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GLOSSARY

Electron — a tiny particle that carries a negative charge

Circuit — the continuous pathway connecting electronic components. Basic circuits usually contain a power source (such as a
battery), and an output, or “load”

Conductor — Usually a wire or circuit board trace that allows current to flow from one point to another in a circuit
VO||'CIge — The Electro-motive force (EMF) that causes electrons to move through a conductor

Current — The “flow rate” of electrons through a conductor

Resistance — The opposition of current flow

Induction — The voltage that is created by a changing magnetic field in a conductor

Power Source — A device that can produce current, usually at a fixed voltage

Load — A device that uses current to produce an output

Series Circuit — A circuit where all components are connected end to end, such that there is only a single pathway for the
current to flow.

Parallel Circuit — A circuit where components are connected “across” each other, such that there are multiple paths that the
current can flow through



INTRODUCTION:

Welcome to the World of Electronics! You may not be aware of it, but anything that runs on a battery, plugs into the wall, lights up, makes sounds, has a screen,
controls a motor, or sends signals is made of electronic components. When these components are connected together (with wires, or on a circuit board) to do
something useful, it is called a circuit.

With this kit you will build a number of different circuits. You will learn the basics about each component and understand its purpose. Everything is contained in
the box. You don't need to solder or buy anything else to do the projects, and no phone or laptop is required!

But can | do this22 |'ve never connected any circuits together!l Yes, you can! By following the instructions and simply plugging in the wires carefully, you can put
together a number of very interesting and fun projects and experiments.

This project box is designed to be portable - it does not need to be plugged in, and the batteries will last a long time (don't forget to turn off the power when you
are donel!) This allows you to work on projects virtually anywhere, and the circuits are safe — there’s no danger of working with high-voltage.

GOALS:
The goals of using this kit are: * Develop wiring skills
* Introduce the concepts of electronics in simple language and diagrams * Think outside the box by modifying the projects
* Learn to identify components and understand their purpose * Learn how components can be connected together to create a
* Develop skills like following instructions and troubleshooting practical project
* Learn to “read” basic electronic schematics * Have funl!

CONTENTS: QNVEFUN,,

Each page contains all the information for one project.

* Introduction — A short description of the project and how it works

* Instructions — The instructions describe all the steps needed to wire and test the circuit

* Wiring Chart - this chart shows the pin to pin connections for each wire

* lllustration — A fun way to visualize what the components are doing in the circuit

* Wiring Diagram - This diagram helps visualize how each of the color coded wires is connected
* How it Works — A simple explanation of what the components do in the circuit

* Schematic — The schematic is a diagram of the circuit using standard component symbols

Many people have started on the road to a career path by building circuits just like these... or it may become a very fun hobby for you to
pursue. Once you understand the basics you can also start to build your own projects; there are many kits and projects you can find online.
As soon as you begin these projects, you will start down the path of becoming a Circuit Scholar!



How To Build The Project:

1. Power off first! Turn the Power switch OFF! You never want to wire a “live” circuit!

2. Wiring the circuit: Follow the wiring chart step by step and plug in the wire jumpers. There are numbers that show each component “pin.”  You can also reference the
wiring diagram. To plug in the wire, carefully hold the rectangular end and push it down on the pin on the board. There are three colors of wire jumpers and each color is a
different length as follows:

Short: Yellow
Medium: Blue
Long: Red ® PY

In the wiring chart, you start with the Yellow wires (short) first, then the Blue (medium) , and finally the Red (long).

3. Check your work: When you are finished connecting all the wires carefully look over the wiring and make sure everything looks correct. Are any wires connected to just
one pin of a component? Is a wire in the wrong location?

4. Power it up! Next, turn on the power switch. Both LEDs should light up! If either LED does not light up, turn off the power switch and check the wiring — you might have a
short circuit! Or, you might need to replace the battery (the batteries should last a long time).

5. Operation: Next, follow the instructions in the OPERATION section. Sometimes there will be ways to modify the circuit by changing the wiring or components.

6. Finishing the project: When you have finished the project, turn off the power and remove the wires one at a time, pulling them straight up from the connector pins.

Helpful Hints:

Do not rush! Take your time and double-check your work as you go! Engineers and Technicians spend time checking their work as they are building and testing, which takes
a lot less time than trouble-shooting a circuit that is not wired correctly!

When removing wires, do not just pull a bunch of them out at the same time. This can damage the connectors or break the wires. Instead, carefully remove each one at a time.
Pull out one end and then the other. Keeping the wires sorted by colors / sizes will make it easier to build the next project.

What if it doesn’t work??

Often it's a very simple problem — a wire in the wrong location, or a missing wire. The temptation is to rip all the wires out and start all over again, but this is not very efficient!
First, turn off the power. Then go through the wiring chart or diagram step by step and double check each connection. Having someone else look at your wiring is also a great
way to check it!

If the wires become very loose on the connector, it may need to be replaced. Your kit has extra lengths of each wire color.



ELECTRONIC CIRCUITS & COMPONENTS

Electronic Circuits:

An electronic circuit is either a single component or a series of components that are connected with wires (or other conductive materials) to a power source.
Electronic power sources are often batteries or AC wall adapters. For a simple circuit to work there needs to be a continuous path from the positive terminal of the
battery, through the circuit, to the negative terminal of the battery.

Common Components:

e

L

S

—

Battery:

A battery is an electro-chemical device that stores energy. In
our circuits we use a series combination of two AA batteries
(rated at 1.5 Volts each) to create a 3V energy source. We
also use a larger 9V battery for circuits that need a higher
voltage. Batteries do not last forever, so make sure to turn off
the board when it is not being used!

Switch:

A switch is used to disconnect power from a circuit, or re-
direct signals in a circuit. In our case we have a power switch
to turn the board on and off, and a pushbutton switch to
activate some of the circuits.

Resistors:

Resistors are used to limit current in electronic circuits. A
simple example is limiting the current to an LED or speaker
to prevent them from being damaged. Series combinations
of resistors are also used to divide voltage between different
points in a circuit. This is sometimes used to set a specific
voltage or bias an input to a transistor.

Variable Resistors:

Variable resistors are used to control the voltage or current
in a circuit. They convert a rotary motion on the knob into a
divided resistance on the output pins. When used to change
the size of a signal or voltage by dividing, they are referred
to as potentiometers. When controlling the current in a series
circuit, they are called rheostats. Both of these names are not
as common, but the variable resistors we use in the projects
are used to control both voltage and current.

Capacitors:

Capacitors store small amounts of energy like a battery.
Depending on their value (which is also related to their size),
capacitors can charge and discharge at different rates.

This is used to create circuits that can oscillate or create tones.
They are also used to filter signals. Very large capacitors can
be used to replace batteries — these are often called “Super
Capacitors.”

Diode:

A diode acts like a one-way valve, allowing current to flow
in one direction but blocking it when the voltage is reversed.
They are often used to convert AC signals into DC signals.
Diodes have different maximum ratings based on how much
voltage or current is applied to them in the circuit.

LEDs (Light Emitting Diodes):

LEDs are a special type of diode that produces light when
current flows from the Anode (positive lead) to the Cathode
(negative lead). LEDs produce many different colors of light
and are very efficient as they do not produce as much heat
as old lamps used to. However, because LEDs are a type
of diode, they need to be connected to a circuit properly to
work. Applying too much voltage across an LED in either
direction can damage or destroy it!

Relay:

A relay is a switch (think of a light switch) that is controlled
by an electromagnet (coil). Usually, the coil input current
and voltage are small, but the switching output can control
higher voltages and currents. Relays are often used in power
equipment, for example controlling motors and traffic lights.
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Transistors:

Transistors can be used to switch (turn on or off), or amplify
voltages and currents. The base pin on the transistor is often
used as the input and uses a very small amount of current

to turn the transistor on. When the transistor is turned on, the
collector (often used as an output), can control larger voltages
and currents. Because transistors are not mechanical (like
relays), they can turn on and off at very high speeds, and
control very large voltages and currents without wearing out.

SCR:

An SCR (Silicon Controlled Rectifier) also called a Thyristor
is a device often used to control power equipment, such as
motors. SCRs are different than transistors in the fact that they
can be used to “latch” or stay on after a control signal is
removed.

Transformer:

A transformer is used to couple (electrically connect) a small
signal to an output device that requires more power. This

is done using magnetic induction. In our projects we often
use the transformer to connect the transistors to the speaker
to produce more volume. Transformers can also be used to
allow voltages that change direction over time (called AC or
alternating current) to be increased or decreased.

Speaker:

A speaker is a device that converts electronic signals into
sound waves by moving a paper cone back and forth with
an electromagnet. Depending on the size of the speaker very
loud or soft sounds can be created.

Meter:

A meter uses a small magnetic coil to move an indicator

back and forth. This allows the user to see varying voltages

or currents in a circuit. Today meters are not used as often as
digital meters are more common. However, meters are more
useful at seeing slow changes of voltage or current in a circuit.

Sensors:

Sensors are used to convert physical changes in the world to
electrical signals. Two sensors we use detect heat and light.
These are actually specialized types of resistors:

LDR (Light Dependent Resistor):

This device can detect different amounts of light — in this case
changing the resistance between the two pins depending

on how much light is striking the surface of the part. The
resistance ranges from 1,000 Ohms when it is very bright to
100,000 Ohms when it is dark. We can use this sensor to
detect when the light in a room is turned on or off (like a night
light), or to turn on streetlights at night.

Thermistor:

Thermistors change their resistance value depending on how
hot or cool the temperature is. Thermistors are often used for
heat controllers or thermostats.



PROJECT #1:
LED BRIGHTNESS CONTROL

-
This circuit demonstrates how resistors can be used to limit current to other devices in a circuit. By changing the resistor e —
value the amount of current flowing into the LED changes, which changes the brightness emitted by the LED. e
[ T T
[ I |
INSTRUCTIONS
[ |
[ |
1. [ ] Complete the wiring as seen in the wiring chart. e N\ CAPA_CK_'TORS e ~N +'E ANALoG METER. ] —
2. [ ] Slide the Analog Meter switch to the Voltmeter position. RESISTORS 2t fiod] G [ood 22 TR DeRR Vot pnt 77fd speaker  p7s
. oltmeiar mmetcr J
3. L ] Phress theFPl;]sthul‘r)ton and observe the meter reading and the 1 e} - 2 23] ‘%DZ,, /; — r79 TRANSFORMER o)
rightness of the LED. NG EE =Rz o o
4. [ ] Next, change the 100 ohm resistor to a 1K resistor. Move the 2 R @ S‘TEMP“J % 8 o
AW\~ \ 81
wire connected to pin 1 and plug it into pin 5. Do the same for 5[] - T " S 8
the wire connected to pin 2 and move it to pin 6. ] 2 s \ @m (* —) (‘s6[pas—padss)
. : 22K ohm e ] j
5. [ ] Press the Pushbutton again and observe the meter reading oW B = ||= %, | | 87pmd—fmdes
and brightness of the LED. oed] o Bodte " bd B4 k4 = .
6. [ ]Finally, move the two resistor wires to the 4.7K resistor (pin 5 111.:%; Fadtz £ 0 ov BArT
to 9 and 6 to 10). o A k B%{Jr?HN
-3~ q 0
7. [ ]Press the Pushbutton again and observe the meter and the LED. e o3 B nEd L
M\~
What conclusions can you draw based on the values of the resistor, ] 2 s i V 5 = g+ svear
the meter readings and the brightness of the LED?2 o RO propy CATHODE A
oo o, Eode e "D'_ POWER :
WIRING CHART \_ J VARIABLERESISTORS ) \_ J SENSORS / OUTPUTS
LENGTH FROM T0
Short 60 84 HOW IT WORKS
61 85
72 75 This circuit is called a “series circuit” where all the components are connected
Med 76 85 from end to end in a loop. The switch is used to turn the circuit on and off by
Long 1 71 connecting and disconnecting the power. The current flowing in the circuit
2 60 depends on the value of the resistor. The larger the resistor value the less

WE'RE THE BATTERIES. WE ARE
CONNECTED TOGETHER TO SUPPLY
ENOUGH VOLTAGE TO LIGHT THE LED.

