




tie-points

the holes, called Tie-points, are the same 
distance apart as the pins on many ICs and 
other components.

2530354045

Trench

integrated
circuit

Usually a breadboard has a slot down the 
middle called a Trench. The width is designed 
so many integrated Circuits (ICS) fit right 
across it.
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It is used to build and 
test circuits quickly

and components.

by attaching
a power source

wire

resistor

LED

9V Battery
w/snap

A solderless breadboard is a plastic box full of metal strips, 
with a grid of holes on top. 
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IC pin connected to ground

power and ground jumped 
to buses on other side 

of board

IC pins connected together

using a solderless breadboard allows you to get your circuit up and running quickly so you can 
test it. Once you have it just right, you can build a more permanent version on perfboard or a PCB!

Short pieces of wire called jumpers are 
used to connect different rows. 
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Rows of connected tie-points run 
perpendicular to the buses. To connect 
component leads, put them in the same row.

connected

components
connected

components
connected
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ground bus -
tie-points connected

A breadboard’s long edge usually has two 
distribution buses for connecting power and ground. 

 power bus -
tie-points connected
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we can see the strips of metal beneath the tie-points. There are long strips beneath 
the distribution buses and short strips connecting rows of 5 tie-points. 

What would an “x-ray view” of a breadboard look like? 

strips of metal connect 
tie-points on distribution bus

metal strips connect 
row of 5 tie-points 
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1 green lED

1 2N3904 npn transistor

1 photoresistor

1 9V Battery w/snap

1 470Ω resistor

1 100KΩ resistor

Parts you will need:

Build a 

Dark
Detector!

circuit #1
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Battery
clip

First, connect the current source (in this 
case, the red lead of a 9v battery clip) AT 
THE "TOP" OF THE CIRCUIt.

IN THE DARK, THE PHOTOresistor HAS A HIGH 
RESISTANCE, CAUSING THE TRANSISTOR BASE 
VOLTAGE TO GO HIGH, ALLOWING CURRENT TO 
FLOW THROUGH THE LED.

THE TRANSISTOR WILL TURN ON THE LED WHEN THE 
VOLTAGE TO ITS BASE LEAD GOES HIGH. IN THE 
LIGHT, THE PHOTOresistor HAS A LOW RESISTANCE, 
AND THE TRANSISTOR BASE VOLTAGE STAYS LOW.
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Anodecathode

Add the LED. connect the anode (long lead) to 
the 470Ω resistor.

  led

  flat side

anode

cathode
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470Ω resistor

100K resistor

Hook up 2 current-limiting resistors to 
protect the components from damage: a strong
one (100kΩ) for the transistor base and a 
Weak one (470Ω) for the LED. 
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This photoresistor senses whether it’s 
light or dark. Connect it between the 
transistor’s base and emitter.

photoresistor
connected to base 

and emitter of
transistor.

photoresistor

DOESN'T MATTER 
WHICH WAY it goes
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base

collectoremitter

To turn the LED on and off, this circuit uses 
an NPN transistor. Make sure the “bulge” is 
facing the right way.  

base connected to
100kΩ resistor.

 collector connected 
to cathode of led.

transistor

E
b
C

“bulge”
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Finally, connect the black lead of the battery clip (ground). Attach a battery to the clip. What 
happens when you cover the photoresistor with your thumb? What happens when you shine a light 
on it? How could you rearrange these components to make a “light detector”? 

Connect ground
to Photoresistor
and emitter of

transistor
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2 red lEDs

2 2n3904 npn transistors

2 10µF electrolytic Capacitors

1 9V Battery w/snap 

2 470Ω resistors

2 100KΩ resistors

Parts you will need:

circuit #2

Build an 

LED
Flasher!
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Battery
clip

First, connect the current source at the 
“top” of the circuit. 

