2023

2. What is a Circuit?

R2: SCRAPY Guide
Project number: 2021-1-FR01-KA220-SCH-000031617

The European Commission's support for the production of this
publication does not constitute an endorsement of the contents,

* %k R which reflect the views only of the authors, and the Commission
' o Co-funded by . cannot be held responsible for any use which may be made of the
I the European Union information contained therein.

ECAM EPMI
30/04/2023




Sl Co-funded by
m 2021-1-FR01-KA220-SCH-000031617 RIPall the European Union

Table of Contents

1IN OAUCHION <. 2

DA O | o 1 = = ] o= U 2

2.1 The SIMPIESt CirCUIL......ccoi i 3

3. Short and Open Circuits/ What is @ “Load”? ...........uuuiiiiiiiiiiieee e 4

K TRt 0] o o 7 o U PSRRI 4

I O o 1= o I 01 o U1 S OO UOP P PURPPPPRPPPN 5

2 S @ o) Lo (1T o N 6

ST = 1= (=T 1o = 6

This project has been funded with support from the European Commission. This publication [communication] 1

reflects the views only of the author, and the Commission cannot be held responsible for any use which may be
made of the information contained therein.



Co-funded by
the European Union

=
2021-1-FR01-KA220-SCH-000031617

1 Introduction

One of the first things you'll encounter when learning about electronics is the concept of a
circuit. This lesson will explain what a circuit is and discuss voltage in further detail.

A simple circuit, involving a button, an LED, and a resistor, is built in two different ways.
2 Circuit Basics

Voltage and how it Works
You've heard that a battery or a wall outlet has a certain number of volts. This is a
measurement of the electrical potential produced by the battery or the utility grid
connected to the wall outlet.

All those volts are sitting there waiting for you to use them, but there's a catch: for
electricity to do any work, it needs to be able to move. It's like a blown-up balloon; if
you pinch it off, there is air in there that could do something if it's released, but it won't do
anything until you let it out.

Unlike air coming out of a balloon, electricity can only flow through materials that can
conduct electricity, such as copper wire. If you connect a wire to a battery or wall outlet
(WARNING: the voltage in a wall outlet is dangerous, don't do this!), you will be giving the
electricity a path to follow. But if the wire isn't connected to anything else, the electricity
won't have anywhere to go and still won't move.

5 LOLTS »

LED

What makes electricity move? Electricity wants to flow from a higher voltage to a
lower voltage. This is exactly like the balloon: the pressurized air in the balloon wants to
flow from inside the balloon (higher pressure) to outside the balloon (lower pressure). If
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you create a conductive path between a higher and lower voltage, electricity will flow along
that path. And if you insert something useful into that path like an LED, the flowing
electricity will do some work for you, like lighting up that LED. Huzzah!

x
5 LUOLTS A B UOLTS

So, where do you find a higher voltage and a lower voltage? Here's something really useful
to know: every source of electricity has two sides. You can see this on batteries, which
have metal caps on both ends or your wall outlet that has two (or more) holes. In batteries
and other DC (Direct Current) voltage sources, these sides (often called terminals) are
named positive (or "+"), and negative (or "-").

Why does every source of electricity have two sides? This goes back to the idea of
“potential,” and you need a voltage difference to get electricity to flow. It sounds silly, but
you can’t have a difference without two things being different. In any power supply, the
positive side will have a higher voltage than the negative side, which is exactly what we
want. When we measure voltage, we usually say that the negative side is 0 volts, and the
positive side is, however, many volts the supply can provide.

Electrical sources are like pumps. Pumps always have two sides, an outlet that blows
something out, and an inlet that sucks something in. Batteries and generators and solar
panels work the same way. Something inside them is hard at work moving electricity
towards the outlet (the positive side), but all that electricity leaving the device creates a
void, which means that the negative side needs to pull electricity in to replace it.*

What have we learned so far?

e Voltage is potential, but electricity needs to flow to do anything useful.

o Electricity needs a path to flow through, which must be an electrical conductor such
as a copper wire.