I'M THE RESISTOR. | LIMIT
THE CURRENT FLOWING TO

U >

-

I'M THE LED, WHEN ENOUGH
CURRENT FLOWS THROUGH ME | I'M THE METER. |
LIGHT UR IF THERE ISN’T ENOUGH  DISPLAY THE VOLTAGE
CURRENT MY LIGHT DIMS, ACROSS THE LED.

current, and therefore less light emitted by the LED.

| | RESISTOR

——©O © MW
PUSH
+ BUTTON
v
BATTERY ——— g/ LED

METER




PROJECT #2:
VOLTAGE DIVIDER

This circuit demonstrates how resistors can be used to divide voltage in a circuit. By connecting the resistors in series (end

to end) the voltage will “drop” across each resistor.

INSTRUCTIONS

1. [ ] Complete the wiring as seen in the wiring chart.

2. [ 1Slide the Analog Meter switch to the Voltmeter position.
Note: to read the meter, multiply the value shown by 10 (for example,
0.4 = 4 Volts).

3. [ ] Press the Pushbutton and enter the voltage reading across the 1K
resistor .

4. [ ] Next, switch the meter probes by moving the wires from 60 to

What conclusions can you draw based on the values of the resistor, the
meter readings, and the total value of the two voltages?

7 and 61 to 8 and press the button to measure the voltage across the

2.2K resistor. Write down this value:

WE'RE THE
BATTERIES.
WE ARE
CONNECTED
TOGETHER TO
SUPPLY
ENOUGH
VOLTAGE TO
THE
RESISTORS

N

WIRING CHART
LENGTH FROM TO
Short 72 73
6 7
Long 5 71
8 74
5 60
6 61
<>
2 o WE'RE THE

THE CURRENT

DIVIDE THE
VOLTAGE

E

RESISTORS. AS

AY
2
/ =~ FLOWS

THROUGH US WE

I'M THE METER, | CAN DISPLAY
THE VOLTAGE ACROSS EACH

N

J

RESISTORS

470 ohm

T

2.2K ohm

9 [pog] piiegs o] 10

B 7K ohm

s . e

10K ohm

7

oo B |

e
\29 ® [pEm]30

CAPACITORS
—
2 a2
e
23 [pog| a%lm [poo] 24
25 Joog]_Cee)_Jnoo| 26
27 [pmr] mﬂ, [emc] 28
3.3 MFD

He
31 |ooq|

———

TRANSISTORS / DIODES

paste  PNP 62-
I N

COLLECTOR

10 MFD

e
s3pod (1) [podja

220 MFD

o

\

}E ANALOG METER

\_77Pd seeaker fH7s

Voltmeter - A eter
J

. TRANSFORMER ¢,
79
lo] o]
8
o le] o]
P s
\ 1251 83

N

9V BATT
=
PUSH
BUTTON

el . B

L on dng

17fmme] “':“ - [pef1s
2 \ 2 \ ANODE DIODE CATHODE

b 5 B @ @ - o]t
VR1 VR2

g ) VARIABLE RESISTORS \_ )
HOW IT WORKS

o
=z
|

+ 3VBATT

@

3VBATT

SENSORS / OUTPUTS

This circuit is called a “voltage divider” where the resistors are connected
from end to end in a loop. The current that flows through each resistor creates
a voltage drop that is proportional to the value of each resistor. Note also
that the two voltages add up to the total voltage from the battery. This result
demonstrates the conservation of energy in the circuit.

vV ——

4

BATTERY

———O0 O

1

PUSH
BUTTON

MW

1K

>

2.2K §

METER




PROJECT #3:
CURRENT DIVIDER

This circuit demonstrates how resistors can be used to divide current in a circuit. By connecting the resistors in parallel
(both ends connected together) the current will “divide” through each resistor.

INSTRUCTIONS

1.
2.
3.

N o

[ ] Complete the wiring as seen in the wiring chart.

[ ] Slide the Analog Meter switch to the Ammeter position.

[ ] Press the Pushbutton and observe the meter reading. Write it

down:

. This number shows the total current flowing

through the resistors.

[ ] Next, pull the wire out of pin 11 (leave the other wire connected).
[ ] Press the Pushbutton and observe the meter reading: Write it down:
. This value is the current flowing through the 4.7K resistor.

[ ] Re-connect the wire to pin 11.

[ ] Next, remove the wire going to pin 10.

[ ] Press the Pushbutton and observe the meter reading: Write it down:

. This value is the current flowing through the

10K resistor.
[ ] Press the Pushbutton again and observe the meter and the LED.

to the total current?

. [ 1Add the values observed in step 5 and 8. How does this compare

WIRING CHART

LENGTH FROM 10
Short 9 11
10 12

72 75

Long 9 7
12 60

61 76

I'M THE BATTERY. | SUPPLY
VOLTAGE TO THE TWO
RESISTORS,

WE'RE THE RESISTORS. WHEN
WE ARE CONNECTED IN
PARALLEL, THE CURRENT IS
DIVIDED BETWEEN US.

U

N

S\
"z \v Y

-

I'M THE AMMETER. | CAN
MEASURE THE CURRENT
FLOWING INTO EACH OF
THE RESISTORS,

>

This circuit is called a “current divider” where the resistors are connected

( )
 a ——
I ———
| O — —
I — T ——
 ———
r———|
) CAPACITORS ?~§__§ ANALOG METER b —
RESISTORS = =" TRANSISTORS / DIODES E\
21 % = Voltmeter - Ammeter - 77@ SPEAKER @78 J
e fmﬁ; fpod] 2 23[pad G lood| 24 g TRANSFORMER g, )
=
A
o o e | [P B (@) @”%
MW~ 0.1 MFD LDR
s ped o5 e
pod @ [pod]3e 2
7|pog [pod) 8 »ked 33 HFD —J (86 [pock—{pod|ss
e
9@ -c=3- fiodlie sifpod @) [poes2 s 8789/
5,7K ohm 1; "':
11- 10K ohm = 2 3 2g;>m 34 51 71E 9V BATT
d s2[fmr] -+ |:, PUSH
t3foad {zﬁ’ [podu 50 — R BUTTON
15[pog] &ﬁ; a1 35 36 37 38 39 48 JR— SLW\E )
rily s N v @ O+  3vBATT
vped et Bedtel | Ll L] o e -
-IVV\,. ANODE DIODE CATHODE _ 3V BATT
tofod] 3, Bodee Rl i e 7sped + POWER :
76 [oo@f=
\_ ) VARIABLE RESISTORS \_ Y, \_ SENSORS / OUTPUTS )
HOW IT WORKS

“across” or in parallel with each other. The voltage is the same across each
resistor, but the current divides between the two. These two currents add up to
the total current when they are both connected.

MWW

D 47K
O © MW
PUSH 10K
+ BUTTON
vV —d

BATTERY e—m——

-

AMMETER




PROJECT #4:

CAPACITOR EXPERIMENT

In this experiment you will see how a capacitor can store energy.

INSTRUCTIONS

—_

[ ] Complete the wiring as seen in the wiring chart.

CAPACITORS
21 [ped] % [pmd| 22
23 'Fn [pog] 24
25 .FD [pmd| 26
27 [pog] .I%ID [pod| 28

He
29 [pog] sgﬂ) [pmd]ze

2. [ ] Slide the Analog Meter switch to the Voltmeter position. Note:
to read the meter, multiply the value shown by 10 (for example, RESISTORS
= M\~
0.4=4 VO"S). ‘ ' 1 foﬁ; 2
3. [ ] Turn on the Power switch and leave it on for at least one second. A
4. [ ]Turn off the Power switch. This disconnects the battery from the 3o 23, b ¢
circuit. 5 [oo] ;KOJ\% 6
5. [ ] Press the Pushbutton and observe the meter reading and LED. = A =R
Because we are using a small capacitor it will discharge very 22K
quickly, so you might need to do steps 3-5 again. 9fpnd -£=- [nd1e
6. [ ] Next, move wires 31 to 33 and 32 to 34. This changes the 111’,,,(%, =
capacitor to a larger value. AN
7. [ ] Repeat steps 3-5 EXCEPT turn on the power switch for at least 3o ;£ Bods
5 seconds before turning on again. 15;7%1\[; ad1s
What differences do you notice between the two different capacitorse
WIRING CHART
LENGTH FROM 10 \_ J
Short 71 84
Med 31 72
60 84
74 85
Long 17 73
18 72
32 85
74 61

/" WERE THE RESISTOR AND
CAPACITOR. WE FORM A
CHARGING CIRCUIT THAT STORES
ENERGY IN THE CAPACITOR.,

/" 1'M THE BATTERY. WHEN THE
([ POWER SWITCH IS TURNED
“_ON, | CHARGE THE CAPACITOR

[y

"M THE PUSHBUTTON. WHEN
PRESSED | ALLOW THE ENERGY
STORED IN THE CAPACITOR TO GO TO

THE LED, X -

35 36 37 38 39 4@ oo SCR_ SAOOE
@]:;—Dur
L Ladwnd i u
ANODE ' prgpg  CATHODE
B
VRL
VARIABLE RESISTORS \_ Y,
HOW IT WORKS

TRANSISTORS / DIODES

60
Voltmeter

-

+ [pE)-ANALOG METER [pE)—

61
Ammeter

{g@ 5 o b

63 64 65

71 speaker P78

. TRANSFORMER

82

s @

9V BATT

0+ 3V BATT

-  3VBATT

SENSORS / OUTPUTS

This circuit uses an RC (Resistor - Capacitor) network that charges a capacitor.
The size of the capacitor determines how much charge can be stored. The
pushbutton switch allows the stored charge to light the LED. Some large
capacitors, called “Super Capacitors” can even replace batteries!

o o

-

MW o O
POWER 100K PUSH
+ SWITCH + BUTTON
oy —l— putll
- ey
BATTERY ~— P LED
- CAPACITOR ¥ Y

METER




PROJECT #5:
DIODE CIRCUIT

(" N
This circuit demonstrates how a diode can be used to control the current flowing in a circuit e —
[ T
[ T |
INSTRUCTIONS:
[ |
[
1. Complete the wiring as seen in the wiring chart. R CAPACITORS '
L] P 9 J 4 TRANSISTORS / DIODES + g avaLo weren o] —
2. [ ] Press the Pushbutton and observe the LED. RESISTORS 21foed G fpod 22 o = oL 71Fd e e
i i T oltmeter mmeter \
3. [ ] Next, ;wcp \I/;nres 56 and 57. i 11.“:3“0‘:; [ped] 2 23fpnd =0 [ood] 24 %’ u_{ J = TRANSFORMER ¢,
—e 43 -
4. [ ] Pressthe Pushbutton and observe the LED. 2 5o Gy, e a pac] %% % o %
470 ohm 27 %}) g 26 wse PNP ‘5 LDR TEMP
When you switched the wires can you describe how the circuit was 5 o] -2 oo 6 s d o] X LAY
b
changed? What would the schematic look like at this pointe - 29fpnd @ [oad30 R @ =1 |,
7 Pyl 8 3;’:" - co- ——
& ol 48
W 31 32 [po| o we e L
o 2. o @, B @ & 7 2l
e
AN~ o8 69 178
11 g e 12 33 34 COLLECTOR
WIRING CHART el e £, = 1B, (e
LENGTH FROM [ TO N AN J o s E BUTTON
Short 71 84 22K ohm EMITTER '72@—T Gl L)
YW\ CATHODE
Medium 56 75 tspnd == podss| (S T A mope SR
- - 47K ohm &) ss—D“_ oN O+ 3V BATT
76 85 102K ohm @
o > ANODE popp  CATHODE _ 3VBATT
o 2 e S =k
VRL VR2
\_ Y, VARIABLE RESISTORS \_ > SENSORS / OUTPUTS
HOW IT WORKS
This circuit uses a diode to demonstrate how current can be controlled like
a switch. When a larger voltage is present on the Anode compared to the
Cathode, current flows through the diode to the rest of the circuit. This is called
" WE'RE THE BATTERIES, WE ARE M THE DIODE, | cAN EITHER “Forward Biasing.” When the diode is reversed in the circuit, the diode is

CONNECTED TOGETHER TO SUPPLY
ENOUGH VOLTAGE TO LIGHT THE LED

| ALLOW OR BLOCK CURRENT
\ THROUGH THE CIRCUIT

I'M THE LED. IF ENOUGH
CURRENT IS FLOWING THROUGH
ME | LIGHT UP

“Reverse Biased” and no current flows to the LED.

| | DIODE

——O0 O >
N PUSH
v BUTTON

Z LED

1
L\
L1

BATTERY -




PROJECT #6:

TRANSISTOR EXPERIMENT

This circuit demonstrates how a transistor can use a small input current to control a larger output current.

