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What would happen if we didn't have
electricity?
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6.1 Electricity

g 1° Exercise: Write down a list
¢ of 20 objects that use

electricity
& E ‘
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However we have to remember that we can
decrease the amount of energy that we
waste everyday, helping our sustainable
development.




6.1 Electricity

But, what is electricity?

The concept of electricity includes all
the phenomena related to the
electric charges
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6.1 Electricity

Matter is formed by atoms, which contain
inside smaller particles with electric
charges: Proton

The electrons and |::‘r'o’ror§eCtron i e
\ r.i. i

by
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6.1 Electricity .
Electrons and protons have negative and

positive charges respectively

I... --.I
~ -

T4
! __ProTons

Electrons




6.1 Electricity

These charges create forces between
them that can be attraction or repulsion
forces according to the value of the
charge:

Equal charges: repulsion

ot

attraction repulsion repulsion




6.1 Electricity

Matter can be electrically charged when

the charge distribution is incet

fﬁ?::’“ -
3 T, H‘_ [ -'.H-\.
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For example, we can change the charge
distribution of a pen by rubbing it
against your hair. Then you can attract



6.2 Electric currents

How can we move the charges?

If we want to move the electric charges we
have to create a charge upset between
:nts and then connect them

Charge upset Charge equilibrium



6.2 Electric currents

How can we move the
charges?

For example, a battery has a
pole with more negative
charges, so when we connect
them the charges start
moving in order to balance
themselves

We are creating an
electric current




6.2 Electric currents

We can make all the charges move
continuously through a matter, creating
an electric current.

Electrons

690 90909 9906 699 VEA

The electric current is the displacement of
the electrical charges (electrons)




6.2 Electric currents

What is the electric :\
current used for? (| s

Thanks to the charges'’
movement we can
transform electric
energy into other -
energies that are more
Interesting

Mechanical
energy

Magnetic
energy



6.2 Electric currents
The electric current can be

transformed into these Calorific energy

energies.
/ Light energy

Electric energy

Also, you can get the \

Magnetic
electricity back from these energy
energies, so, it is reversible
energy.



Exercise. Homework

20 Exercise Electrllc Energy
machine

You have to look for all |cooker Calorofic energy

the electric
machines that you
have at home. Write
down their names

and which energy
they use.

Ten at least



6.3 Electric magnitudes

In order to understand electricity we have to
know first the main electric magnitudes:

VOLTAGE
INTENSITY

Resistance



6.3 Electric magnitude. Voltage

The electrons need energy to be able to
move through a material, this is the

Vol’rgg_e 5 " 5 Energy
9,9 9, 9,9 9, %
3906 890 999 999 39 3

We define the Voltage as the energy per
charge unit that makes them flow
through a material. This magnitude is
measured in Volts.




6.2 The electric current

To better understand the concept of the
electric current we can think of it as a
stream where the drops are the electric

Chnane

We use the water
power from the
drops’ movement to
N create energy, as the

’ electrons do.
Stream —3 |-
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6.3 Electric magnitude. Voltage

We can see that the stream will have
more strength if there is more water in

the Tank IT S sumllar to what happened
to 1l More water
pressure

Less
water
pressure




6.3 Electric magnitude. Voltage

The higher the Voltage is the more
energy the electric charges will have to
keep on moving

Higher
voltage

Lower
voltage




6.3 Electric magnitude. Intensity

Intensity is the amount of charges that
goes through a conductor per time unit.

It is measured in Ampere
Higher

9@@ @Q@ QQ@ @@@ @@@ intenSity
2903909 9909 599 9%

Lower
intensity

3 5 o o
9 0 5 5 9 0 0 006 0




6.3 Electric magnitude. Resistance

Electric resistance is the opposition to
the movement of the charges through a
conductor. It is measured in Ohms Q

Higher
I o ’. " Resistance

Lower
Resistance

(999‘ QQQQ 3 e Oee% (F




6.3 Electric magnitude. Resistance

Electric resistance is the opposition to
the movement of the charges through a
conductor. It is measured in Ohms Q

Higher
I o ’. " Resistance

Lower
Resistance

(999‘ QQQQ 3 e Oee% (F




6.4 Ohm's law

Ohm's law links the three
electric magnitudes as is
shown:

v

] _ V= Voltage (volt V)

I= Intensity (ampere A)
R R= Resistance (ohm Q)



6.4 Ohm's law

Intensity is directly proportional to voltage:

If the voltage is high the charges will have a
lot of energy, therefore the Intensity will

