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Introduction

This book was primarily created to supplement the Breadboard Electronics short videos that are
available to view on YouTube and via BreadboardElectronics.co.uk.

You do not require the book to watch the videos or vice-versa, because they are both created with
the same material.

However, this book was borne out of requests to have a hard copy of the video material to have
something to refer to and maybe annotate, whilst offline.

About Breadboard Electronics

Breadboard Electronics is about encouraging people, young and old alike, to explore the world of
electronics without the necessity to know the theory behind what is going on.

There are so many people that shy away from electronics because of the theory and mathematics
required. Some people are ‘just not good at sums’, but they have ideas, they want to tinker, they
want to ‘have a go’ at making something come alive.

Then there are those that are learning the theory at school or college and want to put what they
have learnt into practise at home.

That’s where we come in.

Our circuits and their accompanying videos are all tried and tested; we know that they work, so you
can be assured that yours will too.




The Starter Kit

This book, although based on the videos, is also based on our Starter Kit that is available through our
website BreadboardElectronics.co.uk.

The kit is comprised of various common components and if you have been tinkering for any amount
of time you may already have most, if not all components.

The Starter Kit contains all of the components that are required to complete all of the circuits. The
breadboard approach is so that you can make something, get it working, learn from it, then take it
apart and re-use the components.

It does not contain thousands of components that you will own but probably never use, but it does
contain what you need for all of our starter circuits, in an affordable way.

The complete list is:-

e 830 hole breadboard.

e Multimeter, leads and battery (tested before packaging).

e Battery holder for 4 x AA batteries (batteries not supplied).

e Resistors 5 of each 47Q, 100Q), 220Q), 330Q, 470Q, 1kQ, 2kQ, 4.7kQ, 9.1kQ, 18kQ, 47kQ,
200kQ, 470kQ.

e Capacitors 5 of each 4.7uF e, 22 uF e, 47 uF e, 100 uF e, 470 puF e. (e = electrolytic)

e (Capacitors 5 of each 1 pF, 100nF.

e Transistors 4 of each 2N3904 NPN, 2N3906 PNP.

e 2 X General purpose Diodes.

e 2 XThermistors.

e 2 X Light Dependent Resistors.

e 2 X555Timer ICs.

o 1XOp-Amp IC4558 or 5532.

e 1 XDecade counter IC 4017.

e 5mm LEDs 10 of each Red, Yellow, Green.

e Trimmer potentiometers 1 X 1kQ, 2 X 10kQ, 2 X 100kQ) (different types/styles).

e 1 XBuzzer.

e 1 of each self-locking push switch, slide switch, small and large momentary switches.

e A bundle of 65 male to male jumper wires.

e Anda 15 compartment box to hold your components.

Spares and add-ons can also be purchased through our website if required.
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Project 20: More Monostable: Delay Timer.
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Project 39: 2 Tone Alarm.

Project 40: Bi-Polar LED flasher.
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Project 1: Turn Led On: Hello World

Parts.

Bv power supply
Breadboard
Momentary switch
J30R resistor

Red LED
Connecting wires

MNote: The 330R resistor will allow for different colour LEDs without destroying them.
To be more accurate (if you know the values for the LED) use Ohms Law.

Or you can check on this web site
http:/fwww.ohmslawcalculator.com/led-resistor-calculator

We are not here to teach you Ohms Law or where to
apply it. or even maths.

e Actually, we are not here to teach you anything.

OniOFff Push Switch

We are here to give you the opportunity to practice,
experiment with, and consolidate, what you have already

Battery —— Resistar been leaming, in a cost effective manner.
B 330 ]
Red LED If you are studying electronics at Schoal or College then
- | am certain that the math is being taught there.
K]
£ There is so much good information already on the

Internet explaining this subject that we decided very
early on, not to add more to the confusion.

In our presentations and videos of the circuits, all we give is a brief explanation of what it is for and maybe a few
tips and pointers on the way.

The rest is up to you, play with the circuit, change it slightly, alter the values of resistors (or add a variable
resistor) and capacitors to see what the result may be.

Sometimes there may be a dramatic change, sometimes no change, but by experimentation you will learn
more quickly and if you need to do the math on the way, then that will help consolidate that too.

Unfortunately, what we cannot stop is you destroying some of your components through experimentation.
But, just knowing that they can be destroyed is a good thing because it will make you think about your circuit.

If you know that your transistor can only handle 3 volt, don't expect it to work after shoving 12 volt through it.
Different LEDs can range between 2.5 and 3.5 volts, so use your multimeter before plugging your LED in.

Sometimes a resistors colours can be difficult to see, or you are not yet confident to convert from colour to
number, so use your multimeter as an easy way to find the value of a resistor.

If you do not know what a component can handle, then | suggest that an Internet search for the datasheet for
that component will help.

Datasheets can seem a bit of a minefield, but you do not need to know everything there is to know about a
particular transistor, just key bits of information, like its maximum ratings.

After looking at a few datasheets, the task will become a lot easier.
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Parts.

Bv power supply
Breadboard
Momentary switch
330R resistor

Red LED
Connecting wires

Mote: The 330R resistor will allow for different colour LEDs. To be
more accurate (if you know the values of the LED) use Ohms Law.
For accuracy you can check on this web site
http://fwww.ohmslawcalculator.com/led-resistor-calculator

Resistor testing:

If you are like me and have dodgy eyesight, or not quite
confident enough to convert colour bands of a resistor
into a value, then the setup below can make life a little
easier.

| find that after a few hours of expermentation, | have a
large number of resistors loose in a pile and this is how |
check their values.

On a spare breadboard, | attach two bare wires of
reasonable length. Show here in yellow.

Attach your multimeter to the ends. Now just rest your
resistor accross the bare leads and read the value on
the multimeter.

DMM-101

0 IA f

VmAQ CO'i%  10A sC

Wzl W L LR L ]
abecde Tghi|




Project 2: Turn LED on: Variable

Parts.

Bv power supply

Breadboard

Momentary switch

330R resistor {just in case)

100kR variable resistor (potentiometer)
Red LED

Connecting wires

Mote: The 330R resistor is there to make certain that there is always some
resistace when the variable resistor is turned to zero.

Multtimester
1
|
o T
Suitch rimimer
%
Muttimetar
+ Trimmer Potentiometer
Battery sl ] 100% '
v —_ = _ Multimeter
Red LED 5
0 =
"{K Resistor
330
Trimimer

This circuit is very similar to Project 1, and we have left the 330 ohm resistor in place to protect the LED.
The addition of the variable resistor or potentiometer (pot) is to show how an LEDs brightness can be
changed.

The multimeter is there in the main circuit diagram to measure the voltage across the LED.

If you changed the resistor for a 200 ohm one, the voltage across the LED will be increased when the pot is
at its minimum resistance. At approximately 3.2 volts you would be right in thinking that this was just about
the limit for an LED.

The circuits on the right are solely there to show you how to view the resistance of a pot.
The result of both circuits is the same.




iz

Parts.

Bv power supply

Breadboard

Momentary switch

330R resistor {just in case)

100kR variable resistor (potentiometer)
Red LED

Connecting wires

Mote: The 330R resistor is there to make certain that there is
always some resistace when the variable resistor is turned to
zero.

W
W -
FRwEw W
W W

fgni|
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Project 3: Turn LED on: Variable

Parts.

By power supply

Breadboard

Single pole switch or momentary switch
330R resistor

10kR variable resistor (potentiometer)
Red LED

Connecting wires

Mote: The difference in wiring of the potentiometer. The results are the same.

As the variable resistor is turned, the LED will get dimmer or brighter.

Switch ‘ S
+ Trimmeer . VR2
Battery —= 1% 8z T —* ] BE%
B B
Red LED D2
G B
K‘( Resistor K‘( RZ
230 330
Multimeter
Multimeter
= U |4 Ry
.o
= |

These two curcuits show what was presented in Project 2 where we explained the use of a pot and the
differences between the way in which the pot is wired.
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Parts.

Bv power supply

Breadboard

Single pole switch or momentary switch
330R resistor

10kR variable resistor (potentiometer)
Red LED

Connecting wires

Mote: The difference in wiring of the potentiometer. The results
are the same.

As the variable resistor is turned, the LED will get dimmer or
brighter.




Project 4: Toggle LEDs

Parts.

6v power supply

Breadboard

Single pole double throw (SPDT) switch
2 ¥ 330R resistors

1 X Red and 1 X green LEDs
Connecting wires

Single pole Double throw switch
o Single pole Double throw switch:
Common Mormally known as SPDT.
More often, a switch with three legs, with the
Resistar Resistar middle one being the common and internally
20 20 toggling between the other two.

.
i

Red LED

A simple circuit using a double pole switch to either have one LED on or the other.
You could use this as a 'keep Out’ or ‘Enter signal on your bedroom door or the fridge, or, if the switch was a micro
switch, it could be used in a model railway to determine the passing of a train.

Again, a very simple circuit but could have a practical use in a number of places, limited only by imagination.
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Parts.

Bv power supply

Breadboard

Single pole double throw (SPDT) switch
2 X 330R resistors

1 X Red and 1 X green LEDs
Connecting wires




Project 5: Potential Divider

Parts.

