
equals two. When reading the color code remember:

-The FIRST BAND always represents A NUMBER.

-The SECOND BAND always represents A NUMBER.

-The THIRD BAND always represents the NUMBER OF
ZEROSto be added to the two preceding numbers. (If the third
band is black, no zeros are added).

-The FOURTH BAND represents the TOLERANCE value
This band is usually GOLD, 5%:; or SILVER 10%.

Tolerance means the precision or exactness of the value of
the resistor. For example, resistors with a gold band have an
actual value plus or minus 5% of what the color code indicates,
due to differences in manufacturing.

Copyright © 1992 by Electronic Kits International Inc., Irvine CA USA,

EXAMPLE.

What is the value in ohms, and the tolerance of the follow-
ing resistor ?

nmn "5 - Yalue, 1500 chms
red = 00 {two 20r08) =e———
siiver = & 10%=—""

PENCIL EXERCISE 2.

Give the value in ohms and the tolerance, of the following
resistors:

Value: +/- %
RED BLUE YELLOW GOLD

Value: +/- %
SLUE GREEN RED GOLD

Value: +/- Yo

BROWN BLACK RED SWLVER

ABBREVIATING NUMBERS

Usually the values of resistors are abbreviated by using the
letter K to represent 1000 ohms and the letter M to represent
1,000,000 ohms. For example, a 1K resistor is a resistor of
1000 ohms. A 3.3K resistor is a resistor of 3300 ohms. A 2M
resistor is a 2,000,000 ohm resistor.

LESSON 3
Using The Solderless Circuit Board

The Solderless Circuit Board is a device that allows you to
assemble electronic circuits without the use of solder. It
makes for quick and easy construction and is thus ideal for
experimentation. A Solderless Circuit Board comes supplied
in this Lab Kit A0. Lay the board in front of you, as shown in
fig. 1.

VERTICAL GROUP

TOP
EE-.-.-.--.--ou..--------..-on
S50SENSNESENNNINESRERNRRROEN
OSSR SESAEORABEREGENEPREREN
SSEUNESNEREENESERRBRRERRNESS
SO SUNONBENEREBENROURENRSEREY
| |
SHNSSONEENNERREENBERERNENRARAERD
L LI I I R N Y I Y R R A
CSEBAEPLENSENOACOEINONEEERNEEEN
CNENORRARSNEENESREERRNENNNRESS
I R R L E R R R N R N R TN R I Ir™m
FiG. 1

Notice that there are many tiny holes in each board. Each hole
will accept a component lead or wire. ALL FIVE HOLES IN
EACH VERTICAL GROUP ARE CONNECTED TOGETHER.
Each vertical group is “shorted” together.

PLMVB!
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Two or more wires or leads plugged into anyone of the five
holes will be connected together. There are 60 groups of five

holes. .
Center Fig. 2
IIlllIIIIIIIIIIIIIlIIIIIIlIIlI

Under side view of Soldelress Circuit Board showing
metal strips which connect each group of five holes

A center channel divides the board in half. integrated Circuits
can be straddled across this channel as shown in fig. 3. Also
note that numbers and letters were printed on the board to
help identity each hole during the construction process.

sesee L lssase

Fig. 3

In order to learn how to use the Solderless Circuit Board do
the following experiment. Let us say that we want to build a
simple circuit to light up an LED, ke the one shown in fig. 4.

R1
— A

Fig. 4

i-—
‘T
h.__;@-— ‘

4
In this circuit an electric current flows from the negative
terminal of the battery to the positive terminal, passing through
the LED and the resistor. As current flows through the LED, it
iluminates.
One way to build this circuit is by soldering the leads of the
components to one another, as shown In figure 5.

FiQa. &

Copyright © 1992 by Electronic Kits International inc., rvine CA USA. // Mr Circuit Solderless Electronic Kit Series // Lab Kit A0

Or, the same circuit can be constructed, easily and neatly, by
using a solderless circuit board, as shown In fig. 6.

connection

Inthis case, the leads of the components are connectedto one
another by the metal strips of the solderless circuit board, as
shown in fig. 6. REMEMBER, WIRES THAT MUST BE CON-
NECTED TOGETHER MUST BE INSERTED INTO HOLES
OF THE SAME VERTICAL COLUMN.

Now, using the solderless circult board and the parts, bulid the
circult of fig. 6.

Take special care while installing the LED to put the short lead
in the right direction. Once you have the circuit assembled,
connect a battery {o the battery snap and the LED should fight
up. Now, make a little change in the circuit. Pull outthe red wire

of the battery snap fromits original position and insert itinthe
hole shown in figure 7.

ooooooQonogoooBoonooogooooogoaa

cgoonoaaaaaooupgoooaooogoaogoaaa

DDUQDDDODDDDDBDDD ocoogoooooa
poo

gooaoooa
goooocoao

What happened to the LED when you made that
change?

Explain why.

The LED went out because in the circuit shown infig. 7 there
is no connection between the red wire of the battery snap and
resistor R1.

Therefore, again, always remember, "WIRES THAT NEED
TO BE CONNECTED TOGETHER MUST BE INSERTED
INTO THE SAME VERTICAL COLUMN OF HOLES".
NOTE: Never connect the LED directly to the battery. It will
destroy the LED

Now you are ready to work on more Lab Kits.
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EK' Electronic Kits.international Inc. =

‘Solderless Electronic Kit

EO\FA RESISTOR WORKS

**+*STARTHERE ***
(A) PURPOSE OF THIS EXPERIMENT:

LAB KIT A1

Inthis experiment you will build a simple device that will allow you to observe the effect of a resistor controlling a current
flow. You will observe how the value of the resistor in the circuit affects the brightness of the LED.

(B) THEORY OF THIS CIRCUIT

In this experiment we introduce two componants, the resistor and
the LED.

A resistor iimits the amount of current flowing through a circuit by
presenting opposition or resistance to the current flow. Just ike
a funnel, where much water can be poured into it, and only a set,
small, amount of water comes out, a resistor limit the amount of
electrons that can flow out of &.

Appearance Schematic Symbol Draw Schematic Symbol

[ Purees A~

An LED (light-emitting diode) is a special kind of diode that emits
light when current flows through It It has two terminals called
cathode (C) and anode (A). The cathode Is indicated by a fiat side
on the case of the LED or by a shorter lead.

Appearance Schematic Symbol Draw Schematic Symbol

A-g'-:CD A-@;-:'c

This project is made up of three components: the battery, the LED,
and the resistor, which are connected in series, one following the
other (see schematic diagram).

In this circuit the current flows from the negative terminal of the
battery to the positive terminal of the battery, passing through the
LED and the resistor.

As current passes through the LED, it lights-up. The more current,
the more light.

The element that controls the amount of current flowing through
the circult is the resistor. The smalier the resistance value, the
smaller the opposition to the current flow and therefore, the higher
the current. The higher the current, the brighter the LED.
Onthe other hand, the higher the resistance value, the greaterthe
opposition to the current flow and the lower the current. The lower
the current, the dimmer the LED,

Now you should understand why, as you insert in the circuit
progressively higher values of resistance, the brightness of the
LED decreases. The higher the resistance, the lower the amount
of current that flows through the circuit, and therefore, the lower
the brightness of the LED

4 )
SCHEMATIC DIAGRAM & PARTS LIST
R1 Part #
—AAS—] - Battery Snap S$1.35001
i - LED (Light Emitting Diode) SL06001
-R1:
:t.-_- - 100 ohms (Brown, Black, Brown, Gokd) SLO1041
- - 220 ohms (Red, Red, Brown, Gold) SL01049
LED -1Kohm  (Brown, Black, Red, Gold) SL01065
” | - 8.8K ohm (Blue, Gray, Red, Gold) SL01085
4
\. J
Copyright © 1992 by Electronic Kits International Inc., Irvine CA 92714 PLMVBF/1
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(C) Step-By-Step Assembly Instructions
HOW A RESISTOR WORKS / LAB KIT A1

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK

( )STEP3.
Find the red LED (light emitting diods). Insert

WITH THE ASSEMBLY DIAGRAM. its short lead into hole 17b and its long lead
into hole 18b.
( )STEP1.
Find the Battery Snap. Insert the red wire W ( )STEPA. c
into hole 15f and the black wire into hole Get one wire. Insert one side into hole 25g A

17e. and the other side into hole 18a.

( )STEPS.

STOP! Before you test your project verify it
against the Assembly Diagram to be sure that
all the components are installed in the right -
place. Aiso be sure there are no short circuits ((Xi
on the board (wires or leads touching each
other). To opaerate the project follow the
directions in the Section D * Operating
Instructions.”

