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Look at these pictures Can you say what each picture 
shows?   

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

 

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

 
 
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?  

 

 

 
 

                                                        Neutron 
                           Nucleus 

                                                 Electron 
                                                                                                     Proton 
 

 
An atom has a positively charged nucleus, and negatively charged electrons 

 

Discuss with your group 

Write five sentences which tell readers about 
things you do every day, which need 
electricity to happen. 

Remember! 

Things around us are made of a very large number of atoms. 
There’s a nucleus inside each atom. This is made of protons and 
neutrons. Protons carry a positive (+) charge. Neutrons do not 
carry a charge. The total charge of a nucleus is positive (+). The 
nucleus stands still at the centre of the atom. Electrons orbit 
around it. Electrons have a negative (-) charge. 
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Electricity is named after electrons. An electrical current is tiny negative charges moving in the 
same direction.  
 

 
 

An electrical current is tiny negative charges moving in the same direction.  
 
An electrical current is like a river. 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. That is 
why they remain in place.  
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(a) 
 
 
 
 
 
 
 
 

(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. There is electrical current in 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.  

Positive ion 

Electron 

Think! 

The pictures below show the same conductors. 

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

 
 

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

 

Remember! 
A battery provides energy to the electrons in a conductor and this makes it 
possible for them to move. A battery is a source. There are two sides, or 
terminals, in a battery. One terminal is positive (+) and the other one is 
negative (-). The charge of the positive (+) pole pulls electrons (-) towards it. 
That’s how a positive pole makes a current flow inside a conductor. In the 
picture above, write the symbol  +  on the battery’s side that you think is the 
positive terminal; write the symbol  –  on the side that is the negative 
terminal. 
 
 

 
 
 
 
 

Think! 

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? 
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(a) 

 
(b) 

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

 

 

If the tracks in a model railway open, then the carriages can no longer run. The same happens 
with circuits. If a 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, 

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

open  closed 
 

For electrical current to flow in a circuit, this circuit 

must me a ……………… circuit.   
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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. 
 

  

  
 

 
Switches like the ones in our homes 

 
The following are often found in a circuit:  

• Conductors, such as wires; 
• A source, like a battery or a power outlet on the wall; 
• Something that works by using the electrical current, e.g, a light bulb;  
• A switch, so that 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 battery in 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 them in real 
life. The third column shows their pictures, just as we saw them above. The fourth column shows 
the symbols that scientists use to draw the same things. 
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What is there in an electrical circuit? 
 

Name Everyday picture Picture used here Symbol 

Conductor 
(wire) 

 
 

 

Source 
(battery) 

   

Light bulb 

  

 ή   

Switch 

 

 

 
 

Open circuit 

  
 

Closed circuit 
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battery  switch   washing machine light bulb 

 electrons train  electrical current wire  positive ions

   

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

When a switch opens, the circuit is ………………….. .  

Electrons ………..  ……………… . The light bulb …….  

………………… . 

4. Click on this symbol  on the right side of the 
screen, to see your circuit in symbols. 

TRY AN EXPERIMENT! 

Click here to visit a virtual electricity lab.  

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: 
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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 see is 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 very fast? Then,  the 
carriages will move slower; their speed will be lower. If that happens there 
will be fewer carriages passing through a part of the line every second.  

  

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.  

The number of electrons flowing through a ‘slice’ of a conductor 
every second is called the current intensity. We denote 
intensity with the symbol I and we measure it in Amperes or 
Amps, for short (Α).  

(picture on the right: 

In mathematical language… 

Intensity = charge / time) 
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But what makes carriages move faster or slower? In a model train, carriages are powered by a 
train engine.  This pulls them and makes them go faster of slower. In a circuit, the electrons’ 
energy comes from the battery. A battery pushes electrons and makes them go faster or slower.  
 
 
The amount of energy that a battery provides to an electron 
is called the electric potential difference (or ‘voltage). The 
voltage between the two terminals of a battery, or between 
two points in the circuit is denoted with the symbol V and it 
is measured in Volts (V).  
 
(picture on the right: 

In mathematical language… 

Electric potential difference = Energyelectric/Chargeof electrons) 
 
 
Remember! 
High-voltage (V) batteries generate high current 
intensity (Ι).  Low-voltage (V) batteries generate 
low current intensity (Ι).   
 

 

 
 

Which of the two conductors in the picture above has a 
higher current intensity (Ι) ? The left-hand one or the 
right-hand one? 

Think! 

Carefully examine the batteries in the photos below. 
Can you find what the voltage (τάση) between their 
terminals is? 
Write the voltage (in Volts) next to every 
photo. 

Think! 
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Battery Voltage (V) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ALP Physics20

Uni t  9ELECTRICAL CURRENT  

 
 

 
 

  

low intensity Ι 

 
 

 

High intensity Ι 
 

 
 

What prevents electrons from flowing? 

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

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. 
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Positive ion 

 
 

Electron 
 
 
 

An electron’s 
path 

(or ‘journey’)  

Two different conductors 
 

What can we 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 electron to 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 measured in Ohms (Ω).  

Imagine that you move your hand close to a lightbulb that is 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 an electrical 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.  

Σκέψου! 

Think! 
There are two conductors in the picture below. One of them is 
green. The other one is pink. There is voltage between their two 
ends. That is why there is electrical current flowing through them. 
The electrical current is the red path that the electron follows.  
 

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

 

 

 

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

 

 
 

Discuss in your group 
Of the two conductors in the picture above 

Which one has a greater resistance?  
Which one has a greater current intensity 
(Ι)? 
Which one will get hotter? 