Bv power supply
Breadboard

3 X ATOR resistors
1 X 1kR resistor
Connecting wires

Ciircuit 1

Even resistance, even voltage

C
Potential dividers have a great number of applications
a1 in electronics.
470 At their most basic, they can be used to reduce a
voltage to a useable level.
B = Say you had a 9v battery and not a Bv one for these
[ —— . Circuit 2 projects. You could create a potential divider to get
B the Bv that you needed by u.sing a 1K and a 2K
resistor
R2
470 ‘
Voltage at CB (Vou:) = Voltage at C (Vin) X R2 /(R1 + R2)
A Therefore Vg =6 X 470 / (470 + 470) = 3v
Circuit 1 Different resistance, different
= voltage drop.
The total is still Gvolt
.-
’ ]
RZ
1k
+
B2 —
[T . Circuit 2
B Voltage at CB (Vouw) = Voltage at C (Vin) X R3 /(R3 +R4)
Therefore Wy, = 6 X 470 / (470 + 100) = 1.92v
R4 ‘ and at BA, Vg = 6 X 1000 / (470 + 100} = 4.08v
470




Parts.

By power supply
Breadboard

1 X 470R resistors
1 X 1kR resistor
Connecting wires

VmAL COM  10ADC

VmAL COM  10ADC

Placing a multimeter as shown above will display the two different values.

Changing the values of the two resistors will produce different readings.

If you replace the fixed resistors with trimmers then you will be able to create any required value
needed for your circuit (based on the input power of course)
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Project 6: Potential Divider Extended

Parts.

Bv power supply

Breadboard

2 X AT0R resistors

1 X 1kR. resistor

1 X Single pole double throw switch
Connecting wires

Circuit 1
Mz
= M|y
| |
R1
470
Circuit 2
+ M1
21 —_!_— =
B W
T = L + -
|
RZ R3
470 1k

This circuit is a combination of the two circuits in Project 5.
As you can see, a simple circuit can enable us to have different voltages for our different needs.

The circuit below also shows how you could create varying voltages using pots instead of fixed
value resistors.

Circuit 1
[TIEE)

|

VRi |:|
Bk
Circuit 2
+ M2
gz =
BV
— S,

VRZ [] |
Bk




Parts.

Bv power supply

Breadboard

2 X AT0R resistors

1 X 1kR resistor

1 X Single pole double throw switch
Connecting wires

W W 5w
WwwEw W

This is an extension of Project 5, using the same ideas that we have already built up.
Here we can see that by moving the switch from one position to the other we get a
different voltage on the output
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Project 7: Transistor as a Switch

DR A%

1000 hee

Parts.
Bv power supply
Breadboard
For circuit 1
1 X 4T0R resistor
1 X 1kR resistor
or for circuit 2
1 X 100R resistor
1 X 4. TkR resistor
1 X 10kR potentiometer
and
X 2M3904 NPM transistor
3 X LEDs (different colours up to you)
1 X Single pole switch or just fly wires
Connecting wires

— —
w1
Ri
470

= M| 4o Ignore the multimeters.
I They are only there to show

By

d Transistor
ﬁ ZN3304

what is happening in the
circuit.

VR R4
100% 100

3 .

+—— The potentiometer, VR

b

has been added so that
the glow of the LEDs can
be controlled.

swz2

o o

+ 1
gz -

[ —
==
R3

4.7k r\q

Bl

There are a few adjustments that you could make to this small
circuit.

Replace VR1 andfor R4 with R5. See the note below about the
LOR.

Add more LEDs.

Remove the switch.

But make certain that there is an equivalent resistance to R4 in
line with the LEDs. Otherwise your LEDs will end up in the bin.

Motice that an LDR always has a resistance, unlike a potentiometer which will
\fﬁ\ fall to zero.

= In this circuit, the resistance of the LDR is added to the resistance of the
LOR potentiometer and therefore the LEDs will glow brighter with the switch in the
40l on position.




Parts.
By power supply
Breadboard
For circuit 1
1 X 470R. resistor
1 ¥ 1kR resistor
or for circuit 2
1 X 100R resistor
1 X 4.7TkR. resistor
1 X 10kR potentiometer
and
1X 2N3904 NPN transistor
3 X LEDs (different colours up to you)
1 X Single pole switch or just fiy wires
Connecting wires

Maving the switch will turn on or off.

The potentiometer will change the resistance of the circuit so that the glow of the LEDs is
proportionate to its resistance. This could be swapped with a sensor like an LDR. or
Thermistor.

You could change the switch for just two pieces of wire and if they touch, the LEDs will
glow, like in a fairground "bendy wire and loop” game.

However, as is the point of this circuit, it is not the switch that is turning the LEDs on. It

is only to isolate power. It is the transistor that is doing the work, and if you look
carefully, the transistor circuit is almost independent of the actual switch or LDR.
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Project 8: Transistor as a Switch with LDR

Parts.

Bv power supply

Breadboard

1 X AT0R resistor
1 X 1kR resistor
1 X 330R resistor
1 X 100kR. potentiometer
1% 2M3904 NPN transistor

1 X LDR
1XLED

Connecting wires

o

LOR
901 hox

R
470

R3
230

Transistor

ZNZ304

Multimetar

oz N/

The diagram above is straight out of the book. It works well but with the LDR in its
current position, the LED is on or off.
And not enough power to illuminate more than one LED.

Ultimately, it depends on what you want to do.
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Parts.

By power supply
Breadboard

1 X 470R resistor

1 ¥ 1kR resistor

1 X 330R resistor

1 X 100kR potentiometer
1 X 2N3904 NPN transistor
1 X LDR

1XLED

Connecting wires




Project 9: Transistor as a Switch with LDR part two

Parts.

Bv power supply
Breadboard

1 ¥ 1kR resistor

1 X 9 1kR resistor

1 ¥ 330R resistor

1% 2M3904 MPM transistor
1XLDR

1 X LED

Connecting wires

r,/' '\I 330 =
— - Multimetar
—T
= L + —
|

I R1

g1 T 3
B

] Multimster
= L
-

R4
B9 hee

X
N /

The diagram above is similar the Project 8, but works in the opposite way.
When it is dark, the light will be on, but turns off when enought light shines on the
LDR.

If yvou look at the section of circuit that is boxed, you will note that it is a typical
potential divider that we saw in Project &, but this time we are using a Light Dependant
Resistor instead of a fixed resistor.

As soon as the LDR changes the difference in the lower part to approximately 700milli
volt, the transistor will trigger and connect the LED to ground and therefore glow.
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Parts.

By power supply
Breadboard

1 X 1kR resistor

1 X 9.1kR resistor

1 X 330R resistor

1K 2M3904 NPN transistor
1 X LDR

1XLED

Connecting wires




Project 10: Transistor as a Switch - LED Dimmer

Parts.

Bv power supply
Breadboard

1 X 4 TKR resistor

1% 330R resistor

1 X 2N3904 MPN transistor
2 X 100uF capacitors

2 X single pole switches

1 X LED

Connecting wires

R1 j
4Tk /“\_/
A — . P Chi Chz
ST ZN3204 T
+ + 1
+ — 100F
Bl - 100uF )
BV | Electiohytic Capgoitors R3
33D
SW2
oz
b
Rate of Capacitor charge and discharge
ﬁ -
=
o
g7
£ L—T
u T T T T T T T T 1
2 4 G [ 10 12 14 16 18 20

Time [5]

Using a single capacitor (or with the second switched out), once SW1 is switched on then off again after a few

seconds, the LED will glow and get dimmer over approx 20 seconds.
Switching in the second capactor will double the dimming time.
You can try different capacitor values for a longer or shorter effect.

Don't forget that with capacitors that are in parallel as above, you add their values together.




Parts.

By power supply
Breadboard

1 X 4.7kR resistor

1 ¥ 330R resistor

1 X 2M3904 NPN transistor
2 X 100pF capacitors

2 X single pole switches

1 X LED

Connecting wires
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Project 11: Transistor as a Switch - LED Dimmer part two

Parts.

Bv power supply
Breadboard

1 X 220R resistor

1 ¥ 1kR resistor

1 X 4. 7kR resistor

3 X 330R resistors

2 X 2M3904 NPN transistors
3 X 100pF capacitors
1 ¥ single pole switch
3 X LEDs

Connecting wires

P

ST

Bi T

BY 1

- R3

—
100uF

Elec’trol?

+

cz
10pF

apacitors

+

c3

[ ipF

D3

23304

- W

R

23304

ZN3204

- K

This is an extension to the previous project, only here to show that changing the values of

R1, R2, R3, C1, C2 and C3 will change how long the LEDs glow for.




Parts.

Bv power supply
Breadboard

1% 220R resistor

1 X 1kR resistor

1 X 4 7kR resistor

3 X 330R resistors

3 X 2N3904 NPN transistors
3 X 100uF capacitors
1 ¥ single pole switch
3 X LEDs

Connecting wires

As our projects get more involved, the finished product
can look quite messy, and sometimes difficult to follow.
But, if you take the circuit a bit at a time, the building of
the breadboard circuit will seem a lot easier than it first
looks.

LU IIIII‘!

Try to take the time to understand the circuit diagrams.,
as using both illustrations together will often help.
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Project 12: Simple Timer

Parts.