ASSEMBLY DIAGRAM

7 R : \
gooooooopooooan go0aoooooR0O0oOo

0000o0o0go0o0o00ooooooooooooooooaoooo:
00000000000000000000000OoQoanaas
- (J/oooooonooO0oooOoOoOoOOOO0000OmpOOOOOs

DUUUDDU'QUDD y gogoaaage

EEEFEEEEEEEE LT T

( )STEP2.
Find R1, the 100 ohm resistor (Brown,

Black, Brown, Gold). Insert one 18ad into  sesssse(JY TTymsmmmsn:
hole 15} and the other Into hole 25j. -

a
a

oogQoage
co0ooogooooooooogpoon oogQoood
00oo0aooooooo0opoogoon O00O0aoaane
o0oooooooooooooo aooogaooone
gogoooaooogoooooogd 00000000000,

VW2AN2ND2UM2627 282930
ort lead

PLMVBS/1-15

(D) OPERATING INSTRUCTIONS

1- Now that you have this project assembied connect afresh

9 volt battery to the battery snap. As you do this the LED will
turn ON. Notice the brightness of the LED.

- 6.8K ohm (Blue, Gray, Red, Gold).

2- Replace resistor R1 (100 ohm) with resistors of larger
value and observe how this affects the brightness of the LED.
Therefore, remove the 100 chm resistor from the board. The

(E) RESULTS & OBSERVATIONS

LED will turn OFF.
Install, one at a time, the following resistors in the place of

R1(leads to holes 15] and 25]), and observe in @ach case the
brightness of the LED.

- 220 ohm (Red, Red, Brown, Gold).
- 1K ohm (Brown, Black, Red, Gold)

By performing this experiment you should have found that
the brightness of the LED depends upon the value of the
resistor in the circuit. The higher the resistance value, the
lesser the brightness of the LED.

COPYRIGHT © 1992 by Electronic Kits Intemational Inc. Irvine CA 92714
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EKI Electronic Kits International Inc.

~ Solderless Electronic Kit

HOW A POTENTIOMETER WORKS

LAB KIT A2

***STARTHERE***
(A) PURPOSE OF THIS EXPERIMENT.

The purpose of this experiment is to observe how a potentiometer works as a variable resistor.

(B) THEORY OF THIS CIRCUIT If the value of the potentiometer Is, for example, 100K ohm,
In this experiment we Introduce the potentiometer which | between A and B there will be a resistance of 100K ohm

is a variable resistor. So with the potentiometer you canvary | (Fig. 1B). The resistance between A and C depends upon
the amount of electrons that flow through acircuit by twisting | the position of the cursor. If the cursor is touching the end

the control shatt. A, the resistance will be zero (Fig. 1C). If the cursor is
Appearance Schematic Symbol  Draw Schematic Symbol | touching the end B, the resistance between A and C will be
100K ohm (Fig. 1D). f the cursor is in any position between
W 'V¥V" A and B, the value of the resistance between A and C will
be somewhere between 0 and 100K ohm.

Fig. 1A shows the schematic symbol of a potentiometer. it | Now. observe the schematic diagram of this project. The
has three leads labeled A, B and C. C is the cursor that | current flows from the negative terminal of the battery to
moves between A and B. the positive terminal of the battery, passing through resistor
R1, the LED, and the potentiometer. As you adjust the
potentiometer from one end to the other, the resistance
changes, producing a change in the amount of current

A A A gonm A flowing through the circuit. This change in the amount of
L ol v 100 K the current is observed by the change in the brightness of
C 100K ¢¢C
B B B

the LED.
4+C NOTE: The 100 ohm resistor (R1), is placed in the circuit to
B limit the current, so the LED does not burn out when the
G 1D potentiometer is at its minimum value of resistance (zero
FIG 1A FIG 1B FIG 1C Fi . ohms).
4 N
____V¥\,_ SCHEMATIC DIAGRAM & PARTS LIST
Part #

4] - Battery Snap SL35001

_5_: ® LED - LED (Light Emitting Diode) SL06001

- X - R1: 100 chms (Brown, Black, Black, Gold) SL01041

- R2: 100K ohm Potentiometer SL33008

v VAN

\_ R1, 100 chms y
Copyright © 1992 by Electronic Kits International Inc., lrvine CA 92714 PLMVBF/2-16
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(C) Step-ByeStep Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR:WORK
WITH THE ASSEMBLY DIAGRAM.

( )STEP1.

Find the Battery Snap. Insert the red wire
Into hole 13f and the black wire into hole
13e.

( )STEP2
Find R1, the 100 chms resistor (Brown,

Black, Brown, Gold). Insert one l6ad int0 ([T T
hole 13a and the other into hole 24a.

( )STEPA.

Find the potentiometer. Insert the wire
connected to the left lead to hole 13h and
the wire connected to the center lead to hole

72, HOW A POTENTIOMETER WORKS / LAB KIT A2

( )STEPA4.

Find the LED (light emitting diode). Insert its
long lead into hole 24f and its short lead Into
hole 24e.

( )STEPS

STOP! Before you test your project verify it
against the Assembly Diagram to be sure that
all the components are installed in the right
place. Also be sure there are no short circuits
on the board (wires or ieads touching each
other). To operate the project follow the

diractions in the section called " Operating
Ingtructions.”

EKI.

_ DUDDDUDDDGDD

Salafaa]=[=[=]=]=]=1=1=

gQooooooogogoa
goooaoooooogoaoo
ooooogonoaooo

ASSEMBLY DIAGRAM

'-iDDUDDDDDDDUDUDDu
OOonooOo000000000o0oOoO0oooaooaaaas

UDDDDDDDDD%UDU!
000QO00R000NMaatesd 00
onoooooo

00000000000 0R0C000000000B000000.
12345867890 NRIBUIBIITIC V0 2222324252627 282930

goaoao

aaoaoaond
0oo0ooone
ooonaoe

( D) OPERATING INSTRUCTIONS

1- Now that you have this project assembled, connect a
fresh 9 volt battery to the battery snap.

2- Twist the shaft of the potentiometer from one end to the
other obsarving the brightness of the LED.

You will notice that by twisting the shaft of the potentiometer
from one end to the other you can control the brightness of

the LED.

Copyright © 1992 by Electronic Kits Intarnational Inc., Irvine CA 92714

(E) RESULTS & OBSERVATIONS

By performing this experiment you should have found that the
brightness of the LED depends upon the position of the shaft
of the potentiometer. Also you should have learned that by
twisting the shaft of the potentiometer you change its internal
resistance. Potentiometers are used for volume control and
other knobs on TV's, radios, etc.

PLMVBS/1-15
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HOW A PHOTOCELL WORKS

+++START HERE * * *
(A) PURPOSE OF THIS EXPERIMENT.

LAB KIT A3

The purpose of this experiment Is to observe how a photocell works as a light sensitive resistor.

(B) THEORY OF THIS CIRCUIT

In this experiment we introduce the photocall, which is a
special kind of resistor that varies its intemal resistance
according to the intensity of the light that hits its surface. So
the more light you shine on a photocell, the lower the
resistance it will have, and the more electrons it will allow to

pass through it.
Schematic Symbol  Draw Schematic Symbol

R &

The circuit of this experiment is made up of three compo-
nents: the battery, the LED, and the photoceli, which are
connected in series, one following the other.

Inthis circuit, the current flows from the negative terminal of
the battery to the positive terminal of the battery, passing
through the LED and the photoceli (see the schematic).

As current passes through the LED it illuminates. The more

the current, the greater the brightness.

The element that controls the amount of current flowing
through the circuit is the photocell.

The photocell is a light sensitive resistor that changes its
resistance according to the light that hits its surface.

The more light hitting its surface, the lower its internal resis-
tance. The less light hitting its surface, the greater its resis-
tance.

Therefore, the greater the fight hitting the surface of the
photocell, the smaller its resistance and therefore, the greater
the current in the circuit and the brighter the LED.

On the other hand, the less light hitting the photocell, the
higher its resistance and, therefore, the smaller the current in
the circuit and the dimmer the LED.

Now you understand why, as you shadow the surface of the
photocell, the brightness of the LED decreases, and as you

illuminate the surface of the photocell the brightness of the
LED increases.

(
proTocs.  SCHEMATIC DIAGRAM & PARTS LIST )
4
I~
_/ Part #
- Battery Snap SL35001
nE - LED (Light Emitiing Diode) SL06001
- - Photocell SL45028
g
" LED y.
Copyright © 1892 by Electronic Kits Intemational Inc., lrvine CA 82714 PLMVBF/2-15
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(C) Step-By-Step Assembly Instructions
HOW A PHOTOCELL WORKS / LAB KIT A3

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD ( )STEPaA.

THE PROJECT ALWAYS COMPARING YOUR WORK Find the LED (light emitting diode). Insert its

WITH THE ASSEMBLY DIAGRAM. long lead into hole 19b and its short lead into
hole 18b.

( )STEP1.

Find the Battery Snap. Inson_thg red wire W ( )STEPS.
'1";° hole 18f and the black wire into hole STOP! Before you test your project verify it
o.

against the Assambly Diagram to be sure that
all the components are installed in the right
( )STEP2. place. Also be sure there are no short circuits
Find the photocsll. Connect its leads to on the board (wires or leads touching each
holes 189 and 19g. other). To operate the project follow the
directions in the section called * Operating
( )STEP3.