 

Go back to the virtual electricity lab.  

Click here  and build a simple circuit. This time add a 

resistor to your circuit.  

Click on the resistor. On the bottom of the screen, slide the 
blue slider  

to the right and left, to change the resistor’s resistance. 
What have you noticed? When do the electrons move 
faster? Complete the following sentences with the right 
words.  

 
Electrons move faster when the resistance is 

…………………….. . Electrons move slower 

when the resistance is ……………………….. . 
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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 …………………… .  

Discuss in your group 

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

VVoollttaaggee  VV  ((VVoolltt))  CCuurrrreenntt  iinntteennssiittyy  
II  ((mmAA))  

RReessiissttaannccee  
RR  ((ΩΩ ))  

11,,55    110000  
11,,55    330000  
11,,55    550000  
11,,55    775500  
33    110000  
33    330000  
33    550000  
33    775500  

44,,55    110000  
44,,55    330000  
44,,55    550000  
44,,55    775500  
99    110000  
99    330000  
99    550000  
99    775500  
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What have we learnt from this experiment? Let’s see this in pictures, words, words, and symbols. 

 

 

 

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 two resistors in the 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 R1 and resistor R2.  

But if the electrical current can either follow a path with one resistor (R1), or a different path with 
another resistor (την R2), then we 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 R1 or 
resistor R2. 

We want to calculate the resistance of the circuit as a whole. We call this the total resistance (R). A 
circuit with a series resistor network will have a total resistance (R) that is greater than the resistance 
of each separate resistor (R1, R2). In a circuit with a parallel resistor network, the total resistance (R) 
is less than the resistance of each separate resistor (R1, R2). 

   

 

 

 

 

 
Voltage (V) ‘pushes’ electrons and 

it helps the current intensity (Ι).  
Resistance (R) makes it harder for 

electrons to ‘travel’. 
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Two resistors connected serially 

 

 

 
Two resistors connected in parallel 

 

For example, if R1 = 10  ΩΩ  and R2 = 20  ΩΩ , then            For example, if R1 = 10  ΩΩ  and R2 = 20  ΩΩ , then 

 

 

Στη γλώσσα των 
μαθηματικών… 

R = R1 + R2 

Για παράδειγμα, αν R1=10 Ω και 
R2=10 Ω, τότε  

 

R = 10 + 10 = 20 Ω 
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where you can lower its resistance.  You can do the same with the lightbulb by 

clicking  on it . Lightbulbs have resistance too! 

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

Electrons move …………….………………... (faster / slower) 

The lightbulb is ………………………………….. (brighter / less bright) 

Why do you think that happens? 

This happens because the total resistance of the circuit has 

………………………… (increased / decreased) and it is now 

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

Can the circuit still work if you remove a resistor? Dows the 

lightbulb stay on? …………….. (Yes /No). 

 

Click here   
1. Build a circuit with a lightbulb and two resistors in a series 

network. If you click on every resistor,    a window  

  will appear on the bottom of the  screen 
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Do this exercise 

Imagine a circuit with two resistors. One resistor has a resistance R1 = 

30 Ω. The other one has a resistance R2 = 60 Ω.  

 The resistors are connected in a series network. What is the 

total resistance of the circuit?  

What do I 
know? 

What do I 
need? 

What am I 
looking for? 

R1 = 30 N 
R2 = 60 N 

R = R1 +R2 R 

 

R = R1 + R2 

R = ….. + ……  

R = ……… Ω 

Now the resistors are connected in a parallel network. What is 

the total resistance of the circuit?  

What do I 
know? 

What do I need? What am 
I looking 

for? 
R1 = 30 N 
R2 = 60 N  

R 

 

 

R = …………………. 

R = …… Ω 
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What have we learnt?  

In this chapter, we learnt that: 

1. A lot of things that we use every day need an electrical current to work. Also, 
a lot of devices we use run on electricity. 

2. An electrical current is electrons moving in the same direction. 

3. Electrical currents flow in conductors. Conductors are materials with free 
electrons. Iron, copper, and aluminium are conductors. 

4. An electrical current can only flow in a closed circuit. A circuit is the path that 
electrons travel in. In a circuit we will find: conductors, a source, and 
something (like a lightbulb) that operates on electrical current. 

5. A source gives electrons energy which makes them move fast in a circuit. A 
battery is an example of an electric source. 

6. Devices have switches, which keep them from running constantly. When we 
press on a switch, this open (breaks) or closes a circuit. A device works when 
the circuit is closed. It stops working when the circuit is open.  

7. The current intensity is how many electrons (q) move through a ‘slice’ of the 
conductors every second. We use the symbol Ι to denote intensity, and we 
measure it in Ampere(s)/Amp(s) (Α).  

 

 

8. The electric potential difference (or voltage) is the amount of energy that a 
source (battery) gives to each electron so that it can move in a circuit. We 
denote voltage with the symbol V and measure it in Volts (V).  

 
 

9. The resistance is how much a conductor makes it hard for electrons to move 
between positive ions. We denote resistance with the symbol R and we 
measure it on Ohm(s) (Ω). The higher a conductors’ resistance, the smaller 
the current intensity in this conductor. 

 

 
10. The resistors in a circuit can be conducted in a series network. To find the 

total resistance (R) of the circuit we need to add all the resistances. 