INSTRUCTIONS:

1. [ ] Complete the wiring as seen in the wiring chart.
[ 1 Move the Meter Switch to the Ammeter position (right)

3. [ ] Press the Pushbutton and observe the Meter reading and
the LED. Note, the meter reading is displaying milli-Amps, or

thousandths of an Amp of current.
[ ] Next, change the resistor from the 10K to the 100K resistor by

moving wires 11 and 12 to17 and 18.
[ ] Press the Pushbutton and observe the meter and the LED.

When you changed the wires can you describe how the circuit
was changed? What was the difference in the LED2 What was the

difference in the meter reading?

WIRING CHART
LENGTH FROM TO
Medium 47 72
48 85
49 76
75 84
Long 11 71
12 61
60 75

| AM THE TRANSISTOR. | AMPLIFY

THE CURRENT FLOWING INTO THE
BASE AND OUTPUT MORE

CURRENT TO THE LED AND METER.

| AM THE RESISTOR. | CONTROL
THE CURRENT TO THE BASE OF
THE TRANSISTOR.

| AM THE LED, MY BRIGHTNESS
CHANGES DEPENDING ON THE

CURRENT FLOWING THROUGH ME.

)

RESISTORS

NN~
o 2 e 2

1060 ohm

3 e e [ o

470 ohm

NN~
s k- g o

1Ko

e £ e s

2.2K ohm

CAPACITORS
e

21[pmg] % [pom]22

e g, -

e
»E @) s

CURRENT FLOWING INTO

THE LED

+ ANALOG M
61
Voltmet - Ammeter

B (@)E, b9 o g

LDR TEMP

RELA

/7@_3 =01 pusH
72@_7|“ g@! BUTTONJ

|

+

3VBATT

|

3VBATT

SENSORS / OUTPUTS

This circuit uses a transistor to increase the small current going into the Base (B on the
schematic) to allow a larger current to flow into the Collector (C), which lights the
LED. LEDs usually use about 10-20 milliAmps to light, and the current flowing into the

1

= COLLECTOR
11ndE) 133\;::? A NPN 51= L
- \_____J 52[aam
13 ZZKCJh 14 EMITIER
- " 37 38 CATHODE
e e e lll lll =R
AW 55-
17-1-05%:; [pod18
Py Py ANODE propp  CATHODE
o] £ s @ @ b - e
VR1 VR2
\_ J VARIABLE RESISTORS
HOW IT WORKS
Base is less than 0.1 milliAmps!
| AM THE METER. |
INDICATE THE AMOUNT OF

o O MW
PUSH 10K
+ BUTTON (100K)
3V S

BATTERY ——

AMMETER

£\

4

LED

C

E

TRANSISTOR




PROJECT #7:

LATCHING RELAY -

4 -\ 2\
This circuit demonstrates how a relay can be used to latch or store a value. —— r——
 ———
—————
( \ ——r——
1. [ ] Complete the wiring as seen in the wiring chart. R CAPACITORS e ~ + ) vaos weren [ —
2. [ ] Press the push button and observe the LED. RESISTORS 21 [ [ 22 TRANSISTORS / DIODES e =) o 71jd speaker s
olimeter mmeter J/
3. [ ] Press the push button again. Nothing should change! 1 ad 3~ g 2 2 por] O o 24 wee PN PO TRAGFORIER 4
. . 106@ ohi o
4. [ ]Turn off the power switch, and then turn it back on. A = o w3[oo :
. 3[pmg -c3- [pod) 4 25 [poo s 6 wj
5. [ ]Press the push button again. W70 ohm e e
AW |27 ) [md 20 e PN ]
o1 MFD mog
5 fag) -0 pe @ =K
e " se[pmm
29 ® 30 COLLECTOR
3.3 MFB
WIRING CHART .‘ 0 TN )
LENGTH FROM 1O o 2 patope | @ [z 9 =
Short 66 71 47K ohm e EMITTER
AW
11 -~ 12 33 joool - .., COLLECTOR
66 68 10K ohm 20 @ € " Eh]u ) st 9V BATT
69 73 il \ / s2[nag ()2
72 73 13 zﬁm 11’ 58 EMITTER 72 EI,_T ‘« BUTTON
W\~ CATHODE
Medium 67 74 15 - 16 35 36 37 38 39 L@ anope SR
74 85 ‘-'\M,-m y d 55 o O+  3vBATT
Long 5 68 ",OK, ,ohm > > ANODE propp  CATHODE @ _ 3V BATT
6 84 19Fad] - 2o -@- —l>l— POWER :
VR1 VR2
\_ ) VARIABLE RESISTORS \_ ) SENSORS / OUTPUTS
yrl’M THE PUSH BUTTON, WHEN IP'M
: DEPRESSED, THE RELAY COMES ON AND > } T i HOW IT WORKS
s " M THE POTENTIOMETER. | When the Push button is pressed, current flows through the relay coil, closing the
CUT OFF THE RELAY. .
normally open and common contacts of the relay. Since these contacts
() are in parallel with the Push button connections, the circuit latches so that when the Push

\

~ . . . .

” button is released, the power is still connected to the relay coil.

I'M THE LED | REMAIN ON UNTIL . . A . . . . .

THE PUSH BUTTON IS DEPRESSED, > These types of circuits are often used in industrial circuits like elevators and traffic lights.

JT1 2 [ =
12 o L

A _o |
BATTERY 1 g ”
"M THE RELAY. | TURN THE LED OFF, -

j—

K
P —AWW—

\VA

A\

4




PROJECT #8:
BUZZER

This simple circuit demonstrates how a relay can be used to automatically turn on and off quickly, creating a

“buzzing” sound.

INSTRUCTIONS:

1. [ ] Complete the wiring as seen in the wiring chart.

2. [ ] Press the Push button and listen to the relay.
3. [ ] Release the Push button and note what happens.

WIRING CHART
LENGTH FROM TO
Short 73 72
71 70
68 67
Medium 66 74

/" "M THE PUSH BUTTON, WHEN I'M PUSHED, |
SEND 9 VOLTS TO THE RELAY COIL,

~ I'M THE RELAY. WHEN | KEEP CHANGING MY

CONTACTS, | MAKE A BUZZ. WHEN | ENERGIZE, |
AUTOMATICALLY TURN MYSELF OFF, WHEN | TURN ,

OFF, | AUTOMATICALLY ENERGIZE AGAIN,

CAPACITORS .
RESISTORS e TRANSISTORS / DIODES + [ ANALoG METER fad] —
N\~ 21 ’%& 22 Vol?:zeter A 6*1 77@ SPEAKER 578 J
e e
1fpad] - [ 2 23 ] ,,, ] 24 q k= e ( TRANSFORMER ;")
i sbed g B |5 i B@E HikE
b e b e 62 63 6k 65
A~ 27[mmg [aan] 28 st PNP z.s LDR TEMP
el i el e CI RN
A\~ 29 [5) 3@ o COLLECTOR ~
! 2’%; 8 33 " NPN COLLECTOR @ 88
' i = Z
M- 31 32
o . B S50 B2 55 o =R ‘
e
11]%:; 12 33 @ 3L st NPN COLLECTOR
220 NFD 51 - 9V BATT
M- ;} 6l 52 —K l"
13 ;ﬁ; 11‘ e EMITTER BUTIPN
15[ ‘.7?:\:,::’1" prdss| (5 3 31 3 3 W0 .
AV @55 DR oN g+  3vearT
vpag] c5- pods| | Lyl Ladd o
AN ANODE propg CATHODE _ 3V BATT
19{2%&” S P POWER :
\_ ) VARIABLE RESISTORS \ ) SENSORS / OUTPUTS
HOW IT WORKS

When the Push button is pressed, current flows through the relay coil, opening the
normally closed and common contacts of the relay. However, since the coil is also
wired in series with these contacts, current stops flowing through the coil. This causes
the contacts to open very quickly, and the process starts over again. This opens the
contacts, and the process starts all over again. The buzzing sound comes from the
rapid closing and opening of the contacts on the relay. Buzzers like these were used
a long time ago for simple alarms or door buzzers.

1

_OO_

o—A
+
NV
BATTERY -




PROJECT #9:
ELECTRONIC SWITCH

4 )
This circuit demonstrates how a transistor can be used to switch a relay. At first it may seem very simple, but there are —— r——
many applications for this circuit. et e
[ T |
[ T |
[ T |
iri i iri CAPACITORS :
1. [ ] Complete the wiring as seen in the wiring chart. s \ (”ASISTORS/ oo I —
2. [ ] Press the Push button and observe the LED. RESISTORS o7 o] GE) [pnd22 Vot =ar o 71Fd  speaker 78
oltmeter
3. [ ] Release the Push button and note what happens. 1 Fee - e 23 e .mz“ L y, T
4
o O N [E G s N {62@ @ug}
ohm — EMITTER
AM- 27 [pad] [pad| 28 e PP LDR TEMP
s;ﬁ;s\ i @]“_K s 5
o 30 COLLECTOR
7 :’V:vl\’: 8 3.3 MFD COLLECTOR 688\
WIRING CHART 2k e N @ okl 7fed—fades
LENGTH FROM | TO oFe o | /| (Oneed 3 @ o )
7K ol EMITTER
Short 46 67 AW N NG
71 74 ued 22 bedis . n@,, EER s NN ] 9V BATT
Medium 14 44 13a8) oo — o =2 g2
68 85 15[ 35 36 37 38 39 40 oot SR f
69 76 7K ah 54
oo |10 o F=. T
75 84 e o Bedie pladnd L
ANA- FEN o ANODE - propg  CATHODE 0- 3V BATT
long | e 1o 125 e B oo
2 74 VRL VR2
13 72 A Y, VARIABLE RESISTORS \_ Y, SENSORS / OUTPUTS Y,
HOW IT WORKS

WE'RE THE BATTERIES. WE SUPPLY
VOLTAGE TO THE LED THROUGH THE

"M THE PUSH BUTTON. WHEN I'M RELAY CONTACTS,
DEPRESSED, A NEGATIVE VOLTAGE IS
APPLIED TO THE TRANSISTOR BASE.

I'M THE RELAY. | APPLY 3 VOLTS

I'M THE TRANSISTOR
’ TO THE LED WHEN I'M
EN | C C E
‘,\‘A ey ENERGIZED.

— % RELAY ENERGIZES.

I'M THE LED, | LIGHT UP WHEN
THE RELAY CLOSES.