THIS PERFECTLY SYMMETRICAL CIRCUIT IS CALLED 
AN ASTABLE MULTIVIBRATOR. EACH SIDE HAS A 
RESISTOR, A CAPACITOR, AND A TRANSISTOR THAT 
ALTERNATELY SWITCH EACH OTHER ON AND OFF, 
CAUSING THE LEDS TO FLASH. 
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CONNECT THE 2 NPN TRANSISTORS. THEIR 
EMITTERS WILL BOTH be GROUNDED AND GO IN
THE SAME ROW.

Emitters 
connected

Cathode of
led connects
to collector
of transistor
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470Ω resistor

470Ω  resistor

anode cathode

as usual, we protect the leds with current 
limiting resistors. Connect the anode 
(long lead) of each led to a resistor. 
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interconnect the two sides of the circuit 
with electrolytic capacitors between the 
collector of each transistor and the base of 
the other. these will CHARGE AND discharge 
alternately as the LEDs flash.

POSITIVE leads
connect to 
collectors
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Connect each transistor base to power 
through a 100kΩ CURRENT-LIMITING resistor. 

100KΩ resistors
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Finally, complete the circuit by connecting the “bottom” to ground. WHAT HAPPENS WHEN YOU CONNECT 
THE BATTERY? HOW COULD YOU CHANGE THE CIRCUIT TO SPEED THINGS UP? OR SLOW THEM DOWN?

emitters connected to ground
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1 8Ω Speaker

1 Photoresistor

1 100µF electrolytic Capacitor

Jumper wires

1 9V Battery w/snap 

1 555 timer ic

1 2.2KΩ resistor

1 10Ω resistor

Parts you will need:

Build an 

Electronic
Cricket!

circuit #3
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When breadboarding a circuit with an IC, it’s
usually a good idea to place the chip first. 
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This circuit uses an integrated circuit (ic). 
This one's the famous 555 timer IC. There are 
so many uses for the 555 it would be 
impossible to list them all, but the word 
"timer" is key: if your circuit needs to do 
something for a set period of time, or needs 
to repeat something every so often, a 555 can 
probably make it happen.

Schematicpin-out

555 timer

Ground (-) 1

trigger 2

output 3

reset 4 5 control

6 threshold

7 discharge

8 power (+)
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You can make this connection by bending 
one jumper wire over the back of the chip, or 
by using three flat jumper wires to go 
"around" it, as shown here. This method uses 
more parts, but gives a neater breadboard.
Your Jumpers will last longer, too, if you 
don't bend them around too much.

In Astable mode, pin 2 is 
directly connected to 
pin 6, which is on the 

other side of the chip. 
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Like any circuit, an ic needs power and ground 
connections to work. The 555 takes power 
through Pin 8, and is grounded through Pin 1. 
So first connect the red battery clip lead to 
Pin 8 and the black lead to Pin 1. DON’T CONNECT
THE BATTERY TO THE CLIP JUST YET
 

Depending on how the pins 
are connected to each other
and to outside components, 
the 555 timer can operate in 

several Modes
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The space time depends on the values of the 
resistor between pins 2 and 7 and the capacitor. 

100µF capacitor
positive lead connects 

to resistor

2.2KΩ  resistor

We can choose the values 
of connected resistors 
and capacitors to set 

the frequency, mark time 
and space time of 

these pulses.+ -a b c d e f g h i j
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In Astable mode, the 555 outputs an endless
series of "square" pulses from pin 3. 

“square” wave

frequency = 8 cycles/second (hz)  

mark time

space time 1 cycle

(with these components)
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In Astable mode, pin 4 is directly connected 
to power/pin 8, which is also on the 
opposite side of the chip. bend a jumper wire over 
the back of the chip or go "around" as before. 
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We'll connect a photoresistor here, which provides a variable resistance depending on how much 
light is shining on it. Hence, the frequency will also vary with light.
 . 

photoresistor

The Mark Time, and the overall frequency of the 
pulses, depends also on the value of the resistor 
connected between Pin 7 and Power.
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FINALLY, WE’LL CONNECT A SPEAKER BETWEEN PIN 3 AND POWER, ADDING A SMALL 10Ω RESISTOR IN SERIES.
REMEMBER THAT PIN 4 IS ALREADY CONNECTED TO POWER, SO YOU CAN HOOK UP THE SPEAKER AS SHOWN, 
OR WITH THE 10Ω RESISTOR AT PIN 8. IT DOESN’T MATTER HOW THE BREADBOARD LOOKS, ONLY THAT THE 
CIRCUIT CONNECTIONS ARE RIGHT! 