 

11. The resistors in a circuit can be conducted in a parallel network. The toral 
resistance(R) of the network is less than each separate resistance. It equals  
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ig

hl
ig

ht
ed

 in
 p

ur
p

le
 in

 y
ou

r o
w

n 
la

ng
ua

ge
. 
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bo
ilin

g 
 

βρ
ασ

μό
ς 

Th
e 

ch
a

ng
e 

fro
m

 a
 

liq
ui

d
 to

 a
 g

as
. T

he
 

liq
ui

d
 ta

ke
s h

ea
t f

ro
m

 
th

e 
fir

e 
o

r t
he

 h
o

tp
la

te
. 

Bo
ili

ng
 h

a
pp

en
s f

a
st

. 

 

 

 
 

  

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

ch
ar

gi
ng

 
 

ηλ
έκ

τρ
ισ

η 

W
he

n 
so

m
et

hi
ng

 w
hi

ch
 

w
a

s n
eu

tra
l g

a
in

s, 
o

r 
lo

se
s,

 e
le

ct
ro

ns
, a

nd
 

b
ec

o
m

es
 e

le
ct

ric
a

lly
 

ch
a

rg
ed

. I
t c

a
n 

ha
p

p
en

 th
ro

ug
h 

fri
ct

io
n 

o
r c

o
nt

a
ct

. 

 

 

 

 
 

ci
rc

ui
t 

 
κύ

κλ
ω

μα
 

A
 ro

ut
e 

o
f c

o
nd

uc
to

rs
. 

A
n 

el
ec

tri
ca

l c
ur

re
nt

 
m

ig
ht

 m
o

ve
 th

ro
ug

h 
it.

 
Fo

r a
n 

el
ec

tri
ca

l c
ur

re
nt

 
to

 e
xi

st
, a

 c
irc

ui
t m

us
t 

b
e 

cl
o

se
d

. 

 

    
   

 
 

co
m

pr
es

sio
n 

 
πύ

κν
ω

μα
 

In
 a

 so
un

d
 w

a
ve

, t
hi

s i
s 

w
he

re
 th

e 
a

ir 
m

o
le

cu
le

s 
a

re
 v

er
y 

d
en

se
, c

lo
se

r 
to

 e
a

ch
 o

th
er

.  

 

 

 
 

C
om

pr
es

sin
n 
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co
nd

en
sa

tio
n 

 
υγ

ρο
πο

ίη
ση

 C
ha

ng
e 

fro
m

 a
 g

a
s 

fro
m

 to
 li

q
ui

d.
 A

 g
a

s 
lo

se
s h

ea
t a

nd
 

b
ec

o
m

es
 a

 li
q

ui
d.

 

 

 

 
 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

co
nd

uc
to

r 
 

αγ
ω

γό
ς 

A
 m

a
te

ria
l t

ha
t a

llo
w

s 
el

ec
tri

ca
l c

ur
re

nt
 to

 
m

o
ve

 th
ro

ug
h 

it.
  

 

 
 

 

co
nt

ac
t 

fo
rc

es
 

 
δυ

νά
με

ις
 μ

ε 
επ

αφ
ή 

Th
es

e 
a

re
 fo

rc
es

 th
a

t 
a

re
 a

p
p

lie
d

 w
he

n 
th

e 
in

te
ra

ct
in

g
 o

b
je

ct
s a

re
 

in
 c

o
nt

a
ct

 w
ith

 e
a

ch
 

o
th

er
. 

 

 

 
 

C
ou

lo
m

b’
s 

la
w

 
 

νό
μο

ς 
το

υ 
 

C
ou

lo
m

b 

Th
e 

el
ec

tri
c 

fo
rc

e 
b

et
w

ee
n 

tw
o

 c
ha

rg
es

 is
  

• 
Pr

o
p

o
rti

on
a

l t
o

 th
e 

p
ro

d
uc

t o
f t

he
 tw

o
 

ch
a

rg
es

 
• 

In
ve

rs
el

y 
p

ro
p

or
tio

na
l 

to
 th

e 
sq

ua
re

 o
f t

he
 

d
ist

a
nc

e 
b

et
w

ee
n 

th
e 

tw
o

 c
ha

rg
es
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cu
rre

nt
 

 
έν

τα
ση

 
ηλ

εκ
τρ

ικ
ού

 
ρε

ύμ
ατ

ος
 

H
o

w
 m

a
ny

 e
le

ct
ro

ns
 

ca
n 

p
a

ss
 th

ro
ug

h 
a

 
‘s

lic
e’

 o
f a

 c
o

nd
uc

to
r i

n 
a

 se
co

nd
. 

 
    

 

Ι 
Am

pe
re

  
(Α

) 

  

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

de
fo

rm
at

io
n 

 
πα

ρα
μό

ρφ
ω

ση
 

W
he

n 
a

 th
in

g
 c

ha
ng

es
 

sh
a

p
e.

 

 

 

 
 

di
sp

la
ce

m
en

t 
 

με
τα

τό
πι

ση
 

Th
e 

d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

fin
a

l p
o

sit
io

n 
(x

2)
 o

f 
a

 m
o

vi
ng

 o
b

je
ct

 a
nd

 it
s 

o
rig

in
a

l p
os

iti
on

 (x
1)

. 

 

 

Δx
 

M
et

er
s 

(m
) 
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di
sta

nc
e 

fo
rc

es
 

 
δυ

νά
με

ις
 

απ
ό 

απ
όσ

τα
ση

 

Th
e 

fo
rc

es
 th

a
t a

re
 

a
p

p
lie

d
 w

he
n 

th
e 

in
te

ra
ct

in
g

 o
b

je
ct

s 
a

re
 n

o
t i

n 
co

nt
a

ct
 

w
ith

 e
a

ch
 o

th
er

. 