Bv power supply

Breadboard

1 X 47kR resistor

1 X 2kR resistor

1 X A70puF electrolytic capacitor
1% 2MN3904 NPM transistor

3 X LEDs (different colours up to you)
1 X Single pole switch

1 X momentary switch
Connecting wires

Multimeter
= L + -
Ty e - - Jl.
W1
EL D D2 3
N IS
_1+*
B1 ——
o + 1 : 2N3304
= l - ot
+ 2k i
ci z
|-|T SW2 o T

w» »

SWH1 is the main trigger switch, on a door, window, pressure mat etc.

When the capacitor begins to charge, the timer starts, 500pF will give about 6-7 seconds here
whilst 1000uF will give about 11-13 seconds, before the LEDs start to glow

When SW2 is depressed, the capacitor discharges, and starts the cycle again until SW1 is turned
off




Parts.

By power supply

Breadboard

1 X 47kR resistor

1 X 2kR. resistor

1 X A70uF electrolytic capacitor
X 2M3904 NPM transistor

3 X LEDs (different colours up to you)
1 X Single pole switch

1 X momentary switch
Connecting wires

We used off-board switches here for
ilustration only. On-board switches will
work just the same.

L.
L3
"
—
e W EE W

3

!
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Project 13: Cats Eyes using an Astable Multivibrator

Parts.

Gv power supply

Breadboard

1 X 100R. resistor

3 X 9.1kR resistors

1 X 47kR resistor

3 X 200kR resistars

2 X A7pF electrolytic capacitors
1 X 22pF electrolytic capacitor
3 X 2M3904 NPM transistors

2 X LEDs= (green)

1 X Single pole switch
Connecting wires

% - - - -
ST
R1 Rz R R4 RT
ERL 200k 200k 5.k 4Tk
cz
" il N334
Bi __|__ +
2T v e
—— + RS o3
: 1 5.1k 1
\\I 4TuF x
H
ar = .
ZMIE04 oz RE c3
INIZ0E

L
L




-%-UII
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Parts.

By power supply

Breadboard

1 X 100R resistor

3 X 9.1kR resistors

1 X 47kR resistor

3 X 200kR resistors

2 X 47uF electrolytic capacitors
1 X 22uF electrolytic capacitor
3 X 2N3904 NPN transistors

2 X LEDs (green)

1 X Single pole switch
Connecting wires

Spooky cats eyes at a distance.

The two capacitors at the
multivibrator transistors are
different values, which gives us
different on and off times.

The 22uF controls the off time.

Waw




Project 14: Transistor Astable

Parts.

Gv power supply

Breadboard

1 X 10kR resistor

1 X 1kR resistor

2 X 100kR potentiometors (or varaible resistors)
2 X 22uF electrolytic capacitors
2 X 2M3904 NPN transistors

1 X LED

1 X Single pole switch
Connecting wires

SW1i

Rz VR1 VRz2 R
10k [] 20k . ik 1k []

|I
l-
l Ed
L+ z +II z O
5T | g o
— ZMN3S04 C1 ZM3Is04 1
ZIuF
Soope
R Chi  Cha
+-  +-
— | 1

Transistor timer. Red: Input to C1 frem Q2, Blue: Output to LED

6
=
o
=]
% 3
=
I:l T T T T T T T T T
0 2 4 g & 10 12 14 16

Time [z]

VR1 and VR2 can be changed to vary the flash rate of the LED.

As you can see from the oscilloscope output, there are some random spikes in the voltage both within the circuit and its

output into the LED.

In this circuit, this will not cause any problems, but may do if you are controlling anything other than the simple circuit that

we have here.
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Parts.

By power supply

Breadboard

1 X 10kR resistor

1 X 1kR. resistor

2 X 100kR. potentiometors (or varaible resistors)

2 X 22uF electrolytic capacitors

2 ¥ 2MN3904 NPMN transistors
1XLED

1 X Single pole switch
Connecting wires




Project 15: Timer with a 555 Integrated Circuit

Parts.

bv power supply

Breadboard

1 X 9.1kR resistar

1 X 330R resistor

1 X 10k potentiometer

1 X 100puF electrolytic capacitor
1X58551C

3 X LEDs (different colours up to you)
Connecting wires

The potentiometer VR allows us to
requlate the speed of the flash.

IC2
NE&ES

100pF T

The boxed area above is commonaly
known as an Astable circuit.

Multimetar

VRZ

+ 100

BT T

1Y)

1

100pF T

The second timer circuit above is solely to show that the voltage at pin 3 of the IC is sufficient enough
to power three LEDs in series rather than in parallel as in all other circuits so far. This also allows us to
do away with the 33002 resister at pin 3.




Parts.

By power supply

Breadboard

1 X 9.1kR resistor

1 ¥ 330R resistor

1 X 10k potentiometer

1 X 100pF electrolytic capacitor
1X5551C

3 X LEDs (different colours up to you)
Connecting wires

1: gnd 8:3-15v

2: trigger - 7: discharge
i A 3: output T 6: threshold
milem Y W mm——— 4: reset &: contral

w LW WEWEW
R BTk | -

W ---3 Pin 1 on all chips is denoted by a notch
- . in the chip or a dot (or both).
:1lJ As you can see above, the continuation
-

of the pins is "around the end’ then back
up to the top.

Unfortunately the pins are not normally
displayed on a circuit diagram in the
same way. They are displayed based
on how the pins work together within
the IC releative to common usage.

u =l w u ] Ilsm.'ﬁ,:

The breadboard is designed with the
groove along its centre to allow an IC to
be used on the board and all pins will
- have their own connection point.
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Project 16: Timer on Oscilloscope

Parts.

Gy power supply

Breadboard

1 X 9.1kR resistor

1 X 330R resistor

1 X 10k potentiometer

1 X 100uF electrolytic capacitor
1X8851C

3 X LEDs (different colours up to you)
Connecting wires

Oscilloscope
R Chi  Cha2
VR = +-
|+ 300 J s |
B2 T il PRI
e
L Y 32 1
'E il Ic2 RS
1‘ ET MEESS 23
D1 508
100uF

555 timer. Red: Input to IC, Blue: Output to LEDs

:§ ; \\f\/\/ﬁ\x/\/\\/ﬁ

Time [3]

Using the 555 timer in your circuit will supply you with exactly the same smooth output each time.




Parts.

By power supply

Breadboard

1 X 9.1kR resistor

1 ¥ 330R resistor

1 X 10k potentiometer

1 X 100pF electrolytic capacitor
1X58551C

3 X LEDs (different colours up to you)
Connecting wires

This is just a re-hash of Project 15 but with an oscilloscope plugged in.

S henm Tgni The oscillescope will display a reading at the LEDs and another across the
capacitar.

On the scope, the top reading is the capacitor charging then discharging.
The lower reading is the voltage across the LED. Because the voltage is
(almost) either on or off, we get a square wave on the scope.

If you watch the scope, you will see that while the LEDs are lit, the capacitor is
slowly charging. When the 555 timer switches the ‘power off to the LEDs, the
capacitor discharges.
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Project 17: Astable and Monostable

Parts.

Bv power supply

Breadboard

2 X 9.1kR resistors

2 ¥ 330R resistors

2 ¥ 10k potentiometer

1 X 100uF electrolytic capacitor
1 X 470pF electrolytic capacitor

2X56551C

2XLED

1 X momentary push switch
Connecting wires

Soope
Astable
g Chl Ch2
+ - +- RE
I k]
Ed | p—
Icz
MEEES
o
\;4
VR1 allows us to
regulate the spped of
Because pins 2 and 6 are connected, the circuit will reset and trigger itself. the flash.
Capacitor Charge
= 8
1]
g 4
g U T T T T T T T T T T 1
0 2 4 -] 8 10 12 14 16 18 20
Time [3]
Soope
s lent ohe VRZ R Monostable
ro o 10k 9.1k
I
__+ 4 g _
Bl T il PRI RZ
B — 330
T " N
¢ R N : - Press SW1 to
I~ T 215 ] Nesss reset and trigger
el 04
SW .
L L 3
T 4TOuF —I—
Capacitor Charge
= ]
1]
£ L,,/fﬁ
} D T T T T T T T T T T 1
0 2 4 ] ] 10 12 14 16 18 20
Time [=]




Parts.

Bv power supply

Breadboard

2 X 9.1kR resistors

2 ¥ 330R resistors

2 X 10k potentiometer

1 X 100pF electrolytic capacitor
1 ¥ 470pF electrolytic capacitor
2X56551C

2XLED

1 X momentary push switch
Connecting wires
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Project 18: Gated 555 Timer

Parts.

Gv power supply

Breadboard

1(2) X 1kR resistor

1(2) ¥ 330R resistor

1(2) X 10k potentiometer

1(2) X 100pF electralytic capacitor
1 X A7pF electrolytic capacitor
1(2) X general purpose diode
1(2) X 555 1C
1

2) ¥ LED Scope
Connecting wires
AN Chi ©Ch2
+ + -
I
+
. [
g == - mFT
BV 330
- —
Ic2
MESSS
WR1 allows us to o1 NS
requlate the speed of g
the flash.
Scope
6
=
E 3
2 LAELRROLEREA LA np g ey
D T T T T T T T T 1
0 2 4 ] 8 10 12 14 16 18 20
Time [g]
Gated Astable.
Pin 4 of second circuit is driven from the output of the first .
)

circuit.
LEDs D5 and D3 show what is happening.

