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Physics and Chemistry 2º ESO
Unit 1. Matter

Unit 1. Matter
From the moment you wake up in the morning you don´t stop seeing
all sort of objects: chairs, glasses, furniture, bottles full of water, coins…
All objects are made of matter. Matter is everything that has mass and
takes up space.

A substance is a specific type of matter that is different from any other
(water, paper, wood, iron …). Substances forms materials which can be
used to make objects.

How can you know from what substance an object is made? How can
you differentiate between substances, and then identify them?
In this chapter you will see what are the characteristic properties of
the substances, and why they are usefull to identify them.
You will also learn about the model that we use to explain the
structure of matter (what would you see if you watch a substance
with a powerfull microscope). For example, a solid like copper
sulfate...do you think that you would see something similar to a block,
like the one on the image?
Learning about this model is going to be very usefull to interpret the properties of matter, and
you will be able to relate their characteristics in macroscopic scale (experimental) with the ones in
microscopic scale (of particles).

1. The properties of substances
There are a number of qualitative properties that are characteristic of any substance and that can
be useful to identify them. Some examples of these properties are odor (although there are a lot
of odorless substances), color (but there are a lot of them which have the same color!), or flavor
(but you´d better not taste some of them, they can be very dangerous!).
The problem that all of these properties have is the fact that they can´t be measured: The ability
of perception is different for each person. For example, girls are more able to differentiate colors
than boys. The sense of taste and smell is different in each person, etc. As a result, these
properties only allow us to get an initial idea of the kind of substance we are analysing.
Think of the substance “water”. Its mass and its volume depends on the amount of water you
have, and you can have the same mass of water as of any other liquid, or two different liquids can
have the same volume. So, the volume is not usefull to distinguish two different liquids.
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What about temperature? This property doesn’t depend of the amount of matter…but different
substances can have the same temperature, so temperature is not usefull to distinguish matter.
As you can see none of these three properties are useful to differentiate substances.

1.1 Characteristic properties
The characteristic properties are those which can be
measured, have a concrete value for each substance,
and don´t depend on the amount of matter that they
have.
You are going to work with two characteristic
properties: change of state points and density.
In the picture you can see the three states of matter.
Each one has a different name, that you already know,
for sure.
Density measures the relationship between the mass of a substance and his volume. Dense
substances have a lot of mass in a determined volume, while low dense substances have little
mass in the same volume (d=m/V).
The boiling and melting points and the density are characteristic of a substance. They have a fixed
numerical value and don´t change whatever the amount of substance is.
As you know, water is a colorless, odorless, and tasteless substance, with a melting point of 0 ºC
and a boiling point of 100 ºC. Its density is 1 g/cm3. In the table you have the values of these three
magnitudes in a group of common substances, ordered alphabetically. If you use this table it's
going to be very easy to identify any substance!
If we have an unknown substance we just have to compare the values of the melting and boiling
points and the density. If they are equal to other values of another substance in the table, without
doubts the substances will be the same.
The meaning of the density of substances
It indicates the mass that the specific volume of a substance has. It is usually expressed in grams
per cubic centimeter (g/cm3), per milliliter (g/mL, equivalent quantity when talking about a
liquid), or per liter (g/L, also for liquids).
IS (International System) unit is kg/m3but it is used less often because its numerical value is 1000
times bigger: it is easier to say that the density of aluminum is 2,7 g/cm3 than 2700 kg/m3.
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2. The measuring process
We call the properties that can be measured magnitudes. You already know some of them: mass,
length, volume, temperature, time, and density. We are going to work with them, and we will
learn how to measure it in a simple way.
Some of these magnitudes are determined from other ones. We call them derived units. For
example, the volume is calculated as “length to the third” (the volume of a cube is calculated as its
side elevated to the third!), and density is the relationship between mass and volume.

2.1 The International System of Units
To measure that we use the International System of Units (IS). It has a unit for each magnitude,
that is used as a universal reference. This makes it possible that every unit can be understood in
any country.

Observe that temperature is measured in Kelvin in the IS. It is a centigrade scale-like Celsius (ºC)
although this one is more common in our daily life. The equivalence between these two
magnitudes is 0 ºC is 273 K, in order to change one to the other, you can use the relationship: T(K)
= T(ºC) + 273.
Writing units
You must always write the units of the magnitudes because a number without units has no
practical meaning.

2.2 Scientific notation
It is often used when we work with very big o very small numbers. It is used in calculators and
spreadsheets, and you need to know how to work with it. For the moment, you will only use it
with numbers 1000 times bigger or smaller.
In scientific notation, 1500 is written as 1,5 103, and 0,0025 is written as 2,5 10-3.
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We write just one number before the decimal comma, and then we multiply for the base ten to a
power that is the number of digits after the comma in the original number if it is bigger than 1, or
before the coma if it is smaller than 1.
Decimal dot or decimal coma?
To indicate decimals, you can use both decimal dot (calculators) or decimal coma (spreadsheets),
but written downsides, not upsides. Don´t use the dot to separate thousands. It is right to write
1,25 or 1.25, but it is wrong to write 1´25 or one million as 1.000.000 (1 000 000 is allowed).

2.3 Multiples and submultiples
A lot of times we use units that are multiples or submultiples of the original number to make
easier to work with them. You need to know how to work with numbers from 1000 times bigger
than the original to numbers 1000 times smaller, as you can see in the table, where you can find
other examples that you may already know.

2.4 Conversion factors
To express a measure in a different unit you have to multiply the initial measure by the conversion
factor that relates the two units.
How do you transform 11,5 kilometers in meters? You need to know the equivalence between the
two units, that it's very easy in this case: 1 km = 1000 m. As the two quantities are the same, their
quotient is the unit, and you can write the relationship in two ways:

1 km
1000 m
=1
=1
1000 m
1 km
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Now you just have to multiply the initial quantity by the conversion factor to eliminate the initial
unit and obtain the final one.

11,5 km

1000 m
= 11500 m
1 km

You have to notice that the unit km appears in the numerator and the denominator, so it is
eliminated and you obtain the unit m, which is the unit you want to get in the end. Realize that
multiplying by a conversion factor is multiplying by the unit!
Changing units with conversion factors
To express a quantity in a different unit, you have to multiply the initial quantity by the
conversion factor that relates the two units, so you can eliminate the initial unit and obtain the
unit that you want.

2.5 Significant numbers
When you make a measure, you can express it with more or less significant numbers depending on
the instrument used. So, if a scale appreciates until tenths of a gram and indicates 14,6 g, the
value has three significant numbers.
If you solve a problem with this value, the result will have a maximum of three significant
numbers, and two if you use a value with two significant numbers.
How many significant numbers do we have to write?
a) When you measure something, as many as the instrument provides us.
b) When you do calculations with more than one magnitude, you must give the result with
the lower quantity of significant numbers of all the magnitudes you have used.

Besides, you need to consider the sensitivity of the instrument. For example, if you measure
masses with 3 significant numbers (10,2 g) in a scale that appreciates tenths of a gram, the result
can´t have two decimal numbers because the scale only appreciates one. That is why 3,45 g or
0,27 g won´t be valid results.

3. Identifying solids
To determine the density, you need to determine the mass and the volume of the solid. The result
is expressed in g/cm3 o kg/m3 (1 g/cm3 = 1000 kg/m3).
When you the value of its density you can compare it with the data table and you will be able to
identify the substance that forms the solid.
The scale
The maximum mass that can be measured by a scale is its capacity. The
minimum mass that it can detect is its sensitivity. Scholar laboratories
normally have scales with a capacity of 500 g and a sensitivity of 0,1 g.
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3.1 Measuring the density of regular solids
Measurement of the mass: press the tare button, put on the solid and read the mass.

Measurement of volume: measure with a
caliper or a pleximeter its side, edge,
diameter, etc., depending on the geometric
shape of the object. Use the appropriate
formula (V = hπr2 in a cylinder, V=a3 in a cube,
V=4/3 πr3 in a sphere).