 

 

 
 

ηλ
εκ

τρ
ικ

ό 
φ

ορ
τίο

 
 

el
ec

tri
c 

ch
ar

ge
 

W
ha

t m
a

ke
s t

hi
ng

s 
a

ttr
a

ct
 o

r r
ep

el
 e

a
ch

 
o

th
er

 w
ith

o
ut

 b
ei

ng
 in

 
co

nt
a

ct
. A

n 
el

ec
tri

ca
l 

ch
a

rg
e 

is 
p

o
sit

iv
e 

or
 

ne
g

a
tiv

e.
  

 
 

 

q 
C

ou
lo

m
b 

 
(C

) 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

el
ec

tri
c 

ch
ar

ge
 

co
ns

er
va

tio
n 

pr
in

ci
pl

e 
 

αρ
χή

 τη
ς 

δι
ατ

ήρ
ησ

ης
 

το
υ 

φ
ορ

τίο
υ 

Th
e 

to
ta

l n
um

b
er

 o
f 

ch
a

rg
es

 d
o

es
 n

o
t 

ch
a

ng
e.

 It
 re

m
a

in
s 

co
ns

ta
nt

. 

 

 

 
 

el
ec

tri
c 

cu
rre

nt
 

 
ηλ

εκ
τρ

ικ
ό 

ρε
ύμ

α 

Fr
ee

 e
le

ct
ro

ns
 th

a
t 

m
o

ve
 in

 th
e 

sa
m

e 
d

ire
ct

io
n 

in
 a

 c
lo

se
d

 
ci

rc
ui

t. 
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el
ec

tri
c 

en
er

gy
 

 
ηλ

εκ
τρ

ικ
ή 

εν
έρ

γε
ια

 

Th
e 

en
er

g
y 

th
a

t 
el

ec
tri

ca
l a

p
p

lia
nc

es
 

us
e 

in
 o

ur
 h

o
m

es
. W

e 
p

a
y 

fo
r e

le
ct

ric
a

l 
en

er
g

y 
in

 o
ur

 e
le

ct
ric

ity
 

b
ill

s.
 

 
 

 
 

 
Κι

λο
βα

τώ
ρ

α 
 

(K
W

h)
 

el
ec

tri
c 

fo
rc

es
 

 
ηλ

εκ
τρ

ικ
ές

 
δυ

νά
με

ις
 

Fo
rc

es
 th

a
t a

re
 a

p
p

lie
d

 
a

m
o

ng
 e

le
ct

ric
a

l 
ch

a
rg

es
. T

he
y 

a
re

 
fo

rc
es

 fr
o

m
 a

 d
ist

a
nc

e.
   

 

F 
Ne

w
to

n 
(Ν

) 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

el
ec

tri
ci

ty
 

so
ur

ce
 

 
πη

γή
 

ηλ
εκ

τρ
ικ

ού
 

ρε
ύμ

ατ
ος

 

So
m

et
hi

ng
 (e

.g
., 

a
 

b
a

tte
ry

) t
ha

t g
iv

es
 

en
er

g
y 

to
 e

le
ct

ro
ns

, t
o

 
m

a
ke

 th
em

 m
o

ve
 in

 a
 

cl
o

se
d

 c
irc

ui
t. 

 

    
   

    

 
 

el
ec

tro
n 

 
ηλ

εκ
τρ

όν
ιο

 

Th
e 

sm
a

lle
st

 n
eg

a
tiv

e 
ch

a
rg

e.
 A

ll 
a

to
m

s h
av

e 
el

ec
tro

ns
 th

a
t m

o
ve

 
a

ro
un

d
 th

ei
r n

uc
le

us
. 

A
n 

el
ec

tro
n’

s c
ha

rg
e 

is  
th

e 
o

p
p

o
sit

e 
o

f a
 

p
ro

to
n’

s. 
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(P
ic

tu
re

 o
n 

th
e 

rig
ht

: 
ηλ

εκ
τρ

όν
ιο

: E
le

ct
ro

n,
 

νε
τρ

ό
νι

ο
: N

eu
tro

n,
 

π
υρ

ήν
α

ς:
 N

uc
le

us
, 

π
ρ

ω
τό

νι
ο

: P
ro

to
n)

 

en
er

gy
 

 
εν

έρ
γε

ια
 

So
m

et
hi

ng
 th

a
t 

ch
a

ng
es

 th
e 

fo
rm

s o
f 

th
in

g
s a

nd
 c

a
us

es
 th

em
 

to
 c

ha
ng

e.
 S

o
m

e 
fo

rm
s 

o
f e

ne
rg

y 
a

re
: 

ch
em

ic
a

l, 
so

la
r, 

el
ec

tri
c,

 th
er

m
a

l, 
lig

ht
, 

a
nd

 m
ec

ha
ni

ca
l 

en
er

g
y.

 

 

 

 
Jo

ul
e 

 
(J

) 

en
er

gy
 

co
ns

er
va

tio
n 

pr
in

ci
pl

e 
 

αρ
χή

 
δι

ατ
ήρ

ησ
ης

 
τη

ς 
εν

έρ
γε

ια
ς  

Th
e 

to
ta

l e
ne

rg
y 

d
o

es
 

no
t c

ha
ng

e.
 It

 is
 

co
ns

er
ve

d
. 