When the Push button is pressed, a small current flows into the base of the PNP transistor.
This allows a larger current to flow out of the emitter, which turns on the relay coil. The
contacts of the relay are wired to the 3V battery and LED, and the LED lights when the
coil is energized. This demonstrates how a transistor can turn on a higher current device
and allow a different output voltage to be controlled in a circuit.

i 22K @ E ‘ .
) o O MW . 1 3V
4 c 100 —— . BATTERY
ov T 2N3%906 B
BATTERY ., H

+




PROJECT #10:
TIME DELAY RELAY

Time Delay relays are used to delay the power on cycle for equipment, or to create a pause in a process.

INSTRUCTIONS:
1. [ ] Complete the wiring as seen in the wiring chart.
2. [ ]Turn VR1 all the way counter clockwise.
3. [ ] Press and hold the Push button and observe the LED.
4. [ ]Release the Push button and note what happens.
5. [ ] Rotate VR1 clockwise to increase the time delay and repeat
steps 2-4.
6. [ ] Note thatif you turn VR1 too far it may not turn the relay on
at alll
WIRING CHART
LENGTH FROM TO
Short 72 73
13 35
34 44
46 66
68 75
69 84
Medium 14 34
33 45
36 67
36 74
45 71
76 85

P’M THE POTENTIOMETER.

| CHANGE THE DELAY TIME.

I'M THE KEY, WHEN I’'M

DEPRESSED, POWER IS

SUPPLIED TO THE CIRCUIT,

I’'M THE CAPACITOR. WHEN I'M
FULLY CHARGED, THE TRANSISTOR
TURNS ON.

I’M THE TRANSISTOR. WHEN |
CONDUCT, THE RELAY TURNS ON
THE LAMP

"M THE RELAY, WHEN |
TURN ON, | CONNECT THE 3V
BATTERY TO THE LED

)

RESISTORS

o o] - 2

100 ohm

..:3..
470 ohm

3 e
e e ]
-;ﬁ;-
o e e [ae]

-'E:" 10

47K ohm
11[pms] foﬁ; [ped|12

AV
-3~
13jper 22K ohm 1L

M-
15[pmg] ;71.:1~ nod|16

CAPACITORS

e

21[ed Gy e 22
—
e
e

27[aed| ) e 28
He

29[mog] 19% [pod]30

+

e
s 6 et

10 MFD

e
33 [aci @ [BmE)ss

220 MFD

— L

TRANSISTORS / DIODES

e PNP
42[pod]

@
COLLECTOR
EMITTER

PNP
:§=»,\ .

COLLECTOR

COLLECTOR

sase  NPN 1’8.
@K

COLLECTOR

gase NPN 51-
@ e

o

35 36 37 383949

hlllll

CATHODE

AHODE SCRSA.
@ S

53

17 -c:J-

- 180K ohm - 18

ANODE DIODE CATHODE

19 -l::- 20 - @8- —D+

- 220K ohm - o

VRL VR2

\_ ) VARIABLE RESISTORS

I’M THE LED. | LIGHT UP
WHEN THE RELAY CLOSES,

10

HOW IT WORKS

This circuit uses an RC (Resistor / Capacitor) network to create a delay. When the
switch is pressed, the capacitor charges through the resistor and Variable resistor.
When the voltage across the capacitor is above approximately 0.6V, the transistor
turns on, which then activates the relay and turns on the LED. The time of the delay is
dependent on both the value of the capacitor and the two resistors. As the value of
the variable resistor is increased, the delay increases.

1

—oO

+
oV hand
BATTERY hand

—_—
-

O—

cl
=

22K

+ [pd ANALOG METER [od] —

60 61
Voltmeter Ammeter 77 E SPEAKER ER J
~ d TRANSFORMER ¢ )
FH(@)H ok {S
62 63 6 65
L LDR TEMP
s
RELAY 8
Fap = =)
= =

B BB

i+ (@] J

0+ 3V BATT

O0-  3VBATT

SENSORS / OUTPUTS

= |

+

3V

A XY

m BATTERY




PROJECT #11:
DIMMARBLE NIGHT LIGHT

This circuit uses a Light Dependent Resistor (LDR) to sense the light and change the brightness of the LED using a transistor.

INSTRUCTIONS:

1. [ ] Complete the wiring as seen in the wiring chart.

2. [ ]1Turn VR1 completely counter-clockwise

3. [ ] Cover the LDR with your hand (but don't touch it) to
prevent light from hitting it.

4. [ ]Turn VR1 clockwise until the LED turns bright.

5. [ 1 Move your hand away and the LED should turn off.

6. [ ] You can adjust the threshold and brightness of the LED

depending on the room you are in.

WIRING CHART

LENGTH FROM TO
Short 9 12
Medium 10 47
11 36

48 85

49 74

63 74

Long 3 84
4 73

12 62

37 73

I’M THE LDR, MY RESISTANCE
CHANGES DEPENDING ON THE LIGHT
STRIKING ME.

1'M THE LED. | CONVERT THE
CURRENT FROM THE
TRANSISTOR INTO LIGHT.

I'M THE TRANSISTOR. | AMPLIFY

I'M THE POTENTIOMETER, ~THE CURRENT COMING FROM THE
BETWEEN ME AND THE 4.7k LDR AND CONTROL THE LED.
RESISTOR WE DIVIDE THE

CONTROL VOLTAGE BIASING THE

TRANSISTOR.

1

( =)
T ———
I ———
I ———
 ———
—  r——
cAReTOR +‘E ANALOG METER [ —
RESISTORS 21 o] ” TRANSISTORS / DIODES - - e
AN~ 1::(_'* ENTTTER Voltmeter Ammeter J
= Py = oy Fod 2 25 s2[pad] e b e TRANSFORMER g, )
Sy 43 f 79 |
3| R h“ E‘ A 25 cﬁn 26 COLLECTOR "gl @ g i @ o0 E 8 O
.,\,\;\: 27[peg oo masg PN T LDR TEMP 51 i c O
5 ;’E?h?‘; @ o2 @] s6ond P 1251 S &
ANV 29[pogl”®  [ood] 30 b coEmR — 2
7 -3~ 8 S2MED, COLLECTOR Q, E 8688
wy ) %‘ Bl g 85 | | 87[pmd—fancles
W\~ noo 32
° l:'ﬁ;n 1o 1?20 W1 ‘9 LED ’)
“NA-
1frd) o d ? > i 9V BATT
AW e ) s2ffmr] T, 71@_3#, IS push
3fzd 2% [pod 14 50 = > ‘« BUTTON
MW~ CATHODE
15fad - [Eads 35 36 37 38 39 40 e scr
Lm Fl @SS_D'T x O+  3VBATT
R AT v g
ALy ( ( P ~  3VBATT
b 5, bad = B o+ =Sl
VRL VR2
\_ ) VARIABLE RESISTORS \ ) SENSORS / OUTPUTS )
HOW IT WORKS

This circuit uses an LDR voltage divider circuit. The voltage between the 10K resistor and
LDR changes depending on the light striking the LDR. Additionally, the Variable Resistor
is used to change the voltage so it allows an adjustment range. The current flowing into

the base of the transistor through the 4.7K resistor is amplified to light the LED that is
connected to the collector.

VR1

”w

10K

—ww—]_
4.7K
§ LDR

”w

NPN

470

+
= w
—  BATTERY

—_—




PROJECT #12:
RELAY NIGHT LIGHT

This circuit uses a Light Dependent Resistor (LDR) to sense the light and change the brightness of the LED using a relay. The
difference between this project and the previous one is that the LED turns completely on and off without dimming at all.

INSTRUCTIONS:
1. [ ] Complete the wiring as seen in the wiring chart.
2. [ ]Turn VR1 completely counter-clockwise
3. [ ] Next, turn VR1 slowly clockwise until the LED turns on.
Then, turn the knob counter-clockwise until the LED turns off.
4. [ ] Cover the LDR with your hand to block the light. The relay
will click and the LED should turn on.
5. [ 1 Move your hand away and the LED should turn off.
6. [ ]You can adjust the threshold and brightness of the LED
depending on the room you are in.
WIRING CHART
LENGTH FROM 10
Short 5 9
48 67
66 73
68 85
Medium 6 47
10 36
37 73
49 74
63 74
69 76
75 84
Long 5 62

| *M THE LDR. WHEN LIGHT HITS
ME, | HAVE MINIMUM RESISTANCE,
WHEN IT’S DARK, I HAVE HIGH

RESISTANCE. I’M THE RELAY. WHEN I'M ENERGIZED,
THE LAMP IS OFF, WHEN | DE-ENERGIZE,
THE LAMP TURNS ON.

W

I'M THE TRANSISTOR WHEN | CONDUCT,
THE RELAY ENERGIZES, WHEN | TURN OFF,
THE RELAY DE-ENERGIZES.

)

RESISTORS

1A T e 2

100 ohm
e /zs-.%-ze

I’M THE LED. | LIGHT UP WHEN
THE RELAY CLOSES,

CAPACITORS

21- -22

TRANSISTORS / DIODES

EMITTER

22 s Fod
002 MFD

42|00
. @ 1.3

COLLECTOR

S
27[pog] = [pom]28 PNP ks-{
He [ "5 @
A~ 29[pon] @ [oog)ze COLLECTOR
7 @ - - 8 33 MrD —
2.2K ohm e NPN - _K
M-
91.“-11:1“ ZERET g 1.6120 a2 47 ”9-
s
11[ang ;ﬁ; [agl12 33 n@?ﬂ) [pme] 34 J—— s:ﬁm
- 52- —K
13ped ;z.&:x; Bl N
o]
- - 35 36 37 38 39 4@ l:ATMoDE
55
171;%3’:’"18 L] ogdanl
MWW\~ ANODE propp  CATHODE
19fpnd] ~c3- [pmdj20 ) w- —l>|—
VR1 VR2
\§ Y, VARIABLE RESISTORS \_ )
HOW IT WORKS

+ [ ANALOG METER [rH] —
60 61

Voltmeter Ammeter

5

71 speaker |78

N
TRANSFORMER 4,

+
LE
84
n E_‘! PUSH
7 E‘T BUTTON
ON
POWER

I 9V BATT

O+ 3V BATT

O0-  3VBATT

SENSORS / OUTPUTS

This circuit uses an LDR voltage divider circuit. The voltage between the 10K resistor
and LDR changes depending on the light striking the LDR. Additionally, the Variable
Resistor is used to change the voltage so it allows an adjustment range. The current
flowing into the base of the transistor through the 4.7K resistor is amplified to turn on
the relay, which in turn lights the LED.

+
o T
BATTERY

l

—_—
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1

| X

VR1

§> 4.7K
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PROJECT #13:
LED FLASHER

This circuit uses two transistors wired as an oscillator to flash an LED. The variable resistor is used to change the flash rate.

INSTRUCTIONS:
1. [ ] Complete the wiring as seen in the wiring chart.
2. [ ]Turn VR1 completely counter-clockwise
3. [ ] Note the flash rate of the LED
4. [ ]Turn VR1 clockwise to adjust the flash rate.
WIRING CHART
LENGTH FROM TO
Short 3 11
4 33
12 32
32 47
34 50
49 52
Medium 5 34
6 40
11 39
31 51
33 48
51 85
52 76
75 84
Long 39 75

WE ARE THE TRANSISTORS. WHEN WE
CONDUCT THROUGH THE COIL OF THE
RELAY, IT ENERGIZES.

WE'RE THE POTENTIOMETER AND
CAPACITOR CIRCUIT, WE CONTROL
THE CONDUCTION RATE OF THE

TRANSISTORS.