Look at the picture of the caliper. It marks 1,28 cm. To
know it, you have to look at the 0 in the mobile scale (the
superior one) which is between 1,2 and 1,3, but closer to
1,3. Now, look for the marks in both scales, superior and
inferior, that are in the same position. In this case, is the
eighth mark in the superior scale, so the value is 1,28 cm.

3.2 And what if the solid is irregular?
The volume is determined by immersion in water: we add water to the
measuring cylinder, we read the volume and then we introduce the object. Its
volume will be the difference between the two values taken.
Naturally, this method is only useful for small objects that fit inside the
measuring cylinders.
To measure the mass, we weight the measuring cylinder with the liquid and
then with the solid. The mass of the solid will be the difference between the
two measures.
Measuring the volume of liquids with measuring cylinders and burettes
When we add water to a narrow tube, we observe that the surface of the liquid forms a curve
called “meniscus”. To read the value properly, you have to put the measuring cylinder or burette
at eye-level and write down the value in the lower part of the meniscus.

In the picture, the value is 20,0 mL. Notice that the burette appreciates until 0,1 mL.

3.3 What liquid is it?
You have to put a measuring cylinder in the scale, tare, add the liquid until a given volume, and
measure the mass of the liquid. As you already know the mass and the volume, you can calculate
the density and identify the liquid using the data table.
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3.4 Boling points
As there are liquids with similar densities, sometimes we need to measure also the boiling point to
be able to differentiate them. Notice that while the substance is changing its state, the
temperature stays constant.

3.5 Temperature and physical states
You must learn to deduce the physical state of a substance by knowing its boiling and melting
points, which are in the data table.
Think of the case of water. It melts at 0 ºC and boils at 100 ºC. Which is its physical state at -34 ºC?
The temperature is lower than the melting point, so it is in solid-state. If the water is in the liquid
state, the temperature will be between 0 ºC and 100 ºC. At a temperature of 145 ºC, which is
higher than the boiling point, its state is gaseous.
In what state is it?
- If the temperature is lower than the melting point, the substance is in solid-state.
- If the temperature is higher than the melting point but lower than the boiling point, the
substance is in the liquid state.
- If the temperature is higher than the boiling point, it is in a gaseous state.

4. A model for the matter
To explain why the substances have characteristic properties
(density, points of change of state, tendency to evaporate, solubility
in water) we start studying experimentally the different properties
of gases.

4.1 The pressure of gases
The gaseous state is the easiest one to study because to explain the situation of a gas inside a
closed recipient you only need four magnitudes. You already know three of them: the quantity of
gas (n), the volume of the recipient (V), and the temperature (T).
You also need to know the pressure produced by the gas (P). What is the meaning of this
magnitude?
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If you want to cut a piece of clay and you have a knife, ¿what
should you do? It is sure that you will use the edge of the knife
and not the flat part of the blade. If it is sharp, it will be easier
to cut, and also if the force you do is bigger.
The pressure is the magnitude that measures the deforming
effect of a force, and it is calculated as the relationship
between the force applied and the surface where it is being
applied. Using the IS, it is measured in Pascals (Pa) but in the laboratories, it is very common to use
atmospheres (atm) or mercury millimeters (mm or mm Hg).
The bigger the force applied and the smaller the surface, the bigger the pressure will be. Using
this simple idea it is easy to explain why we leave traces on wooden floors when we walk with
needle heels but not if the heel is wider. Our weigh is the same, so we apply the same force on the
floor, but the support surface is different. That's why the effect produced is bigger when there is
little surface, in the stiletto (high-heel shoes).
What does pressure measure?
Pressure measures the force by unit of surface. It is calculated by dividing the force applied by the
surface where it is applied: P=F/S

Compressing the air of a syringe
When you compress a hermetic syringe which contains air and
whose tip has been sealed using a drop of glue, you observe that
the volume occupied by the gas decreases while you push the
plunger of the syringe.
If you want to push the plunger more, you will need to apply
more force on the same surface, which means more pressure.
When you stop pushing, the gas expands and goes back to the
original situation.
In summary, when the pressure increases, the volume decreases.
Heating a beach ball
If you leave a deflated ball in the sun, you will observe that it inflates. When the temperature
increases, the volume occupied by the gas increases too.
Heating a bottle
But if the recipient has a fixed volume, when you heat it, the pressure increases and the bottle can
explode if it can´t resist the pressure reached. So, when the temperature increases, the pressure
increases too.
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Injecting air
If you blow air inside a balloon it inflates, but if it is a bottle with fixed volume,
the pressure increases.
In summary, the four magnitudes are related: the pressure produced by a gas
is higher when the amount of gas and the temperature are higher, and when
the volume of the recipient is lower.

4. 2 The model of particles
The accepted explanation nowadays is
that matter is made of particles so
small that they can´t be directly
observed by the human eye.
With the picture on the right you will
understand the process: The big
particle is the one we can see, and the smaller ones are those that we can´t see. The small ones
move in a disordered way and, when they hit the big particle, they make it move. In this way, the
air particles are the ones that cause the smaller particles (that seem to be suspended in the air) to
move. This disordered movement of particles is called Brownian motion
Principles of the model of particles
1. The matter is made of very small and invisible particles.
2. All the particles of a substance are equal to each other, but different from those of other
substances. For example, they differ in the mass they have.
3. The particles are in constant motion due to the thermal agitation, so when the temperature
increases, they move faster.
4. There are forces of attraction between particles, which decrease quickly with distance.

4.3 Properties of substances
As the proposed model says, particles move faster when the temperature of the substance is
higher. This effect's more important in gases.
Remember that speed is a property of particles, while the temperature is a property of the
substance made of these particles.
In solids, particles are ordered regularly, forming macroscopic structures called crystals. In liquids,
particles are more disordered, and in gases the disorder is total.
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4.4 Pure substances and mixtures
It is easy to represent the substances in a recipient through a
particle diagram. A spray bottle filled with gas may be
represented as a square box with circles representing the
particles of gas.
A substance is pure if it is made by only one substance and
one kind of particles. If there is more than a substance and
so, more than one kind of particle, it is a mixture.
If the substances in a mixture are equally distributed through the mixture, it is homogeneous,
while if the different kinds of particles can be seen just looking at them, it is heterogeneous.
The diagram on the left represents a glass of water with
sugar. Most of the particles are water. As there are two
kinds of particles equally distributed, it is a homogeneous
mixture.
In the middle, there is a diagram representing a balloon
filled with air, which is made mainly by two gases: oxygen
and nitrogen (there are very small quantities of water,
CO2, and other gases). It is also a homogeneous mixture.
On the right, there is a piece of iron, which is of course a pure substance. It is only formed by one
kind of particle.
Pure substances and mixtures
The conceptual diagram gives us an experimental vision of homogeneous and heterogeneous
systems, depending on if we observe one substance (water, but also salty water), or more than
one (granite). Nevertheless, salty water is a mixture of two substances (salt and water), although
we can´t differentiate them just by looking at it.
A substance is pure if is made by only one substance and one kind of particles. If there is more
than a substance and so, more than one kind of particle, it is a mixture.
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If the substances in a mixture are equally distributed through the mixture, it is homogeneous,
while if they can be seen different just looking at them, it is heterogeneous.
Homogeneous mixtures are often called dissolutions, where the component in higher proportion
is the solvent, and the component in lower proportion is the solute (in a dissolution of sugar in
water, water is the solvent and sugar is the solute).