(P
ic

tu
re

 o
n 

th
e 

rig
ht

: 
Τρ

ιβ
ή:

 F
ric

tio
n)

 

 

 

 
 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

ev
ap

or
at

io
n 

 
εξ

άτ
μι

ση
 

Th
e 

ch
a

ng
e 

fro
m

 a
 

liq
ui

d
 to

 a
 g

as
. A

 liq
ui

d 
ta

ke
s h

ea
t f

ro
m

 th
e 

en
vi

ro
nm

en
t. 

Ev
a

p
o

ra
tio

n 
ha

p
pe

ns
 

slo
w

ly
. 
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fo
rc

e 
 

δύ
να

μη
 

W
he

n 
w

e 
p

us
h 

o
r p

ul
l 

so
m

et
hi

ng
. A

 fo
rc

e 
ca

n 
ch

a
ng

e 
th

e 
m

o
ve

m
en

t 
o

r s
ha

p
e 

o
f t

hi
ng

s.
 

 
     

F 
Ne

w
to

n 
(Ν

) 

fre
ez

in
g 

 
πή

ξη
 

Th
e 

ch
a

nc
e 

o
f a

 
liq

ui
d

 to
 a

 so
lid

. T
he

 
liq

ui
d

 lo
se

s h
ea

t a
nd

 
b

ec
o

m
es

 a
 so

lid
. 

 

 

 
 

fre
qu

en
cy

 
 

συ
χν

ότ
ητ

α 
H

o
w

 m
a

ny
 o

sc
illa

tio
ns

 
th

e 
so

ur
ce

 o
f a

 so
un

d
 

m
a

ke
s p

er
 se

co
nd

 

 

 

 

f 
He

rtz
 

(H
z)

 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

fri
ct

io
n 

 
τρ

ιβ
ή 

A
 fo

rc
e 

th
a

t r
es

ist
s,

 o
r 

m
a

ke
s h

a
rd

er
, t

he
 

m
o

ve
m

en
t o

f o
ne

 th
in

g 
o

n 
a

no
th

er
 o

ne
. 

 

 

Τ 
Ne

w
to

n 
(Ν

) 
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ga
se

s 
 

αέ
ρι

α 

Th
in

g
s t

ha
t c

ha
ng

e 
th

ei
r s

ha
p

e 
a

nd
 

vo
lu

m
e.

 G
as

es
 fi

ll i
n 

a
ll 

th
e 

sp
a

ce
 a

ro
un

d
 

th
em

. M
o

le
cu

le
s i

n 
g

a
se

s m
o

ve
 fr

ee
ly

. 

 

 

 
 

gr
av

ita
tio

na
l 

po
te

nt
ia

l 
en

er
gy

 
 

βα
ρυ

τικ
ή 

δυ
να

μι
κή

 
εν

έρ
γε

ια
 

Th
e 

p
o

te
nt

ia
l e

ne
rg

y 
th

a
t t

hi
ng

s h
a

ve
 

b
ec

a
us

e 
th

e 
ea

rth
’s

 
g

ra
vi

ty
 p

ul
ls 

th
em

 
d

o
w

nw
a

rd
s. 

 

 

U 
Jo

ul
e 

 
(J

) 

he
at

 
 

θε
ρμ

ότ
ητ

α 
En

er
g

y 
th

a
t ‘

tra
ve

ls’
 

fro
m

 a
 w

a
rm

 o
b

je
ct

 to
 

a
 c

o
o

le
r o

ne
. 

 
 

 
 

 
 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

in
er

tia
 

 
αδ

ρά
νε

ια
 

Th
in

g
s t

ry
 n

o
t t

o
 c

ha
ng

e 
th

ei
r s

p
ee

d
. I

f t
he

y 
a

re
 

a
t r

es
t, 

th
ey

 tr
y 

to
 st

a
y 

a
t r

es
t. 

If 
th

ey
 a

re
 

m
o

vi
ng

, t
he

y 
try

 to
 

co
nt

in
ue

 th
ei

r 
m

o
ve

m
en

t a
t t

he
 sa

m
e 

sp
ee

d
. 
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io
n 

 
ιό

ν 

A
n 

a
to

m
 th

a
t h

a
s l

o
st

, 
o

r g
a

in
ed

, e
le

ct
ro

ns
. I

t 
is 

no
t e

le
ct

ric
a

lly
 

ne
ut

ra
l. 

(P
ic

tu
re

 o
n 

th
e 

rig
ht

: 
Π

ρ
ω

τό
νι

α
: P

ro
to

ns
  

N
ετ

ρ
ό

νι
a

: N
eu

tro
ns

 
H

λε
κτ

ρ
όν

ιο
: E

le
ct

ro
ns

, 
Λ

ίθ
ιο

: L
ith

iu
m

 
Ιό

ν:
 Io

n)
 

 

 

 
 

Jo
ul

e 
ef

fe
ct

 
 

φ
αι

νό
με

νο
 

Jo
ul

e 

W
he

n 
el

ec
tri

ci
ty

 ru
ns

 
th

ro
ug

h 
a

 c
o

nd
uc

to
r, 

th
e 

co
nd

uc
to

r g
et

s 
w

a
rm

. 

 

 

 
 

ki
ne

tic
 

en
er

gy
 

 
κι

νη
τικ

ή 
εν

έρ
γε

ια
 

Th
e 

en
er

g
y 

o
f a

 m
o

vi
ng

 
th

in
g

. I
t i

s a
 fo

rm
 o

f 
m

ec
ha

ni
ca

l e
ne

rg
y.

 

 

 

Εκ
 

Jo
ul

e 
 

(J
) 

  

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 
W

ha
t d

oe
s i

t 
m

ea
n?