Find one wire. Connect one side of the wire Instructions.”
1o hole 19f and the other side to hole 19¢.
E m{ ASSEMBLY DIAGRAM
®
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(D) OPERATING INSTRUCTIONS (E) RESULTS & OBSERVATIONS

1- Now that you have this project assembled, connect By performing this experiment you should have found

afresh 9 volt battery to the battery snap. that the brightness of the LED depends upon the
intensity of fight striking the photoceil. Because, as you

2- Using your hand, partially cover the surface of the have observed, the value of the internal resistance of

photocell to vary the intensity of the light striking the the photocell depends upon the intensity of light striking

photocell. Observe how this affects the brightness of its surtace.

the LED. When your hand is covering the photocell,

the LED is dimmer. When the photocell is not covered

the LED is brighter.

»
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AL SEE AT | HOW A CAPACITOR WORKS |
A LAB KIT A4 |
+++STARTHERE***

(A) PURPOSE OF THIS EXPERIMENT.
The purpose of this experiment Is to observe the effect of a capacitor storing electrical energy.

(B) THEORY OF THIS CIRCUIT

A capacitor acts as atemporary battery by storing electricity. inthis
experiment we Use an electrolytic capacitor that can store a
relatively large amount of slectricity. Electrolytic capacitors have
polarity, which means that they have a positive and negative
terminal and therefore care must be taken when connecting them
to a circult. They must be installed in the right direction.
Appearance Schematic Symbal Draw Schematic Symbol

—.) He

Figure 1 showsthe circuit of this experiment and the flow of current
when the battery is first connected. The current goes from the
neyative terminal of the battery to point A, where it divides. A pant
of it goes through the LED and R2, causing the LED toturnon, and
the other part goes through capacitor C2, which starts to charge.
Once C2 is charged, current stops flowing to it. Then, the current
path intha circuit is the one shown in Figure 2. The current passing
through the LED causes it to illuminate.

Whaen the battery is disconnectad, the electrical energy stored in
the capacitor flows as shown in Figure 3. It keeps the LED
illuminated until the capacitor completely discharges.

Now you can undarstand why, when the battery is disconnected ,

the LED remains illuminated for a while.

N
f ‘ SCHEMATIC DIAGRAM & PARTS LIST
R1:1K
- Battery Snap Part #
- LED (Light Emitting Diode) SL35001
- R1: 1K ohm resistor SL06001
- R2: 220 ohm resistor SL01065
- C21000 pF capacitor SL01049
SL05009
NG J
Copyright © 1992 by Electronic Kits International Inc., lrvine CA 92714 PLMVBF/2.18
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(C) Step-By-Step Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK *
WITH THE ASSEMBLY DIAGRAM.

( )STEP1.
Find the Battery Snap. Insaert the red wire £
into hole 9g and the black wire into hole 9d. -

( )STEP2. '
Find the 220 ohm resistor (Red, Red, (1t

Brown, Gold). Insert one lead into hole Sh -
and the other into hole 16h.

( )STEP3.
Find the 1K ochm resistor (Brown, Black,

{180,
Red, Gold). insert one lead into hole 16g -
and the other into hole 27g.

_)STEPA. S
Find the 100 uF capacitor. Insert its positive
lead (long lead) into hole 16f and its

negative lead Into hole 16e. -,

HOW A CAPACITOR WORKS / LAB KIT A4

( )STEPS.

Find the LED (light emitting dioda). Insert its
long lead into hole 27f and its short lead into
hole 27e.

( )STEPS.
Get two wires. Install the first wire from hole

. 27ato hole 18b. The second wire from hole

16a to hole 9b. e

e —— R
( )STEP7Z.

STOP! Before you test your project verify it \

against tha Assembly Diagram to be sure that )

all the componaents are installed in the right E,"’A“'”-‘-’J

place. Also be sure there are no short circuits ((“Pi

on the board (wires or leads touching each 3“

other). To operate the project follow the X
)‘,7
N7

directions in the section called * Oparating
Instructions.” =

EIKI.

ASSEMBLY DIAGRAM
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(D) OPERATING INSTRUCTIONS

1- Now that you have this project buiit, connect a fresh 9 volt
battery to the battery snap. The LED will turn ON.

2- Disconnect the battery from the battery snap and observe
how the LED remains ON for a few seconds after the battery
was disconnected. This occurs because the electricity stored
in the capacitor maintains the flow of electrons to the LED for
afew seconds after the battery is disconnected.

(E) RESULTS & OBSERVATIONS

By performing this experiment you found that after disconnect-
ing the battery from the circuit, the LED continues to be
illuminated for a while. The light decreases until ¥ completely
turns off.

After the battery was disconnected from the circuit, the LED
raceived the electricity from tha capacitor.

Copyright © 1992 by Electronic Kits International Inc., Irvine CA 92714
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HOW A SPEAKER W(SRIZET]

+++«START HERE * * *
(A) PURPOSE OF THIS EXPERIMENT.

LAB KIT A5

The purpose of this experiment is to observe how a speaker transforms electrical energy (current

flowing through it) into sound waves.

(B) THEORY OF THIS CIRCUIT

Inthig experiment we introduce the speaker. Speakers are
devices that produce sound waves from the elactric current
that flows through them.

Appesrance Schematic Symbol Draw Schematic Symbol
A speaker is an electromechanical device that produces
movement of its cone when current is flowing through it. i
the current flows in one direction through the speaker, the
cone moves in a certain direction. If the current flows in the

opposite diraction, the cone moves inthe opposite direction.
See Figure 1a and 1b.

As the cone of the speaker moves, it generates sound
waves. The sound waves generated by the speaker are
proportional to the variations of the current that flows
through it.

Figure 1a, shows the current flowing in one direction through
the speaker, causing the cone of the speaker to move inwards.
Figure 1b, shows the current tlowing through the speaker in
the opposite direction, causing the cone to move outwards.

When an alternating current, generated by a microphone,
oscillator or phone cartridge, Is amplified and then sent to the
speaker, it will cause the cone to follow the variations of that
current producing sound waves (words or music).

*

ie
¢

Fig tb

r
Speaker

R1, 10 ohms

.

SCHEMATIC DIAGRAM & PARTS LIST A

- Battery Snap
g - R1: 10 ohm resistor
- - Speaker (8 ohm)

Part #

SL35001
SL01017
SL27001

Copyright © 1992 by Electronic Kits International Inc., lrvine CA 92714
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(C) Step-By-Step Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK -
WITH THE ASSEMBLY DIAGRAM.

( )STEP1.

Find the Battery Snap. Insert the red wire
into hole 14f and the black wire into hole
14e.

O—

( )STEP2.

Find the 10 ohm resistor (Brown, Black , 1 Vg
Black, Gold). Insert one lead into hole 14d

and the other into hole 24d.

HOW A SPEAKER WORKS / LAB KIT A5

( )STEPA.
Find the speaker. Connect one of its wires into
hole 14h and leave the cther wire disconnected. i

( )STEPA.

STOP! Before you test your project verly it
against the Assembly Diagram to be sure that
all the components are installed in the right
place. Also be sure there are no short circuits
on the board (wires or leads touching each
other). To operate the project follow the
directions In the section called * Operating
Instructions.”

DUDDDDDDDDDDD
gooooooaooooao
goooooooongQon
oooooogoooon
1234858678001

80
s0

ASSEMBLY DIAGRAM

o0o0o0Oo0o0oonooaofe.e
000o00ooop0oooo0n«

ooopoaods
2324 2526 27 28 29 30

(D) OPERATING INSTRUCTIONS

1- Now that you have this project assembled connact a fresh
9 volt battery to the battery snap.

2- Touch the unconnected speaker wire to the lead of the
resistor connectedto hole 24d. As you do this, hearthe sound
and observe the direction of the movemaent of the speaker
cone. Repeat this step if necessary.

3- Reverse the polarity of the battery wires connected to the
board (connect the red wire in the place of the black wire and
the black wire in the place of the red wire).

Copyright © 1892 by Electronic Kits International Inc., Irvine CA 92714

Again, hear the sound and observe the movement of the
speaker cong. ft should move in the opposite direction from
before.

(E) RESULTS & OBSERVATIONS.

By performing this experiment you have learmned the following:
A) Every time you touchthe speaker wiretothe resistorthe cone
moves and produces a sound. :

B) At Step 2 of the Operating Instructions the cone moves from
the normal position away from the magnet.

C) At Step 3 of the Operating instructions the cone moves from
the normal position toward the magnet. These altemating
movements of the speaker cone, when faster pulses of electric-
ity are sent to the speaker, produce sound waves.

PLMVBS/1-15

-19 -







EKI Electronic Kits nternational Inc.
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HOW A DIODE WORKS

LAB KIT A6

+++STARTHERE*** |
(A) PURPOSE OF THIS EXPERIMENT.