TURNED OFF

(" — )
ar——
I ——
S ——
 ———
ey r———
CAPRCTTORS +' ANALOG METER [od —
RESISTORS 21 o] e 22 TRANSISTORS / DIODES % ”;Ei 77@ —
P Voltmeter -m Ammeter J
—= EMITTER
1 [ {oﬁ; fod 2 23fpad Gy fpad 2 - ‘2- _Kr TRANSFORMER g )
A - '»3
3 |pon) -C3- L 25 o%]m 26 COLLECTOR E ® Ig @ 0 @
;70 ohm — EMITTER
S5 “:’ =P 21[pad| o) [pog]2s PNP 45- —K LDR TEMP
e 1»6. RELAY 1251
29 (<5 30 COLLECTOR E — — ~
o g M [y ol O @] [esse
1;3
o[ ; ~c:1- g e 31 gl @) 32| | Do K e ol E\Eﬂf T R e = )
¥ | ‘L‘& EMITTER % &7
- | —
11| 1|:°Jm Eailiz| “J33/md @ = | o S:R P .
L _J sz- - b PUSH
-gzﬁ; .11' EMITTER 72@_? = BUTTON
15[pog] X [ood]16 35 36 37 38 39 e - s‘:
47K ohi L
o 25 LM*M,I ol 0| & ([ e
160K ohm — - mm —— POWER ! —
19-2;%3" freze = @ e @ | PR
VR1 VR2
\_ Y, VARIABLE RESISTORS \_ J L SENSORS / OUTPUTS )

I'M THE LED. | LIGHT UP
"M THE RELAY. WHEN I’'M ' WHEN THE RELAY CLOSES.
TURNED ON, THE LED IS

13

HOW IT WORKS

This circuit uses two NPN transistors wired together to create a continuously running on and
off state. As the 220uF capacitor charges the voltage eventually becomes high enough

to turn on the first transistor, which also turns on the LED. When that transistor turns on, the
second transistor discharges the capacitor quickly. When the voltage becomes low enough,
the cycle repeats. Using this method, each transistor switches the other transistor off, and the
charge time of the capacitor determines the amount of time between flashes. The variable
resistorallows the time constant to be adjusted. As the resistance increases, the charge time
increases, which in turn increases the time between flashes.

170 ¥X 10UF

|(
I\

3V
BATTERY

g NPN




PROJECT #14:
ELECTRONIC BIRD CHIRPER

This circuit creates a combination of two oscillators to create a sound like a bird chirping.

\
J

INSTRUCTIONS
1. [ ] Complete the wiring as seen in the wiring chart. — CAPACITORS 7_
2. [ ] When powered on the speaker will emit a bird-like chirp. RESISTORS 2 B el SISTORS / DIODES
3. [ ]To create different sound effects, switch the 1K resistor to AN 1:7<3F
. . . . . 1[pad] -2~ [pad| 2 230 G e 7R ‘2-
different values by movingVthe wires going to pins 5 and 6 to 240 o il —K(
. - W
other resistors. 3 [mog] ;_,ﬁ; [ped] & el Lpen he i -26 ‘m‘m*
i fetor? 21[Eme Gy o) mse PP
4. [ ] What do you notice when you use a smaller or larger resistor® 5 IF»,J" . i - q :s- "
5. [ ] You can also change the 220uf capacitor to 10uF, although v, 2o @& Fadse opeel,
the sounds start to get a little strange! 7[ead] 2 pad ¢ e o NPN o
M-
WIRING CHART 9[poe] - pad 16 stfood @)-fods2 ua- =K
LENGTH FROM TO - BN
Short 24 25 11 ., == 12 33 @ 34 wse | NPN COLLECTOR p
10K ohm Pvyriy 51 - E_& e
2 | 4 e - D somg & E ()
26 46 t3feg] P T ENITTER e L
S
77 82 35 36 37 38 39 4@ wope | SCR cﬁon—\z
54
78 83 @]55-% M O+ 3V BATT
Medium 5 34 A A‘,\ A A ,\‘,\ A GATE @
6 16 ANODE propp  CATHODE _
16 23 ~@8- [pug Power | | VBT
56 57
N ot \ \_ ) SENSORS / OUTPUTS )
45 75 > :
46 81
76 50 HOW IT WORKS
Long 15 76
25 79 This circuit uses two types of oscillators. The first oscillator uses the transformer and the 0.02uF
YP

WE ARE THE INDUCTOR-CAPACTIOR.
WE PRODUCT THE HIGH PITCHED
SIGNALS YOU HEAR.

M THE SPEAKER. | CONVERT
THE VOLTAGE SIGNALS INTO
AUDIBLE SOUNDS,

I'M THE TRANSISTOR. | PROVIDE
THE PUNCH WHICH KEEPS THE
INDUCTOR-CAPACITOR CIRCUIT

OSCILLATING.

I'M THE 200 MFD CAPACITOR,
| CAUSE THE CIRCUIT TO SLOWLY
TURN OFF AND ON.

capacitor as a “tank” oscillator. The second oscillator (which is a much lower frequency) uses
the 220uF capacitor and the 1K resistor in an RC network. The second oscillator “modulates”
the higher frequency to create a bird-chirping sound. By changing the values of resistors and

capacitor, various other sounds can be created. Additionally, you can add a variable resistor
in series with the resistor to allow adjusting the sounds with a knob.

TRANSFORMER
0.20F =< ~—1~ 0.05uF g |
47K C SPEAKER

——l: PNP
< B E
§ 1K +

+[CI — 3V

: | ~ - BATTERY

14



PROJECT #15:
ELECTRONIC SOUND EFFECTS -

e I ~N )
This circuit uses a transistor oscillator to create different sounds. By adding an inductor (the relay coil) unusual sounds can ——r——
be produced. e ——
— ———
———
—r————
1. [ ] Complete the wiring as seen in the wiring chart. 7 N CAPACITORS i TE —
. —+
2. [ ] Adjust VR1 to change the frequency range. RESISTORS 21fpud C) oo 22 Voumete,-Ammete, (_T7E] speacer 978
3. [ ] Remove the jumper wire between pins 17 and 18 to adjust -1.”:03; fFod 2 23 [ a%Dzz. ) JN TRANSFORVER 5 )
the frequency range, and adjust VR 1to manually change - =
q y rang [ Y 9 > ] 2 [ 25 o]\ [ 26 %l () E; %U@ g o
the frequency. 470 ohn 215 o TEMP S ol
4. [ ] Next remove the wire between pins 66 and 67. Adjust VR1 5 [ood] “F,f“ [ = RELAY . s > 83
to see the different effects. 7 . e 2opad @ [Bodse ssi@ H | (e Boo—feades)
5. By changing the capacitor values and resistor values you BV - 7
[ 1By ging P : Y -ﬁ‘:’ Eog o sfad @ g 7 e[\ o 5 8789/
can create a number of different effects! et i b4 Bd
o L | [ ) e —
11food) 43~ [ood|12 33 34 COLLECTOR
WIRING CHART i @ -_K 1B PUSH e
LENGTH FROM 10 o e Y N sefooc] b -aunou
22K ohm 72@—T
Short 17 18 o o
18 37 5] - s lll EIEE . & k= o
A ss[oom] 0+  3vBATT
24 28 2 ‘
27 44 vigs 1’5” ey Lo D ew
5 ANODE propE  CATHODE _
e e %, b oo | 7o
i 82 ° : 56 57
VR1 VR2
78 83 \_ Y, VARIABLE RESISTORS \_ ) SENSORS / OUTPUTS Y,
Mediuvm 17 27
23 46
6 26 HOW IT WORKS
45 73 This circuit uses the NPN transistor to create a simple oscillator. By using a transformer the
46 67 audio signal is matched from the low level, high impedance output of the transistor to the
_612 2(1) lower impedance of the speaker. By changing the values of capacitors and resistors different
ong 28 79 sound effects are created. Additionally, adding the coil of the relay as an inductor in the
circuit allows even more dramatic effects.
M THE POTENTIOMETER, | 0.2uF TRANSFORMER
AT R WE'RE THE PRIMARY COIL ON THE Y
TRANSFORMER AND THE CAPACITOR . /1
WE CREATE THE OSCILLATOR. VR1
| 100K | _oosu
> RELAY
W colL
¢ l 1 SPEAKER
B
E PNP _
£ ha— 9V
— BATTERY
T
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PROJECT #16:
LIGHT SENSING OSCILLATOR

This circuit uses the LDR (Light Dependent Resistor) to change the frequency of the transistor oscillator. Varying amounts of

light striking the LDR will change the pitch.
INSTRUCTIONS:

1. [ ] Complete the wiring as seen in the wiring chart.
2. [ ] Move your hand over the LDR to change the frequency.
You can also shine a bright light or turn the lights off to change

the frequency.

I'M THE LDR. MY RESISTANCE

+

;iPACITORS [

TRANSISTORS / DIODES

. 1T :
+ [ ANALOG METER [pe] —

60 61
Voltmeter Ammeter
. J

WE'RE THE TRANSFORMER AND SPEAKER.

WE CONVERT THE LOW LEVEL CURRENTS
TO A HIGH LEVEL SIGNAL THAT CAN

WIRING CHART
LENGTH FROM TO
Short 27 31
28 46
32 44
46 62
78 83
Medium 45 73
46 81
74 80
Long 1 77
2 82
31 79
32 63
CHANGES WITH LIGHT
I'M THE PNP TRANSISTOR.
WITH THE CAPACITOR | CREATE

A FEEDBACK OSCILLATOR

16

+
" 100 ohm B OD 24
3 g L 5 0%0 % COLLECTOR
T nped 25 o] Afa e 22
5[] -3~ fnr 6 N @]LG—K
AN~ COLLECTUR,
o] o el o
M\~
o fou] e, Edto
M\~
11poe] £ o1
M\~
ol e, et
M\~
15 - s (35,26 31 38 39 0
v
v e Bediel | Lo L]
M\~ 2N N
ol e B0
VRL VR2
\_ ) VARIABLE RESISTORS \_ )
HOW IT WORKS

LDR TEMP

Fos aE

+ 3VBATT

- 3VBATT

\_ SENSORS / OUTPUTS )

The 0.1uF capacitor and transformer create the basic oscillator circuit, using the
10uF capacitor for feedback. The LDR changes the RC time constant with the 10uF
capacitor to change the frequency of the oscillator. The LDR output is not linear
(like a straight line), so the frequency changes more dramatically with small light
level changes. The 100 Ohm resistor limits the current flowing to the speaker - if it is
shorted out (connect a wire from pins 1 to 2), the sound is much louder.