4.5 Diagrams of particles
The diagrams of particles must reflect the physical state of the represented substance.
Solids
Observe different crystalline solids. In all cases, there is a geometric
structure on a macroscopic scale of cubic, prismatic or other shapes.
It seems logical to suppose that this happens because the particles that
form each substance are ordered at a microscopic scale, and when there
is a number of them big enough, we can see the crystal, which
reproduces that geometric order.
Gases
In the case of the gas inside the balloon, there is no regular structure because
the particles move quickly and in a disordered way, hitting the wall of the
balloon to maintain it inflated.
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Liquids
In liquids, the diagrams of particles are different if the substance
dissolves, like sugar, or if it doesn´t, like marble. Look at the picture
where there is a representation of a homogeneous and a
heterogeneous mixture, where the piece of marble not dissolved can
be seen easily.
You can represent similar diagrams in other cases that you know: oxygen is dissolved in water (this
allows fishes to breathe), whose diagram would be similar to the diagram for sugar dissolved in
water, as it is a homogeneous mixture. Another similar diagram could be the one for alcoholic
drinks, where alcohol mixes with water.

4.6 Physical states and changes of state
You have applied the model for
solids, liquids, and gases. Now
it is time to use it also to
interpret the changes of state.
In the picture, you have ice,
liquid water, and water vapor.
Ice melts at 0 ºC and water
boils at 100 ºC. It is also
possible
to
study
the
condensation of vapor and
solidification of water.
Use the simulation to observe how these changes
of state are produced from an experimental point
of view, paying special attention to the variations
of temperature during the process.
Notice that the energy in the form of heat
supplied by the Bunsen burner is used to heat the
substance, so the particles start to move faster,
and how the distance between them increases.
To explain the melting of ice, the particles
separate just a bit, so they can move as you can
see in the simulation. In order to do that, they need to overcome the attraction between particles
in a solid-state.
Once the melting point is reached, the distance between particles gets bigger as they move faster,
so step by step the substance changes from a solid-state to a liquid state.
All the energy is used for this process, and that´s why in a change of state the temperature doesn´t
change. Once all the ice is melted, the water starts to heat again and starts to evaporate at low
temperatures, although it doesn´t finish until the boiling point is reached.
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4.7 Explanation of experimental facts
The two main applications of every model are:
- Explaining the observed facts.
-Predicting facts that are going to happen.
There is a balloon adjusted to the mouth so that the closure is
hermetic. If you heat the flask with the flame of a bunsen
burner or on a heating plate, you can see that the balloon
swells and that when you leave it to cool to room
temperature, it returns to the initial situation.
This situation and a lot more can be explained using the model of matter that you have studied,
and you will also be able to predict what will happen when you act on a system (what will happen
to the balloon if you put it inside the freezer?).

5. Working at the laboratory
The laboratory is a common working place for scientific subjects. It is necessary that you now the
working rules, especially everything related to safety, and the materials you are going to use.
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Working at the laboratory
The laboratory is a working place where you are going to use instruments and tools
that may be dangerous, so you have to follow some rules to assure your own safety
and your companions safety.
1. When you arrive to the laboratory, set
yourself in a table with your colleagues (one
or two) and leave your belongings in the
shelf under the table.
2. Check that you have all the materials you
need in the tray on the table.
3. Stay in your working place to facilitate
mobility within the laboratory.
4. You should use gloves and glasses when you
work with chemical products.
5. You mustn´t touch, smell or taste chemical products. It can be very dangerous
if you don´t know their properties.
6. Make sure that you use the right substance or material in each case and that
you do it correctly.
7. Don´t mix products if you are not sure that you have to do it, because you can
produce dangerous reactions.
8. Follow the teacher´s instructions to eliminate the residues when you finish
your work.
9. Wash your hands before you leave the laboratory.
10. When you finish, leave the material tidy, as you found it.

AND IF YOU HAVE ANY PROBLEM ...
TELL IT IMMEDIATLY TO YOUR TEACHER
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Balanza digital

Flexómetro

Calibre

Espátulas

Probeta

Matraz aforado

Soporte, pinza de
bureta y nuez

Bureta en soporte

Vaso de precipitados

Erlenmeyer

Embudo

Embudo de
decantación

Cápsula de porcelana

Cristalizador

Gafas

Vidrio de reloj

Gradilla y tubos de
ensayo

Frasco lavador

Mechero Bunsen

Papel de filtro
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Unit 1. Matter
1. Do you know what substance is?

a) Look at the blue liquid in the erlenmeyer on the left, could it be water?
b) Look at the central picture. The liquid in the test tube is odorless. Could it be alcohol?
c) Would you claim that the yellow solid on the right picture is made of gold?

2. New materials (RESEARCH-LABORATORY)
Do research on these four substances: goretex, kevlar, carbon fiber and graphene. Study about
their nature and their applications. Use a web searcher to find the information that you need and
pictures of the substances and their applications. Make your essay using the information in a way
that you understand what you write.
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3. Do you know which substance is this?
An unknown substance is liquid at room temperature. Indicate which of the following couldn’t be
that mysterious substance: water, alcohol, vinegar, aluminium.

4. Comparing mass and volume
Look at the picture, where you can see a tennis ball, a pingpong ball and a steel ball. Order them
depending on their mass (feeling the weight of them with your hand) and their volume (observing
their size).

5. Which one is the hollow ball?
There are two steel balls with the same volume inside a box. If someone tells you that one of them
is hollow (is empty on the inside), how could you know which of them is it?
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6. The density of gold
The density of gold is 19,3 g/cm3, what does it mean? What is the volume of the ingot in the
picture? (it is like the ones in the banks in Switzerland).

7. Ordering densities
What is the correct order of densities of the following substances: aluminium, copper, chlorine,
ethanol? (use the data table).
a) daluminium<dchlorine<dcopper<dethanol
b) dethanol<dcopper<dchlorine<daluminium
c) dchlorine<dethanol<daluminium<dcopper
d) dchlorine<daluminiumv<dethanol<dcopper
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8. Identifying a substance
An unknown substance is solid at room temperature, its melting point is a bit higher than 950ºC
and its density is 10,5 g/cm3. What substance do you think it is?

9. The water inside the bottle
Look at the picture of a bottle of mineral water. Its volume is one liter/litre and a half. What mass
of water is there? Remember that 1 cm3 and 1 ml represent the same volume. Look for the density
of water in the data table.
a) 1500 kg; b) 1500 g; c) 1,5 g; d) 1,5 m3

10. Physical states and density
Use the data table to deduce the order of densities among solids, liquids and gases. Think of two
or three known substances for each of the three states at room temperature.
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11. Instruments and magnitudes
Look at the pictures and choose which one of them is used to measure each of the following
magnitudes: length, mass, temperature, time, and volume.

The scale measures _____________________________
The measuring tape measures ______________________________
The graduated cylinder (test tube) measures ____________________________
The thermometer measures _________________________
The stopwatch (chronometre) measures __________________________

12. The length of a table
If you are told that the length of a table is 3,5, do you really know the length of the table?
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13. The label of a set of towels
Look at the picture, found in a set of towels. What do you think is wrongly written?

14. Two scales of temperature
Look at the picture of the thermometer, which measures the temperature both in ºC, used in
Europe, and ºF, used in the United States.
a) If the temperature is 40 ºF, is it hot or is it cold?
b) What will be the temperature (ºF) if the thermometer marks 30 ºC?
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15. Posters and labels
Look at the pictures and explain the mistakes you find.

16. Numbers in scientific notation
Write the following numbers using scientific notation.
a) 1200 liters
b) 0,028 g
c) 850 seconds
d) 300000 km

17. The mass of a fly
The mass of a fly is about 1,9 10-1 g. What is it in decimal notation?
a) 0,019 g; b) 0,19 g; c) 1,9 g; d) 0,019 g
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18. The label of a mineral water bottle
The label of a mineral water bottle indicates that it contains 7,4 milligrams of magnesium per liter
of water. So that, in a liter of this water bottle there is a mass of magnesium of: a) 7,4 103 kg; b)
7,4 10-3 g; c) 7,4 103 g; d) 7,4 10-3 kg

19. The mass of a grain of sand
You are told that the mass of a grain of sand is 1,54 mg. Using conversion factors, express this
value in grams.

