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ELECTRICAL CURRENT Unit 9

Y \ 7 Look at these pictures Canyou saywhat each picture

-~ -~
Q shows?

= ; Find one picture that doesn’t belong to the set.
Think! Why do you think it doesn’t fit?

= 00]

(o lo]
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Unit ¢ ELECTRICAL CURRENT

Many of the things we use every day run on electricity.

u€ Tnv opdl¥a sou Discuss with your group

§ JQQ"’{‘ Write five sentences which tell readers about
4= things you do every day, which need

‘;’ electricity to happen.

W

We live in an electrical world! Many of the things that we use every day need electricity to work.
Your computer runs on electricity. The stove and the fridge in your kitchen run on electricity too.
So do the lights in our house and at the street. Electricity runs through the cables that we find in
our houses and in our towns.

What is electricity?

f Remember!

Things around us are made of a very large number of atoms.

(91)};1”]0'00-' There’s a nucleus inside each .afcom. This is made of protons and
neutrons. Protons carrya positive (+) charge. Neutrons do not
carrya charge. The total charge of a nucleus is positive (+). The
nucleus stands stillat the centre of the atom. Electrons orbit
around it. Electrons have a negative (-) charge.
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Electron
Proton
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An atom has a positively charged nucleus, and negatively charged electrons

ALP Physics
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Unit 9

Electricity is named after electrons. An electrical current is tiny negative charges movingin the

same direction.
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An electrical current is tiny negative charges moving in the same direction.

I‘I

®'® @
cTc;Tc

An electrical current is like ariver. A river is water that flows from a mountain towards the sea.
In the same way, an electrical current is electrical charges ‘flowing’ in the same direction through
a conductor.

The electrical charges that are easiest to move are electrons. This cannot happen in all the
materials though. The materials that let electrons move easily are called conductors. Metals, like
iron, copper, and aluminum are the best-known conductors. We use such metals to make the
wires in electrical devices.

Copper electrical wires

When electrons are far from the atom’s nucleus in a conductor, then it is easy for them to
escape. When that happens, these electrons travel from one end of the conductor to the other
one. We call these electrons free electrons. Atoms that have lost their free electrons are
positively charged; scientists call them positive ions. Positive ions are large and heavy. Thatis
why they remain in place.

ALP Physics



Unit 9 ELECTRICAL CURRENT

‘s
-:‘Q..—- The pictures below show the same conductors.

What’s their difference?

Think!

0,0 /0 © & -0
00006 0 e ¢
@) |z W o S ,,,\\’
et CHC C.\ f\‘H‘\‘
C/Q/Q Ql O C fl @ Positive ion

® Electron

(b)

Free electrons moving among positively charged ions in a disordered way
(picture a) and in an oriented way (picture b)

The difference between the conductors in the pictures above is that electrons are moving in a
disordered way in picture (a), i.e., they are moving in all direction. There is NO electrical current
in conductor (a). On the other hand, all the electrons in conductor (b) are flowing in the same
direction. This is an directed movement. Thereis electrical currentin conductor (b).

What does it take to have an electrical current?

An electrical current needs a road, a path for the electrons. We call this path a circuit. Every
device has an electrical circuit. A fridge, a stove, an electrical fan, a computer, all have electrical

circuits.

ALP Physics
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ELECTRICAL CURRENT Unit 9

A circuit looks like a model railroad. In a model railroad, trains run on tracks. Inthe same way,
electrons in a circuit run through a wire, i.e., a conductor. Carriages ina model railroad are
pulled by an engine. In the same way, electrons in a circuit are ‘pushed’ by a battery.

B <O P

[- =

An electrical current is like a model railroad
(click on the picture to see the train move)

¥ 4

Remember! @UHWQECTS!

A battery provides energyto the electrons in a conductor and this makes it

possible for them to move. A batteryis a source. There are twosides, or Electrons are

terminals, in a battery. One terminalis positive (+) and the other one is negatively ()
negative (-). The charge of the positive (+) pole pulls electrons (-) towards it. charged. Positive )
That’s how a positive pole makes a current flow inside a conductor. In the charges pull negative
picture above, write the symbol + on the battery’s side that you think is the ‘ (-) ones.

positive terminal; write the symbol — on the side that is the negative

terminal. —

'
- F 4
-~ "  What will happen if the tracks of the railroad open? Will the
carriages be able to move? Compare the circuits in the pictures
- below. How are they different?
Thank!