The purpose of this experiment is to observe how a diode allows current to flow through it in one
direction only.

(B) THEORY OF THIS CIRCUIT

A diode is a device that allows current to fiow through it in + _ - A C +
one direction only. You can compare the diode to a"one way “*c M-

street” for electrons. :

Diodes have two leads, one is the anode and the otheris the — ,
cathode. The cathode is indicated by a band around the CURRENT FLOWS CURRENT DOES NOT FLOY
body of the diode.

A: Anode C: Cathode

o Whenthediode is connectedinthe circuit of this experiment

Appearance Schematic Diagram DrawSchematic Symbol  yith it anode on point A (positive point) and its cathode on

A c A c point C (negative point), it allows current to flow through it,

—— - e and therefore, the LED turns on.

DIODE On the other hand, when the diode is connected in the
circuit of this experiment with its cathode on point A and its
anode on point C, current will not fiow through the diode
and the LED will remain off.

Now you can understand why in this circuit, the LED turns

A diode is a one-way gate. It allows curr rmiﬂb.ﬂ'ﬂ’& on when the diode is connected in one direction and

tonly when "ﬂ@mﬁ;@@m its @d;eisn\egaﬁve. > remains off when it is connected in the other.

as shown in the picture.

4 )
2» SCHEMATIC DIAGRAM & PARTS LIST
b
LED
R1, Part #
é"_ é 220 ohm: - Battery Snap SL35001
- - R1: 220 ohm resistor SL01049
-LED SL06001
- Diode SL30001
[ A
c " A
\_ (DIODE UNDER TEST) y
Copyright © 1992 by Electronic Kits International Inc., lrvine CA 92714 PLMVBF2-18
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(C) Step-By-Step Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK TO
THE ASSEMBLY DIAGRAM.

( )STEP1.

Find the Battery Snap. insert the red wire W
into hole 17f and the black wire into hole

150.

( )STEP2.

Find the LED (light emitting diode). Insert its
long lead into hole 17g and its short lead
into hole 18g. c

( )STEP3. A

Find the 220 ohm resistor Red, Red, Brown,

Gold). insert one lead into hole 18f and the L | o
other into hole 20c.

" T2 'HOW A DIODE WORKS / LAB KIT A6

( )STEPA.

Find the diode. Notice that it has a band on one

side of its body. Insert the lead on the side of

the band into hole 15b and the other lead into ¢ A
hole 20b.

( )STEPS.

STOP! Before you test your project verily it
against the Assembly Diagram to be sure that
ait the components are installed in the right
place. Also be sure there are no short circuits
on the board (wires or leads touching each
other). To operate the project follow the
directions in the section called * Operating
Instructions.”

gooooooooog

EKE ASSEMBLY DIAGRAM
®
ohort lesd
+ Sphooooogooooooooan gaogoooogoooos
googogoaoaooaoaagaan gagagoaQogooaacs
- goggogoooooooaooon QO0O0goooaooos
gogoooooogoooonaao gooaoopooonas
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_Sulslulslulalsiain]}
(Jazon

FOOOOO000OQc

BOANRBMNWW W20

(D) OPERATING INSTRUCTIONS

1- Now that you have this project assembled, connect a fresh
9 volt battery 1o the battery snap. As you do this the LED will turn
ON,

2- Removae the diode from the circuit, the LED will tum OFF.
3- Connect the diode in opposite direction as it was before. This
means, the lead on the side of the band to hole 20b and the other
lead to hole 15b. The LED will remain OFF even with the diode
connected in the circuit.

4- Removae the diode and install it again in its original position,
as shown in the Assembly Diagram. The LED will turn ON,

Copyright © 1992 by Electronic Kits International Inc., lrvine CA 92714

(E) RESULTS & OBSERVATIONS

By performing this experiment you have found that the diode
works as a " one way gate " in that that it allows current o flow
through it in one direction only. Also, if Steps 1 through 4 of this
procedurs can be completed successfully, you can conclude
that the diode being tested is OK.

PLMVBS/1-1§
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HOW AN SCR WORKS

*++ START HERE *
(A) PURPOSE OF THIS EXPERIMENT.

*

LAB KIT A7

The purpose of this experiment is to observe how an SCR works and to build a useful SCR

checkaer.
(B) THEORY OF THIS CIRCUIT

The SCRIs adevice that aliows current to flow through

it only after a momentary positive voltage is applied to
its gate.

SCR's have three leads which are called: anode,
cathode and gate.

Appesrance Schematic Symbol  Draw Schematic Symbol

=P S
scrR G

An SCR is a "diode with a difference". Like a diode,
it has a cathode and anode, and allows current to
flow through It in one direction only. Yet unlike an
ordinary diode, It has a gate electrode as well. The
gate is used to *trigger the SCR into conduction.

Only when the gate receives a positive voltage will the
SCR conducts. Even if the positive voltage is then
remove from the gate, the SCR will continue to con-
duct. The only way to turn off the SCR is to remove

the positive voltage from its anode by, for example,
disconnecting the battery.

in this experiment by touching the gate of the SCR
with a wire, you apply a positive voltage to it, and,
therefore, the SCR starts to conduct causing current
to flow from the negative terminal of the battery to the
positive terminal, passing through the SCR, LED, and
the resistor.

When the battery is disconnected, current stops
flowing and the SCR turns off. When the battery is
reconnected, the SCR will be off until a positive
voltage is again applied to its gate.

r ™
SCHEMATIC DIAGRAM & PARTS LIST
R1, 2200hms (A
200 3
LED Part #

A - Battery Snap SL35001

VAN - R1: 220 ohm resistor SL01049

4 R2iK ﬁ] SCR - R2: 1K ohm SL01065

= ¢ -LED SL06001

G -SCR SL13001
\ y,
Copyright © 1992 by Electronic Kits International inc., Irvine CA 92714 PLMVBF12-15
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(C) Step-By-Step Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK TO
THE ASSEMBLY DIAGRAM.

( )STEP1.

Find the Battery Snap. Insert the red wire
into hole 11¢ and the black wire into hole
11e.

( )STEP2.

Find the 220 ohm resistor (Red, Red, s ) * ad
Brown, Goid). Insert one lead into hole 11}

and the other into hole 22}.

( )STEP3.

Find the 1K ohm resistor (Brown, Black, =D
Red, Gold). Insert one lead into hole 11g

and the other into hole 20g.

) STEP 4.
Find the LED (fight emitting diode). Insent
its long lead into hole 22h and its short lead (o]
into hole 23h. A

HOW AN SCR WORKS / LAB KIT A7

o
( )STEPS. .
Find the SCR Beveled
Insert its three leads into holes 256, 26e and edge

276, with the lead on the side of the beveled
edge going to hole 27e.

( )STEPSG. CAaG
Get three wires. Install the first wire from hole

11d to hole 25a, the second wire from hole

231 to hole 28d. Connect only one side of the

third wire 1o hole 201,

~anurg

( )STEPT.

STOP! Before you test your project verify it
agalinst the Assembly Diagram to be sure that
all the components are installed in the right
place. Also be sure there are no short circuits
on the board (wires or leads touching each
other). To operate the project follow the
directions in the section calied * Operating
Instructions.”

EIKI.
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ASSEMBLY DIAGRAM
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(D) OPERATING INSTRUCTIONS

1- Now that you have this project assembled, connect a fresh
9 volt battery to the battery snap.

2- Briefly touch, the unconnected end of the wire connected to
the 1K ohm resistor, to the lead of the SCR connected to hole
27e (gate of the SCR), as shown in the assembly diagram. As
you dothis, the LED wiliturn ON and remain ON, indicating that
current is flowing through the circuit.

3- Disconnect the battery briefly and connect it again. The LED
willturan OFF when the battery is disconnected and remain OFF
after it is reconnected. The only way to turn the LED ON again
is by touching the wire to the gate of the SCR (hole 27a).

Copyright © 1892 by Electronic Kits international Inc., Irvine CA 92714

(E) RESULTS & OBSERVATIONS

By performing this experiment you have found that the SCR
conducts current (LED ON) when a positive voltage Is applied to
its gate. Also, you found that the SCR continues conducting even
it the positive voltage has been removed from its gate. You aiso
learned thatthe only way totum the SCR OFF is by removing the
positive voltage from it by disconnacting the battery. Also, if steps
1 to 3 of this procedure can be completed successiully, you can
conclude that the SCR is OK.
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HOW AN NPN TRANSISTOR WORKS

_ st

*** START HERE * * *
(A) PURPOSE OF THIS EXPERIMENT.

e

LAB KIT A8

To obsarve how a NPN Transistor works as a current amplifier and to build a useful NPN Transistor Checker.

(B) THEORY OF THIS CIRCUIT

The transistor is a component used to amplify electricity. it has

three tarminals: Emitter, Base and Coliactor.