Maotice the almost identical Astable circuits.

R3
1k
RE " 7
230
- 1+
o2 b4
MNEEES .
D5

G4

+
100pF T

g

Yaoltage W]
(%)

Scope of both timer outputs

20

Time [5]
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Parts.

Bv power supply

Breadboard

1(2) X 1kR resistor

1(2) X 330R resistor

1(2) X 10k potentiometer

1(2) X 100uF electrolytic capacitor
1 X 47uF electrolytic capacitor
1(2) X general purpose diode
1(2) X 6551C

1(2) X LED

Connecting wires




Project 19: Diminishing Frequency Astable

Parts.

6w power supphy

Breadboard

1 X 100R resistor

1 ¥ 330R resistor

1 X 470kR resistor

1 X 100k potentiometer

1 X 1uF capacitor

2 X A7uF electrolytic capacitor
1 X 10nF capacitor (not important, used to stabilise circuit)
1 X general purpose diode

1X58551C Seope
1 ¥ LED
Connecting wires
e | ot oha
+- +-
[
RT
100
R .
— 470k [ ——
1 q ¢ . ATyF —
Wi F Rz
330
c4 __+ 5= -
4TyF — 162
. 1' :l MESES
B e cz D1
T 10nF g
Scope output
4 -
= 7
o
g
g 1
I:l T T T T T T 1
5 [ 7 -] 9 10 11 12 13 14 15

Time [=]

When SW1 is depressed, the capacitor C4 charges quickly.

When the switch is released, C4 discharges slowly through the Astable which will oscillate.

The timing capacitor, C1, will take longer and longer to charge until C4 itself is fully discharged and the oscillation will stop.
The larger the value of C4, the longer the oscillation period.

Changing the value of C1 up or down will also effect the timing and the oscillation.




Parts.

Bv power supply

Breadboard

1 ¥ 100R resistor

1 X 330R resistor

1 X 470kR resistor

1 X 100k potentiometer

1 X 1uF capacitor

2 X 47uF electrolytic capacitor
1 X 10nF capacitor (not important, used to stabilise circuit)
1 X general purpose diode
1X58551C

1XLED

Connecting wires
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Project 20: More Monostable: Delay Timer

“altage [V]

Parts.

Gv power supply

Breadboard

1 X 9.1kR resistor

1 ¥ 330R resistor

1 X 100k potentiometer

1 X 100uF electrolytic capacitor
1 X 4TuF electrolytic capacitor
1 X 2N3905 transistor (PNP)

1 X Momentary switch
1X58551C

1 X LED

Connecting wires

Time delay switch.

Press SW1 and the capacitor C1

;g‘" ue VR charges relative to the value of VR1. The
RS =k higher VR1 the longer the delay.
4|
+ RZ
Bi —_!_— L] 2 Scops
L= s
. Ic1
15 | nesss e Ghi Cha
Decoupler + s D4
cz . [
4TuF kY
Trigger
|'1 SWi
]' ZNIS05
Capacitor charge rate
} T T T T T T T T T 1
2 4 5 8 10 12 14 18 18 20

Time [2]




Parts.

Bv power supply

Breadboard

1 X 9.1kR resistor

1 ¥ 330R resistor

1 X 100k potentiometer

1 X 100pF electrolytic capacitor
1 X 4TpF electrolytic capacitor
1 X 2M3905 transistor (PMP)

1 X Momentary switch
1X5551C

1¥XLED

Connecting wires

Copyright € Breadboard Electronics 2015




Project 21: Flasher with a 555 Integrated Circuit

Parts.

Bv power supply

Breadboard

1 X 1kR resistor

2 % 330R resistor

1 X 10k potentiometer

1 X 47uF electrolytic capacitor
1X5551C

2 ¥ LEDs (different colours up to you)
Connecting wires

Check the rating on your LEDs if you can.
With R1 and R5 at 22002, the voltage across the LEDs is
slightly over 3v. Increasing the resistors to 30002 ish will

reduce the voltage to between 2.5 and 3 v. ultimeter
RS
130 A ;=
Y - | — | - |
R3
+ 1k al s D1
82 o P &
By L 7 %
13 K
-] b &
R Multimeter
7.2 : |, Icz
1 5
MESSS
p e -
ca __+ D2
YT —— Ri %
310 *
1 <
R4
330
e | —

;El

. +—
[

-

03 E

Thermistor
2 IC1

eC 1 5 | yesss
e
Ci D4 EZ
4TyuF T E—‘:I g,
0

Changing the circuit very slightly by adding a thermistor in place of the potentiometer, we could have
flashing LEDs to act as a warning as the temperature rises.




Parts.

By power supply
Breadboard

1 X 1kR resistor
2 X 330R resistor

1X5551C

Connecting wires

The idea behind the board on
the right is to (sort of) tidy up
and/or speed up the chip
wiring.

Ideally on a second
breadboard.

Pin 1 -row & (mostly gnd}
Fin 2 - row 7

Pin 3 - row § (output)

Pin 4 - row 9 {mostly Vec)

Pin & - row 10 (rarely used)
Fin 6 - row 11

Pin 7 - row 12

Pin 8 - row 13 (mostly Vcc)

LEDs are also used a lot in
experimentation.

Row 16 - Red

Row 19 - Yellow

Row 22 - Green

Row 23 - gnd

Once they are on the board
they can be used together or
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1 X 10k potentiometer
1 X 47uF electrolytic capacitor

2 X LEDs (different colours up to you)

a I¢
W Wi W W
W O WwWiUE W W
W O wWwWwWJIA W W
W wWWwWW W W
Wiwwww W W
W W
¥ WwwWT W W
W mwEwT W

FEEEE ¥
¥ O REEEE R W
WEEWT . ww W ww
W wwww T wEwww W
¥ OREEEW FEEREE W
wiEw W W 5w

i =

Mot pretty but working with chips
often looks worse:)

The secret is, take one pin at a
time.




Project 22: Flasher: Random? (flasher with less wiring)

Parts.
Bv power supply
Breadboard
2 X 330R resistor
1 X 10k potentiometer
1 X 22k electrolytic capacitor
1X5551C
1 X LED
Connecting wires

Scope
] SN Chl  GCha2
+ = +-
J I
I d| % -
B2 = N I
LR
i vR!
n
wila ICE 5
+ 1% | yesss . 25k
o] T o .

R1 R3
330 330
1 1
LI ’ LI

Scope output

4
=
o
E 2
o
=
I:I T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Time [s]

VR will modify the flash rate.
Try changing the value of C3 (increase), R1 and R2 (decrease) to change the effect.




Parts.

By power supply

Breadboard

2 X 330R resistor

1 X 10k potentiometer

1 X 22pF electrolytic capacitor
1X5551C

1XLED

Connecting wires

VmAL COM 10ADC
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Project 23: Flasher with Integrated Circuit part two

Parts.

Bv power supply

Breadboard

1 ¥ kR resistor

1 X 100R. resistor

1 X 4TR resistor

1 X 100k potentiometer

1 X 22pF electrolytic capacitor
1 X 470uF electralytic capacitor
1XEE51C

3 X LEDs (different colours up to you)
Connecting wires

Ri
R3 47
__+ Tk L
B1 '!' T
LT
100k £
VR
z
24k ce | *
. AT —
100
o3
20F T

This circuit gives a nice effect of flashing LEDs.
Changing the total value of C1 and C4 will modify the way the LEDS are flashed.
WR1 will change the flash rate. Again WYR1 could be any resistive sensor.




Copyright © Breadboard Electronics 2015

Parts.

By power supply

Breadboard

1 ¥ 1kR resistor

1 X 100R resistor

1 X 47R resistor

1 % 100k potentiometer

1 X 22pF electrolytic capacitor
1 X 470uF electrolytic capacitor
1X58851C

3 X LEDs (different colours up to you)
Connecting wires




Project 24: Slow Blink

Farts.

Bv power supply
Breadboard

1 X 1kR resistor

1 X 9.1kR resistor

1 X 4T0kR resistor

1 X 100kR potentiometer
1 X 22uF electrolytic capacitor
1X58551C

1 X LED

Connecting wires

a1
1k
- ¢ I
R3
4Tk
D1
100k .
VR
i Zk 4l =
BT Tl: 4 8
B
- ¢ g sl
2.1k : |, o
1 % [ MEESS
. el
— +
FEIYF ——

A nice simple circuit to give a slow flash of the LED.

Can be used for a dummy or real surveilance camera,

Changing the value of B3 and VR (up or down) will change the rate of flash.
Changing the value of C1 will change how it flashes.
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Parts.

By power supply
Breadboard

1 X 1kR resistor

1 X 9.1kR resistor

1 X 470kR resistor

1 X 100kR potentiometer
1 X 22pF electrolytic capacitor
1XE551C

1XLED

Connecting wires




Project 25: Darlington Pair

Parts.

Bv power supply
Breadboard

1 X 9.1kR resistor

2 X 330R resistors

2 ¥ 10k potentiometers
2 X LEDs

4 X 2M3904 NPN transistors
1 X 25 degree C thermistor
Connecting wires

Multimeter

Improved switching with a Darlington Pair

R1

310 M’f’
* — 1 LT +
.t'
|+ PRa
Bl T oz
LR
10k
VRI | |=l—
43

w

4

With a thermister and a potentiometer, we can turn
on the LED when a certain temperature is reached.