20. The volume of an ingot of gold
Dou you remember the gold ingot in exercise number 6? Its mass is 500 g and, as you know, the
density of gold is 19,3 g/cm3. Calculate now the volume using the right conversion factor.
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21. Amongst some units and others (RESEARCH-LABORATORY)
Maybe you have heard about how cheap or how expensive the petrol barrel has become, or that a
diamond is 12 carats, or that the length of a metal piece is 5 inches. In the picture you can see the
"vara jaquesa", sculpted on the right of the front of the “lonja pequeña”, in the Cathedral square
of Jaca.
Look for the information that you need to establish conversion factors between:
a) petrol barrels and liters.
b) carats and grams.
c) inches and centimeters.
d) "varas jaquesas" and meters.

22. In the cathedral of Jaca
The cathedral of Jaca has a width of 20,15 m in the closest area to the apse. What is the
equivalence in "varas jaquesas"?

26

Physics and Chemistry 2º ESO
Activities Unit 1. Matter

23. The Cullinan I diamond
The Cullinan diamond (Great Star of Africa) weighs 530,20 carats and is the biggest clear cut
diamond in the world. It is kept in the Tower of London and is part of the scepter of King Edward
VII. How do you express its mass in grams? (1 carat is equivalent to 200 mg).
A) 10,6 g; b) 106 g; c) 265 g; d) 1,06 g

24. The football field of SD Huesca
The Alcoraz field is the football field of SD Huesca team. The pitch has dimensions of 105 x 68
meters. Write the value of the surface in square meters, using scientific notation, and in hectares
(1 hectare is equivalent to 10000 m2 and it is often used in agriculture). Keep in mind the
significant figures that you have to use.

25. The weight of a piece of plasticine
You weigh in the scale a piece of plasticine and the value that it shows is 53,4 g.
You divide that piece of plasticine into 10 small pieces of the same mass. What will the scale show
if you weigh one of these small pieces?
a) 5,3 g; b) 5,34 g; c) 5,340000000 g; d) 0,534 g
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26. Instruments and measurements
a) You need 13,5 ml of one dissolution of physiological serum. What instrument will you use to
measure that volume, the graduated cylinder, or the burette?
b) In a poster in the fruit store it says that the price of oranges is 1,5 euros/kgr. What is written in
the wrong way?
c) If a bag of potatoes of 4 kg costs 3,45 €, can you say that 1 kg costs 0,8625 €, that is exactly 3,45
divided into 4?

27. The density of substances (RESEARCH-LABORATORY)
Using the web book simulator, deduce (without doing calculations) the order of the densities of all
the substances. After that, you have to determine the density value of each one.
You can fix the mass of all the cylinders or the volume of all of them. Design a method to obtain
what you need.
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28. Identifying materials (RESEARCH-LABORATORY)
At first, you are going to identify the material
that some solid objects are made of. The easiest
way to know it is by determinating the densities
and looking for them in a data table. You will
have to consider other properties because some
substances have very similar densities. Look at
the picture, where you can see three cubes and
four cylinders made of different materials. The
volume of the three cubes is equal, and the same
happens to the volume of the four cylinders.
What could you do to order each group by
density? You need to measure the mass of every
object using a digital scale. The object with the
higher mass of each group is the densest because as the volume is the same, the relation between
mass and volume will be higher. To weight with the digital scale, start it, wait until it shows 0, put
the object in the plate, and write down the mass in grams. Repeat the procedure for each of the
seven objects and order them by density. Explain the procedure you have followed, the
measurements are taken and your conclusions.
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29. In the jewelry
In the shop window of a jewelry shop, there is an ingot made of silver and another one made of
platinum. In the two ingots it is written that the mass is 1 kg. Can you identify each one?
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30. The density of cubes (RESEARCH-LABORATORY)
Use the next simulator to answer the questions. It is worth to notice that the volume is measured
by immersion in water: when the object is completely submerged, the water rises, and that
increase corresponds to the volume of the submerged object.
1. Select “Custom” and the material aluminum,
setting the volumes 1,2, and 5. What is the
mass of the block in each case? Justify it using
the value of the density of aluminum. Repeat
the work using other materials and check that
the conclusion is the same.
2. Select “Same mass”. Determine the volume
and the density of the four cubes.
3. Select “Same volume”. Determine the mass
and density of the four cubes.
4. Select “Mistery” to identify the material of
the five cubes. Show the data table to compare
densities and identify the substances.
Write down the results and conclusions.
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31. Determining the density of a cylinder, a cube and a ball (RESEARCHLABORATORY)
You have to determine the density of a cylinder, a cube, and a ball, similar to the ones in the
picture. You have a scale and a caliper, which appreciate 0,1 g and 0,1 cm, respectively. You must
express the result in g/cm3 and kg/m3, which is IS unit. Using the data table, identify which metals
the ball and cylinder are made.
Write the procedure and the results obtained.

Vcilindro = π r h
2

V cubo= a
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32. Identifying metals (RESEARCH-LABORATORY)
With this virtual laboratory, you are going to identify
the metal of which the ball and the irregular yellow
piece are made. You have a balance of arms: in order
to weight, you have to put the object on a saucer
and the dumbbells on the other until they
equilibrate and the pointer stays in the center of the
scale. Look for a good strategy to put the dumbbells!
After that, introduce the object in the measuring
cylinder in order to know its volume and so that you
will have all the data you need to calculate the
densities.
Write down the results. Calculate the densities and look for the values in the data table to know
which metals are them. Consider that the numerical result obtained could be an approximation
and that the instruments you have used aren’t very sensitive.
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33. The density of marble (RESEARCH-LABORATORY)
In order to determine its density, you have marble in pieces,
water, a watch glass, a measuring cylinder, and a digital scale. Do
the measures and calculations that you need and don’t forget to
write the units and the right number of significant numbers. The
density of marble is not in the data table and you must look for it
on the web, to compare this value with the one you have
obtained experimentally. Describe what you have done and your
conclusions.
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34. Measuring the volume of trunks
In the sawmills, there are huge trunks, with more or less irregular shapes. How do you think the
immersion method is used to determine the volume of the trunks?
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35. The golden crown
Look at the next data table and identify which one is the golden crown, which one is silver made
and which one is an alloy of gold and silver. Look for the densities in the data table.
Metal
A
B
C

Volume in cm3
118,8
70,0
64,6

Mass in g
1247,0
1247,0
1247,0

Metal

Justify if the percentage of gold is higher or lower than the percentage of silver in the “fake”
crown.

36. Buoyancy
You already know that iron sinks into the water while cork floats. The reason is that objects denser
than water sink into it, while objects less dense float. Density of water is 1 g/cm3, or 1000 kg/m3.
A boat has a mass of de 4,5 104 kg and a volume of 100 m3. Justify why it floats even though it is
mainly metallic.
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37. Identifying liquids (RESEARCH-LABORATORY)
You are going to measure the density of three liquids,
labeled in bottles as A, B, and C. Measure the volume
using a burette for each liquid, that appreciates until
0,1 ml and the mass with a digital scale.
First, put a beaker in the scale and set the lecture 0
with the Tare button. Put it under the burette and add
the volume that you want to the Erlenmeyer (between
10 and 20 ml). Weight the recipient again to now the
mass of liquid that it contains. Empty the beaker in the
recipient next to each burette and dry the interior of
the beaker with filter paper before changing of liquid.
Calculate the densities of A,B and C and try to identify them using the data table.
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38. The Tare button of a scale
What is the purpose of the Tare button on a scale?
a) Weight quicker.
b) Discount the mass of the recipient where we have put the substance.
c) Make the result more accurate.
d) Prevent the liquids from evaporation.