According to how transistors are manufactured they become NPN
" or PNP type. Observe the difference in the schematic symbol

between thase two types.

Appearance Schematic Symhol DOraw Schematic Symbol
PN

When the collector of an NPN transistor is positive, the emitter
negative, and the base slightly positive, the transistor is correctly
biased (polarized) and there are two currents Howing through it:
the Collector Current (lc) (flowing in the Emitter and out the
Collector), which is a large current, and the Base Current (Ib)
(flowing in the Emitter and out the Base), which is a small current,
as shown in Figure 1.

Theinteresting thing about transistors, is that the Base Current (Ib)
which is a small current, controls the Collector Current (ic), which

is a large current. The larger the Base Current, the greater the
Collector Current.

This important process, of having a small current controlling a large
current, is called- AMPLIFICATION.

Figure 2shows the circult of this experiment. it uses a NPN transistor.
Its collector receives a positive voitage from the battety through
resistor R2 and LED2. The emitter is connected directly to the
negative terminal of the battery and the base receives a positive
voltage from the positive tarminal of the battery through resistor R1,
the pushbutton, and LED1.

The brightness of LED1 is proportional to the Base Current, and the
brightness of LED 2 is proportional to the Collector Current.
Performing the experiment, you will find that LED2 (collector LED)
is brightar than LED1 (base LED). This means that the Colector
Current is larger than the Base Current.

Inthis experiment you will also find out that if there is no Base Current
(pushbutton open) thare is no Collactor Currant. If there is a Base
Current (pushbutton pressed), there is a Collactor Current. This
means that the Base Current, which is a small current, is controlling
the Collactor Current, which is a large current.

r

~\
SCHEMATIC DIAGRAM & PARTS LIST
p]
R2, 220 OHMS @ Part #
- Battery Snap SL35001
- R1: 220 ohm resistor SL01049
Qf, NPN 3004 - R2: 1K ohm SL01065
- LED1/LED2 SL06001
- Q1: 2N3904 (NPN) SL18001
- Pushbutton SL25004
J
Copyright © 1992 by Electronic Kits International Inc., Irvine CA 92714 PLMVBF72.15
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(C) Step-By-Step Assembly Instructions
® HOW AN NPN TRANSISTOR WORKS / LAB KIT A8

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD ( )STEPG, '

THE PROJECT ALWAYS COMPARING YOUR WORK TO Find the pushbutton. insert one lead into hole
THE ASSEMBLY DIAGRAM. 8t and the other into hole 8f.

( )STEP1.

)STEP 7.

Find the Battery Snap. insert the red wire W (
Find the 3904 transistor. Insert the three
Into hale 1% and the biack wire into hole 1. leads into holes 151, 161 and 171, Be sure that

( )STEP2. the flat side of the tranaistor is pointing in the
Find the 220 ohm resistor (Red, Red, S S direction shown in the assembly diagram. £
Brown, Gold). Insert one lead into hole 1] ( )STEPS c
and the other into hole 5. Get three wires. install the first wire from hole
) STEP 3. 7] 1o hole 17}, the second wire from hole 8h
Find the 1K ohm resistor (B‘Wﬂ. Blﬂd(. —qn———- to hole 14h. The third wire from 1a to 15¢.
Red, Gold). insert one lead into hole 1g and e eeee————y

( )STEPS.
STOP! Before you test your project verify it

the other into hole 8g.

( )STEPA. against the Assembly Diagram to be sure that
Find the LED (light emitting diode). Insert ali the components are installed in the right
its long lead into hole 5i and its short lead : place. Also be sure there are no short circuits
Into hole 7. c on the board (wires or |eads touching each

A other). To operate the project follow the
( )STEPS. directions in the section called * Operating
Find another LED. Insert the long lead into ¢ Instructions.”
hole 14g and the short lead into hole 16g. A,
E ‘K m ®

0 000000000oao
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N R0 0000000000000as
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ooaoooodng ooooooooooooooonoooge.
aaan o00ooOo00o00ooaoooooagoas
0000000000000a000000000000.

1234850878 0VNRCUIBBVITBNV02020H428202728200

(D) OPERATING INSTRUCTIONS / RESULTS & OBSERVATIONS

1- Now that you have your project assembled, connectafresh I the transistor is defective three things might occur:

9 volt battery to the battery snap. . - None of the LEDs light-up when the pushbutton is pressed.
2- Press the pushbutton. i both LEDs light-up {(one brighter - Only one LED fights-up when the pushbutton is pressed.
than the other) when the pushbutton is pressed you can ~ One or both LEDs light -up when the pushbutton is not
assume that the transistor being tested is OK. pressed.
Copyright © 19982 by Electronic Kits International Inc., Irvine CA 92714 PLMVBS/1-15
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HOW A PNP TRANSISTOR WORKS

***STARTHERE***
(A) PURPOSE OF THIS EXPERIMENT.

LAB KIT A9

To observe how a PNP Transistor works as a current amplifier and to build a useful PNP Transistor Checker.

(B) THEORY OF THIS CIRCUIT

The transistor is a component used to amplify electricity. it has
three terminals: Emitter, Base and Collector.

According to how transistors are manufactured they become NPN
or PNP type. Observe the difference in the schematic symbol

between these two types.
Appearance Schematic Symbol Draw Schematic Symbol
: ¢ -
ﬁ_ . _@ . @S
E E
L NPN PNP

Whaen the collector of an PNP transistor Is negative, the emitter
positve, and the base slightly negative, the transistor is correctly
biased (polarized) and there are two currents flowing through it:

the Collector Current (Ic)(flowing in the Collector and out the-

Emitter), which is alarge current, and the Base Current (Ib)(flowing
inthe Base and outthe Emitter), which is a small current, as shown
in Figure 1.

The interesting thing about transistors, is thatthe Base Current(Ib)
which is a small current, controls the Collector Current (Ic), which
is a large current. The larger the Base Current, the greater the
Collector Current.

This important process, of having a small current controlling a large
current, is called AMPLIFICATION.

Figure 2 shows this experiment. it uses a PNP transistor. its collector
receives a negative voitage from the battery through resistor R2 and
LED2. The emitter is connected directly to the positve terminal of the
battery and the base receives a negative voitage from the negative
terminal of the battery through resistor R1, the pushbutton, and
LED1.

The brightness of LED1 is proportional to the Base Current, and the
brightness of LED 2 is proportional to the Collector Current.
Performing the experiment, you will find that LED2 (collector LED)
is brighter than LED1 (base LED). This means that the Colector
Current is larger than the Base Current.

Inthis experiment you will also find out that if there is no Base Current
(pushbutton open) there is no Collector Current. if there is a Base
Current (pushbutton pressed), there is a Collector Current. This
means that the Base Current, which Is a small current, is controliing
the Collector Current, which is a large current.

2 Y\
SCHEMATIC DIAGRAM & PARTS LIST
»
»
R2, 220 OHMS @ Part #

LED 2 - Battery Snap SL35001

.C - R1: 220 ohm resistor SLO01049

f - R2: 1K ohm SL01065

Q1 PNP 3908\ 'Eh1/LED2 SL06001

E - Q1: 2N3906 (PNP) SL18002

le - Pushbutton SL25004
. )
Copyright © 1992 by Electronic Kits International Inc., Irvine CA 92714 PLMVBF/2-15
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N{ |(C) Step-By-Step Assembly Instructions
70.® HOW A PNP TRANSISTOR WORKS / LAB KIT A9

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD. ( )STEPS.

THE PROJECT ALWAYS COMPARING YOUR WORK TO Find the pushbutton. Insert one lead into hole
THE ASSEMBLY DIAGRAM. 61 and the other into hole 81.

( )STEP1.

the Snap. Insert the red wire ( )STEP7.
leads Into holes 18h, 17h and 18h. Be sure
( )STEP2. that the flat side of the transistor is pointing in
Find the 220 ohm raesistor (Red, Red, the direction shown in the assembly diagram.
Brown, Gold). Insert one lead into hole 1j 0 ‘

E

( )STEPS. Bc
and the other into hole 5. Get throe wires. Install the first wire from hole
( )STEP3. 7] 1o hole 18}, the second wire from hole 8h
Find the 1K ohm resistor (Bfown. Black, P a1 81 o to hole 18h. The third wire from 1a to 18f.
Red, Gold). Insert one lead into hole 1g and —————
the other into hole 8g. ( )STEPS.

STOP! Before you test your project verify it .
( )STEPA. against the Assembly Diagram to be sure that
Find the LED (light emitting diode). Insert all the componaents are installed in the right
its long lead into hole 7i and its short lead place. Also be sure there are no short circuits
into hole 5i. c on the board (wires or leads touching each

A other). To operate the project follow the

( )STEPS. directions in the section called * Operating
Find another LED. Insen the long lead into ¢ instructions.”
hole 17f and the short lead into hole 15g. A

EKW ASSEMBLY DIAGRAM
®

00oooQon0aoQo00as.