12 ALP Physics



Unit ¢ ELECTRICAL CURRENT

R i i i i T

5

(a) (b)

i e i R T T AT P

A closed circuit (a) and an open one (b)

Let’s write down our conclusion
Choose the right word to complete the following sentence:

For electrical current to flow in a circuit, this circuit

MUStMEe A oevvveeeenn circuit.

If the tracks in a model railway open, then the carriages canno longer run. The same happens
with circuits. Ifa circuit opens, then the electrons can no longer flow. In the picture below, draw

arrows to symbolize the irregular movement that electrons make in an open circuit, as we say
above.

We do not want electrical devices to run (work) all the time. That is why the circuits in such
devices have switches. A switch opens (breaks) or closes a circuit. When a switch breaks a circuit,

ALP Physics
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ELECTRICAL CURRENT Unit 9

the electrical current stops. Then the device stops running. When a switch shuts the circuit, then
the electrical current flows again. Then the device runs.

5@:}3}5

Switches like the ones in our homes

The following are often found in a circuit:

e Conductors, such as wires;

e Asource, like a batteryor a power outlet on the wall;

e Something that works by using the electrical current, e.g, a light bulb;

e Aswitch, sothat we can open or shut the circuit.
Scientists use symbols to draw all these components of an electric circuit. You can see what is in
a simple circuit with a batteryin the table below. The first column of the table uses words to list
the components of a circuit. The second column shows their pictures, just as we see themin real
life. The third column shows their pictures, just as we saw them above. The fourth column shows
the symbols that scientists use todraw the same things.

ALP Physics
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What s there in an electrical circuit?

ELECTRICAL CURRENT

Name

Everyday picture

Picture used here

Symbol

Conductor
(wire)

2 8 © &

Source
(battery)

Light bulb

Switch

Open circuit

Closed circuit

ALP Physics
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Unit 9

TRY AN EXPERIMENT!

Click here to visit a virtual electricity lab. ! ) I

Click on this picture:

1. Using what you can see in the left side of the screen, build your own
circuit. Does the lightbulb light up? Try to make it light up*.

*Note: just like batteries, lightbulbs have two terminals. To make them light up, both
terminals must be connected to a wire.

2. Circle the words that describe what you see when your circuit is closed:

battery switch washing machine light bulb
electrons train  electrical current  wire positive ions
o

3. Click on this symbol to open the switch. What has
changed? Complete the sentence with the missing words:

When a switch opens, the circuitis ....................... .

Electrons .....ccooco e, .Thelightbulb........

4. Click on this symbol on the right side of the

screen, tosee your circuit in symbols.

ALP Physics



Unit ¢ ELECTRICAL CURRENT

Are all electrical currents the same?

Look at the picture below. It shows cross-sections from two wires (conductors) which have
electrical currents. These cross-sections are two thin ‘slices’ of the circuit wires, like the ones we
saw above. How are they different?

Two ‘slices’ of wires that have electrical current running through them

The difference you seeis the number of electrons that run through each ‘slice’ of the conductor
per second.

Remember the model railroad. By clicking on the picture, you can see it move fast. But what
happens if the engine cannot pull the carriages veryfast? Then, the i
carriages willmove slower; their speed will be lower. If that happens there

@Uuﬂg(_{(‘(f.’
will be fewer carriages passing through a part of the line every second.

Charges (q) in an
electrical curvent

. . . . . are electrons (=)
The same is happening with the conductors in the picture above. There are

more electrons flowing through the ‘slice’ of the left-hand conductor every
second. There are fewer electrons flowing through the ‘slice’ of the right-

hand conductor per second. - .
I\ Itn yvAwooa Twv
E’:g HaBnuankov.. .

e —————

The number of electrons flowing through a ‘slice’ of a conductor
every second is called the current intensity. We denote

intensity with the symbol 1and we measureit in Amperes or Eviaon = PopTio

Amps, for short (A). Xpovog

(picture on the right: | q
Tt

In mathematical language...

Intensity = charge / time)

ALP Physics
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Unit 9

'
‘:' ;-"' Which of the two conductors in the picture above has a
higher currentintensity (1) ? The left-hand one or the
- right-hand one?
Thank!

But what makes carriages move faster or slower? Ina model train, carriages are powered by a
trainengine. This pulls them and makes them gofaster of slower. In a circuit, the electrons’
energy comes from the battery. A battery pushes electrons and makes them go faster or slower.