39. Graph and densities
Observe the graph. Justify which liquid is denser without doing any calculations and calculate after
that the densities of A and B.
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40. Properties of mercury
Mercury is the only metal that is liquid at room temperature. It is very toxic: once it enters the
body through the respiratory system, as it is very volatile, it never gets eliminated. This is why it is
forbidden to make thermometers of domestic use.
It has a huge tendency to form small balls as you can see in the picture. It forms a meniscus in
narrow tubes just the other way than in water, as it goes down in the walls instead of going up.
Another very special property is its high density, which you are going to calculate know. In order to
do that, you add mercury to a measuring cylinder until 25,0 mL. the mass of the measuring
cylinder is 83,7 g when it is empty and 423,5 g when it contains the metal. The density of mercury
is:
a) 1,36 g/mL; b) 13,6 g/L; c) 13,6 g/mL; d) 13,6 mL/g
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41. Experimental determination of boiling points of liquids (RESEARCHLABORATORY)
To difference

liquids, you can determine their boiling points, which is
a characteristic property of substances.
Look at the picture, where you can see a beaker with liquid in a
heating plate with a magnetic agitator. You can modify the quantity
of heat communicated by the unit of time (the power) and the speed
of agitation.
The thermometer measures the temperature of the liquid. You have
to read it every minute until the liquid reaches its boiling point,
writing down the values in a data table.
Do the experience with the liquid indicated by your teacher. Notice
that once the liquid starts boiling the temperature remains constant.
You will learn there a son later. Represent the values in a
temperature-time graph and identify the liquid.
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42. The boiling point of a liquid
You have obtained experimentally the following data about the boiling point of a liquid, which is
represented in the next graphic. What substance is this?

43

Physics and Chemistry 2º ESO
Activities Unit 1. Matter

43. And if the hot plate heats less?
How would the previous table be modified if the hot plate would have worked at less power?
Would the graphic be different?

44. The boiling point of four substances
Determine the boiling point of each of the four substances by
pressing the red button to heat the liquids and make them
boil.
a) A:75 ºC; B: 100 ºC; C: 20 ºC; D: 50 ºC
b) A:75 ºC; B: 50 ºC; C: 100 ºC; D: 20 ºC
c) A:100 ºC; B: 50 ºC; C: 75 ºC; D: 20 ºC
d) A:20ºC; B: 100 ºC; C: 75 ºC; D: 50 ºC

45. Temperature and physic state
Indicate the false statement:
a) At a temperature of 2520 ºC, carbon is in a solid-state.
b) If octane is in the liquid state, the temperature is between -57 and 126 ºC.
c) Ammonium is a gas at temperatures higher than -33 ºC.
d) Mercury is a liquid when there is a temperature of -80 ºC.
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46. The two balloons
Observe the two pictures. While on the left both balloons are inflated, on the right one of the
balloon has been pricked, so that the bar is not balanced. What is the conclusion you obtain?

47. Comparing densities
The density of air is 1,3 g/L, while the density of water is 1000 g/L. How many times bigger is the
density of water?
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48. A model for the matter (RESEARCH-LABORATORY)
Notice that the simulator is called
the
“Microscopic model of pressure”. It tries to
explain the pressure produced by some gas
using the model of particles of matter.
In every moment you can check the average of
collisions per second between particles and
the wall on the right of the recipient. The more
collisions, the higher the pressure.
Pressing the right buttons, you can modify the
volume, temperature and number of particles
and observe how these changes affect the
average of collisions (the pressure!)
Don´t forget to put 0 in the counter of collisions once you have changed the parameters (R á Z
means to reset a zero), in order to see the new average of collisions. What conclusions do you
reach? Do they coincide with the observations about the properties of gases?
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49. Substances in solid state
Depending on the physical state, particles are more or less close to each other. Particles use to
walk away from each other due to thermal stirring (Brownian movement), which is bigger when
the temperature is higher. What is necessary to suppose that happens in order to explain that
substances can be in a solid state?

50. Forces in a diamond
A diamond is a substance with a very high melting point, so the attractive forces between its
particles are:
a) Very big; b) Intermediates; c) Small; d) The intensity of these forces has no influence on the
melting point.

51. Diagram of particles of granite
Observe the picture of granite, which is a heterogeneous mixture of three kinds of substances
(Quartz, feldspar, and mica). Represent the particle diagram corresponding.
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52. Water with sugar
When you add sugar to a glass with water and you shake it with a spoon, you observe that it is
completely dissolved. If you use the spoon to taste the flavor of the dissolution, you observe that
it is always the same, not depending on where you take the liquid from. Indicate the false
statement:
a) The particles of water and sugar are equally distributed in the dissolution.
b) The mixture is heterogeneous.
c) The distribution of particles in the recipient is homogeneous.
d) If you dissolve more sugar, the flavor is more intense, because sugar produces it.

53. Graphic of heating
The next graphic shows the evolution in time of a mass of a substance that is being heated.
a) Which substance is it?; b) Which is the initial physic state?; c) After how much time does it start
to melt?; d) Which is its physic state at 32 minutes?
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54. Ice and water (RESEARCH-LABORATORY)
Design an experimental method to compare the densities of liquid water and ice to do it later at
home. Describe how you have done the experiment, and the conclusions you reach about
densities of ice and water, indicating some practical consequences of the result obtained.
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55. There are clothes hanging out
When it is possible, the clothes are hung and well extended to dry them sooner. The reason,
following the model of particles, is:
a) If the temperature of the particles is higher, they evaporate sooner.
b) The particles move faster, so the contact surface is better.
c) The particles become smaller when the clothes heat and escape fastly to the air.
d) When heating, the particles occupy more space and escape from the clothes.

56. The balloon that inflates
Look at the picture. On the left, there is an erlenmeyer with air at room temperature. There is a
balloon adjusted to the mouth so that the closure is hermetic. If you heat the flask with the flame
of a bunsen burner or on a heating plate, you can see that the balloon swells and that when you
leave it to cool to room temperature, it returns to the initial situation.
Using the particle model, explain what happens to the balloon.
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57. The jumping coin (RESEARCH-LABORATORY)
You are going to experiment at home. Take an empty glass bottle (beer, soda drink...). The bottle
in the picture is 1/3 L. Put it inside the fridge and leave it there for at least 30 minutes. Prepare a
50 cent coin and wet it with water. Take the bottle and put the coin on the top. Observe what
happens and try hanging the bottle in your hand. How can you explain what you have observed?

58. The pressure of the wheels of a car
Look at the wheel of a car in the picture and observe how is represented the movement of air
particles inside it. To work properly, the wheels need to have a concrete pressure. Why do we
have to measure the pressure after travelling a few kilometers? Consider that, when the car
moves, the wheels rub against the asphalt and heat little by little.
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59. The smell of perfume
Since a lot of time ago, one of the most famous perfumes is Chanel nº5. When you open a bottle
of perfume inside a room, a little time later the smell can be perceived from every corner of the
room. How can you explain it? Why does the perfume smell stronger when it is hot than when it is
cold? When do you think the smell will last longer, in summer or winter?

60. Diffusion of colorings
Observe the sequence of three pictures, from left to right. The coloring ends up distributing
equally through all the dissolution. You can do it at home using any food coloring added to water
(paella coloring for example). How can you justify what happens?
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Unit 2. Motion and forces
In this unit, you are going to observe and explain experimental facts related to the motion of
objects and the changes caused by the action of different kinds of forces (elastic, gravitational,
electric, magnetic...).

1. The speed of mobiles
In the next simulator, you can see a child with a ball in his hand and he lets it fall. You can observe
the trajectory of the ball from two points of view: from an observer who is seated inside the train
and from the point of view of another observer who is seated outside.

Notice that what they perceive is different, depending on their situation. The motion is relative.
Units of speed

Although the speed of cars is measured in km/h, its units in the IS is m/s (distance travelled by the
mobile in one second). Its equivalence can be calculated in a very easy way:

1

1000 m 1 m
km
km
m
=1
=
=1
; 3,6
3600 s 3,6 s
h
h
s

What is speed?