 (W
rit

te
n 

Ex
am

pl
e 

/ 
…

. /
 Π

αρ
άδ

ειγ
μα

 
Sy

m
bo

l 
Un

it 
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 In
 E

ng
lis

h 
In

 y
ou

r 
la

ng
ua

ge
 

Στ
α 

ελ
λη

νι
κά

 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
…

…
…

 
Σύ

μβ
ολ

ο 
…

…
…

 
Μ

ον
άδ

α 
μέ

τρ
ησ

ης
 

le
ng

th
 o

f p
at

h 
 

μή
κο

ς 
τη

ς 
δι

αδ
ρο

μή
ς 

Th
e 

d
ist

a
nc

e 
b

et
w

ee
n 

p
o

sit
io

ns
 x

1 a
nd

ι x
2 i

n 
a

 
m

o
vi

ng
 o

b
je

ct
. 

 

 

s 
M

et
er

s 
(m

) 

lik
e 

ch
ar

ge
s 

 
ομ

ώ
νυ

μα
 

φ
ορ

τία
 

C
ha

rg
es

 th
a

t a
re

 th
e 

sa
m

e.
 L

ik
e 

ch
a

rg
es

 
re

p
el

 (m
o

ve
 a

w
a

y 
fro

m
) e

a
ch

 o
th

er
. 

 

 

 
 

liq
ui

ds
 

 
υγ

ρά
 

Th
in

g
s w

hi
ch

 c
a

n 
ch

a
ng

e 
th

ei
r s

ha
p

e.
 

Th
e 

vo
lu

m
e 

in
 li

qu
id

s i
s  

a
lw

a
ys

 th
e 

sa
m

e.
 

M
o

le
cu

le
s i

n 
liq

ui
d

s 
a

re
 c

lo
se

 to
 e

a
ch

 
o

th
er

 a
nd

 ro
ll 

ov
er

 
ea

ch
 o

th
er

. 

 

 
 

 
 

lo
ud

ne
ss

 
 

ακ
ου

στ
ότ

ητ
α 

H
o

w
 st

ro
ng

 o
r l

ow
 a

 
so

un
d

 is
 h

ea
rd

. S
ou

nd
s 

w
ith

 a
 h

ig
h 

lo
ud

ne
ss

 
a

re
 lo

ud
er

. 

 

 

 
 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 
W

ha
t d

oe
s i

t 
m

ea
n?

 (W
rit

te
n 

Ex
am

pl
e 

/ 
…

. /
 Π

αρ
άδ

ειγ
μα

 
Sy

m
bo

l 
Un

it 
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In
 E

ng
lis

h 
In

 y
ou

r 
la

ng
ua

ge
 

Στ
α 

ελ
λη

νι
κά

 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
…

…
…

 
Σύ

μβ
ολ

ο 
…

…
…

 
Μ

ον
άδ

α 
μέ

τρ
ησ

ης
 

m
as

s 
 

μά
ζα

 
Th

e 
m

ea
su

re
m

en
t t

ha
t 

te
lls

 u
s i

f s
o

m
et

hi
ng

 is
 

m
a

d
e 

o
f a

 lo
t o

r a
 li

ttl
e 

m
a

te
ria

l. 

 

 

m
 

Ki
lo

gr
am

 
(k

ilo
) 

kg
 

m
ec

ha
ni

ca
l 

en
er

gy
 

 
μη

χα
νι

κή
 

εν
έρ

γε
ια

 

Th
e 

su
m

 o
f p

o
te

nt
ia

l 
a

nd
 k

in
et

ic
 e

ne
rg

y 
of

 a
 

th
in

g
. I

t i
s a

lw
a

ys
 th

e 
sa

m
e;

 it
 re

m
a

in
s s

ta
b

le
.  

 

Εm
ec

ha
ni

ca
l 

Jo
ul

e 
 

(J
) 

m
el

tin
g 

 
τή

ξη
 

C
ha

ng
e 

fro
m

 so
lid

 
fo

rm
 to

 li
q

ui
d.

 A
 so

lid
 

o
b

je
ct

 a
b

so
rb

s h
ea

t 
a

nd
 m

el
ts

, i
t b

ec
o

m
es

 
a

 li
q

ui
d

. 

 

 
 

 

m
ot

io
n 

 
κί

νη
ση

 

W
he

n 
so

m
et

hi
ng

 
ch

a
ng

es
 it

s p
o

sit
io

n,
 

w
he

n 
it 

m
o

ve
s f

ro
m

 o
ne

 
p

la
ce

 to
 a

no
th

er
. 

 

 

 
 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 
W

ha
t d

oe
s i

t 
m

ea
n?

 (W
rit

te
n 

Ex
am

pl
e 

/ 
…

. /
 Π

αρ
άδ

ειγ
μα

 
Sy

m
bo

l 
Un

it 
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 In
 E

ng
lis

h 
In

 y
ou

r 
la

ng
ua

ge
 

Στ
α 

ελ
λη

νι
κά

 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
…

…
…

 
Σύ

μβ
ολ

ο 
…

…
…

 
Μ

ον
άδ

α 
μέ

τρ
ησ

ης
 

ne
ut

ro
n 

 
νε

τρ
όν

ιο
 

A
 sm

a
ll 

p
a

rti
cl

e 
th

a
t i

s i
n 

th
e 

nu
cl

eu
s o

f a
to

m
s.

 It
 

d
o

es
 n

o
t h

a
ve

 a
n 

el
ec

tri
c 

ch
a

rg
e.