]T:KT
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6.4 Ohm's law

Intensity is inversely proportional to
Resistance

If there is a high Resistance there will be a
low intensity

the charges will cross the ] |— -

material slowly

O}




6.4 Ohm's law
Calculations with Ohm's law

Exercise 3:
Justify how the Intensity will be if:
We have a low voltage V‘ l
R

We have a low Resistance



6.3 Electric magnitude. Resistance

4° Exercise: Explain how the Intensity
will change if:

‘*We increase the Resistance and the
Voltage

‘*We decrease the Resistance and we
increase de Voltage

‘*We decrease the Resistance and the
Voltage

S\ Aerrcace Yhe Rociectanrcre and +he



6.4 Ohm's law
Calculations with Ohm's law

In order to calculate the
value of any electric
maghitude, we need to
know the value of the
other two, and use Ohm's
formula:

For example, if we want to
know the value of I and
we know that R=20Q V=
80V:



Solution

6.4 Ohm's law
Calculations with Ohm's law
5° Exercise: V (V) R(Q) | I(A)
Calculate the value of
the circuit 2 2
maghitudes in these 5 A
cases:

]:K 10 5

R 5 10

20 1000




6.5 Electric circuit

An electric circuit is a group of
elements that allows us to control
ele_c’rrfc.curren’r ThW%er?eae J

2.Generator

3.Control element

4 Receptors

H.Conductor

6.Protection
elements
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6.5 Electric circuit. Elements

The essential elements in a circuit are.

1.- Generator: it creates an electric current
supplying voltage to the circuit. They can be:

Batteries: they supply electric current but only for a
short time.

Power supplies: they give a constant and continuous
Lo | ent.
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6.5 Electric circuit. Elements
The essential elements in a circuit are:

2.- Control elements: we can manipulate
the electricity h the circuit.

Switch:

Push button: _ﬁ;

Ly

Nivicrndsrrm cuand~la
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6.5 Electric circuit. Elements
The essential elements in a circuit are:

2.- Control elements: we can manipulate
the electricity through the circuit.
Switch: It keeps the ON or OFF positions.
For example th. g tch lights at the bathroom

o

@

e

Push button: '1 |

Diverter switch:
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6.5 Electric circuit. Elements
The essential elements in a circuit are:

2.- Control elements: we can manipulate
the electrigidymithrough the circuit.
Switch: W
v

Push button: The On position only works while _H;

you are pressing the button. For example the
door bell

Diverter switch U
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6.5 Electric circuit. Elements
The essential elements in a circuit are:

2.- Control elements: we can manipulate
the electrici ough the circuit.
Switch: |

Push button: —H;

Diverter switch: it is used to switch a light on
or of f from different points in the same room, \/

as you have in your bedroom
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6.5 Electric circuit. Elements

3.- Receptors: they are the elements that
transform the electric energy into other
ones that are more interesting for us.

For example 4
Incandescent lights: |

Engine:

Resistance:
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6.5 Electric circuit. Elements
3.- Receptors:

For example

Incandescent lights: when the electric [+
current goes through the lamp filament it
gets really hot and starts emitting light.

3
Engine: \?"’

[m

Resistance:
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6.5 Electric circuit. Elements

ﬂ

3.- Receptors:

For example
Incandescent lights:

Engine: the electricity creates a magnetic i
field that moves the metal elements of

the engine [m
|

Resistance:
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6.5 Electric circuit. Elements
3.- Receptors:

For example
Incandescent lights:
-_

Resistance: we use it to decrease ’rhe:[ q ‘

”~
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6.5 Electric circuit. Elements

4° Conductor: all the elements have
to be connected to a material that
transmits the electric charges.




6.5 Electric circuit. Elements

4° Conductor:

Conductors and devices have to be
insulated to protect us from
discharges that can hurt s




6.5 Electric circuit. Elements

4° Conductor:

The circuit has to be CLOSED in order
to allow the electricity to circulate
around it from the positive to the
negative pole.




6.5 Electric circuit. Elements

6° Exercise:

| Name and draw 10 electric
receptors like a bulb lamp,
engine...

| Make a table with 10 insulating
and 10 conductive material



6.5 Electric circuit. Elements
Exercise 3

Which one of these lamps will give light?




6.5 Electric circuit. Elements

Exercise 4

Will this lamp turn on?