10Ω resistor

8Ω speaker
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Now attach the battery and listen. YOU MAY NOT HEAR ANYTHING for A MOMENT. HOW DOES IT WORK? 
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1 blue lED

1 2n3904 npn transistor

1 100µF electrolytic Capacitor

Jumper wires

1 9V Battery w/snap

1 555 timer IC

1 470Ω resistor

1 33KΩ resistor

Parts you will need:

Build a 

Breathing
LED!

circuit #4
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START BY PLACING THE 555. REMEMBER THAT THE 
PINS ARE NUMBERED DIFFERENTLY IN THE CIRCUIT 
DIAGRAM THAN ON THE PHYSICAL CHIP!

THIS CIRCUIT USES A 555 TIMER IN ASTABLE MODE
TO CONTROL A LIGHT SOURCE (AN LED) INSTEAD OF 
A SPEAKER.
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INSTEAD OF GOING "AROUND," THIS TIME, LET’S 
CONNECT PINS 4 AND 8 WITH A JUMPER BENT ACROSS 
THE BACK OF THE CHIP. SAME GOES FOR PINS 2 AND 6.
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CONNECT THE BATTERY CLIP RED LEAD TO PIN 8 
(POWER), AND THE BLACK LEAD TO PIN 1 (GROUND). 
DON’T ATTACH THE BATTERY JUST YET. 
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add the strong resistor between pin 3 and 
pin 2. There’s not enough room for it, longways, 
so we’ll stand it vertically on end. 

33k resistor
on end
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place the capacitor between pin 2 and ground. 
be sure the negative leg goes to ground. 

100µF capacitor
negative leg
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As always, we need a current-limiting resistor
in series to protect our LED from Damage. 
add it next.

470Ω  resistor
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NOW THE LED SWITCHING CIRCUIT, STARTING WITH
THE LED ITSELF. THE CATHODE (SHORT LEAD) 
CONNECTS TO ground. 

cathode
anode
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transistor
base jumped
to 555 ic

a final jumper between the 555 and the 
transistor base allows the ic to control it. 
what happens when you attach the battery? 
WHY? WHAT HAPPENS if YOU CHANGE THE VALUE 
OF THE CAPACITOR?
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now add the transistor. CONNECT ItS COLLECTOR 
TO POWER/PIN 8 WITH TWO JUMPER WIRES.

Transistor
collector

jumped to pin 8
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circuit #5

Build a 

Screaming
Siren!

1 yellow led

1 2n3904 nPN transistor

1 2n3906 pnp transistor

1 100µF electrolytic Capacitor

1 0.1μF ceramic capacitor

1 8Ω speaker w/leads

Jumper wires

1 9V Battery w/snap

2 Momentary switches

1 47Ω resistor

1 68Ω resistor

1 33KΩ resistor

1 47KΩ resistor

1  1N4148 diode

Parts you will need:
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YOU ALREADY KNOW ABOUT DIODES THAT EMIT LIGHT 
(AKA LEDS), BUT THEY can do other stuff, TOO- 
LIKE PROTECT A CIRCUIT FROM DAMAGE IN CASE 
SOMEONE ACCIDENTALLY HOOKS UP THE BATTERY 
BACKWARDS.

diode

stripe

AFTER CONNECTING THE RED LEAD TO THE POWER 
BUS, ADD A DIODE TO CARRY POWER FROM THE 
BUS TO THE CIRCUIT. A DIODE IS LIKE A ONE-WAY 
VALVE FOR ELECTRICITY. THE STRIPE ON THE CASE 
SHOWS THE DIRECTION CURRENT IS ALLOWED TO 
FLOW, SO MAKE SURE YOU GET IT POINTED THE 
RIGHT WAY.