Qo0 0000000000 :
WITBR21284252067 8290

1234686617800 NRBVUL

(D) OPERATING INSTRUCTIONS / RESULTS & OBSERVATIONS

1- Now that you have your project assembled, connect afresh I the transistor is defective three things might occur:

9 volt battery to the battery snap. - None of the LEDs light-up when the pushbutton is pressed.
2- Press the pushbutton. if both LEDs light-up (one brighter - Only one LED lights-up when the pushbutton is pressed.
than the other) whan the pushbutton is pressed you can - One or both LEDs light-up when the pushbutton is not
assume that the transistor being tested is OK. pressed.
Copyright © 1992 by Electronic Kits International inc., Irvine CA 92714 PLMVBS/1-16
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Solderless Electronic Kit

TRANSISTOR OSCILLATOR

'**START HERE * * *
A) PURPOSE OF THIS EXPERIMENT.

LAB KIT A10

"he purpose of this experiment is to build a simple two transistor oscillator and to learn about

ransistorized oscillator circuits.
B) THEORY OF THIS CIRCUIT

\transistor oscillator is an electronic device that generates
: constantly increasing and decreasing current.

‘he frequency of this varying current is how marny times per
econd the current increases and decreases. The unit of
reasurement for frequency is Hertz (Hz), which repre-
ents one complete cycle or puise per second.

‘he circuit you will build oscillates at a frequency of approxi-
1ately 500Hz ( 500 cycles or puises per second). This
'equency is called an audio frequency, because when a
peaker vibrates at this frequency, it generates a tone that
an be heard by the human ears. Audio frequencies range
om approximately 10Hz to 16,000 Hz.

he oscillator that you will build is a two transistor oscilla-

. It uses one PNP (3906) and one NPN (3904) transis-

.

As the battery is connected, electrons flow from the
negative terminal of the battery through R2 andthe speaker

to charge capagcitor C1. This small current flowing through

the speakerwhile C1 is charging, causes the coneto move
slightly. As capacitor C1 is charging, Q1 will begin to
conduct, which allows Q2 to begin to conduct. When Q2
conducts, the electrons travel from the negative of the
battery through R2, the speaker and Q2 back to the
positive of the battery. This larger current causes the
speaker to move more. When Q2 conducts, it will dis-
charge C1, which causes Q1 to stop conducting, which in
turn causes Q2 to stop conducting and the speaker returns
to its normal position. Then C1 begins to charge again and
the cycle is repeated.

The frequency of oscillation of this circuit and thus the
speaker, is determined by the values of resistor Rt and
capacitor C1. The largerthe values of R1 and C1, the lower

(

\

SCHEMATIC DIAGRAM & PARTS LIST

the frequency of oscillation.

Part #
- Battery Snap SL35001
120K - R1: 120K ohm SL01115
R3 - R2: 10 ohm SL01017
47 ohms - -R3:47 ohm SL01033
- Q1: 2N3904 (NPN) SL18001
- Q2: 2N3906 (PNP) SL18002
- C1:.a1kuF Cap. (104) SL02016
- er
'\1MF(104) 1 0 ohms Spe SL2700t
J/
Copyright ® 1992 by Electronic Kits Intemational Inc., lvine CA 92714 PLMVBF2-15
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¥ Mr. Circuit Solderless Electronic Kit
(C) Step-By-Step Assembly Instructions
®  TRANSISTOR OSCILLATOR / LAB KIT A10

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD ( )STEP?Y.

THE PROJECT ALWAYS COMPARING YOUR WORK TO Find the 3908 transistor. Insert the three

THE ASSEMBLY DIAGRAM. loads into holes 13g, 14g and 15g. Be sure

( )STEP1. that the flat side of the transistor Is pointing In

Find the Battery Snup. Insert the red wire s the direction shown in the assembly diagram. E
into hole 2f and the black wire into hole 1e. &4 C) . ¢

( )STEP2. Find the speaker. Insert one lead into hole
Find the 120K ohm resistor (Brown, Red, gy 15h and the other to hole 18d.
Yellow, Gold). insert one lead into hole 1i
and the other into hole 10i. ( )STEPS.
Get five wires. Install the first wire from hole
( )STEPS. 1j to hole 13}, the second wire from hole gh
Find the 47 ohm resistor (Yellow, Violet, ) N— to hole 14h. The third wire from 1h to 6h. The
Black, Gold). Insert one lead into hole 2g forth from 1c to 11f and the fifth wire from 1a
and the other into hole &1 to 13a.
( )STEPA. ( )STEP10.
Find the 10 ohm resistor (Brown, Black, STOP! Before you test your project verify it
Black, Gold). Insert one lead into hole 13b ===TID====== g54ingt the Assembly Diagram to be sure that
and the other into hole 18b. ‘ all the components are instalied In the right
place. Also be sure there are no short circuits
( )STEPS. on the board (wires or leads touching each
Find the 3504 transistor. Insert its three other). To operate the project follow the
leads into holes 9g, 10g and 11g. Be sure directions in the section called " Operating
that the flat side is pointing in the direction Instructions.”
shown in the assembly dlagram. Ep ¢

( )STEPS.

Find the 1uF ceramic capacitor (104). Insert
one lead into hole 10f and the other into
hole 15f.

E“K“ TRANSISTOR OSCILLATOR
ASSEMBLY DIAGRAM
® 3904

+ SO D UUTOOw ooooooogoooooaa
‘i120K], oooao gopooooo
] oono S =lajalalsin]a])
- Eﬁ Qoo o Oooon0Ds
. gnopoooeg DU aooog gooooaoe

o nonpetooo(-oo000A00000000oOn.
oopoboooooodtooocod0o0o000000000e

al=f=l=lsls]a]=lsl=]=]=]=1==t=]=1=1=1=1=1=1=1=1=]=1=k=]= D}
00O000000DO0E||®a MIOODOO0DOOOO0O00.
O O

o000 0000000000000.
12345073 0VNTUUNNBTRRDARBUBNYT B0

(D) OPERATING INSTRUCTIONS (E) RESULTS & OBSERVATIONS

1- Now that you have your Transistor Oscillator assembled, By performing this experiment you have found that the Two

connect a fresh 9 volt battery 1o the battery snap. Asyoudo  Transistor Audio Oscillator generates a constant audio tone.
this an audio tone should be heard from the speaker.

Copyright © 1992 by Electronic Kits International Inc., Ivine CA 92714 PLMVBS/1-15
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Solderless Electronic Kit

BLINKING LIGHT T

snm; STAG
" po NOT ENTER
WHEN RED LIGHT
1S FLASHING \
\
*+*GTARTHERE * * *

(A) PURPOSE OF THIS EXPERIMENT.

LAB KIT A11

The purpose of this experiment is to build a useful LED Blinking Light and to learn about the IC

Timer 5585.
(B) THEORY OF THIS CIRCUIT

In this experiment we introduce an integrated circuit (IC).
Integrated clrcuits (ICs) have several components (transistors,
diodes, resistors, etc) condensed into a very small package. Each
type of IC performs a ditferent function according to the different
componants it has inside.

—

Physical Appearance Schematic Symbol Draw Schem. Symbol

& S

In this experiment the 555 IC Timer is used as a clock.

Aclock, as the term Is used in electronics, does not mean adevice
totelithe time. it refers to a circuitthat provides a continuous series
of pulses, the frequency of which can range from less than one per
second to over a million per second.

The Schematic Diagram of this experiment, shows the 555 Timer
connected as a clock. This circuit, as you will notice, has na input
signal, and in that sense, it operates as an oscillator; a device that
generates its own signal,

—

—

The pulses produced by the clock are present on pin #3. This
means that pin 3 will be alternately positive (High) and negative
(Low).

The frequency of the pulses produced by the IC timer depends on
the values of resistors R1 and R2, and capacitor C1. The larger
the values of the resistors and the capacitor, the lower the
frequencies of the pulses. Onthe other hand, the lower the values
of R1, R2 and C1, the higher the frequency of the pulses.

it an LED (light emitting diode) Is connected to the output of the IC
Timer (pin #3), as in the circuit of the Blinking Light, when pin 3is
Low, a current will flow from pin 3 to the positive of the battery,
passing through resistor R3 and the LED, and, therefore, the LED
will turn on. When pin 3 is High, no current flow through the LED
and, therefore, it will be off. Inthis manner, aspin 3 alternates from
High to Low, the LED constantly turns on and off.

it you replace the 10 uF capacitor with a 100 uF capacitor, the
frequency of the pulses decreases and, therefore, the LED tums
on and off lees frequently.

Now you can understand why the LED of your Blinking Light
blinks.