¢ Electricity will flow from a higher voltage to a lower voltage.

o DC voltage sources always have two sides, called positive and negative, with the
positive side a higher voltage than the negative side.

2.1 The Simplest Circuit

We're finally ready to make electricity work for us! If we connect the positive side of a
voltage source, through something that does some work such as a Light Emitting Diode
(LED), and back to the negative side of the voltage source; electricity, or current, will flow.
And we can put things in the path that do useful things when current flows through them,
like LEDs that light up.
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A simple circuit

This circular path, which is always required to get electricity to flow and do
something useful, is called a circuit. A circuit is a path that starts and stops at the same
place, which is exactly what we're doing.

3. Short and Open Circuits/ What is a “Load”?

The reason we want to build circuits is to make electricity do useful things for us. The way
we do that is by putting things in the circuit that use the current flow to light up, make
noise, run programs, etc. These things are called loads, because they “load down” the
power supply, just like you're “loaded down” when you're carrying something. In the same
way, you could be loaded down with too much weight, it's possible to load down a power
supply too much, which will slow down the current flow. But unlike you, it's also possible
to load down a circuit too little - this may let too much current flow (imagine running too
fast if you weren’t carrying any weight), which can burn out your parts or even the power

supply.

You'll learn all about voltage, current, and loads in the next lesson: Voltage, Current,
Resistance, and Ohm's Law. But for now, let's learn about two special cases of
circuits: short circuits, and open circuits. Knowing about these will help tremendously
when you're troubleshooting your circuits.

3.1 Short Circuit

DON'T DO THIS, but if you connect a wire directly from the positive to the negative side
of a power supply, you'll create what is called a short circuit. This is a very bad idea. This
seems like the best possible circuit, so why is it a bad idea? Remember that electrical
current wants to flow from a higher voltage to a lower voltage, and if you put a load into
the current, you can do something useful like light up an LED.

A Short circuit
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If you DO have a load in the current, the current flow through your circuit will be limited to
that which your device consumes, which is usually a very small amount. However, if you
DON'T put anything in to restrict the current flow, there won't be anything to slow down
the current, and it will try to be infinite!

Your power supply can't provide infinite current, but it will provide as much as it can, which
may be a lot. This could cause your wire to burn up, damage the power supply, drain your
battery, or other exciting things. Most of the time your power supply will have some sort of
safety mechanism built into it to limit the maximum current in the event of a short circuit,
but not always. This is the reason all homes and buildings have circuit breakers, to prevent
fires from starting in the event of a short circuit somewhere in the wiring.

A closely related problem is accidentally letting too much current flow through part of your
circuit, causing a part to burn up. This isn't quite a short circuit, but it's close. This most
often happens when you use the incorrect resistor value, which lets too much current flow
through another component such as an LED.

The bottom line: if you notice that things are suddenly becoming hot or a part
suddenly burns out, immediately turn off the power and look for possible short
circuits.

3.2 Open Circuit
The opposite of a short circuit is an open circuit. This is a circuit where the loop isn't fully
connected (and therefore this isn't a circuit at all).

Open circuit

Unlike the short circuit above, nothing will get hurt by this "circuit", but your circuit won't
work either. If you're new at circuits, it can often be hard to find where the break is,
especially if you're using breadboards where all the conductors are hidden.

If your circuit doesn't work, the most likely cause is an open circuit. This is usually
due to a broken connection or a loose wire. (Short circuits can steal all the power from the
rest of your circuit, so be sure to look for those as well.)

TIP: if you can't easily find where your circuit is open, a multimeter can be a very useful
tool. If you set it to measure volts, you can use it to check the voltage at various points in
your powered circuit, and eventually find the point where voltage isn't getting through.
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4. Conclusion

You've just learned, in its most basic form, what a circuit is. As you keep learning, you'l
encounter more complex circuits that have multiple loops and many more electronic
components. But ALL circuits, no matter how complex, will follow the same rules as the
basic one-loop circuit you just learned about.
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