LT yhwooa Twv

is called the electric potential difference (or ‘voltage). The N LABNUATIKAV. ..

voltage between the twoterminals of a battery, or between
two points in the circuit is denoted with the symbol V and it
is measuredin Volts (V).

The amount of energy that a battery provides to an electron | 4 s+
o
k

ﬂ.lﬂ{pﬂp(ﬁ] _ E‘-"t[:]‘\"f-l':l MM
EIU\"GL,IIKOI:J Do pTiO mAERTROVIW

(picture on the right: E (nicxrpma)

q

V =
In mathematical language...

Electric potential difference = Energyeectric/Chargeoteiecrrons)

Remember!

High-voltage (V) batteries generate high current &
intensity (I). Low-voltage (V) batteries generate z
low current intensity (1). | Gupnoov! lo

..:' » Carefully examine the batteries in the photos below.
Canyou find what the voltage (tdon) between their

- terminalsis?
Thaink! Write the voltage (in Volts) next to every
photo.

ALP Physics
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Voltage (V)

|

B o 12V min1500 man oia AA°
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ELECTRICAL CURRENT Unit 9

Discuss in your group
Which of the batteries that you see below must you place in
your circuit to make the lamp brighter?

Using the same colour, circle the matching
circuit, battery, and intensity.

low intensity I

0% Mercury & Cadmium /;' ° N\
[ _~_ i’_\ fo = e d ‘]
\ ®
? Rocket k0
' HEAVY DUTY o/
L 8 - ~
ot
j‘ I—j SIZE 3R12 4.5V

High intensity I

.- ,° ° 6"'\

‘ AR R °° \
I® Qe \
? { °° °Q & ® !
\®0 o/

| 0806V
l !E? Qe 0

e ~—
.

What prevents electrons from flowing?

The current intensity (1) does not only depend on the battery. It also depends on the conductor, i.e.,
the type of wire in a circuit.

20 ALP Physics



Unit ¢ ELECTRICAL CURRENT

~ \ 4 Think!
~ - There are two conductors in the picture below. One of them is
Q . The other one is . Thereis voltage betweentheir two
o ends. That is why there is electrical current flowing through them.
2 KeEWov!

The electrical current is the red paththat the electron folloy

How do the conductors differ?
In which conductor is it easier for an electron to move?

- Positive ion

& Electron

An electron’s
— path
(or ‘journey’)

0OV VY @@
OOV O O @

Two different conductors

What canwe see in the picture? As an electron ‘travels’, it ‘bumps into’ the positive ions in the wire.
The electron collides with the positive ions. This means that the positive ions are making it harder for
the electronto move. Every type of conductor can make it easier or harder for an electron to ‘travel’.
We use the term conductor resistance, to name this difficulty in ‘travelling’. The harder it is for an
electron to travel, the greater the conductor resistance is Resistance is symbolized with the letter R
and it is measuredin Ohms (Q).

Imagine that you move your hand close to a lightbulb thatis on. You can feel that it is hot. The same
happens with all the electrical devices when they are running (working). The same also happens with
all the conductors that have anelectrical current running through them.

Moving electrons have kinetic energy. As they move, they ‘bump into’, or collide with, the positive
ions inside the conductor. This ‘crash’, or collision, converts the electron’s kinetic energy into heat.
We use the name Joule phenomenon to describe this change.

ALP Physics 21



ELECTRICAL CURRENT Unit 9

The higher the resistance of a conductor, the more it is heated (i.e., it becomes hotter). A conductor
with resistance is called a resistor; we use the symbol —MW\— to denote resistors.

uE Tnv opala dou
Discuss in your group

Of the two conductors in the picture above
Which one has a greaterresistance?
Which one has a greater current intensit
mnz

Which one will get hotter?

We have already seenthat current intensity () changes, depending on voltage (V). We now notice
that current intensity (I) also changes depending on the conductor’s resistance (R).

Go back to the virtual electricity lab.

s

Click here L3 and build a simple circuit. This time add a
resistor toyour circuit. | .
ANTIITOTNG

Click on the resistor. Onthe bottom of the screen, slide the
blue slider a o

to the right and left, to change the resistor’s resistance. _,@'" — 5 W
What have you noticed? When do the electrons move
faster? Complete the following sentences withthe right
words.

i }\Elec’rrons move faster when the resistance is

e, . Electrons move slower

when theresistanceis ..ooovevieiiiiiiniii ] -

oi8

22 ALP Physics
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Discuss inyourgroup

ELECTRICAL CURRENT

Click here to do an experiment. Select the voltage and resistance
thatis writtenin the table. Use the central column (current
intensity) to write down the number that you seein the box
labelled ‘current’ (Peupua). What happens to the current intensity
when you change the voltage? What happens to the current
intensity when you change the conductor’s resistance?