4 \
SCHEMATIC DIAGRAM & PARTS LIST
é R1 Part #
68 - Battery Snap SL35001
-R1:6.8K ohm SL01085
= - R2: 16K ohm SL01094
P 16K - R3: 220 ohm SL01049
T - C1: 10 uF Cap. SL05003
- 555 IC Timer SL14004
J o - LED: Light Emitting Diode  SL06001
—= JOuF
T
\_ Yy,
Copyright © 1992 by Electronic Kits International Inc., lrvine CA 92714 PLMVBF/2:15
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(C) Step-By-Step Assembly Instructions

BLINKING LIGHT / LAB KIT A11

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK TO
THE ASSEMBLY DIAGRAM.

( )STEP1.

Find the Battery Snap. Insert the red wire m__‘.
into hole 1f and the black wire into hole 1e.

( )STEP2.

Find the 8.8K ohm resistor (Blus, Gray,  eessa{I{]im————
Red, Gold). Insert one lead into hole 171 and
the other into hole 18i.

( )STEPI.

Find the 220 ochm resistor (Red, Red, | 1 ]
Brown, Gold). Insert one lead into hole 11a

and the other into hole 19a.

( )STEPA,

Find the 16K ohm resistor (Brown, Blue, =] e
Orange, Gold). Insert one lead into hols 18h

and the other into hole 19h.

( )STEPS.
Find the red LED (light emitting diode).
Ingert its long lead into hole 11f and the

short lead into hole 11a. A

( )STEPS.

Find the Integrated Circuit 555. Install it in
the board with the notch, dot or band at one
ond in the right direction, as shown in the
assembly diagram (holes:17e, 18e, 196,
20e, 171, 181, 191 and 20f).

.
( )STEPT. g
Find the 10uF capacitor, Insert its positive
lead (long lead) into hole18b and its
negative lead into hole 17b.

( )STEPS. *
Gaet five wires. ingtall them as follows: from

1ito 17h, from 1g to 11g, from 1d to 17a,

from 17g to 20¢ and from 19g to 18d.

( )STEPS®

STOP! Before you test your project verify it
against the Assembly Diagram to be sure that
all the components are installed in the right di
place. Also be sure there are no short circuits ((,.., A
on the board (wires or leads touching aach
other). To operate the project follow the
directions in the section called ® Operating
Instructions.*

EIKI.

"FDDEID
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BLINKING LIGHT

ASSEMBLY DIAGRAM
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(D) OPERATING INSTRUCTIONS

1- Now that you have your Blinking Light assembled,
connect a fresh 9 volt battery to the battery snap. As you do
this the LED will start to blink.

Copyright © 1992 by Electronic Kits intemnational Inc., Irvine CA 92714

(E) RESULTS & OBSERVATIONS

By performing this experiment you have found that by using the
555 Timer as a clock, you can build a device that is able 1o turn
on and off an LED.
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Solderless Electronic Kit

'BURGLAR ALARM

+++ START HERE * * *
(A) PURPOSE OF THIS PROJECT.

LAB KIT A12

The purpose of this project is to build a useful Burglar Alarm.

(B) CIRCUIT DESCRIPTION

This burglar alarm Is designed to be used with nor-
mally open (S1) or normally closed (S2) switches. If
after the alarm is armed (battery connected) the
normally closed switch (S2) Is opened, or the nor-
mally open switch (S1) is closed, a positive voltage
will be applied to the gate of the SCR causing it to
conduct.

To learn more about the operation of an SCR refer to
Mr. Circuit Lab Kit A7.

When the SCR conducts, the LED turns on, indicat-

in order to have an audible signal, an optional 9-voit
buzzer can be connected in points 1 and 2 of the
circuit (see schematic diagram).

Once the alarm is triggered (LED on) the only way to
stop it is by disconnecting the battery from the circuit.

Before connecting the battery, be sure that the two
wires labeled S2 are connected together, and the
two labeled S1 are not touching one another.

ing that the alarm was activated. Now you are ready to assemble this project.
é SCHEMATIC DIAGRAM & PARTS LIST )
TO BUZZER OR SIREN (OPTIONAL)
s + S - N
l[ a 12
J\N_'@‘—L Part #
- RE220ems 1o - Battery Snap SL35001
- - R1:6.8K ohm $L01085
VN 81 - R2:3.3K ohm SL01077
(NO) - R3: 220 ohm SL01049
R23.3% A - LED: Light Emitting Diode SL06001
AN/ - SCR -SCR SL13001
ol 6[¢ -C1:.1 uF Cap. SL02016
:J_. - D1: Diode 1N4003 SL30001
— 92 . . c‘
-I ac) T.uf
\_ y,
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(C) Step-By-Step Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK TO
THE ASSEMBLY DIAGRAM.

( )STEP1.
Find the Battery Snap. Insert the red wire m_’
irto hole 1{ and the biack wire into hole 1e.
)STEP 2.
Find the 3.3K ohm resistor (Orange,

Orange, Red, Gold). insert one lead into  ===eeIDmmmms
hole 1h and the other into hole Sh.

( )STEPA.

Find the other 8.8K ohm resistor (Blue,
Gray, Red, Gold). Insert one lead into hole
1i and the other into hole 101,

. | 0

( )STEPA.

Find the 220 ohm resistor (Red, Red, svmsosmass([] [ e
Brown, Gokl). Insert ona lead into hole 17h

and the other into hole 19h.

) STEP S,
Find the red LED (light emitting diode).
Insert its long lead into hole 191 and the c
short lead into hole 21i. A

( )STEPS.

Find the diode. Notice that it has a band on

one side of its body. Insert the lead onthe =T
side of the band into hole 12g and the other

BURGLAR ALARM/LAB KIT A12

( )STEP7?.

Find the SCR (silicon controlled rectifier).
Insert its three loads Into holes 20g, 21g and
22¢, with the lead on the side of the beveled
edgs into hole 22g.

( )STEPS.

Find the .1uF capacitor (104). Insert one
lead Into hole 12d and the other into hole
121,

CAG

( )STEPS.

Get nine wires. Install five as follows: from 1j
to 17], from tato 5a, from 5¢ to 12¢, from
5b to 20f and from 12h to 221,

Tight two wires together and connect one
end to 5f and the other end to 5d,

Connect one wire to hole 10| and another
wire to hole 12i, Leave the other end of
these two wires unconnected.

( )STEP10.

STOP! Before you tast your project verify it
against the Assembly Diagram to be sure that
all the components are installed in the right

s ‘»"‘“ !rv' vei
o

place. Also be sure there are no short circuits AT N
on the board (wires or leads touching each :ul_trj“
other). To operate this project connect a fresh  5tied

9-volt battery 1o the battery snap and open the
normally closed switch or close to normally

lead into hole 5g open and observe how the LED lights up.
BURGLAR ALARM
® ASSEMBLY DIAGRAM

+
Beveled
— edge
o0 0000000000000aags
0000000000000000o00.
$B3UIBBT B R0 2222324252627 282030
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i

AUTOMATIC NIGHT LIGHT

**+ START HERE * * *
(A) PURPOSE OF THIS PROJECT.

e ———_—
A

LAB KIT A13

The purpose of this project is to build an LED Night Light that turns on at night and goes off during

the day.
(B) CIRCUIT DESCRIPTION

In the Automatic Night Light circuit, the two LEDs turn
on at night and go off during the day. The brightness
of the two LEDs is inversely proportional to the
intensity of light received in the photocell.

The more light received by the photocell, the less the
orightness of the LEDs, and viceversa.

With the potentiometer R3 you can adjust the sen-
sitivity of the device, in order to keep the LEDs off
Jnder any level of light and then automatically turn

them on when the light disappears.

In order to test this device, first connect the battery
and then adjust R3 until the LEDs go off. Then
shadow, with your hand, the face of the photocell and
the LED should iltuminate.

To learn more about the operation of the photocsti or
the transistor refer to Mr. Circuit Lab Kit A3 and A8
respectively.

(

SCHEMATIC DIAGRAM & PARTS LIST )
R1 LED1 LED2
47 ohms @lﬂ @t
Pant #
RZ - Battery Snap SL35001
-R1:47 ohm SL01033
100K
4] - R2: 16K ohm SLO1094
= R2 Q1 - R3: 100K ohm Potentiometer SL33008
- 16K NPN 3904 -LED1&LED2:LEDs SL068001
\} - Q1: 2N3904 Transistor (NPN)  SL18001
P1 - P1: Photocell SL45028
. J
Copyright © 1992 by Electronic Kits International Inc., Irvine CA 92714 PLMVBF/2-18
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& Mr. Circuit Solderless Electronic Kit

(C) Step-By-Step Assembly Instructions

70©  AUTOMATIC NIGHT LIGHT / LAB KIT A13

8¢

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD . ( )STEPT.
THE PROJECT ALWAYS COMPARING YOUR WORK TO Find the 3504 transistor. Insert its leads into
THE ASSEMBLY DIAGRAM. holes 11d, 12d and 13d. Be sure its flat side
( YSTEP1. is pointing in the direction shown in the
Find the Battery Snap. insert the red wire (< rar> = 2ssembly diagram.
into hole 1f and the black wire into hole 1e. k%

( )STEPS.
( )STEP2. Find the potentiometer. insert the wire
Find the 47 ohm resistor (Yellow, Violet, connected to the center lead into hole 6f
Black, Gokd). insert one lead into hole 1} a and the wire connected to the right lead into
the other into hole 5. hole 12c.
( )STEPS. ( )STEPS.
Find the other 16K ohm resistor (Brown, e[  Got three wires. Install the first wire from
Blu“ o'anq“ Gou,. ‘n“n one hud i"m hoh 1‘ to 1&, th. OOOOM w’f. fmm hoh
hole 1g and the other into hole 6g. :‘g‘ to 13a and the third wire from hole 9g to

e 11e.