Y

TRANSFORMER
100
—
Q c SPEAKER
LDR L
e oL
c — A%

— BATTERY

T



PROJECT #17:
LATCHING BURGLAR ALARM WITH BUZZER - m— —

This circuit uses an SCR (Silicon Controlled Rectifier) to create a latching circuit. The relay is wired as a buzzer to include ——
an audible alert. e ——
[ I T T |
[ I |
INSTRUCTIONS:
N N Y|
)
1. [ ] Complete the wiring as seen in the wiring chart. / \ CAPACITORS e + [ Aaos HETeR i —
o - 4 S / DIODES
[ ] Press the puhbutton (this simulates an alarm condition). RESISTORS 21 [mne] 60 61 77[H  speaker [ 78
. . e ENTTTER Voltmeter Ammeter \ J
The LED will turn on and the relay will buzz. In order to stop the 1]peg] faﬁ" Fedl 2 |_oed oo iz prp P [~ p TRANSFORFER 5,
m . iooo
i 43[nng| 9
olorn.1”you ne:d t9 tu.rn off the power. Turning the power back N R _ =5 a2 m N ” o o
on will reset the circuit. Ym 1] ﬁ;(;-:ln [ 20 - ‘5- ot B o o :
5 b oo b e 1.5. _K( _ 1254 8 )
B | PR aen — =) (ool
WIRING CHART 2.2K ohm e B
LENGTH FROM T0 o 32 o ) 7B —fedey)
- ;ﬁ; -16 10 MFD
Short 7 12 He 68 69 10
- - COLLECTOR
67 68 e % RORCEL I [T 1 ovBATT
71 73 rite \ J : . e
13faed] 22ﬁm e BUITON
Medium 53 73 — :
54 66 15fod :ﬁ; Badts z N + o ]
+ 3VBATT
70 74 17-1.;:’:\",:3". Eadis < 7 €
74 85 (CANODE™ [1opp  CATHODE POWER _
L 5 84 19[pom] -:J- [pmd|2e @ -@- g 75 [pm] + @ P~ O 3V BATT
ong 220K ohm . 3
6 66 \_ J VARIABLE RESISTORS SENSORS/ QUTPUTS Y,
8 54
11 72
12 e HOW IT WORKS

When the pushbutton is pressed it provides current to the gate of the SCR, which causes
it to “fire” and latch on. The output of the SCR is connected to both the LED and the
relay. The relay is wired so that the normally closed contact cuts the power when the coll

turns on, then re-energizes the coil very rapidly. This is what creates the buzzing sound.
I'M THE SCR. WHEN CURRENT

FLOWS INTO MY GATE | LATCH ON In order to reset the circuit the power needs to be turned off, which cuts the current going
AND ALLOW CURRENT TO FLOW
INTO THE ANODE, to the SCR.
M THE PUSHBUTTON SWITCH, WHEN
I AM PRESSED | LET CURRENT FLOW 0 10K Y scri
INTO THE GATE OF THE SCR. AMA
M THE RELAY. MY COIL IS WIRED ";‘J‘EERL?R E‘;:g\'}g‘f °© o WW
ACROSS THE NC CONTACTS SO THAT S PUSHBUTTON
1 BUZZ WHEN CURRENT FLOWS :
THROUGH MY COIL, i +
. 2.2K 1K
o =
BATTERY —— RELAY
- ¥
o—A
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PROJECT #18:
TOUCH SWITCH / WATER LEVEL SENSOR - m— —\

This circuit uses two transistors wired together in a “Darlington” configuration which allows sensing very small currents. —c o=
These types of sensors were popular with touch controlled lights, for example on Christmas trees. e
— ———
———
INSTRUCTIONS:
— ———
( \ :
1. [ ] Complete the wiring as seen in the wiring chart. ( \ CAPACITORS (" ) + Fd avaLos wereR i —
. . . . RESISTORS o TRANSISTORS / DIODES oL
2. [ ] Connect the two wires with bare pins on the ends to pins 47 21fpud () [amn|22 Voli:xeterAmmeter EEETE=EDY
W\~ —H EMITTER
and 73. 1 pas| -3~ Jann 2 23] Cay [n2 'ai’ s2fpm] o - TRANSFORMER g )
. . e 19
3. [ ]Touch the exPosed metal wires with your ﬁngers. You.should S 22 2sfpmd] ) [pod 25 ) =] %l @ o % " g o
hear the relay click and the LED turn on. Releasing the wires 470 ohm = EVITTER LR TEMP o o
MW~ 27 28 mse NP o] N 81
should cause the LED to turn off. If the LED does not light up, try 5 fome] =3~ [ 6 e @, =K Pl S 8
getting your fingers wet. 7 - e s 2ok @ e — -~ — ) (s6jpad—podss
2.2K ohm e BASE  NPN ‘;:os.;rtrlon E E @ @
AN~ 8k 85 87 89
B 1 e [2EE O | LB @0k o *) (T by
WIRING CHART AW P | —
11 -3~ 12 33 31. COLILCTOR
LENGTH FROM 1O = 0K i = 2?20 'gi‘ Y 1E, () o SV BATT
s2[nad] k
Short 48 51 13[pad] = [pod1s 50 = 72@_? =1, ] PUTTON
48 67 15 % 16 AnopE SR SkE
49 50 v G ss[aod] o 0+  svearr
74 76 171;%3;’“18 oL
Medium 52 76 W (ROOE - plopE fATHORE -  3vearT
o6 73 19fpog] ==~ [Fanj2e & —l>l— POWER
68 85 \_ ) k ) SENSORS / OUTPUTS )
69 76
75 84 HOW IT WORKS
" NI"?;Q | 47 X When you touch the wires, a very small amount of current goes to the base of one of the
e 73 NPN transistors. This transistor is connected directly to the next transistor as a “Darlington
Y 9
Pair,” which produces a high amount of gain. The second transistor turns on the relay, which
in turns connects the 3V battery to the LED, causing it to light. You can try this experiment
by holding hands with friends in a loop - see how many people can be in a chain and still
WE ARE THE TRANSISTORS. Wi H H H H
T o o WAk allow the LED to light up! You can also use this as a water level or moisture alarm. By taping
A HIGH-GAIN AMPLIFIER the wires into the top of a cup or cylinder and filling it with water it will turn on the LED when

I'M THE LED. THE CURRENT . . . . .
o A e water touches both of the wires. This can be used to check the moisture level in a pot of soil.

WIRE CAUSES ME TO LIGHT UR RELAY
| | AM THE RELAY. WHEN THE +
_ CURRENT FROM THE (L
TRANSISTOR IS LARGE ENOUGH TOUCH — v
Q A—<3'—| ——— BATTERY

I TURN ON. PROBES
R

ov —
BATTERY = —

e\
Sy
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PROJECT #19:
SIREN

( )
Sirens were often used as alarms, and are still used by fire departments and police to indicate an emergency. This circuit uses — r——
an oscillator circuit with two transistors and a Resistor-Capacitor network to charge and discharge, creating a classic rising and L ——
falling siren sound when the pushbutton is pressed and released. M o m——
H [ T
||
INSTRUCTIONS Lo
N CAPACITORS - b
ANALOG METER —
1. [ ] Complete the wiring as seen in the wiring chart. RESISTORS 21 [oag] % [fad 22 TRANGIFIORS / DIODES ® o [T G
. .. . . Voltmeter Ammeter
2. [ ]Press the Push Button - you will hear the rising pitch of the siren. 11.3,":%:- e 2 5 ‘DZ,, L
. . . ohm .
+
3. [ ]Releasing the Push Button will cause the pitch to lower and e sl 35 26' H(®)H HomHE
then sto 3 o] aom b iy 62 63 64 65
P- A 27 [pur] i [mad 28 R TEMP
WIRING CHART i ol i b A v
LENGTH FROM 10 7 [amd] -c=- [pod 8 2l B, e 3 E;?
2.2K ohm + —
Short 13 17 % E
31 32 on| N '3
13 31 Fod - Gl E
9 ‘_%m 10 101D E E
15 18 A iy @ 69 10
16 30 11fped] -C3- [amliz 33 [md] (1) [ 36
- a7 16K ohm 200 HD Pﬁ_ﬂ, =~ 9V BATT
o [
24 29 13bad @g\ P ‘« BUTTON
24 46 6 37 38 39 40 CATHODE
30 32 sl o podire Illl' %']‘ sufpmd]
EigitEIE — O+  3VBATT
32 49 11feg = [Fads AN Y s
44 48 166K ohm
o o ANODE CATHODE
48 72 e AL ' T -  avearr
Medium 15 23 1ofed c- a2 & —‘>|“
VR1 VR2
45 73 k ) VARIABLE RESISTORS k ) k SENSORS / OUTPUTS )
46 77
Long 14 71
30 78 HOW IT WORKS
74 78

/"1 AM THE RESISTOR. | ALLOW
_ THEENERGY IN THE CAPACITOR |

" EXTRA ENERGY WHEN IT'S TURNED ON _~

~” WE ARE THE TRANSISTORS. WE WORK TOGETHER ™.
. TO FORM THE OSCILLATOR & PRODUCE SIGNALS |
. WHICH THE SPEAKER CHANGES TO SOUND.

M THE SPEAKER. FROM THE VARYING ™

TO DISCHARGE =
S | AMTHE CAPACITOR. | CHANGE THE CURRENT | PRODUCE THE SOUND OF

| OSCILLATOR WHEN IT’S TURN ON & GIVE IT ", ANEMERGENCY VEHICLE.

19

The NPN and PNP transistors are wired together to create a “regenerative” feedback circuit.
The key component is the 0.02uF capacitor which feeds the output from the PNP transistor to
the input of the NPN transistor.

When the pushbutton is pressed, the 10uF capacitor to charge, which changes the
RC network with the 47K resistor and slowly increases the pitch. When the pushbutton is
released, the capacitor discharges, which slowly decreases the frequency of the oscillator.
The terms “pitch” and “frequency” essentially mean the same thing, however pitch is used to
describe musical notes, and frequency describes the rate of oscillation in a circuit or system.

PUSH BUTTON
_]:I_. I‘
o o S
. 2 22k
oV — 7J
BATTERY.—— A | NN
, WW I,
100K
I( xl
+ A
—~ 10uF L !
= ¢ 0.02uF SPEAKER




PROJECT #20:
ELECTRONIC TIMER WITH METER

Electronic timers are used in a number of circuits, such as turning lights on for a period of time, or running equipment for a
specific time interval. Most timers are now digital, but this simple circuit shows how a timer can be created with just a small

number of basic components.

INSTRUCTIONS —\ p—
. . . RESISTORS TRANSISTORS / DIODES
1. [ ] Complete the wiring as seen in the wiring chart. s
2. [ 1 Move the Analog meter switch to the Ammeter setting (right). -1‘%':‘,,,; foa] 2 / 23[po] Gy [and| 24 et /.2- —K
. —c
3. [ ]Turn VR1 fully Counter-Clockwise. o 25 [ann| Gy [ 26 Lio%k
7@ ohm — T
4. [ ]Pressthe Push Buttoln and nott‘a‘the LED and meter. ‘ o s 21[pmd] G [amd] 28 PP ‘5.{.
5. [] Turn VR1 to the 9 o’clock position. Use a stopwatch or timer He 1.6
. 29 ® 30 COLLECTOR
to count the number of seconds the LED is on after you press and | 7[=d ER) NPN = ==
. LT BASE -
hold the switch. o 31 [ “@m a2 w- X
6. [] By turning VR1 more in the Clockwise direction the time interval e T
will increase. 11[pol) Ioﬁ.} g2 s () Fi ﬁ - tﬁm_{(
WIRING CHART 2097 e
LENGTH FROM 10 13(mog] z’m:y.“ [ZEEE L 5 SZEu-rrrzn
Short 5 12
(35 36 37 38 39 CRTRODE )
12 34 15- -l::l- -16 ANopE  SCR 5,‘-
L TR R
32 34 17-1;':.?3,;,,_-18 SATE
33 36 AN ANSDE  p1opE - CATHODE
T o 2 e o B
72 74 VR1 VR2
69 84 \_ W, VARIABLE RESISTORS \_ )
Medium 6 35
32 71
6 73 HOW IT WORKS
44 60
45 73
67 74
68 75
76 85
Long 61 11
I'M THE METER, | SHOW HOW
MUCH CURRENT IS FLOWING
I'M THE TRANSISTOR. I INTO THE TRANSISTOR
CONDUCT AS LONG AS | GET
WE'RE THE TWO ELECTROLYTIC PO He A

CAPACITORS AND THE POTENTIOMETER.
WE TELL THE TRASNISTOR HOW LONG HE
CAN STAY ON.