PRESSING SWITCH 2 DISCHARGES THE CAPACITOR 
DIRECTLY TO GROUND, instantly stopping
BOTH SOUND AND LIGHT. 

ALIEN INVASION! PRESSING SWITCH 1 SLOWLY 
CHARGES THE BIG CAPACITOR AND THE BASE OF 
THE NPN TRANSISTOR, CAUSING THE FREQUENCY OF 
PULSES THROUGH THE SPEAKER AND LED TO 
GRADUALLY INCREASE. RELEASE THE SWITCH, AND 
THE PITCH FALLS AWAY AS THE CAPACITOR SLOWLY 
DISCHARGES THROUGH THE 33K RESISTOR.
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IF YOU WERE TO CONNECT THE BATTERY NOW, WOULD THE CIRCUIT DO ANYTHING? WHY OR WHY NOT?

FIRST INSTALL THE OUTPUT COMPONENTS (THE LED AND THE SPEAKER) AND THE PNP TRANSISTOR THAT 
SWITCHES THEM ON AND OFF. DON'T FORGET THE CURRENT-LIMITING RESISTOR TO PROTECT THE LED!
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CONNECT THE BLACK BATTERY CLIP LEAD TO THE 
GROUND BUS, THEN TOUCH THE CONTACTS OF A 9V 
BATTERY TO THE CLIP TERMINALS. WHAT HAPPENS NOW?
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THOUGH IT LOOKS A BIT DIFFERENT, YOU'VE JUST 
BUILT ANOTHER ASTABLE MULTIVIBRATOR Circuit. 
REMEMBER THE LED FLASHER CIRCUIT (#2)?

NOW CONNECT THE NPN TRANSISTOR, THE REST OF 
THE RESISTORS, AND THE SMALL CAPACITOR. SEE 
HOW THE CAPACITOR CONNECTS THE OUTPUT OF 
ONE TRANSISTOR TO THE BASE OF THE OTHER? 
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PUSH THE BUTTON AND HOLD IT DOWN FOR A FEW 
SECONDS. WHAT HAPPENS? WHAT HAPPENS WHEN YOU 
LET GO? WHY?

NOW WE'LL MAKE IT A BIT MORE INTERESTING. ADD 
A BIG 100µF ELECTROLYTIC CAPACITOR BETWEEN 
THE 33K RESISTOR AND GROUND. REMEMBER 
ELECTROLYTIC CAPACITORS ARE POLARIZED!

negative lead
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REMOVE THE SHORT RED JUMPER WIRE, INSTALL THE 
SWITCH, ATTACH THE BATTERY CLIP TO THE BATTERY, 
AND PUSH THE BUTTON. WHAT HAPPENS?

LET'S ADD A BUTTON SO WE DON'T HAVE TO USE THE 
BATTERY TO TURN THE CIRCUIT ON AND OFF. A 
BUTTON IS JUST A TYPE OF SWITCH. THIS ONE IS 
A MOMENTARY, NORMALLY OPEN SWITCH - THE CIRCUIT 
IS CLOSED ONLY WHILE the button is pressed. 

these two rows 
connected

these two rows 
connected

all Four rows
connected

switch open

switch closed
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PUSH SWITCH 1 FOR SEVERAL SECONDS, THEN LET GO AND PUSH SWITCH 2. WHAT HAPPENS? WHY?

FINALLY, REPLACE THE SHORT ORANGE JUMPER WIRE WITH A SECOND SWITCH.
THIS ONE GOES BETWEEN THE POSITIVE LEG OF THE CAPACITOR AND GROUND.
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PARTS you will need:

2 momentary switches

1 555 timer ic

1 100Ω resistor

1 10kΩ resistor

1 100KΩ resistor

1 4.7μF electrolytic capacitor

8 yellow lEDs

1 9V battery w/snap

jumper wires

Build a BIKE  SIGNAL LIGHT! circuit #6
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Safety first! Let others know which way you're going with this easy LED flasher circuit. 
Put the buttons on the handlebars and push one or the other to signal "right turn" or 
"left turn," and both together to signal "stop."