( )STEP4. -
Find one red LED (light emitting diode). ( )STEP10.
Insert its long lead into hole 5i and the short c STOP! Before you test your project verify it
lead into hole 7. , A against the Assembly Diagram 1o be sure that

all the components are instalied in the right
( )STEPS.

Find another red LED (light emitting dioda).

on the board (wires or leads touching each
Insert its long lead into hole 7j and the short

other). To rate this project connect a fresh
lead into hole 9. ¢ R projed

A 9-volt battery to the battery snap and adjust

R3 until the LEDs go off. Then shadow, with

Find the photocsll. Insert one lead into hole LEDs should illuminate.

( )STEPG. : ﬁ your hand, the face of the photocell and the
10b and the other into hole 12b.

place. Also be sure there are no short circuits

IKM AUTOMATIC NIGHT LIGHT
®

ASSEMBLY DIAGRAM
shortiesd  gnoet lead
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00o0o0o0000000a000anQe.
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; DC TO DC POWER SUPPLY |

Solderless Electronic Kit

+++ START HERE * * *
(A) PURPOSE OF THIS PROJECT.

LAB KIT A14

In this project you will construct a usetul DC to DC adjustable power supply, which, when
connected to a 9-volt battery, provides an adjustable output voitage between 0 and 9 volts.

(B) CIRCUIT DESCRIPTION

The DC To DC Power Supply is able to supply an output
voltage between 0 to 9 volts and an output current of up to
50 mA, therefore, it i8 ideal to supply DC to a host of
electronic projects from portable radios to burglar alarms.

In order to use this power supply, connect a fresh 9-volt
battery to the battery snap, then, using a voltmeter
{multimeter) adjust potentiometer P1 until you get the
desired output voltage.

In the circuit of the DC To DC Power Supply, transistor Q1
works as an adjustable resistor which changes its internal
resistance, betweencollector and emitter, accordingto the

voltage applied to its base, by potentiometer R3.

When the internal resistance of Q1 is close to 0 ohms, the
output voltage of the power supply willbe 9 voits. Onthe other
hand, when the internal resistance of Q1 is very high (Q1 not

conducting) the output voltage ot the power supply will be 0
volts.

AnLED in series with a 220 ohm resistor (R2) was connected
to the output of the power supply. The brightness of this LED
is proportional to the output voltage. The maximumbrightness
corresponds to 9 volts.

To learn more about the operation of the transistor or the
potentiometer, refer to Mr. Circuit Lab Kit A2 or A8 respec-
tively.

Now you are ready to assemble this project.

r

SCHEMATIC DIAGRAM & PARTS LIST )
013904
N 3 : Part #
0 - Battery Snap SL35001
LED [ U -R1:6.8Kohm SL01085
o Ri b T -R2:220 ohm SL01049
= n3d¢ 68K R2 P -R3:100K ohm Potentiometer ~ SL33008
] 220 | U -Q1:2N3004 Transistor (NPN) SL18001
T -LED SL06001
7/
\ _J
Copyright © 1992 by Electronic Kits International Inc., Irvine CA 92714 PLMVBF/2-18
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(C) Step-By-Step Assembly Instructions

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD
THE PROJECT ALWAYS COMPARING YOUR WORK TO
THE ASSEMBLY DIAGRAM.,

( )STEP1.

Find the Battery Snap. Insert the red wire m—#
into hole 1f and the black wire into hole 1a.

( )STEP2.

Find the 6.8K ohm resistor (Blue, Gray, ([T emm—"
Red, Gold). Insert one lead into hole 13f and
the other into hole 13d.

( )STEPS.

Find the other 220 ohm resistor (Red, Red,

Brown, Gold). Insert one lead Into hole 13g =D
and the other into hole 25g.

( )STEP4.
Find one red LED (light emitting dicde).
Insert its long lead into hole 25f and the

DC TO DC POWER SUPPLY / LAB KIT A14

( )STEPS.

Find the potentiometer. Insert the wire

connected to the center lead into hole 12g,

the wire connected to the right lead into hole

1¢, and the wire connected to the left lead <
into hole 1j. -

( )STEP?Y.

Get five wires.

install three wires as follows: one from 1ito
11l, one from 1b to 13b, one from 13a to
25d.

Connect one wire to hole 13c (Negative
output ) and ancther to 13j (Positive
Output) . Leave the other end of these two
wires not connected

o —

( )STEPS.

STOP! Bafore you test your project veriy it
against the Assembly Diagram to be sure that

m .

short lead into hole 25e. c all the components are installed in the right wia
A place. Also be sure there are no short circuits ”J)‘ .
( )STEPS. on the board (wires or leads touching each (C" 3 '
Find the 3904 transistor. Insert its leads Into other).
holes 11h, 12h and 13h. Be sure its flat side o
is pointing in the direction shown in the
assembly diagram. EBg
DC TO DC POWER SUPPLY
E “K“ ® ASSEMBLY DIAGRAM
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Solderless Electronic Kit

ELECTRONIC METRONOME

**STARTHERE***
\) PURPOSE OF THIS PROJECT.

LAB KIT A15

this project you will construct a useful Electronic Metronome.

3) CIRCUIT DESCRIPTION

metronome is a device used to aid in setting
1d keeping the tempo of music.

-aditional metronomes are mechanical- and
nploy a swinging arm that causes a clicking
yund at the end of each swing. On those met-
inomes you adjust the tempo by adjusting the
yeed of the oscillating arm.

In this project you build an electronic metronome
which allows you to adjust the tempo by rotating
to shatft on the potentiometer.

The circuit of the metronome is made of a low
frequency two-transistor oscillator, similar to the
one explained in Mr. Circuit Lab A10. The fre-
quency of this oscillator is controlled by potenti-
ometer R2 and by adjusting it, you speed up or
slow down the tempo.

Now you are ready to assemble this project.

r )
SCHEMATIC DIAGRAM & PARTS LIST
R1  R2,100K Q2 Part #
3.3K 3906 - Battery Snap SL35001
’ - R1:3.3K ohm SLo1077
+ 333 - R2: 100K ohm Potentiometer ~ SL33008
= 4 - Q1: Transistor 2N3904 (NPN)  SL18001
+, - - Q2: Transistor 2N3906 (PNP) SL18002
1 - C1: 100uF Cap. SL05005
C1 SPEAKER - Speaker SL27001
100 wF '
. J
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. ) Mr. Circuit Solderless Electronic Kit

(C) Step-By-Step Assembly Instructions

7% ® ELECTRONIC METRONOME / LAB KIT A15

GET THE SOLDERLESS CIRCUIT BOARD AND BUILD

THE PROJECT ALWAYS COMPARING YOURWORKTQ . .

THE ASSEMBLY DIAGRAM. -
( )STEP1.

Find the Battery Snap. Insert the red wire W
into hole 1f and the black wire into hole 1e.

( )STEPZ.

Find the 3.3K ohm resistor (Orange,
Orange, Red, Gold). insert one lead into
hole 1h and the other into hole 5h.

( )STEPS3.

Find the 3904 transistor. inaert ita leads into

holes 11h, 12h and 13h. Be sure its fiat side

is pointing In the direction shown in the

assembly diagram. ¢

( )STEPA.

Find the 3906 transistor. Insert its leads into

holes 15h, 18h and 17h. Be sure its flat side

I8 pointing in the direction shown In the

assembly diagram. B¢

G
STEPS. é
Find the 100uF capacitor. Insert its positive
lead (long lead) into hole 12f, and its
negative lead (short lead) into hole 171,

+

-

( )STEPS.

Find the potentiometer. insert the wire
connected to the center lead into hole 5i,
and the wire connected to the left lead into
hole 12},

{ )STEP?Y.
Find the speaker. Insert one of its leads
hole 17g, and the other into hole 19¢.

( )STEPS.
Get four wires. install them as follows: one
from 1] to 15], one from 11f to 16f, one from
ibto 13f and one from 1ato 19a.

U AL
R

( )STEPS.

STOP! Before you test your project verify it
against the Assembly Diagram to be sure that
all the components are installed in the right
place. Also be sure there are no short circuits
on the board (wires or leads touching each
other). To operate this project just connect a
fresh 9-vokt battery 1o the battery snap.

EKI.

ELECTRONIC METRONOME

ASSEMBLY DIAGRAM
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