Another very simple but effective circuit which with a little imagination can be put to use in
many places where temperature or light need to be monitored.




Parts.

By power supply

Breadboard

1 X 9.1kR resistor

2 ¥ 330R resistors

2 X 10k potentiometers

2 ¥ LEDs

4 ¥ 2MN3904 NPN transistors
1 X 25 degree C thermistor
Connecting wires

whww
ERwWEE
EAEREWEE W
w W W
w wmsm
W w W

WFEEWEE W
EERwwT W
ERwEE W
WEEWEE W
FEWAE W
- T

ERwLE W
FEEWYE W
W R W S
WwwE W W

L J LAL B
= W
w L -

L L L ] ]
I I e
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Project 26: Darlington Pair: Night Light

Parts.

Bv power supply

Breadboard

1 X 470kR resistor

1 X 330K resistor

1 X 100k potentiometer (maybe not needed)
1XLED

1 X LDR

2 X 2N3904 MNPMN transistors

Connecting wires

~
330 >
- 1 H
| S M
RZ Di
470k
+
5 T
BY o 100k
VR ,
243
¥ With an LDR and a potentiometer, we can turn an
HE'fIF“ the LED when a certain level of light is reached.
o L
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Parts.
By power supply
Breadboard
1 X 470kR resistor
1 X 330R resistor
1 X 100k potentiometer (maybe not needed)
1XLED
1XLDR
2 ¥ 2M3904 NPMN transistors
Connecting wires




Project 27: Variable Delay Timer

Parts.

Bv power supply
Breadboard

1 X 200kR resistor

2 X 1kR resistors

1 X ATkR resistor

1 X 100R resistor

2 X 220R resistors

1 X 100k potentiometer

1 X 100uF electrolytic capacitor
4 ¥ LEDs

1 ¥ 555 timer 1C

1 X 2M3904 MPM transistor
Switch

Connecting wires

From now on we will only show Voltage rails and not a battery
on the circuit diagrams.

Multimatar

sz O
100k
VR1
48k

RT
Ri [] 100
200k
R3
1k
dq &
T T 4 &g
1 E tlg fy - — 2 l/
— [
— |, IC1 RE a
L — 1 % [mMEsEs 1k 2N3504
Rz [ sl
SW1 4Tk R4
i
+
Cl e
10F =
D1
)
o O— + L

An ideal circuit for an entry/exit delay switch.

SW2 turns the power on.

When SWH1 is depressed D1 will alight for a time determined by the value of VR1.
Once the time has elapsed, D1 will go out and D2, D3 and D4 will alight.

Instead of LEDs (D1, D2, D3) we could control a relay, servo etc to do many tasks.

Increasing the value of C1 will also increase the amount of time
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Parts.

By power supply
Breadboard

1 X 200kR resistor

2 X 1kR resistors

1 X 47kR resistor

1 X 100R resistor

2 X 220R resistors

1 X 100k potentiometer

1 X 100pF electrolytic capacitor
4 X LEDs

1 X 555 timer |C

1 X 2M3904 NPN transistor
Switch

Connecting wires




Project 28: Variable Delay Timer with Buzzer

Parts.

Bv power supply

Breadboard

2 X 4TKR. resistor

2 X 220R. resistor

1 X 100k potentiometer

1 X 100uF electrolytic capacitor
1 X 1uF capacitor (electrolytic ok)
2 X LEDs (1 X red, 1 X green)

1 X 555 timer IC

Switch

Connecting wires

B0V © o o ’
51
R1
4Tk

100k

R3
VR ,H, (]
2k

+

2 C1
100pF ===

Il
|

£
=)

An ideal circuit for an entry/exit delay switch.

SWH turns the power on.
When SWH1 is depressed D2 will alight for a time determined by the value of VR1 and R1.
Once the time has elapsed, D1 will go out and D2, will alight, and the buzzer will beep.




Parts.

Bv power supply

Breadboard

2 X 4TkR resistor

2 X 220R resistor

1 X 100k potentiometer

1 X 100pF electrolytic capacitor
1 X 1uF capacitor (electrolytic ok)
2 X LEDs (1 X red, 1 X green}

1 X 555 timer IC

Switch

Connecting wires

f;i:: i:::: TyEEw wEmEwmd wmwmE dwsws wewew vmwew wmeme wemEw
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e e o ==
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[+ =] & =] - =] i} =] [ =] o =
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TENER WOERER WRRE W WEEEW TEEEET WEEEET T EETEY TEETY WEeEE e w
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Project 29: Siren

Parts.

Bv power supply

Breadboard

3 X 9.1kR resistor

1 X AVKR resistor

1 X 10k potentiometer

1 X 22uF electrolytic capacitor
1 X 100nF capacitor

1 Small loudspeaker (not supplied in kit) or a 6 volt buzzer
2 X 555 timer ICs

Switch

Connecting wires

2.0V o ——0— " a
SW2
R4
R 9.1k
2.1k
q Ed q *
ETE if; ¢« & Eﬂi i 4 &
Nk Y S e
4 !
'—{ : IC1 '—E
215 | Nesss 2
i 5] 1
—_— I
100nF
+
e
22y -
oy o
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Parts.

By power supply

Breadboard

3 X 9.1kR resistor

1 X 47kR resistor

1 X 10k potentiometer

1 X 22uF electrolytic capacitor
1 X 100nF capacitor

1 Small loudspeaker (not supplied in kit} or a 6 volt buzzer
2 X 555 timer ICs

Switch

Connecting wires

)
’+




Project 30: Operation Amplifier with Transistor

Parts.

Bv power supply
Breadboard

1 X 4.7kR resistor

1 X 4TkR resistor

1 X 1kR resistor

1 X 220R resistor

1 X 100k potentiometer
1 X 4558 Op amp IC
1 ¥ 2M3904 transistor
1XLDR

1 ¥ LED

Connecting wires

BV o—

s
Rz 4
208 huoe

100k
VR1
6%

The LED will light when light hits the LDOR (R2).
WR1 adjusts the sensitivity.

Commonly referred to as a Comparator circuit.

i
4Tk

3 RT 3
El Iy 1k

s

R I
911 b
oV o

T 2
o |- =
16% 4 Cp-Amp ZMIE04 1
MC4558
4Tk R10

st bz

L

L

By swapping the positions of the LDR and 100k resistor we now get a more sensitive effect




Parts.

By power supply
Breadboard

1 X 4. 7kR resistor

1 X 4TkR resistor

1 X 1kR resistor

1 X 220R resistor

1 X 100k potentiometer
12X 4558 Op amp IC
1 ¥ 2MN3904 transistor
1¥XLDR

1XLED

Connecting wires

--.--rﬁ o wE WW m] mEm W, -1--- WEwwEw Wh

2 )
L ] -E----l.l-----------l
-i'l-----------l

-:--
L J
IF'- a2 a W H b
O ::EN'

\ WYmAL2 COM 10ADC
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Project 31: Dual Transistor Multivibrator

Parts.

Bv power supply

Breadboard

2 X 200kR resistors

2 X 2 2pF capacitors

2 X 2N3906 PMP transistors
1 X Thermister or LDR

2 X LEDs

Connecting wires

Scops
) ;._T‘\..
B oo - I
RE R
550 z : R
1 Q2
ZN3506= [ZNISE z
Ll
]
Ci
F2uF
. c2
F2uF
..__|I
I.
R4 R2
a5 ] 203 ]
D1 Dz
B B
o o— -
Capacitor charge
& -
5 4
= 4
o
g
£ 2 - :|-—— = mamzes
1 H— J
D T T T T T T T T T 1
1500 2000 2500 3000 3500 4000 4500 5000 5500 8000 6500

Time [ms]




Parts.

By power supply
Breadboard

2 X 200kR resistors

2 X 2.2uF capacitors

2 X 2N3906 PNP transistors
1 X Thermister or LDR

2 X LEDs

Connecting wires

RRRNE RAmmm |

TEEEEEEE WY WY W W
= w = 1 &

= 2 ] B =] -]
IR EE R E TR W R W e —

] g 2 ] B =] =

FEwWwEWw ----L..H--I'fl‘

FEEET EFEEEET T EETETE T EEEW R EEw
FEEEY EFEEEET T EEETE T EEEW R EEw
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Project 32: Traffic Lights: Australian Style

Parts.

Bv power supply

Breadboard

1 X ATkR resistor

2 X 220K resistors

1 X 100uF electrolytic capacitor
1X 655 1C

3 X LEDs Red Amber Green
Switch

Connecting wires

BV o o o
ST
RZ R3
220 220
i 7 o
4r:] uy uy dal =
k" k"
?—T 4 g T_T 4
Y 5 P o
l [ z Ic1 z | 12
24 24 5
MEEEE NEEER
[ sl il sl
+
T ke
100uF ==
O o

D3




Parts.