“The speed of a mobile is x m/s” means that in case its speed does not vary, it will travel x meters
in every second of its movement.

Is a magnitude that measures the speed with which an object moves, that is to say, the space
travelled by the mobile in the unit of time.

The higher the speed, the more distance the mobile travels in less time.

In IS it is measured in meters per second (m/s) although in daily life is more common to measure
it in kilometres per hour (km/h).

It is measured in km/h for the motion of cars and in m/s in I.S. (1 m/s = 3,6 km/h).
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1.1 Speed changes
Average speed

In a journey where the speed is not constant, we can calculate the average speed, which is the
constant speed the car needs to have in to travel the same space during the same time.

What is the acceleration?
When a mobile changes its speed we say that there is acceleration. It measures how quickly the
speed changes. If it is big, it means that the speed changes very quickly, increasing or decreasing.
If there is no acceleration, the speed is constant.

Instant speed
The average speed informs about the space travelled by some
mobile during a time big enough. If this time is short, 0,1s for
example, the speed can be considered constant and it is called
instant speed. Is the one we can see in the speedometers of cars.

Acceleration and kinds of motion

If the speed is constant, the motion is uniform.
If the speed increases or decreases, the motion is accelerated, with positive or negative
acceleration respectively.
The acceleration measures how quickly the speed changes. It indicates how it changes by the unit
of time.
If the acceleration is constant, the motion is uniformly accelerated.

What does it happen when a car goes around a curve?
Although its speedometer marks always the same value,
actually the speed is not constant. There is something that
changes in its movement: the direction it takes is changing.
Remember, the unique case where direction doesn´t change
is in the rectilinear movement.
A mobile has acceleration (its speed changes) if we modify the quickness (the distance travelled
per unit of time) or the direction of its movement.

1.2 Freefall
What does it happen when we leave an object to fall? What kind of
motion does it have? And when we throw it vertically upsides? These
kinds of movements are very frequent and now you are going to describe
them. Later, you will learn why they move this way.

54

Physics and Chemistry 2º ESO
Unit 2. Motion and forces

The acceleration of gravity
When a body of small size and aerodynamic shape experiments freefall close to the surface of the
Earth, its speed increases in 9,81 meters per second every second. To do calculations you can
consider that the increase is 10 meters per second every second (10 m/s2). As when we let it fall
its speed is zero, one second later it will be 10 m/s, another second later it will 20 m/s and after
three seconds the speed will be 30 m/s.
This is an experimental value. When you study gravitational forces you will learn that it is not
constant: depending on where the free fall happens, it will be different (it is not the same in the
Equator than in the Poles, although the difference is small. And it is not the same in the Earth or
in the Moon, which is an example where the difference is much bigger).

1.3 Objects that rotate
Objects not only change their position when they move from one place to
another: they can also rotate, as it is the case of multimedia discs,
centrifuges, drills, satellites or mixers. They normally rotate with constant
speed. Now you are going to see how to define the rotational speed.
Vinyl records were used before music CDs, which occupied their space as
they had more capacity and allowed us to choose which song we wanted
to hear without the necessity of using mechanical pieces like the arm of
the record-player. They had two different sizes and turned at different
speeds: singles and LPs. Nowadays they have become popular again and we can buy them at
record stores.
There are two magnitudes related to rotational movements and to every other periodical
movement (those where the positions are repeated from time to time, as it happens to
pendulums): the period (time that it takes to do a full turn), and frequency (number of turns per
second).
Uniform circular motion
The characteristic properties of uniform circular motion (circular trajectory with constant speed)
are:
Turning speed (revolutions per minute, rpm).
Period (the time it takes to repeat a complete circle, seconds, s).
Frequency (number of times the movement is repeated per second, rps or hertz, Hz).

2. Forces in your surroundings
There is no body, object or person in the Universe that doesn´t experience a force. Forces act
everywhere. Every time you move is because forces are acting on you, and even when you are
quiet you experience different forces. The particles forming your body are also connected due to
different forces acting amongst all of them, so if forces didn´t exist, living beings wouldn´t exist!
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But, what is a force? Although is very difficult to define, you are going to see that some of them
are very intuitive and others can be understood through the effects they produce.
The effects of forces
In the case of the “soga-tira” game or the car, the people involved are applying a force to the rope
or the car, changing the speed of these objects. The bigger the force, the bigger the change that
produces.
Forces not only originate changes in the speed of a body as you have just studied but also a body
deforms or changes its direction due to a force applied.

If you look at the picture, both the sponge and the spring deform due to the action of a force
applied by a person.
In the case of the baseball ball, it changes its direction due to the force applied by the bat.
Depending on how the force is applied, the ball will move in different ways.
What is a force?
A force is the result of the interaction between two bodies, that can cause
changes in:
- Their speed.
- Their shape.
- Their direction.
As the force is the result of the interaction between those two bodies, is not something that can
be stored inside them: a strong person is someone capable of making a great force, but incapable
of storing this force inside.
Easily, we could say that a force is a push or a pull.

2.1 Characteristics of forces
Direction and sense of forces
When we work with forces there are two important concepts, direction and sense, that are
different although in daily life we use both with the same meaning.
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Direction and sense
It is very important to differentiate correctly the concepts of
direction and sense.
Direction: way followed by a body in its motion.
Sense: each one of the two opposite orientations of a
direction.

The intensity of forces
As you have just seen, besides direction and sense, we can define the intensity of a force, that tells
us if the force is strong or weak. Saying that a force is strong or very intense doesn’t give us
enough information so we define a unit that allows us to assign a numerical value to intensity of a
force. The intensity of a force is measured in Newton (N) in IS.
Very often in science, units of measurement have their origin in the name of great scientists that
deserve this honour for their achievements. The intensity of a force is measured in Newtons as a
tribute to the great Isaac Newton.
The application point of forces
The application point is the exact place where the force is applied. It is very important to
determine the effects of a force on a body. For example, it is not the same if you close the door
pushing from its extreme than when you close it pushing near to the axis.
Characterizing a force
Besides the direction and sense, to know how a force is and the effect that it can produce on a
body, we need to know the application point and the intensity, which informs us about how big
it is.
The arrows that represent forces have a different length depending on the intensity of the force,
which is its numerical value in N.

Who was Isaac Newton?
Isaac Newton was one of the greatest minds that humanity has had. He was
born in England in 1642, and during his student time, he developed a
branch of mathematics, calculus, becoming the best mathematician of his
time, although his best-known contributions were in the field of Physics.
He performed his first investigations in Optics, proving that white light is
made of a composition of the lights of the rainbow colours, and developing
a theory that explained the nature of light. He also invented the reflector
telescope, which is the base for most of the present telescopes. But, for
what he went down in history, it was for discovering the three laws of the
movement of the bodies, and for defining the concept of gravity in his famous Universal
Gravitation law, establishing the basis of modern science.
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It is said that inspiration came to Newton when he saw an apple fall. At that moment he thought
that the same force that made objects fall it was the one that kept the Moon in orbit around our
planet. Some years later he published his mechanical treatment concluding that they were the
same laws that govern the planets movement and the movements in the surface of the Earth.

2.2 Measuring forces
To measure forces we use instruments called dynamometers.
The dynamometers that we are going to use are very simple. As you will
see, it is just a spring that shows the value of the force needed to produce a
stretching. You will observe too that the higher the force, the longest the
stretching.
If you observe different dynamometers you will see that if the spring is not
very consistent, it stretches a lot when little force is applied, but if a spring
made of thick thread, it needs a much bigger force to stretch. It is important
to know how long it stretches when we apply a determined force.
Resultant of several forces
When several forces are acting, we can express the action of all of them with a single force that
will produce the same effect acting alone. This is call net force or resultant force.