An astable 555 timer switches the current on and off to flash the leds, and the flashing rate 
is set by the capacitor and the resistors connected to pins 2 and 7. What is the other resistor 
for? WHEN YOU PUSH BOTH BUTTONS AT ONCE, DO THE LEDS FLASH TOGETHER OR SEPARATELY? Why?
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PARTS you will need:

1 555 timer ic

1 470Ω resistor

1 47kΩ resistor

1 0.1μF ceramic capacitor

1 100μF electrolytic capacitor

1 yellow lED

1 9V battery w/snap

jumper wires

Build a TOUCH SWITCH! circuit #7
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WHO NEEDS A MECHANICAL SWITCH WHEN A BIT OF BARE METAL WILL DO? THIS SIMPLE 
TOUCH SWITCH CAN BE USED TO TRIGGER LIGHTS AND SENSORS, OR AS AN ALARM!

Here the 555 timer is wired in monostable (or One shot) mode. INSTEAD OF AN ENDLESS SERIES OF 
PULSES, PIN 3 OUTPUTS A SINGLE PULSE WHEN YOU TOUCH THE METAL “X” CONNECTED TO PIN 2. The length 
of the pulse DEPENDS ON THE VALUE OF THE RESISTOR AND CAPACITOR CONNECTED TO PINS 6 AND 7.
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Build a LIGHT THEREMIN!
PARTS you will need:

4 Photoresistors

1 555 timer ic

1 1KΩ resistor

2 0.1μF ceramic capacitors

1 100μF electrolytic capacitor

1 8Ω speaker w/leads

1 9V battery w/snap

jumper wires

circuit #8
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Are you a fan of the eerie soundtracks from classic horror or sci-fi movies? A THEREMIN 
is the electronic instrument behind a lot of those spooky sounds. You can create your own, 
simple, light-based version of a Theremin using a 555 timer IC and some photoresistors. 
Just like its big brother, the pitch is controlled by a wave of your hand! 

The 555 is wired in ASTABLE mode again, here, but this time it's a string of photoresistors that
controls the frequency of the pulses output by pin 3. BLOCKING LIGHT FALLING ON THE 
PHOTORESISTORS CAUSES THE TOTAL RESISTANCE, AND THE FREQUENCY OF THE SOUND, TO CHANGE.
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PARTS you will need:

5 momentary switches

1 555 timer ic

1 4.7KΩ resistor

1 820Ω resistor

1 1.2KΩ resistor

1 1.5KΩ resistor

1 3.9KΩ resistor

2 10kΩ potentiometers

1 0.1μF ceramic capacitor

1 10μF electrolytic capacitor

1 8Ω speaker w/leads

1 9V battery w/snap

jumper wires

Build a BLUES ORGAN! circuit #9

40



+
-

+
-

+
-

+
-

a
b

c
d

e
fg

h
ij

fg
h

ij
a

b
c

d
e

6055

1 5

10 15 20 25 30 35 40 45 50

60551 5 10 15 20 25 30 35 40 45 50

Let's make a little music! This five-note organ uses our old friend the 555 timer IC 
as a frequency generator, and has adjustable pitch and volume controls.

The 555 is wired - you guessed it - in ASTABLE MODE and has a resistor "ladder" connected across 
pins 2 and 7.  When S1 is closed, all 4 resistors are in the loop, the resistance is higher, and 
the pitch is lower.  When S5 is closed, only 1 resistor is in the loop, the resistance is lower, 
and the pitch is higher.  What happens if you press more than one button at the same time? Why? 