Solution



6.5 Electric circuit. Elements

5.- Protection elements: they keep
all the circuit elements safe from
high voltage rises, that can
destroy the recentors

Fuse: ©

Circuit breaker:
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6.5 Electric circuit. Elements

5.- Protection elements:

Fuse: the first one will blow, cutting =
the circuit, in case of a voltage rise. ?Aﬂ Y
They are easily replaced g

Circuit breaker:



http://images.google.es/imgres?imgurl=http://tienda.phonia.es/files/4821-5551-imagenAmpliada/CPF-60G.jpg&imgrefurl=http://tienda.phonia.es/catalogoAvanzado/_wZbSgag0huJ_Kv6B-n-SozpirH8OaVzYbFiRK4UNigFeMeGSwkGt84-HvhyLYKCydD6N4OgF_KS1Fvck0DIUNjEkMXmiJqYp&h=479&w=800&sz=270&hl=es&start=6&tbnid=lg8BkeKQZK8QoM:&tbnh=86&tbnw=143&prev=/images?q=fusible&gbv=2&hl=es

6.5 Electric circuit. Elements

5.- Protection elements:

_,--". Y
A e~
1 o g
L

Fuse:

Circuit breaker: they are used in new
electric installations, at home or in | -
factories. If there is a voltage rise, S
you don't have to replace them, only
reload.
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6.5 Electric circuit. Symbols

Electric symbols are used to represent
electric circuits with drawings that replace
the real circuit elements.




6.5 Electric circuit. Symbols

Generator

= |+ Battery

Battery association
A1k

Conductors:

S When two conductors are crossed
L without any contact we indicate it with a
curve




6.5 Electric circuit. Symbols

Control elements

Push button

Switch

Diverter switch




6.5 Electric circuit. Symbols

Protection elements

Fuse

Receptors:

Lamp

Resistances: they have two symbols

Engines




6.5 Electric circuit. Symbols

7° Exercise: Draw the following circuit using
electric symbols




6.5 Electric circuit. Symbols

8° Exercise: Draw the following circuit using
electric symbols




6.5 Electric circuit. Symbols

9° Exercise: Draw the following circuit using
electric symbols




6.6 Electric associations

The behaviour of electric elements
depends on how they connect to each
other.

There are three possible configurations :
3.5eries

4 Parallel

5.Mixed



6.6 Electric circuits
SERIES circuit

The series circuit connects the electric
elements one behind the other

A B

In this way, there is only one connection
point between elements
1 & 2 are connected only by A



6.6 Electric associations

PARALLEL association

In this association, all the elements are
connecte ' : .

50,1,2 & 3 are connected by A and B



6.6 Electric associations

MIXED association

A mixed association has elements
assc-intod in wannllal ~nd in gepries

1,2 & 3 are in parallel and all of them are
in series with 4



6.6 Electric associations Solution
10° Exercise

Which of these elements are associated
with series, parallel or mixed circuits?
Name the connection points with
letters




6.6 Electric associations Solution
11° Exercise:

Which of these elements are associated
with series, parallel or mixed circuits.
Name the connection pninte with

I
"




6.6 Electric associations Solution

12° Exercise

Which of these elements are associated with
series, parallel or mixed circuits. Name the
connection points with letters




6.6 Electric associations

But what happens to receptors when they
are connected in series or parallel
associations?

Series and parallel associations change
the value of intensity and voltage




6.6 Electric associations

Voltage

Series

Parallel

Voltage is distributed
between elements, that is
the reason why they have
ess energy for each

amp, so the light is
lower.

Voltage is the same in all
elements, so all the
lamps have the same
energy and the light is
higher.




Intensity

Series Parallel
All the lamps are in line, |All lamps are separated so
so they create a high they create a low
resistance, that is the resistance, that is the

reason why the intensity |reason why the intensity
IS lower but the battery |through the lamps is

higher, but the battery will
have a shorter life




Series

Parallel

If there is any cut along
the conductor, the
electric current will not
be able to go from the
positive to the negative
pole.

If there is any cut along
the conductor, the
electric current can go
through any other way

> - CUT




If there is any cut in series association
the water can't go further. But in
parallel association there will be no

'-—.._____‘-\T
gt
B

i/,
# g r‘l'g""'-'
LU -
goso
\fuss
VAN




6.7 Electric energy production

Electricity generation started when
Alessandro Volta made the first

Alessandro Volta
(1745-1825)




6.7 Electric energy production

Hans Christian Oersted discovered that a
electric current can disturb a compass.