ALP Physics

Voltage V(Volt) | Currentintensity | Resistance

| (mA) R(Q)
1,5 100
1,5 300
1,5 500
1,5 750
3 100
3 300
3 500
3 750
4,5 100
4,5 300
4,5 500
4,5 750
9 100
9 300
9 500
= 750

Lo» ,,J\

Write down what you saw in the experiment:

When the resistance is higher (and

voltage remains constant), current

intensity becomes ..

When the voltage is higher

(and the resistance remains

higher), current intensity

becomes...

23
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Unit 9

What have we learnt from this experiment? Let’s see this in pictures, words, words, and symbols.

wy I yAWOOQ TGV
N EU HaBNUAaTIK@V. ..

Ala@opd Suvapikon

Evracn = "
ANTIOTACTT
Voltage (V) ‘pushes’ electrons and | = v
it helps the current intensity (l). R
Resistance (R) makes it harder for
electrons to ‘fravel’. Intensity

= potential difference / resistance

One current, multiple paths...

There are two, three, or more resistors in every real-life circuit. Resistances connect in several
different ways. Let’s see two examples.

When the electrical current meets tworesistors inthe same path, and these resistances are placed
one after the other, we say that these resistors are a series resistor network. Every electron finds it
twice as hard to pass, because it meets two obstacles: resistor R, andresistor R.

But if the electrical current can either follow a path with one resistor (R,), or a different path with
another resistor (tnv R,), thenwe saw that these resistors form a parallel resistor network. Every
electron will only find it hard to flow once, because it will meet just one obstacle: resistor R, or
resistor R,.

We want to calculate the resistance of the circuit as a whole. We call this the totalresistance (R). A
circuit with a series resistor network will have a total resistance (R) that is greater thanthe resistance
of eachseparateresistor (Ry, R;). Ina circuit with a parallel resistor network, the total resistance (R)
is less than the resistance of each separate resistor (Ry, R;).

ALP Physics
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I ImmyhoocoaTtov
il ¥Tn yYAwooa twv V%» pqneﬁri]pqnmbv,..
A JZ s pABNUATIKGV... oo
oo
1 1
R = +
R=R: + R, Ri R2

Na mapadaypa, av =100
KaIR:=10Q, TOTE
Na mapadeyua, avRi=10 Q kai

: 1 1 2
R2=10 Q, T1OTE =
’ R= —+ —= — =020
10 10 10
Two resistors connected serially Two resistors connected in parallel
For example, if R; =10 Q and R, =20 Q, then For example, if R;=10 Q and R, =20Q), then

ALP Physics
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Unit 9

Click here

':f o o"',“fa o 1. Build a circuit with a lightbulb and two resistors ina series
> J.b":*'
E < oS

. . Py S .
network. If you click on every resistor, - l“‘.". a window

A

< = B will abbear on the bottom of the screen

where you can lower its resistance. Youcan do the same with the lightbulb by

O e

clicking on it % . Lightbulbs have resistance too!

What will happen if you increase both resistances? Fillin the gap, by choosing
the right word from the ones in the brackets near each sentence.

Electronsmove ..o, (faster / slower)

The lightbulbis ..o (brighter / less bright)

Why do you think that happens?
Thishappensbecause the totalresistance of the circuit has
.............................. (increased / decreased) and it isnow

............................ (easier / harder) for the current to flow.

Canthe circuit still work if you remove aresistor? Dows the

lightbulb stayon?................. (Yes /No).

ALP Physics
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ﬂ.ﬁl_l:ﬂﬁl‘l Do this exercise

o

=dARs | L
4 ey

The resistors are connectedin a series network. What is the

total resistance of the circuit?

What dol
know?2

What dol
need?

Whatam|
looking for?

Ri=30N
R2=60N

R=R;+R2

Now the resistors are connectedin a parallel network. What is

the total resistance of the circuit?

What dol|
know?e

What do | need? What am

| looking
fore

Ri=30N
R2=60N

ELECTRICAL CURRENT

Imagine a circuit with two resistors. One resistor has a resistance R,

30 Q. The otherone has a resistance R, =60Q.

A A A A A A A
WA Y Wi

ALP Physics
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