2.3 First law of Newton
Inertia
An idea that persisted for centuries was that an object moves because a continuous force is being
applied to it during all its motion. Today we know that objects tend to stay in the state they are
(moving or quiet) unless a force is applied to them.
In the video, you can observe how a boy skateboarding follows the first law of Newton in two
different situations.
In the first one, the force is applied to the skate making it start moving, but the boy tends to stay
quiet, as he was before, because the force is not being applied to him.
In the second situation, the boy is riding the skate, that stops
when it hits the pad. The boy keeps moving because the pad
hasn´t applied any forces to him. The red dots show his
movement, which is the same that he had when he was
moving before crashing into the pad.
The first law of Newton or inertia law
If there are no forces applied to a body, it maintains the same motion that it had initially (it will
keep moving straight or it will remain quiet).

Mass and inertia
Mass is a measure of the inertia, the resistance of a body to be set in movement, be stopped or
have its motion state changed.
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2.4 Second law of Newton
The second law of Newton relates the change of speed (acceleration) that a body experiments
when a force is applied to it.
The second law of Newton
It says that the change of speed (acceleration) of a body when a force is applied to it is directly
proportional to the intensity of the force and inversely proportional to its mass.

F=ma
When we apply the same force to objects with different mass,
the object with less mass (less inertia) will increase its speed
quicker.
You can watch the next video to see the relationship between the
force applied and the change of speed for the boys and girls we
have met before. You can also see the same effect in the
international space station.
In this case, the skate with two boys has more mass than with just one boy. The skate with more
mass moves less distance because its speed increases slower (the result is even more obvious
when we add a third person!).

2.5 Third law of Newton
The third law of Newton, or action-reaction law, says that forces are
not presented alone, they go in couples. When two bodies interact,
body 1 applies a force to body 2, the second body also interacts with
the first one applying a force to him. Both forces have the same
intensity and direction but opposite senses. The application point will be in a different body for
each case.
For example, if you punch a table, it is going to hurt you, because when you hit it you apply a force
to the table but also the table applies a force to you with the same intensity: the harder you hit,
the stronger the force you will receive in your hand, and the more it will hurt.
Third law of Newton
When a body applies a force on another body, this one applies a force on the first one with the
same intensity and direction but with opposite sense.

3. Frictional forces
Friction is a force that appears when there are two bodies
in contact. Is the force that avoids that one body slides
over the other. Friction allows us to walk and depends,
mostly, on the nature of the surfaces in contact: if they
are very rugged, they stuck when they try to slide one over the other, as you can see in the
picture.
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You know that it is not the same to walk on asphalt than on ice. When you try to walk on ice,
friction is much lower so it is much more difficult to move.
Diagrams of forces
When we push or pull an object to move it over a surface the friction appears.
If you look at the pictures you can see that when the girl pushes the box or pulls the block she is
applying a force. Because of this, the surface applies over the object a force that we call Friction.

As you know, it is different to drag the wooden block by different surfaces: frictional force
depends on the nature of the surfaces in contact. The rougher they are, the greater the friction
force will be and the more polished the surfaces are, the frictional force will be smaller. This is why
walking on ice is more difficult than on asphalt, as the frictional force is much lower.
Frictional forces
Friction is the force that appears when a body tries to slide over another one. Its sense is opposite
to the sliding of both of them. Its value depends on the nature of the surfaces of the bodies
involved.

Freefall
As you have already observed in the Pisa tower experiment, the fact that some bodies fall faster
than others depends on the presence of air and the frictional force that it creates. In the next
video you will observe two different experiments that prove this: the first one in an empty
chamber where all the air has been extracted and the second one in the Moon, that has no
atmosphere.
Notice that both objects fall at the same speed when there is no air.
Frictional forces
If there wasn't an atmosphere, all bodies will fall with the same speed because there won’t be
any frictional force, so they will take the same time to fall.
The frictional force is different depending on their shape or size, but not depending on their mass.

4. Gravitational forces
Remote forces
The forces you have seen before are the result of the interaction of bodies that are in contact.
Now you are going to study more mysterious forces, that appear as the result of the interaction of
bodies that are separated by a certain distance.
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The first force that we are going to study is the gravitational force.
The gravitational force is the force that any object experiment
because of having mass. This force is responsible for our weight and
also of the movement of our planet, that as you know is spinning
around the Sun.
Back to Earth
We observe on the surface that the Earth attracts any object with a force that we call weight.
Weight is caused by the mutual attraction between a body and the Earth, and it is caused
because both objects have mass: the higher the mass is, the bigger the attraction between them
will be (the force applied by the Earth on us becomes bigger, but also the force applied by us to
the Earth!).
The weight of an object is proportional to its mass, but mass and weight are not the same! In our
daily life, we use these words as if they were the same, but in physics, we have to distinguish
between mass and weight because they have a different meaning.
Mass and weight
Weight is the force resultant of the interaction between two bodies with mass. It is measured
with a dynamometer and its unit is the Newton (N).
Mass is the amount of matter that an object has, and it doesn't change depending on where the
object is but weight can vary depending on its location. It is measured in kilograms (kg).

How do we calculate the weight of a body?
You know that we measured the weight with a dynamometer but, what if the body is too big? In
this case, we use a balance. The balance gives us the mass of the body, so, if we use the
relationship P=mg, where m represents the mass of the body and g is a constant of the surface of
our planet that has a value of 9,81 N/kg, we can calculate the weight of our object.
Remember, the unit for the weight is the Newton (N) because the weight is a force.
The meaning of g
On the Earth, it has a value of 9,81 N/kg. It means that the Earth attracts each kilogram of mass
with a force of 9,81 N.

5. Machines
We spend a lot of time applying forces in our daily life: brushing our teeth, opening a door,
walking on the street… They are activities that require the action of a force, and the list is neverending!
Over history, human beings have tried to make the different processes that require the action of
big forces easier. To achieve this we have invented mechanisms that allowed us to do different
tasks more simply, reducing the force required.
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Some of the simplest machines are the lever, the pulley and the inclined plane. Let's study them.
The lever
A lever is a machine composed of a rigid bar
that oscillates over a support point. We can
apply two different forces on both sides of the
bar: power and resistance. The resistance is the
force that we want to overcome and the power
is the force we are going to apply.
Levers are used because they allow us to
overcome big resistances applying smaller
powers.
Different kinds of levers can be classified into
three groups: first grade, second grade or
third grade. It depends on where the support
point is located in relation with the
application points of the forces. Here you can
see some examples:
Some levers allow us to reduce the force we
need to apply to do a task, as in the case of the nutcracker. This instrument is used to break the
shell of a nut, something that would be more difficult if we tried to do it only with our hands. The
scissors and the pin are similar examples.
Law of the lever
The product of the resistance multiplied by the distance to the
support point (BR) is equal to the product of the power
multiplied by the distance to the support point (BP).
P·BP=R·BR
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6. Electric forces
A bit of History
In ancient Greece, 26 centuries ago, Thales of Mileto got to attract light
objects, like straw or feathers, rubbing amber with a cat skin.
Much later, in 1600, an English researcher, William Gilbert, found several
materials (glass, sulfur, salt, resin, …), that presented similar properties to
amber when they were rubbed and they called them electric. The reason for
this name is that amber was called elektron in Greek.
In the XVIII century, the french Charles du Fray observed that identical
materials rubbed in the same way repelled themselves, so he concluded that there were two
different kinds of electric phenomena: attractive and repulsive.
In the middle of that century, American scientist Benjamin Franklin established the theory of
electric fluid. Electrical phenomena were caused by the motion of the electric fluid from one body
to another. He made the kite experiment and invented the lightning rod.
In 1785, Charles A. Coulomb formulated the laws of electrostatic. “The electric forces between
two charged particles are directly proportional to its charges and inversely proportional to the
square of the distance between them”.
Electrostatic phenomena in your surroundings
In your daily life, you have observed and experimented phenomena that are examples of the
electrostatic nature of matter:

● All of us have felt that when we comb our hair, the comb attracts it. The same attraction
phenomenon is observed when we unwrap an article covered with cellophane paper.
● When children play with balloons, they feel how their hair is attracted too, and they know
that when they rub a pen with their clothes, it can attract little pieces of paper.
● When you put on or take off a sweater maybe you feel little sparks.
● After walking barefoot on a carpet, you feel a prick when you touch a metallic object.
● After driving our car, we can feel a little cramp when we get out and touch the door.
● In a storm, lightings and thunderbolts get generated.
You can try the balloon experiment at home, but it is more spectacular to charge our body to repel
the hair as you can see in the video!