S5

volume
control

pitch 
control

S1
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PARTS you will need: 1 270Ω resistor

1 1μF electrolytic capacitor

1 0.01μF ceramic capacitor

1 10μF electrolytic capacitor

1 0.47μF ceramic capacitor

1 0.047μF ceramic capacitor

1 diode

3 2n3906 pnp transistors

1 2N3904 npn transistor

2 red LEDs

2 blue leds

2 green lEDs

1 9V battery w/snap connector

misc jumper wires

1 microphone jack

3 100Ω resistors

2 10kΩ resistors

4 2.2kΩ resistors

2 1kΩ resistor

1 180Ω resistor

10
3

47
3

47
4

Build an LED COLOR ORGAN! circuit #10
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Visualize your music as a multicolor lightshow! This circuit displays the frequency spectrum 
of any stereo audio signal you plug into the microphone jack. YOU’LL NEED A 1/8"  HEADPHONE 
CABLE WITH PLUGS AT BOTH ENDS, PLUS A PHONE OR MP3 PLAYER.

Low-frequency signals (like basslines) are displayed as red flashes, mid-frequency signals (like 
vocals) as green flashes, and high-frequency signals (like lead guitar) are displayed as blue 
flashes. As drawn, both right and left audio channels are combined. How could you modify this 
circuit to display the two channels separately? 

TO HEADPHONE JACK

NPN TRANSISTOR
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Wondering how to read the color codes on your resistors? Here’s a chart that explains what the 
Colors mean on a four band resistor. FIVE BAND RESISTORS USE THE SAME COLORS BUT ARE MORE PRECISE.   

0 0 multiply x 1

multiply x 10

multiply x 100

multiply x 1,000

multiply x 10,000

multiply x 100,000

multiply x 1,000,000

1 1

2

3 3

44

5 5

66

7

88

9 9

7

2

black

brown

red

orange

yellow

green

blue

purple

gray

white

gold    5%+-

silver   10% +-

first band second band third band fourth band
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Full Components List
                            PART NAME               SUCH AS                    1    2    3    4    5    6   7    8    9   10  

CIRCUIT NUMBER YOU’LL 
NEED

Breadboard, 830 TIE point, 4 bus

jumper wire kit, 22 awg, 140 piece

9V battery

9v battery clip with WIRE leads

1/8” stereo audio jack (breadboard-friendly)

8-ohm speaker with WIRE leads

capacitor, ceramic, 0.01µF (“103”), minimum 9V rating

capacitor, ceramic, 0.047µF (“473”), minimum 9V rating

capacitor, ceramic, 0.1µF (”104”), minimum 9V rating

capacitor, ceramic, 0.47µF (“474”), minimum 9V rating

capacitor, electrolytic, 1µF, minimum 9V rating

capacitor, electrolytic, 4.7µF, minimum 9V rating

capacitor, electrolytic, 10µF, minimum 9V ratinG

capacitor, electrolytic, 100µF, minimum 9V rating

cds photoresistor, 3K (Light)

Small signal diode, in4148

Ic, 555 timer, 8 pin DIP

led, blue, 5mm

led, green, 5mm

led, red, 5mm

led, yellow, 5mm

Jameco 2125026

Jameco 2179711

Jameco 2112461

Jameco 216452

Jameco 2168131

Jameco 2234134

Jameco 15229

Jameco 1947351

Jameco 151116

Jameco 25558

Jameco 330772

Jameco 330781

Jameco 330692

Jameco 330740

Jameco 202403

Jameco 36038

Jameco 27423

Jameco 2179711

Jameco 2210706

Jameco 333526

Jameco 333614

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1

1

1 1 1 1

1

1

1

1 1

1

1

1

1

1

1

1

1

1

4

1

1 1

1

1

1

1

1

1 1

1

1

1 18

1 1 1

1 1

1

1

4

1

2

2

2

2

1

1

2

2

2

2 2

2 2
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potentiometer, 1/2W, 10K