By power supply

Breadboard

1 X 47kR resistor

2 X 220R resistors

1 X 100uF electrolytic capacitor
1X5551C

3 X LEDs Red Amber Green
Switch

Connecting wires

TEET AT RERET WEW W W

@
=

=]

[ E

o

o

- FEEEE wEEEWW wEwww wwwww W w
FEEE FEEEE W EEEE wEEww fewwww g FETEE AR wewww wwwww
Z =] & = il =] @ = m =

m--------r--_"hr--------1--l------mv FEETE TR TR R W e ww W W W
ERCL DRl e T WEEEWE W W W o
o WE W ------- = o o
cEEENEEE W W W W w ke - wWa
o W W W v--------------l--- PR R TR R R R W W

—
L EEEE AW WEEEEEEE W ww ey e FEE R R R TR W W W W W
o W EWEEE AT RE R R W W= W D 7 i W W W W e
-" W W wuwww W e, W -
-m W W W W A | W WEEEE W W —
—ww W W ] W W e —

iSSES Eamas mmamml=m==stlils
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Project 33: Light and Dark Detector with 555 Timer

Parts.

Bv power supply
Breadboard

1(2) X 1kR resistor

)

) X 4TkR. resistor

} X 100kR. potentiometer

} X 10kR. potentiometer

} X 100pF electrolytic capacitor
) ¥ LDR

)
)

* general purpose diode
KB5S 1C

9

onnecting wires

Light detector

Dark detector

BV o >
R x>
1k R3 [] ¥
525 e
E
= R4
330 I:I R
NE 4Tk
o
3 | nESSS
5]
100k
D1 VRZ
" 0%
I o o+
BV o >
RE
1k
E
= RE
330
3 K
IC1
5? MEEES
o3
o o




Parts.

Bv power supply

Breadboard

1(2) X 1kR resistor

1(2) ¥ 330R resistor

1(2) X 4TkR resistor

1(2) X 100kR. potentiometer
1(2) X 10kR potentiometer
1(2) X 100pF electrolytic capacitor
1(2) X LDR

1(2) X general purpose diode
1(2) X 555 1C

1(2) X LED

Connecting wires

whkiuwmw wwwEWT wWEWEW WEWEEE FEEEE WEEEE EEEEW WEwww wEEwEw wwwww
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cERfpEREEEE V. W w W w ww LI
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e W EwW L w T wwE W WEE W W W TR F T R T T R T R R T R T TR T T T TR T YT
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=1 0 L WWEEETELE [ Bt 1 N | W TRV ETEYT VW
LR WEEEETYyYEETEE W wE L T W e
_NwWyEww w W wEw WwWww W W e

R ETEETETEETE T -
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WWTeFww’ FFE¥F VW MEETEW WiTWWW MW EEW FEEEYY FEEEE FEEEYE FEEEE FEEYE
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Project 34: Continuity Tester

&

Parts.

Gv power supply
Breadboard

1 ¥ 4TkR resistor

1 ¥ 100R resistor

1 X 1kR resistor

1 X 100nF capacitor

1 X 2N3906 pnp transistor
1 X 2N3904 npn transistor
1¥X5551C

1 X Buzzer

Connecting wires

v

R2
100

BZ1
R3 3
1k
5 B
11 :i NEESS ZN3304 1
——— T2
T 100nF
o +
—=—
Fuss
o o
Probe + —@— Probe -

Bulb

Simple continuity tester. [deal for testing fuses, filiment lamps or anything that should have

continuity, like a wire_

This circuit will also test continuity of something that has resistance up to about 200k.
If the probes are disconnected, no power is used, so there is no need for a power switch.

R4
e

Or, if you want something even more basic

D

Probe - Probe +

Q BZ2

B O—

Probe - Probe




Parts.

Bv power supply
Breadboard

1 X ATKR resistor

1 X 100R resistor

1 X 1kR resistor

1 X 100nF capacitor

1 X 2N3906 pnp transistor
1 X 2N3904 npn transistor
1K E551C

1 X Buzzer

Connecting wires

MR REEYY WEEANY WRERNY RN MEREE WEEEW WEWEEET WEEWEW e EE W

] & & ] oy [ =] & =] o -

pWw W -----Eﬂg---------I.I------------------------------m
oWW W FEW R U U R U O R O U e
oW W W EE R R TR YR TR T TR R YT R ET R YT R YW o
=0 R O O O O O U O U U U e
AW EE R YT R R YR T T T TR TR TR T TR R TR o

—w WA AR R T T T T AT R T TR T TR R e R TR R R T e TR TR T TR T e T e T e e e Y e —
o] E H:R =] 5 =] -] =] i} B 5] =] o -
i
-y - ----- e W W - AW WEEEET FEEETET W EEETE R ETT e we e w
F‘ WEETETE WEwWWW --- TR TR TR TP TERRET MWW W

Probe \ /J Probe

Object under test.

A switch is ideal for testing because we know that
there should be an open circuit one way and a short
circuit the other.
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Project 35: Firefly Flasher

Parts.

Bv power supply

Breadboard

2 X AT0R resistor

2 X 10k potentiometer

1 X 10uF electrolytic capacitor

1 X 22pF electrolytic capacitor

2XEB5IC

2 X LEDs (white for firefly but not in Starter Kit)
Connecting wires

BV o ‘
10k 10k
VR VRZ
B2k 8.1 Me I
[~ i 4 =
ki M B ki
R1 Rz o2 E k]
470 Iz 470 t IC1
NESES 1‘ 5? NESSS
o1 Lt cz Lt
{0yF — 2oyF ——
o o

Two almost identical circuits in one.
The principle is to have a random{ish) flashing white lights at the bottom of the garden
somewhere that resembles fireflies.

What the circuit really shows is that by changing the value of the capacitor (C1/C2) you can
achieve a differant randomnass.




Parts.

Bv power supply

Breadboard

2 X 470R resistor

2 X 10k potentiometer

1 X 10pF electrolytic capacitor

1 X 22pF electrolytic capacitor

2X5551C

2 X LEDs {white for firefly but not in Starter Kit)
Connecting wires

Amn) EMEES RESRR BENAR HARAE RAMEE MAmAm mmmmE

=] 2 ] 5} A B =}
F AT T T T T T R T AT AT F T F T e d R TR e AT
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oW W R O O B B U OB O
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- B d w ] = q H i El 2 B el B 8
-y l.ll-- W ---l..l- WU ww W wWw W WWWww W W W WEEww e ww e W W
-1I--- WWwWw W WY WEWWEWw W wWw W WWWww W W W WEEww e ww e W W
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Project 36: Monostable and Astable Together

Parts.

Bv power supply

Breadboard

2 X 1kR resistor

2 X 330R resistor

1 X 10kR resistor

1 X 100k potentiometer

1 X 10k potentiometer

1 X 100pF electralytic capacitor
1 X 10pF electrolytic capacitor (swap for 100pF?)
1 X general purpose diode

2X5551C

2 X LEDs any colour

1 X on/off switch

1 X momentary switch
Connecting wires

BV o o H ’ :
Bwi
D1
Rz R2
1k 1k
ol =0
_ [] VR
Tk Bk dr:—]
I 4 G
N
e Gy VREVH" g
PR e &
NEEES E
1 s] |
L r * z
)-I Swz
o

k-

Simple example of a monostable circuit controlling an astable one.

The trigger switch SW2 sets pin 2 of the monostable low, and the output pin (3) goes high for a time
predetermined by VR1.

This triggers the astable and flashes the LEDs.

Changing VR1 will change the amount of time that the astable will run for.

Changing VR2 will change the flash rate.

Changing C4 from 10uF to 100uF will also have an effect on the flash rate.

This circuit could be used as an entry/exit delay trigger on a door or window.
Or you could control SW2 by some other circuit detecting temperature or light etc.




Parts.

Bv power supphy

Breadboard

2 ¥ 1kR resistor

2 ¥ 330R resistor

1 X 10kR. resistor

1 X 100k potentiometer

1 X 10k potentiometer

1 X 100pF electrolytic capacitor
1 X 10pF electrolytic capacitor (swap for 100pF?)
1 X general purpose diode
2XBE5IC

2 X LEDs any colour

1 X on/off switch

1 X momentary switch

'L.) Connecting wires

~
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I FOWEEERS I REREREE L I WEEEEE R R R REEE W L L L L L
----- o WEEEEEEEEEEE . JEWEEE W FE W EEEE W FEEEE T ET R
e R TR =W TR E T T T T R T R AT R T R T T T T T T ww
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u:-------—-@ G ! PR EEE TR W
L e ! R
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EEEEY JReRYY TERTY SRR |ReRTY AT FEEET SETEY WETERT wwEww
pewmewrdmw --1_:-- FEEEFJEEREE SR FEERE VEREw wewww wefew
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Project 37: 555 Timer and Operational Amplifier Together

Parts.

Bv power supply

Breadboard

2 (5) X 10kR resistor

1 X 100kR resistor

(4) X 330R resistor

¥ 10uF electrolytic capacitor
* 100k potentiometer

¥ LDR

X OpamplC

X BB5 timer IC

¥ LEDs (Red and Green)
ecting wires

S o e e e e T

an

Using an Op Amp with a 555 monostable to detect change in temperature.

By adjusting VR1/VR2 we can set the desired temperature before the LEDs change from
green to red.

Motice that the output of the op-amp is the input of the astable.

av +

‘ 9}
100K
VR2 []c:l— S.i [] 10k
0%
T
r kL il
& T 4
L | 1cae 7

MC4558 yom e
) pul ({ .
- = 1
Ri12
Q) *

10 b

Astable

A variation on the first circuit, this one will lash the two LEDs when the temperature raises
above the set threshaold.