 
(P

ic
tu

re
 o

n 
th

e 
rig

ht
: 

ηλ
εκ
τρ
όν

ιο
: E

le
ct

ro
n,

 
νε
τρ
ό
νι
ο

: N
eu

tro
n,

 
π
υρ

ήν
α
ς:

 N
uc

le
us

, 
π
ρ
ω
τό
νι
ο

: P
ro

to
n)

 

 

 

 
 

or
bi

t 
 

τρ
οχ

ιά
 

A
 li

ne
 th

a
t c

o
nn

ec
ts

 a
ll 

th
e 

p
o

in
ts

 fr
o

m
 w

he
re

 a
 

m
o

vi
ng

 o
b

je
ct

 p
a

ss
es

. 

 

 

 
 

os
ci

lla
tio

n 
 

τα
λά

ντ
ω

ση
 

W
he

n 
so

m
et

hi
ng

 
m

a
ke

s a
 sm

a
ll 

m
o

ve
m

en
t a

ro
un

d 
its

 
p

o
sit

io
n.

 

 

 
 

 

pi
tc

h 
 

ύψ
ος

 ή
χο

υ 

H
o

w
 h

ig
h 

or
 lo

w
 a

 
so

un
d

 is
. L

o
w

 fr
eq

ue
nc

y 
so

un
d

s h
a

ve
 th

e 
lo

w
es

t 
p

itc
h.

 H
ig

h 
fre

q
ue

nc
y 

so
un

d
s h

a
ve

 th
e 

hi
g

he
st

 p
itc

h.
 

 

 

 
 

po
te

nt
ia

l 
di

ffe
re

nc
e 

(v
ol

ta
ge

) 
 

δι
αφ

ορ
ά 

δυ
να

μι
κο

ύ 
(τ

άσ
η)

 

 H
o

w
 m

uc
h 

en
er

g
y 

a
 

so
ur

ce
 (b

a
tte

ry
) g

iv
es

 
to

 a
n 

el
ec

tro
n 

to
 m

a
ke

 
it 

m
o

ve
 in

 a
 c

irc
ui

t. 
 

 

 
V 

Vo
lt 

 
(V

) 
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sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

po
te

nt
ia

l 
en

er
gy

 
 

δυ
να

μι
κή

 
εν

έρ
γε

ια
 

Th
e 

en
er

g
y 

th
a

t t
hi

ng
s 

ha
ve

 b
ec

a
us

e 
th

ey
 a

re
 

in
 a

 p
la

ce
, o

r b
ec

a
us

e 
th

ei
r s

ha
p

e 
ha

s 
ch

a
ng

ed
 (t

he
y 

ha
ve

 
b

ee
n 

d
ist

o
rte

d
).

 It
 is

 a
 

fo
rm

 o
f m

ec
ha

ni
ca

l 
en

er
g

y.
 

 

 
 

U 
Jo

ul
e 

 
(J

) 

pr
ot

on
 

 
πρ

ω
τό

νι
ο 

Th
e 

sm
a

lle
st

 p
o

sit
iv

e 
ch

a
rg

e 
(+

).
 A

ll a
to

m
s 

ha
ve

 p
ro

to
ns

 in
 th

ei
r 

nu
cl

eu
s.

 A
 p

ro
to

n’
s 

ch
a

rg
e 

is 
th

e 
o

p
p

o
sit

e 
o

f a
n 

el
ec

tro
n’

s.
 

(P
ic

tu
re

 o
n 

th
e 

rig
ht

: 
ηλ

εκ
τρ
όν

ιο
: E

le
ct

ro
n,

 
νε
τρ
ό
νι
ο

: N
eu

tro
n,

 
π
υρ

ήν
α
ς:

 N
uc

le
us

, 
π
ρ
ω
τό
νι
ο

: P
ro

to
n)

 

 

 

 
 

ra
re

fa
ct

io
n 

 
αρ

αί
ω

μα
 

In
 a

 so
un

d
w

a
ve

 th
is 

is 
w

he
re

 th
e 

a
ir 

m
o

le
cu

le
s 

a
re

 th
in

ne
r, 

fa
rth

er
 

a
w

a
y 

fro
m

 e
a

ch
 o

th
er

. 

 

 

 
 

ra
re

fa
ct

io
n 
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re
sis

ta
nc

e 
 

αν
τίσ

τα
ση

 
H

o
w

 m
uc

h 
a

 c
o

nd
uc

to
r 

m
a

ke
s i

t h
a

rd
er

 fo
r 

el
ec

tro
ns

 to
 m

o
ve

 
th

ro
ug

h 
it.

 

 

 

R 
O

hm
  

(Ω
) 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

re
sis

to
r 

 
αν

τισ
τά

τη
ς 

A
 c

o
nd

uc
to

r w
ith

 a
 

re
sis

ta
nc

e.
 

 
 

 
 

re
su

lta
nt

 fo
rc

e 
 

συ
νι

στ
αμ

έν
η 

δύ
να

μη
 

 
 

 
 

 

so
lid

s 
 

στ
ερ

εά
 

Th
in

g
s t

ha
t d

o
 n

o
t 

ch
a

ng
e 

a
 sh

a
p

e 
a

nd
 

a
lw

a
ys

 h
a

ve
 th

e 
sa

m
e 

vo
lu

m
e.

 M
o

le
cu

le
s o

f 
so

lid
 o

b
je

ct
s a

re
 v

er
y 

cl
o

se
 to

 e
a

ch
 o

th
er

 
a

nd
 m

o
ve

 v
er

y 
lit

tle
. 