Resistor, 1/4W, 5%, 10Ω

Resistor, 1/4W, 5%, 47Ω

Resistor, 1/4W, 5%, 68Ω

Resistor, 1/4W, 5%, 100Ω

Resistor, 1/4W, 5%, 180Ω

Resistor, 1/4W, 5%, 270Ω

Resistor, 1/4W, 5%, 470Ω

Resistor, 1/4W, 5%, 820Ω

Resistor, 1/4W, 5%, 1K

Resistor, 1/4W, 5%, 1.2K

Resistor, 1/4W, 5%, 1.5K

Resistor, 1/4W, 5%, 2.2K

Resistor, 1/4W, 5%, 3.9K

Resistor, 1/4W, 5%, 4.7K

Resistor, 1/4W, 5%, 10K

Resistor, 1/4W, 5%, 33K

Resistor, 1/4W, 5%, 47K

Resistor, 1/4W, 5%, 100K

switch, SPST momentary, pushbutton, normally open

Small signal transistor, NPN, 2N3904, To-92

small signal transistor, PNP, 2n3906, to-92

Jameco 2118791

Jameco 690380

Jameco 690540

Jameco 690582

Jameco 690620

Jameco 690689

Jameco 690726

Jameco 690785

Jameco 690849

Jameco 690865

Jameco 690881

Jameco 690902

Jameco 690945

Jameco 691008

Jameco 691024

Jameco 691104

Jameco 691227

Jameco 691260

Jameco 691340

Jameco 1586074

Jameco 178597

Jameco 38375
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1

1

1

1

3

1

1

1 1

1

1

2 2

1
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1

1

1
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1

1
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1

1

1

1

1

1 1

1

1

1

1
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1

1

1

1

2

1

2

2 2

2

2

1

1

2

1

2

1

1

2

5 5

2
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                            PART NAME               SUCH AS                    1    2    3    4    5    6   7    8    9   10  
CIRCUIT NUMBER

Parts are available individually or as a pre-packaged kit from MakerShed.com.

YOU’LL 
NEED
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Glossary
TERM   DEFINITION       EXAMPLE       SYMBOL

Breadboard A solderless breadboard is a plastic box full of metal 
strips, with a grid of holes on top, used to build and 
test circuits quickly.

A capacitor is a component that is used to store an 
electric charge. It consists of one or more pairs of 
conductors separated by an insulator. Capacitance
is measured in FARads.

Electrolytic capacitors are polarized, with a positive
and negative lead.
  
Ceramic capacitors aren’t polarized.

Capacitor

current Current (I) is the flow of electrical charge. It is 
measured in amperes.

Diode A diode is a component with two leads that allows 
current to flow in only one direction, blocking the 
flow in the other direction.

frequency Frequency is the number of cycles per unit of time, 
such as number of cycles per second. It is measured 
in Hertz.
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6055

1 5

10 15 20 25 30 35 40 45 50

60551 5 10 15 20 25 30 35 40 45 50

high frequency

low frequency
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TERM   DEFINITION              EXAMPLE  SYMBOL

Ground Ground in electronics refers to a reference voltage 
of zero potential.

integrated
Circuit

An integrated circuit combines multiple electronic 
circuits on a layer of semiconductor material.

Light
emitting
diode (LED)

An LED is a diode that emits light when a voltage is 
applied to it. 

photo
resistor

A photoresistor is a resistor that decreases its 
resistance when exposed to light.

potentiometer A POTENTIOMETER IS A VARIABLE RESISTOR, THE 
RESISTANCE OF WHICH CAN BE CHANGED BY TURNING A 
KNOB OR SCREW.

USUALLY BLACK WIRE

resistance Resistance (R) refers to  a material's opposition to 
the flow of electrons. It is measured in Ohms

resistor A resistor is a component that limits the flow of 
electrical current in an electronic circuit.

Glossary (continued)
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TERM   DEFINITION               EXAMPLE  SYMBOL

Glossary (continued)

schematic A schematic is a diagram of an electrical circuit. IT 
SHOWS THE PATH THAT CURRENT WILL FOLLOW. THE LAYOUT 
DOES NOT NECESSARILY MAP TO THE PHYSICAL LAYOUT OF 
THE circuit components.

transistor A transistor is a component used to amplify and 
switch electronic signals and electrical power.

Switch A switch is a device that makes or breaks a connection
in an electric circuit.

voltage Voltage (V) is a measure of electrical potential. It is 
measured in Volts.

Wavelength Wavelength is the distance between corresponding 
points in cycles of a waveform. short wavelength

long wavelength
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