I'M THE RELAY. | ENERGIZE
WHEN THE TRASNSITOR
CONDUCTS,

A e ~N )
 a——
I ——
T ——
S ——
 ———
“EEEE S —
+=[Bd anaLoG MM —
60 61
Voltmeter Ammet: \ 77@ SPEAKER EW )
J

. TRANSFORMER 4, )
79
0 Qo O
@@ HoBd| T3k
LDR TEMP o1 o O
RELAY \ o 83
es - 4 Q, 5 o6 [ome—fmr]ss
ﬁ@ 8 "= & 8789)
68 169 70
(1 - W 9V BATT
: 5 | pust
72':| BUTTON
O+  3VBATT
O-  3VBATT
POWER

SENSORS / OUTPUTS

When the switch is pressed, the capacitors charge up very quickly. The capacitor is
connected through the 10K resistor and Ammeter to the base of the transistor. The output
of the transistor is connected to the relay coil, which in turn switches on the contacts and
connects the 3V battery to the LED. When the button is released, the capacitor discharges
through the 1K resistor and VR1. When the voltage at the base of the PNP transistor drops
below a certain level it does not provide enough current to turn on the relay, and the relay
turns off, extinguishing the LED. Adjusting VR1 changes the discharge rate of the capacitor.

:+ !

@ B

PUSH
BUTTON
10K
9V _ MN_
BATTERY
~1L ~1 1K
by T 50K
220uF 10uF T

METER

20

PNP

*
RELAY ﬂ —

LED

N

- 3v
——— BATTERY



PROJECT #21:
HEAT ALARM WITH BUZZER

Temperature alarms are used to regulate temperature or indicate when a temperature is too high. This circuit uses a
thermistor, which is a special type of resistor designed to be sensitive to temperature changes. When the sensor is calibrated,
it can sense a very small increase in temperature, turning on a buzzer until the sensor cools down again.

INSTRUCTIONS

[ ] Complete the wiring as seen in the wiring chart.

[ ] Touch the thermistor (TEMP sensor) with your finger for a few
seconds.

3. [ 1 While holding your finger on the sensor, turn VR1 Clockwise
until the relay just starts to buzz.

N~

4. [ ]Remove your finger. After a few seconds, the buzzing should stop.

5. [ ] Next, touch the thermistor on the sensor, and after a short period
of time it will start buzzing again.

6. [] You can calibrate the sensor to detect hot or cooler temperatures,
such as a hot cup of liquid.

WIRING CHART
LENGTH FROM T0
Short 5 12
12 13
14 36
36 50
46 66
67 68
70 74
Medium 1 13
4 44
6 35
45 73
64 75
Long 1 74
2 52
3 51
6 76
11 64
36 65

I'M THE VARIABLE RESISTOR. | ADJUST

MY RESISTANCE CHANGES THE SENSITIVITY OF THE SIGNAL "M THE RELAY. 'M WIRED
WHEN THE TEMPERATURE GOING TO THE TRANSISTORS. SO THAT | TURN OFF AND

INCREASES, ON TO MAKE A BUZZING
oz SOUND.
N _ ~_
= /
— & WE'RE THE TRANSISTORS, WE
g ﬁ g AMPLIFY THE SIGNAL FROM THE :
~J\= THERMISTOR TO DRIVE THE RELAY.

( ( N (" A\ \
T a——
I ———
I O — —
 ———
N  ———
r——|
> CAPACITORS ) EE—— .
+ [ ANALoG METER e —
RESI 21 TRANSISTORS / DIODES = -
A\~ - “—:(:F Voltmeter |£ W12 | Ammeter N 77@ SPEAKER Em J
1[@d) -c3- (B=d 2 23[pad] &) [pad2s s2[mg] - TRANSFORMER )
100 ohm 0.02 HFD oq @ < 82
v 5 —e o 43[pad] H @ ‘ 19
3 [po@ =L L o COLLECTOR Q o]
62 63 6h f 65 80 Q
_K_ EMITTER O O
A 27 & fm sase |\ PNP | _PTT L LR TEMR. o1
= - % P $
3 e ‘ / E \ 4600 N N 1351 83 )
29 30 COLLECTOR - —
B i S — \ e oo
22K olm e NP E E ==
% 84 85 | | 87[pog—fpodse
9 [pag| -C [adE 10 31 [pae] “ﬁ;)n fpad]32 n:: 49jpnd \___LED Y
py 4_,'(_ ER
11[pel] o3~ 33fnd @) Fodss
228 MFD .. ol 9V BATT
- J 1)) 1 gurron
13fnd] - St
A~
15[pag] -c3- [pad)1s X
47K ohm a £ l: N -
AM- -
17 e 18
100!( ohm
AN~ ANODE pronp  CATHODE _ 3VBATT
19[pag] -C2~ [pad]2e ~@0- [pog > POWER :
220K ohm & 3 57
\_ ) SENSORS / OUTPUTS )

HOW IT WORKS

The thermistor (labeled TEMP) on the board is connected with a network of resistors

called a Wheatstone bridge. This type of circuit is used to detect very small changes

in resistance of a sensor. Once the resistance in the thermistor changes, the two-stage

transistor network amplifies this value, and turns on the relay which is wired as a buzzer.
You may notice that the buzzing does not stop immediately when your finger is

removed. This is because the body of the thermistor holds some heat for a short period

of time, and takes some time to cool down.

50K

WW
A

TEMP \\4

oV =
BATTERY . —

100 —'[

10K 1K

22K

3V
BATTERY




PROJECT #22:
ONE SHOT

4 —~ L)
“One Shots” are logic circuits that generate a short pulse when an input condition changes. This is often used to “de-bounce” r——
switches (prevent multiple false pulses) or start a sequence in a more complicated circuit. G
-
[ T |
INSTRUCTIONS: [ ———
N |
. T |
1. [ ] Complete the wiring as seen in the wiring chart. ( \ CAPACITORS + [ AvALos weTER i —
2. [ ] Press the button and observe the LED. Note that holding the RESISTORS 21 [por] 1‘?‘,—“—’: [pad 22 TRANSISTORS / DIODES W;ﬁm, N \_77Fd speaker [ 78 )
AWV~ e T o BEER )
push button does not change the state of the LED. + e - e 2 23[fmn] ey [ 2 %’ u—l{ J e
3. [ ] Release the button and then press it again. 65 A B 25 e .%]mze o z.atk = H o
4. [ ] Next, connect a wire between pins 69 and 72. 470 ohn = FRTTER 62 3 S
A 27 [pag| [pmd| 28 wee PP o] DR TEMP
5. [ ]Press the button and the LED will light briefly. However, this 5[pad - o6 e D oo K REAY )
time when you release and press the button it will not flash again. ] . ] o 20ped © [pud30 — 66 H s [oe—fand] s )
6. [ ] Turn off the power and repeat step 3. 2t ohm He e T 4sfoag] - 7 89
p p p 9‘:’%‘ 10 31 “@,;)ﬁ; 32 @] 49 _K 67 ™ E 23 °)
7K ohm EMITTER
o e L 68 169 To
11fpmg] - [parz 33 zg;)m [omd] 34 'éi‘ Slcoa_K o oA
WIRING CHART iy 35 36 37 38 39 40 CATHODE
15[pmg] -c3- [podj1e e SR
LENGTH FROM TO A @ 55—l>h— o 0+  svearr
Short 67 71 wped oS- Fede] | Ladwl Lot @
> > ANODE propE  CATHODE _
VR1 VR2
72 73 \_ Y, VARIABLE RESISTORS /)  \_ Y, SENSORS / OUTPUTS J
Medium 66 74
74 85 HOW IT WORKS

This circuit uses the relay as a logic control device. When the button is pressed, the coil
energizes through the normally closed (NC) contacts and the LED turns on. However,
when the NC contacts open, it disconnects the switch from the LED, turning it off, even
though the coil is still energized. This short pulse is due to the fact that the relay takes a
short period of time to activate.

I'M THE RELAY. WHEN MY COIL IS
ENERGIZED, MY CONTACTS CLOSE,
HOWEVER, IF THE RELAY CONTACTS ARE
CONNECTED TO MY COIL | TURN
MYSELF OFF,

I'M THE LED, WHEN THE
RELAY CONTACTS CLOSE,
I LIGHT UR

"M THE PUSHBUTTON. WHEN I’'M
PRESSED | ALLOW CURRENT TO
FLOW INTO THE RELAY COIL,

22

PUSH
BUTTON
R
—0 o—
+
oV ———
BATTERY ——

Ao
RELAY
LED

When the second wire in step 4 is connected, the relay is latched on when
the pushbutton is pressed. However, because the LED is still connected to the NC
contacts, it turns off.



PROJECT #23:
FSK CODER

FSK stands for “Frequency Shift Keying.” This is a way of transmitting digital information by converting on and off (digital like
Os and 1s) data into different frequencies. Multiple frequencies can be used to represent more data - years ago this was used
with old phones that generated sets of frequencies with each button press.

INSTRUCTIONS

1. [ ] Complete the wiring as seen in the wiring chart.

[ ] A steady tone is generated by the oscillator.

3. [ ] Press the push button - what do you notice?

WIRING CHART

LENGTH FROM TO
Short 15 19
77 82

78 83

Medium 16 23
16 47

47 71

48 81

49 74

73 80

Long 15 48
20 72

24 79

WE ARE THE INDUCTOR (TRANSFORMER
PRIMARY) AND CAPACITOR, WE WORK WITH
THE 25¢C TRANSISTOR TO MAKE
OSCILLATIONS.

L

I’M THE 25C TRANSISTOR. WHEN MY BIAS
CHANGES, | PRODUCE A DIFFERENT

FREQUENCY TONE.

I’M THE KEY. | CONTROL THE BIAS TO
THE 25C TRANSISTOR BY ADDING THE
220K RESISTOR IN PARALLEL WITH THE

47K RESISTOR.

)

RESISTORS
1[pad] ;‘,ﬁ; [pod] 2
3 - e 4

479 ohm

AW\~
sFed - [ o

1K ohm

7[pmd -0~

2.2K ohm

13[ofg| -J\é:/\':

22K ohm

-t:l- [oil1s

47K ohm

17jpmg] AL [pod18

130K ohm

19- 220K hm

—

I’M THE TRANSFORMER.
| COUPLE THE AUDIO
OSCILLATIONS TO THE SPEAKER.

7a

.
0.0

~

2}

I’M THE SPEAKER. | CONVERT

R

THE VOLTAGE SIGNALS INTO

AUDIBLE SOUNDS,

CAPACITORS 72\
e ANSISTORS / DIODES
21 [pad] [pes]22 /
=
23 o%rin g "2- _K

_K_
25 =1 26 )

27 [pag] [aan] 28
By

29[png @

3.3 MFD

EOI.LECI’OR

oo

N PN COLLECTOR

23

35 36 37 38 39 49

Ldwl L

s1[par]
-—I(

CATHODE

ANSDE  propp CATHODE
- fpod >
56 57

HOW IT WORKS

LDR

67 oM o,

68 69 7@

[ S ——
 ———
. =
+ @ Aw
Voltmeter-Ammeter \ 77@ SPEAKER @78 J
p \7 TRINSFORMIR g,
(@) o o o
62 63 6, 65 80 8 o
TEMP N,
1254 83

71@—,}}2 .

PUSH
BUTTON

9V BATT

+

o
=
|

3VBATT

@

3VBATT

SENSORS / OUTPUTS

This circuit is a simple transistor oscillator that uses the 0.02uF capacitor to generate

feedback, which generates a tone that we can hear. The frequency of the circuit is dependent
on the RC constant of the capacitor and 47K resistor. When the button is pressed, the 220K

resistor is connected in parallel with the 47K resistor, which lowers the R value. This in turn

increases the frequency of the tone.

In order to “read” the data on the other end, you would need a circuit that can

detect the frequencies and convert them back into on and off values. By changing the value

of the resistors or the capacitor, you can create different sets of tones.
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PROJECT #24:
FLIP - FLOP

A flip-flop is a digital circuit that alternates from a digital low to a digital high (often represented as zeros and ones) based
on the input signal. Flip flops are the building blocks of memory circuits and devices called “registers” used in computers

which “remember” data or the state a circuit is in.