 

 

 
 

so
un

d 
 

ήχ
ος

 

So
m

et
hi

ng
 th

a
t w

e 
he

a
r w

ith
 o

ur
 e

a
rs

. 
So

un
d

 is
 a

 w
av

e.
 It

 
b

eg
in

s a
t a

 so
ur

ce
 a

nd
 

tra
ve

ls 
th

ro
ug

h 
a

 
m

a
te

ria
l m

ed
iu

m
. 
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so
un

d 
in

te
ns

ity
 

 
έν

τα
ση

 το
υ 

ήχ
ου

 
H

o
w

 lo
ud

 a
 so

un
d

 is
. 

 

 

 
De

ci
be

l 
 (d

B)
 

so
un

d 
pr

op
ag

at
io

n 
 

δι
άδ

οσ
η 

το
υ 

ήχ
ου

 
Th

e 
m

o
ve

m
en

t o
f 

so
un

d
 th

ro
ug

h 
a

 
m

ed
iu

m
 su

ch
 a

s a
ir.

 

 

 

 
 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

so
un

d 
pr

op
ag

at
io

n 
m

ed
iu

m
 

 
μέ

σο
 

δι
άδ

οσ
ης

 
το

υ 
ήχ

ου
 

A
 m

a
te

ria
l (

so
lid

, l
iq

ui
d 

o
r g

a
s)

 th
ro

ug
h 

w
hi

ch
 

so
un

d
 tr

a
ve

ls,
 (i

s 
p

ro
p

a
g

at
ed

). 
M

o
st 

o
f 

th
e 

so
un

d
s t

ha
t w

e 
he

a
r a

re
 p

ro
p

a
ga

te
d

 
th

ro
ug

h 
a

ir.
  

 

 

 
 

so
un

d 
so

ur
ce

 
 

πη
γή

 ή
χο

υ 
So

m
et

hi
ng

 (e
.g

. a
 

st
rin

g
) t

ha
t m

a
ke

s a
 

so
un

d
. 

 

 

 
 

so
un

d 
w

av
el

en
gt

h 
 

μή
κο

ς 
κύ

μα
το

ς 
(η

χη
τικ

ού
) 

In
 a

 so
un

d
w

a
ve

, t
hi

s i
s 

th
e 

d
ist

a
nc

e 
b

et
w

ee
n 

o
ne

 c
o

m
p

re
ss

io
n 

a
nd

 
th

e 
ne

xt
, a

nd
 b

et
w

ee
n 

o
ne

 ra
re

fa
ct

io
n 

a
nd

 
th

e 
ne

xt
.  

 

 

λ 
M

et
er

s 
(m
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(P
ic

tu
re

 o
n 

th
e 

rig
ht

: 
Π

ύκ
νω

μα
: C

om
p

re
ss

io
n,

 
Α

ρ
α

ίω
μα

: R
a

re
fa

ct
io

n)
 

sp
ee

d 
 

τα
χύ

τη
τα

 
H

o
w

 fa
st

 so
m

et
hi

ng
 

m
o

ve
s 

 

 

u 
M

et
er

s p
er

 
se

co
nd

  
(m

/s
) 

 

sc
ie

nt
ific

 w
or

d 
/ …

. /
 επ

ισ
τη

μο
νι

κή
 λ

έξ
η 

W
ha

t d
oe

s i
t m

ea
n?

 

W
ha

t d
oe

s i
t 

m
ea

n?
 (W

rit
te

n 
in

 th
e 

ta
rg

et
 

la
ng

ua
ge

) 
Ex

am
pl

e 
/ 

…
. /

 Π
αρ

άδ
ειγ

μα
 

Sy
m

bo
l 

…
…

…
 

Σύ
μβ

ολ
ο 

Un
it 

…
…

…
 

Μ
ον

άδ
α 

μέ
τρ

ησ
ης

 
In

 E
ng

lis
h 

In
 y

ou
r 

la
ng

ua
ge

 
Στ

α 
ελ

λη
νι

κά
 

sp
ee

d 
of

 
so

un
d 

 
τα

χύ
τη

τα
 

το
υ 

ήχ
ου

 
H

o
w

 fa
st

 so
un

d 
m

o
ve

s 
th

ro
ug

h 
a

 so
lid

, l
iq

ui
d

 o
r 

g
a

s m
ed

iu
m

.  

 

 

u 
M

et
er

s p
er

 
se

co
nd

  
(m

/s
) 

te
m

pe
ra

tu
re

 
 

θε
ρμ

οκ
ρα

σί
α 

Th
e 

m
ea

su
re

m
en

t t
ha

t 
te

lls
 u

s i
f s

o
m

et
hi

ng
 is

 
w

a
rm

 o
r c

o
ld

. 

 

 

θ 
De

gr
ee

 
C

el
siu

s 
 

(◦C
) 
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th
er

m
al

 
eq

ui
lib

riu
m

 
 

θε
ρμ

ικ
ή 

ισ
ορ

ρο
πί

α 

W
he

n 
tw

o
 th

in
g

s t
ha

t 
a

re
 in

 c
o

nt
a

ct
 re

a
ch

 
th

e 
sa

m
e 

te
m

p
er

a
tu

re
. 

Th
e 

w
a

rm
er

 o
b

je
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Αυτή η έκδοση χρηματοδοτήθηκε από την Ευρωπαϊκή Ένωση. Το περιεχόμενό της εκφράζει 
τις απόψεις των συγγραφέων της και δεν μπορεί να θεωρηθεί ότι αντικατοπτρίζει την 
επίσημη θέση της Ευρωπαϊκής Ένωσης.
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