-ﬂ.[

&

Alessandro Volta
(1777-1851)

The same happens when we put close a
magnet, so he concluded that the
circuit created an artificial magnet.



o e e ) @

Mr Michael

Faraday had ’IDEA )

an idea, if a \.,f;f Can a magnet
electric 2’  create an
current can artificial
create an electric
artificial current?

magnet




o e i) @

YES!I
S0 Mr Michael Faraday discovered

that we can create electricity with a
magnet that is movina near a close

[ ] [ ]
circuit o
ik ot
! ﬁ?._. e
r
|
(s
R e
".\f-?'_ - '-".I.I
S
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T
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6.7 Electric energy production

Nowadays, industrial power
stations use the Faraday's




6.7 Electric energy production

They use others energies o move
a turbine that moves a circuit
inside the magnet of the

turbine Generator




6.8 Electric power

From the generator of the Power Station
the electricity is fransmitted to our homes

A r"ﬁﬁﬁ Wr
/ ﬂ'&ﬁM{M&b‘h\‘s;
I\

I




6.8 Electric power

What is the difference
betweena 100 Wand 7 W

bulb lamp ? -
;g




6.8 Electric power

‘This is a energy saving
» light because it

- consumes less energy
(7 W) than a
incandescent

bulb light (100W)

We know it because W is the
electric power unit



6.8 Electric power

W is the unit of the Electric Power and it
express the energy consumed per time
unit of an electric device

P= Power (Watts W)
P=VU v- Voltage (volt V)
I= Intensity (ampere A)




6.8 Electric power

At home all plugs have 230 Volts, so if we
know the Power of a bulb lamp of 100W we
can calculate the Intensity through the

lamp. P=100W P =Vl
V=230V _P



6.8 Electric power
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6.8 Electric power

A kwh is the result of multiply
the Power and the hours of use:

P, =Plh




6.8 Electric power

In order to know the price that
we have to pay we have to
multiply the Power in kwh by its

a’ix e

1,5 kKW

Price = P, 0,1 =P [h[0,1



6.8 Electric power

Let's Calculate how much we have to pay
when we use a washing machine for 2h if it

consumes 1500W P, =Ph
P =1500W =1.5kw
P, =15012

Time =2h
P, =3kwh

Price =P, 10,1

Price =3 kwh x0,1 i
kwh

Price =0,3€



11. ®@® Une conflechas.

i « Yoltaje - Y
Voe * Intensidad - + )
R . » Resistencia » - A
14. ® ;Cudles de estos montajes estan en serie y cudles
en paralelo?
13. 8@ Scfalasi las siguientes afirmaciones son ver- ® ©

daderas o falsas: 4®7 _@7 4®7

a) Laresistencia se mide en amperios.
b) Unabombillatransforma la energia eléctrica solo en

energia luminosa. @ y i 3
c) Losfusibles protegen a los aparatos si hay una subi- '

da de tensian.

d) Una expresion matematica de la ley de Ohm es:
v Q D
/

e) i pongo dos bombillas en paralelo, lucen menos ‘—l [7 | @

que si las conecto en serie.




Point out in the table if the engine and
lamos works for the following situations

¢ B&

A closed A open A closed
B open B closed B closed

Engine

lamp 1

lamp 2




Calculate the value of the intensity in
these cases:

Vi(v) R (Q) 1 (A)
8 2
7 2
4 8
300 6
21 7
1000000 20




6.4 Ohm's law
Calculations with Ohm's law 5° Exercise Solution

Vi(v) | R(Q) 1 (A)
-V =2 -
2 2 I—R | 5 [=1A




6.4 Ohm's law

Calculations with Ohm's law Solution

V(v) R(Q) | (A)
V=IR
V=4 2 4
V=8V
r —V
I
10 R —19 5
s




exercise

6.4 Ohm's law
_Calculations with Ohm's law Solution
V (v) R(Q) | (A)
\Y
[=—
R
5 10 [=>
10
1=0,5A
V=IR
V =1000 20
V = 20000V 20 1000

V =20kv




6.5 Electric circuit. Elements Exercise

The electric current always goes through
the route with less resistance, like water

Here we have the
resistance needed to
create light

No resistance



6.6 Electric associations .
Exercise

10° Exercise solution

red -series Blue: parallel
1 and 2 are joined by A.Series:1 is joined to 2 and 3 by A
2 & 3 are joined by B Parallel: 2 and 3 are joined by A and

3&4 arejoinedbyC B
Series: 2 and 3 2




6.6 Electric associations Exercise
11° Exercise solution

Parallel: 1, 2 and 3 Series: 1 and 2 are
are joined together joined by A; 2 and 3
by AandB are joined by B




. Do Exercise
6.6 Electric associations

12° Exercise solution

Mixed:
Series: 1 and 2 are joined to A
Series: 2and t-~ 1?2 —tiex --~ joined by B

Parallel: 4 and / -
A
3

C
— k ‘

T —
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