L
100K
VR []‘:1— R

10k

Monostable

1C3a
X’, MC45EE

o (D)
roe L]

N 7.
Y




Parts.

By power supply

Breadboard

2 (5) X 10kR resistor

1 X 100kR resistor

2 (4) X 330R resistor

(2) X 10pF electrolytic capacitor
(3) X 100k potentiometer

(2) X LDR

(2) X Op amp IC

(2) ¥ 555 timer IC

{4) X LEDs (Red and Green)
Connecting wires

1
1
1
1
1
2

Monostable
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r-- - r- WFEWwEw FEEETET T EEEET W EEEW -

e

ul-a-- .J- + WL W W
=L L L AR LA L LA 1}
GLL A LA R LA L
=L L L L R LA L L
R T e

AW EE T WL W W m o

EE. ::::E::-E;..--....-..::::::::::::::::::::::......

el
g i 8

-H-----E-Ull--E----l..l----g----E----E----a----s---l
A T T T R TR R R R T R R R e R T R e T R e R T e R T e e e e e e e W "
W W L R-0 1} 1 | LL R L L LA L LR LR R LA LA NLJ. |
TR T T T T T T T R R R T T R T T T R R T TR e E W e

t

NPV T o
PPN o

L AR -1
PPV T o

a 5 V| =& ] E 3 ] @ ]
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Project 38: LED Chaser

Farts.

Bv power supply

Breadboard

1 X 4TkR resistor

1 X 220R resistor

1 X 100k potentiometer

1 X 47uF electrolytic capacitor
1X 5685 1C

10 X LEDs (red)

1 X 40178 decade counter ic
Connecting wires

1C1
4017

|||——

Mote: Mot described on the circuit diagram.
Pin 8 on the 4017 goes to ground,
Pin 16 on the 4017 goes to the live rail.




Parts.

Bv power supply

Breadboard

1 X 4TkR resistor

1 X 220R resistor

1 X 100k potentiometer

1 X A7uF electrolytic capacitor
1X58551C

10 X LEDs (red)

1 X 40178 decade counter ic
Connecting wires

HI.'I- " FEREE TR WERATET WWWEWm TR WEWWERW T TR FREET WEWWW
L.L .} . r-‘-f!---- TERET TR @MW W W LA L -H‘--- WEETE WEETEwW WewwEw

- L]

- _.Lu-: i = = # B ] = 5] ] =] [
—Ww LR Rk bl R R Rl PNV VTV VTV VTR T TET—
—WWVwWE W :----------------------------- LA L L L L
- TP VT T TV VTV V=

oFEFEEEm £ FEEEEREEWT o
- W' WmEmmm L LR L L L

PPNV TO
PPV TV VYV Vo
FEEE TR T EE T @

i} =] T

Mote: Mot described on the circuit diagram.
Pin § on the 4017 goes to ground,
Pin 16 on the 4017 goes to the live rail.
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Project 39: 2 ToneAlarm

Parts.

Bv power supply

Breadboard

1 X 1kR resistors

1 X 100kR trimmer

1 X 4 TuF electrolytic capacitor
2 X Buzzers

1 X 555 timer ICs

1 ¥ Momentary switch
Connecting wires

o R |:|
|-{ swi Tk
[u]

1
+
T ot
4.TyF =




Parts.

Bv power supply

Breadboard

1 X 1kR resistors

1 ¥ 100kR. trimmer

1 X 4. TuF electrolytic capacitor
2 ¥ Buzzers

1 X 555 timer ICs

1 X Momentary switch
Connecting wires

) A E:::: TwEEw wEmww wewww wwwww ywwww pEreww wwwew

T mriTzIziiiin:

g |la M3 1435 2 5 0000s

FEEEET TN AT AT T TT—
=} o S = i

L L B | WEETY TEEEY FEEETET FEETY T EEY T T EY @R @ e e www
W FFEFFTE FEEREET FEEEEY FEEET wewEw FATEE FEEEE FEEEE wWEewww

Copyright © Breadboard Electronics 2015




Project 40: Bi-Polar LED Flasher with 555 Timer

Parts.

Bv power supply

Breadboard

2 X 330R resistor

1 ¥ 1kR resistor

1 X 100kR potentiometer

1 X 10pF electrolytic capacitor

1X5851C

2 ¥ LEDs (different colours up to you)
or

1 bi colour LED {not supplied in starter kit)

Connecting wires

BV o i 1

WV =
R3
330
B oo— —_
T
¥
D5
o o

With 2 different LEDs

With 1 bi-polar LED




Parts.

Bv power supply

Breadboard

2 X 330R resistor

1 ¥ 1kR resistor

1 X 100kR. potentiometer

1 X 10pF electrolytic capacitor
1X5851C

2 X LEDs (different colours up to you)

or
1 bi colour LED
Connecting wires
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UEmmEn WEERE @MW

W W W W r--- TR TEETET TFEATRER OTERTTAR FWERTW

,.E'--
oW W
B
e

W
o
W Wy
_wWw Wy
—ww

-----ER_'-----.
W W _I_|-----q
LL LIRS § ]

e FEWOWEERTETEE

L} | RO W ERE TR PR L1 |
--Q----' LAt L LK L]

e

[=]

a4 g

U e E T FE T R R TR R TR R TR R R R R R R R R R TR R R E TR
W F T R R AT R AT R R YRR YRR YT R R R R R R R R TR YRR

=] i H 53

=]

[

TN TR R RN TRV R TRV TN R ER W VW
L L Rl AL L L L L L L L L L L L LN

] B | & & [=] ! [ =] i =] 53 [=] o =
whwEw l\-‘---- LI LI LIl ATwEE WEEEW WEEYW W eWEw wewww wewww
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Project 41: Police Lights

Parts.

By power supply
Breadboard

4 ¥ 330R resistors

2 X 2kR resistors

1 X 18kR resistor

4 X 220R resistor

2 X 100R resistor

1 X 4.7uF electralytic capacitor
2 X 2N3904 MPM transistors
2 ¥ general purpose diodes
1X5551C

1X40171IC

4 X LEDs (2 X 2 colours)
Connecting wires

Voo
R1 []
18k
e
iy« =
L 3 1 fo) : ol
1 E2 2 Ic2 — ten =0 |
1 5 MEEES Pt 7 -
i 5| o4 0 ——
g L
4TyF — =
5
i
|1z
D&
1
40178
| Da
& 1
oo

Mote: Mot described on the circuit diagram.
Pin 8 on the 4017 goes to ground,
Pin 16 on the 4017 goes to the live rail.




Parts.

Bv power supply
Breadboard

4 ¥ 330R resistors

2 X 2kR resistors

1 X 18kR resistor

4 X 220R resistor

2 X 100R resistor

1 X 4.7uF electrolytic capacitor
2 X 2N3904 NPN transistors
2 X general purpose diodes
1X5551C

1X40171C

4 X LEDs (2 X 2 colours)
Connecting wires

=]
W W WL

WFEE WEWEWw FEEETE FEEEE W
WFEET WEEEET FEFFE TEEETE FEETEWE FEEETE WEEEW -ﬂ’

ww ww g

MNote: Not described on the circuit diagram.

Pin & on the 4017 goes to ground,

Pin 16 on the 4017 goes to the live rail.
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Project 42: Strobe LEDs

Parts.

Bv power supply

Breadboard

6 ¥ 330R resistors

6 X 18kR resistors

1 X 1kR resistor

1 X 4 TkR resistor

1 X 4.7uF electrolytic capacitor
3 X 2N3904 MPM transistors

1X5551C . ) o
1 X 4017 IC Mote: Mot described on the circuit diagram.

Pin 8 on the 4017 goes to ground,

6 X LEDs, any colour Pin 16 on the 4017 goes to the live rail.

Connecting wires

R4 R3 R3 [ Ri0
130 [] 330 [] 330 || 330

R1 z 1c2 1z o
4Tk [] 2y & E‘ EN @2

18k

[ Y L = Y P

2N3504

o
o
|

T 7 4 &
i N 14 - 18k \‘\ %\‘\ ?\‘\ Qﬁ.
18k
3
2
1

T
el
=
=1
[=

+

K

4TyF —— 078 z 23904
1
ow }

This circuit is very similar to Project 41, maybe a little less complicated, but shows that different
configurations can achieve similar results.

This project is entitled Strobe LEDS, but a strobe is normally white and there are no white LEDs in the
Starter Kit, but that should not stop you creating this little circuit with any colour yvou like.

The output of the 4017 IC, starts at the top (shown abowve) pin 3 and cylcles through to pin 11, and the
speed that it cycles is based on the output of the 555 timer, and that speed, as we have found in
previous projects is based on the values of R2, R1 and C1.




Parts.

Bv power supply
Breadboard

6 X 330R resistors

6 X 18kR resistors

1 X 1kR resistor

1 X 4 7kR resistor

1 X A.7uF electrolytic capacitor
3 X 2MN3904 MPN transistors
1X5551C

1X40171C

6 X LEDs, any colour
Connecting wires

b ::\::::: ewww ::::; ::::' TEwge wgvww gEsww

= zammaE

---rl'hn-- o

w
5 ----!'-----F-lrm_'--
Rl I R O R R WY _
WEEEE T E YRR TR R TR TR TR R W
g @l 2] & t i i =] o = o -
1

SO O = -=-== —==== --=--

MNote: Not described on the circuit diagram.
Pin & on the 4017 goes to ground,
Pin 16 on the 4017 goes to the live rail.
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Project Basics: Components

To understand a circuit diagram you first have to be able to recognise the different
components that are in use.