INSTRUCTIONS

1. [ ] Complete the wiring as seen in the wiring chart.

2. [ ] Slide the meter switch to the Voltmeter position.

3. [ 1 Note the state of the LED and the meter (The meter represents
an off (zero) state and the LED represents the on (one) state .

4. [ ] Pressthe push button - what do you notice?

5. [ ] Press the push button again - what do you notice?

WIRING CHART
LENGTH FROM TO
Short 4 9
4 14
25 41
26 28
27 44
42 45
66 43
67 72
68 75
69 84
72 74
Medium 13 25
14 46
16 27
28 71
73 45
76 85
Long 3 61
3 67
10 60
15 43
19 26
20 42
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HOW IT WORKS

If you look carefully at the schematic you will see that some of the wires connecting the
transistors look like an “X.” This indicates that the output of each transistor is affecting the input
of the other transistor. This is very typical of all flip-flop circuits where the states of each side
of the circuit are opposite each other. Before the button is pressed, the first PNP transistor (Q1)
is on. The output of Q1 is connected to the base of Q2, and turns it off. When the button is
pressed, a negative pulse is generated at the base of Q2, turning it on. This in turn turns on the

meter, but also turns off Q1. Each time the button is pressed, the two states changed, hence the

name “flip-flop”
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PROJECT #25:
SR LATCH

An SR (Set-Reset) latch is different compared to a flip flop in that it has two inputs: SET and RESET. These types of circuits are
also used for memory (storing a bit of data) and as registers to hold a state of information in a larger logic system.
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SENSORS / OUTPUTS

The SR latch is similar to the flip-flop; however there are two inputs instead of one.
However, since the changes move to a fixed no capacitors are required. The LED

INSTRUCTIONS:
1. [ ] Complete the wiring as seen in the wiring chart. / \ CAPACITORS
2. [ ] Press the pushbutton and notice the state of the LED. RESISTORS 21 [po] 1!?"._*-‘1:, o] 22 TRANSISTORS/ DICS,
- . AN 4
3. [ ]In order to reset the LED, connect a jumper between pins 1 - [ 2 23[ped] G [podos
—
88 and 89. 33:\:/\5 fFod 4 25.,,26
e 21[pad] oo 29
WIRING CHART e o e o e
ohm j—
LENGTH FROM T0 AN 29[ @ [odse
Short 7 15 7 e
AN
42 45 opme) . o] /|7Ed @ Bod2
43 66 A .y
67 74 ke o0, Bl (e ) Pedy
M-
68 75 13[ame| =
69 84 o E—
15 55 36 3738 39 40 one. Facr AT
2_| 73 iR
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37 44 * - bt
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Long 8 74
15 46
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7

I'M THE METER. WHEN Q2
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lights when the coil is energized. Note that although two wires are connected to VR1,
it is only being used as a 50K resistor since the wiper (middle pin) is not connected.
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PROJECT #26:
AND GATE

4 s Vs
A “gate” is one of the most basic logic devices used for digital and computer systems. AND gates require that all of the —— ar———
inputs are on in order for the output to be on. e
-1
[ T T
INSTRUCTIONS:
[ T
[ >
iri i iri CAPACITORS :
1. [ ] Complete the wiring as seen in the wiring chart. < - _ P —
2. [ ]Press the pushbutton (this is input “A” on the AND gate. RESISTORS 2t [pae] Ca o] 22 i o1 716 seeakin [ 78 )
olimeter
Notice the state of the LED. 1 [pud] 1:;::\::;; 2 23 [pmd] . B '%i’ sz - - TRANSFORMER 4,
3. [ ]Release the pushbutton e T s EE g, Fod s e E@ Ho 7 Zp
4. [ ] Connect a jumper between pins 88 and 89 (this is input B on A g 5 e oy BB e o 8 o
.
the AND gate). Notice the state of the LED. 5[pnd -3~ fn 6 ':Im @ :z K e 8
5. [ 1With the jumper still connected, press the push button. A - Q, @J (888\
. . . . 2.2K ohm pase  NPN
This represents both inputs A and input B on at the same time. Y a ':_K = ) (@7 —fpess)
WIRING CHART B -
LENGTH FROM TO 11[pod - '&'5{“ « oV BATT
Short 7 9 13[nag] - = 52
42 46
AW
43 66 15 ;7ﬁ; jpog| ANODE
75 68 AW\~ i+ 3V BATT
s ” t7fad] e Bade
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Medium 8 41 19Fed T gz ) ~a5- foog G- svear
ohm A 56 57
12 44 VR1 VR2
43 87 \_ Y, VARIABLE RESISTORS \_ Y, SENSORS / OUTPUTS
43 71
45 73 HOW IT WORKS
67 74 .
76 85 If you look carefully at the schematic you can see that the outputs of the two
Long 10 86 transistors are wired in series, creating a loop that can allow current to flow from the
1 72 battery into the relay coil. In order for both transistors to be turned on, current must
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I'M THE RELAY. WHEN THE
TRANSISTORS TURN ON MY
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TO THE SIGNAL LED.

I’M THE LED. | LIGHT UP WHEN
THE RELAY CLOSES,

26

flow into the base (B) terminals of both transistors. If only one switch is on, current will

not flow through both outputs, so the coil will not energize.
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PROJECT #27:
ANALOG THERMOMETER

A thermometer can measure the temperature using a sensor and output the information to the user. In this case we will use
a thermistor (temperature sensitive resistor) to sense the temperature and display the output with the meter.

INSTRUCTIONS:

1

2.
3.
4

[ ] Complete the wiring as seen in the wiring

[ ] Slide the meter switch to the Ammeter position (to the right).
[ ] Before turning on the circuit, turn VR1 completely counterclockwise.
[ 1Turn on the power, and slowly turn up VR1 until it displays a

reading (less than 0.2mA).

[ ] Rub your fingers together until they get warm and touch the TEMP

sensor (thermistor).

[ ] The meter will display a change of temperature. After you move

your fingers, blow on the sensor to cool it off.

[ ]You can also use a hot cup of water or ice cubes to see the
different measurements - note that you may have to adjust VR1 to

adjust the meter reading.

chart.

WIRING CHART

LENGTH FROM TO
Short 1 10
13 15

44 48

46 60

Medium 2 45
9 44

10 17

14 36

16 47

35 49

49 61

Long 13 64
17 75

18 65

81 76
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HOW IT WORKS

In this circuit the thermistor is connected as a voltage divider with VR1, the 22K and 100K
resistors. As the temperature changes, the thermistor resistance changes, changing the
voltage present at the left side of the 47K resistor. This voltage change is amplified by the
NPN transistor and fed to the PNP transistor to drive the meter. VR1 is used to adjust the
voltage sensitivity and range of the thermistor.
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PROJECT #28:
AMPLIFIED LIGHT OSCILLATOR

This simple circuit uses a single NPN transistor and the transformer to convert light changes into a changing frequency

or fone.
INSTRUCTIONS:

1. [ ] Complete the wiring as seen in the wiring chart.

2. [ ] Use your hand to block the light of the LDR, or shine light on
it to change the pitch of the tone coming from the speaker.

3. [ ]Ifthe volume is too loud you can connect the 100 ohm
resistor between pins 82 and 77.

4. [ 1By changing the wires going to the 3.3uF capacitor to the T0uF
or 220uF capacitor you can lower the frequency considerably.
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WIRING CHART
LENGTH FROM TO
Short 28 30
29 44
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The transistor is wired as an amplifier with the 0.02uF capacitor as a feedback device
which causes the signal to oscillate. The LDR changes the voltage across the base,

and combined with the larger capacitor changes the frequency of the signal.
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PROJECT #29:
LIGHT METER

This simple circuit uses a single NPN transistor, LDR and meter to display the brightness of the light striking the LDR.

INSTRUCTIONS:
1. [ ] Complete the wiring as seen in the wiring chart. / \ CAPACITORS
2. [ 1Turn VR1 completely counter clockwise. RESISTORS 21[pad] % o] 22 TRANSISTORS/ DIODES
3. [ ] Adjust the project box or a light to shine down on the LDR tube. 11.;\%’"- e 2 23 G [ ’ai’ u_K(
: . . a
4. [] S|ow|y~ turn VR? clockwise until fh('a meter starts moving. S 2 25 G s ) kamk
Keep turning VR1 it so that the meter is on the 1.0 value. 70 ot e O Eodze e e T
5. [ ]Block the LDR tube to see the change on the meter. 5fnd - e 6 0;”:) d ::_K
6. [ ]You can adjust VR1 to change the sensitivity for different 7 ] . o 20fme @ [oods0 —
light levels 226 ohm p N
. MA~
o 2 o b @ Fads| o Cﬂ"EEE_*:
- e
M-
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48 61 1rfeed C5- fad1s Z i
49 76 AN~ o o8 ANODE DIODE CATHODE
62 75 oo o B e
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Long 37 63 \_ ) VARIABLE RESISTORS \_____
60 75
HOW IT WORKS
can be adjusted.
"M THE LDR. MY RESISTANCE WE ARE THE TRANSISTORS.
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MUCH LIGHT STRIKES ME COMING FROM THE LDR.
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The transistor is wired as a simple current amplifier to drive the meter. The LDR and VR1
are wired as a voltage divider so that the voltage level at the base of the NPN transistor
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PROJECT #30:
TRANSISTOR STATIC ELECTRICITY SENSOR

This circuit demonstrates how two transistors can be wired together to sense very small currents.

INSTRUCTIONS:

1. [ ] Complete the wiring as seen in the wiring chart.

[ ] Connect a wire with one end to pin 50. The other end does
not need to be plugged in.

3. [ ] Move your hand close to the wire - the LED should light up,
but may be dim.

4. [ ]Touching the outside of the wire should make the LED glow
brighter. You can also rub your feet on the ground or have
someone else stand close to you to light the LED!

WIRING CHART

LENGTH FROM TO
Short 47 52
48 51

Medium 48 85
49 74

73 84

Long 50 XX
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"M THE LED. THE CURRENT

AMPLIFIED FROM THE TOUCH
WIRE CAUSES ME TO LIGHT UR |
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This circuit uses two transistors wired into a “Darlington” configuration. This type of
circuit allows the gain, or amplification of the transistors to be multiplied together. The

current flowing through your body is very small, but the two transistors work together
to turn these tiny currents into larger currents that light the LED.

+
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PROJECT #31:
RELAY SWITCHED THERMOMETER

Although similar to project 27, this temperature sensor uses a relay to provide a distinct on /off state.

INSTRUCTIONS:

[ ] Complete the wiring as seen in the wiring chart.
[ ] Before turning on the circuit, turn VR1 completely counterclockwise.

1
2.
3. [ ]Turn on the power, and slowly turn up VR1 until the LED turns on.
4. [ ]Back off VR1 until the LED just turns off.
5. [ ] Rub your fingers together until they get warm and touch the TEMP
sensor (thermistor).
6. [ ]The LED should turn on. After you move your fingers, blow on
the sensor to cool it off. The LED should turn off.
7. [ 1You can also use a hot cup of water or ice cubes to see the
different measurements - note that you may have to adjust VR1 to

adjust the meter reading.

WIRING CHART
LENGTH FROM 10
Short 1 9
9 17
13 15
14 35
41 48
51 67
52 74
68 75
69 84
74 76
Medium 2 42
7 43
8 50
10 48
16 47
36 49
49 76
66 73
76 85
Long 13 64
17 75
18 65
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HOW IT WORKS

In this circuit the thermistor is connected as a voltage divider with VR1, the 22K and
100K resistors. As the temperature changes, the thermistor resistance changes, changing
the voltage present at the left side of the 47K resistor. This voltage change is amplified
by the NPN transistor and fed to the PNP transistor to drive the relay coil. VR1 is used to

adjust the voltage sensitivity and range of the thermistor.
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