This may sound difficult, but in reality. there are not really that many in most
circuits.

Our circuit diagrams start off with just a few and progressively get more complex.
So, the idea is that you get used to seeing the common component symbaols and as

new ones are added, they are easire to remember.

Before you know it, you will be an expert in reading and understanding most
diagrams that you will ever come across

This page is to point you in the general direction of becoming that expert.

Power
Power rails
e L
Battery Ground for-) o

Resistor
'y B
1k 50k 50% wC
Resistor with walus Varisble resistor with value  Potentiometer or trimmer with valus 10 lux Thermistor {tempsraturs)
Light Dependant Resistor

Capacitor
e N
pF 100pF
Capscitor with valus Electrohytic capacitor with valus
Transistor
E 1
Pin 1 = Collector, Pin 2 = Base, . .
Pin 3 = Emitter NPHN with code PMF with code
1 E
ZNISD4 N3G
Diode
o o
1 > z 1 > H E i 1 : FEEJ
H
General, with code Zener with code Thyristor with code LED Bi-Colour LED:
M4 1NTAT, 3VE ZNE0ED

Integrated circuit

4| $| 3|2|4|T|10|1|5|6|‘3I11| 12|
Il ¢+ & S8z 8852a 0| Decade counter with code
i g 3 | = = 40178
s EEE Timer with code Op-Amp with code 1a] 12 1]

13 MIC45ES

i s[ NESSS

. . . . The pins are displaved for sase of arcuit
There are many mors integrated cirevits availabls bt these are the main onss that we dizer ing not building
start off with.




Project Basics: Resistors

The first and most common electronic component is the resistor
A resistor is a passive component used to control current in a circuit. Its resistance is given by the ratio of
voltage applied across its terminals to the current passing through it.
Therefore a particular value of resistor, for fixed voltage, limits the current through it.
¢ Resistance - the value of resistance, measured in Ohims

* Power - The amount of power the resistor can handle safely.
* Voltage - Rarely specified, but this is the maxirmum voltage that mav appear across a resistor.

The resistance value is specified in ohms, the standard symbol is "R" or the Omega symbol.
The base formula for resistance is Ohm's law
R=V /1 WhereV is voltage, I is current, and R is resistance
Another formula vou need with resistance is Power (P)
P=V=/R
P=1*R
A useful thing to remember for a quick calculation is that
1V across a 1k resistor will have 1mA of current flow
So 10V across 1k will be 10maA

Symbol representation in a circuit diagram.

R
T Fixed. Showing value and
— possibly numbering.
\;z‘k Variable. Showing value.
Fotentiometer. Mormall . .
VR2 . v This is the most basic example of a
oy showing value. In our circuits fixed resistor in Use
— will show a percentage of its fultimate: - .
value P g Multimeter LEDs have a forward voltage of 3vish,
- 50 we require a resistor to limit the
= M |4 voltage going through it otherwise it
R1D will burn out very guickly
330
.
a1 =
s D1
[
— \*\‘

Essentially, resistance is used to reduce the flow of electricity to other components.

That may be a fixed value, a preset but adjustable value, or fully adjustable like the volume control on
your stereo.

They all do the same job, whether it is restricting power to a LED so that it does not burn out or
increasing the volume on your stereo so that you can hear your favourite music better.

If it is electronic then resistors will be found in every circuit that you come across.




Project Basics: Capacitors

A capacitor is a passive component used to store charge.

The charge (q) stored in a capacitor is the product of its capacitance (C) value and the voltage (V)
applied to it.

Capacitors offer total reactance to zero frequency so they are used for blocking DC components or
bypassing the AC signals.

Capacitors are often used for smoothing power supply variations.

Other uses include, coupling the various stages of audio system, tuning in radio circuits etc.

This is the most basic example of a

capacitor in use.

When 5W1 iz connected to the

LI = M | 4- battery, it charges up the capacitor.
Disconnecting from the battery with
SWH1, the energy in the capicitor is

l released flowing through the LED as

W o the Multimeter MMZ2 shows.

Multimster Multimeter

g _.-'__
o 1 + R1
1000pF 200

Here, we charge the capacitor by tumning on SW3.
Multimeter Once fully charged, we can tumm off SW3 and the
Multimeter shows the current charge.
Pressing SW2 will discharge the capacitor.

= W - .. .
i The scope output shows this in a graphical way
Scops
B2 s | et che
B 1 + i i o
c2 — | 1
|_| oz 1000WF
Graph of charge and discharge

= [

o
g ¢ }

[=]
} D T T T T T T T T T 1

0 i 4 5 8 10 12 14 16 18

Time [=]




Parts.

By power supply

Breadboard

1 X 220R resistor

1 X 10kR resistor

1 X 1000WF electrolytic capacitor
1XLED

1 X Double throw switch

1 X momentary switch
Connecting wires
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Project Basics: Diodes

Parts.

By power supply
Breadboard

1(2) ¥ 330R resistor

1(2) ¥ push to make switch
1(2) ¥ LEDs

Connecting wires

This circuit will not function because This circuit will function because the
the diode is the wrong way around diode is the correct way around
Oops
o2
|~ =]
[l LT
D4
R Rz
330 [] 330 |:|
+ +
Bl Bz
B [
ot N/ o3 N/
e W
5o 8 o
SV Sz

If you look at the diode in the first circuit, you will notice that the bar on the diode symbol is facing the positive
terminal of the battery.

Almost all diodes have a marker on them. This marker is usually a ring or a dot near to one end of the diode.
This is negative and must point towards the negative part of the circuit if you want power to flow through them.

In this circuit, and a large quantity of circuits in this project collection, we use LEDs to visually show the circuit
working.

LEDs are also diodes and if you look at both circuits above you will see that the bar on the symbol points
towards negative.

You will also often see a resistor in series with the LED. This is there to protect the LED.

In this circuit we use a 6 volt power source.

The typical LED datasheet may show a forward voltage of about 2.2 volts and a forward current of 20mA,
although they do vary not just by size but also by colour.

That means we have to protect the LED from the difference, 6 - 2.2 = 3 8volts.

Mow, we dont do math at Breadboard Electronics, we do circuits, but here is an exception to that rule just to

prove a point. Again, there are plenty of resources on the Internet to help you with the math, if that is what you
want.

Using Ohms Lay- R=V /|
Resistance = (battery v - LED v} / (LED forward current / 1000) = (6 - 2.2) / (20/1000) = 3.8 / 0.02 = 190
So, the value of the resistor must be at least 190chms.

Because the LEDs have different requirements for different colours, we generally use a 330ohm resistor which
we know will satisfy our need every time regardless of which LED that you select.
But if you feel that you need to be accurate, the math is always there for you in the form of Ohms Law.




Parts.

By power supply
Breadboard

12) X 330R resistor

1(2) ¥ push to make switch
1(2) X LEDs

Connecting wires
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As you can see, the diode in the left circuit has its markered end flowing straight towards the positive of the
battery.
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Project Basics: Sensors
Our Starter Kit contains two common sensors for testing our world.

They are: the Light Dependent Resistor (LDR) and the Thermistor.

An LDR, as its full name suggests, offers resistance in response to the ambient light.
The resistance decreases as the intensity of light increases, and vice versa.

In the absence of light, an LDR exhibits a very high resistance measured in mega-ohms, and
decreases to a few hundred ohms in the presence of light.

It can act as a sensor, since a varying voltage drop can be obtained in accordance with the varying
light.

A Thermistor is also a type of resistor, whose resistance is dependent upon its exposed temperature.

The most typical Thermistors are positive temperature coefficient (PTC), where resistance increases
with temperature.

There are others that work in the opposite way and there can be an awful lot of maths involved too.

Project Basics: Integrated Circuits (ICs)

Before we start, | would like to say that there are hundreds of Integrated Circuits available from a
very long standing 555 timer to the latest (currently) 6™ Generation Intel Core i7 Processor.

An IC can contain anything from just a handful to billions of components etched onto layers within
them (9 million transistors per mm?). All designed with a specific task.

However our Starter Kit and therefore this book only contain three. A 555 Timer, an Op-Amp and a
4017 Decade Counter.

All three have different but very meaningful tasks to fulfil.

What you will find is that in a circuit diagram, the pins will not be in the same order as the physical
IC. This is done solely to make the circuit diagram easier to read.

All of the ICs that you are likely to come across will be dual inline pin (DIP) type and all of the ones
that | have used, are notched or marked on one end. With the IC horizontally in front of you and the
notch or mark to your left, pin 1 is bottom left going numerically anti-clockwise from there.




What's Next

Arduino
All this is leading up to an open-source microcontroller named Arduino.

This is where all that you have learnt starts to get really interesting as you are able to re-use some of
your circuits and all of your components into creating projects that you may want to keep or even
sell and make your fortune.

Too complex to explain fully here, but in a nutshell, you can build myriad projects, from a
temperature sensor to turn on the greenhouse heating to a two wheeled balancing car to a robot.

The Arduino is programmed in a C++ like language that is quite easy to master, and being open-
source, there is a lot of help available on the internet.
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