63

Physics and Chemistry 2º ESO
Unit 2. Motion and forces

Pay attention to the simulation. John Travolta is an American actor, singer and dancer, known for
his acts in films like Saturday Night Fever or Grease. He rubs his right foot with the carpet as if he
was performing one of his famous dances. Observe that there is a spark when his hand is close to
the metallic door handle...

6.1 Experimental methods
Electrification ad electric charge
When you rub the plastic ruler or the pen, they acquire the property of attracting light bodies like
confetti move or deflecting the waterjet.

To explain this phenomenon, we admit that the ruler has acquired a property that we call electric
charge and we say that it has electrified.

Electrification is the phenomenon by which certain materials are charged electrically by rubbing
them strongly with others.

Electrification by contact
● When you approach the rubbed plastic bar to the pendulum ball, it gets closer.
● Once the bar and the ball are in contact, there is repulsion between them: the ball has
electrified.

● When touching simultaneously the balls of two pendulums, they get electrified and repel.
● When touching each ball with a rod of different materials, they attract.

Electrification by induction
● Electrification of a body can happen without contact with the
electrified body.
● There are two kinds of electric charge. The glass acquires positive
charge when it is rubbed, and the plastic acquires a negative charge.
They are assigned this way by agreement.
● Bodies with a charge of the same sign repel themselves, and bodies
with opposite charges feel attraction.

6.2 Electrification and charges
In the previous experiments, you have observed that bodies can be electrified by three different
ways: friction, contact and induction.
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At the end of the XIX century, the scientists discovered some particles with a negative charge and
called them electrons. This discovery made scientists think that atoms are not indivisible. They had
to have a positively charged part because they are neutral on the whole.

Several experiences allowed them to discover that this positive part is a dense nucleus around
which the electrons rotate. This nucleus consists of two types of tightly bound particles, protons
and neutrons. Protons have a positive charge and neutrons have no charge.

The charges of the electron (negative) and proton (positive) are equal but with opposite sign. The
presence of electrons allows us to explain the three ways of electrification that you have seen.

Electrification by friction
When we rub two bodies, there is a motion of electrons from the surface of one body to the
surface of the other one. The body that loses electrons loses negative charge and becomes
positively charged. The body that gets electrons is negatively charged.
Electrification by friction is the result of the transference of electrons between two bodies.
●

A positively charged body has a lack of electrons.

●

A negatively charged body has an excess of electrons.

Electrification by contact
When you put in contact a discharged body (the ball of the pendulum) and a charged body (the
rubbed rod), the electrons move from one body to the other one:
● If the bar is negatively charged (plastic), some electrons move from the bar to the ball, that
rest negatively charged.
● If the bar is positively charged (glass) some electrons move from the ball to the bar and the
pendulum becomes positively charged.
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Electrification by contact
Is the result of the redistribution of electrons between two bodies, that move from the body with
negative charge to the body with a positive charge.

Electrification by induction
When we approach a rubbed rod (charged) to the electroscope, the electrons get close or far from
the area where the rod approaches depending on its charge, if it is positive or negative. The
electrons are attracted by the positive rod and repelled by the negative one.
The electroscope keeps being
neutral, but the closest area to the
positive rod has an excess of
electrons and the area which is
further has a lack of electrons. The
closest area to the negative rod
has a lack of electrons and the
furthest area has an excess. You
can charge the electroscope as it is
shown in the pictures.

Electrification by induction
A body is electrically neutral when it has the same number of positive charges than negative
charges.
Electrification by induction is the result of the motion of electrons of the neutral body, attracted
or repelled depending on the charge (positive or negative) of the body that gets close to it.
In electrification processes, the total electric charge keeps constant (electric charge remains the
same). Electrons move from one body to the other, but the total charge is the same.

6.3 Forces between charges
Kinds of charges
You have seen that electric phenomena can be repulsive of attractive.
To explain them, we use a property of matter called electric charge.
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There are two kinds of electric charges: positive and negative. Charges of the same sign repel, and
charges with opposite sign attract themselves.
In the next simulations, you can observe how two bodies, one positively charged and the other
one negatively charged, attract (on the left), and how two positively charged electrostatic poles
repel (on the right). The closer they get, the more they repel themselves.
Electric charge

Is a physic magnitude whose unit in the I.S. is the Coulomb (C).
The charge of the electron is the elemental unit of electric charge. Its value is -1,6 10-19 C in I.S.
units.
The charge of a body is always a multiple of the charge of the electron.

Conductors and isolators
In the electrification experiences, we have used a bar of glass or plastic. What would have
happened if we had used a metal bar?
A metallic rod doesn´t charge if we rub it holding it with our hand, but it does if we rub it while we
hold it with a plastic or glass handler and we don´t touch with our hand.
This is because in a neutral body charges are distributed in a situation of balance. When the body
gets electrified, two things can happen: the first one is that the charges (the electrons) distribute
through the body and the second one is that they remain where they were. Materials of the first
kind are called conductors and materials of the second one are called isolators.

Bodies, where charges move freely, are called conductors.
Bodies that don´t allow the motion of charges are called isolators.
A body acts as a conductor or an isolator depending on its nature. Conductor materials have
electrons that can move easily through the material, while isolators have electrons strongly joined.
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Examples of isolator materials are wood, plastics, glass and rubber. Metals are conductors and
some dissolutions too (for example, salt dissolved in water).
The distinction between conductors and isolators is not absolute. There are a lot of very
interesting intermediate situations, as it is the case of semiconductor materials (silicon, for
example), due to its importance in the manufacturing of electric devices.

7. Electric current
Observe around you. Wherever you look, you will see some electric devices: illumination, the
computer or your mobile phone.
The discovery and development of electricity and electric devices caused a huge change in society.
Our lives won’t be the same without this technology. To work, these machines need the motion of
electric charges through a conductor.
As you have already seen, the force between charges is different depending on their sign. When
we put in contact two charged bodies, one negatively (with an excess of electrons) and the other
positively (with lack of electrons), the electrons of the first one will experiment a force that will
make them move to the positively charged body.
What is the electric current?
Electric current is the continuous flow of electric charges between two points.

Electrons and electric current
Electric current is produced when charges move through a medium that allows its passage, that is
called a conductor. If this route is carried out in a way that the charges can return to the starting
point, we say that it is an electric circuit.
Electric current is produced when charges move through a medium that allows its passage, that is
called a conductor. If this route is carried out in a way that the charges can return to the starting
point, we say that it is an electric circuit.
When scientist discovered electric current for the first time, they did not know electrons yet and
considered that it was made of positively charged particles. They were wrong. The sense of the
current was defined as directed from the positive pole to the negative pole because the positive
charge of the positive pole repelled the positive charges of the electric current.
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Nowadays we know that, as we associate the electric
current with the motion of electrons, the real sense
of the current is from the negative pole to the
positive pole, as the electrons come out from the
negative pole and move due to electric attraction
towards the positive pole. The sense of the current is
the opposite to the motion of the electrons.
In the next animation, you can observe the motion
of electrons that creates an electric current. First,
you have to close the switch, clicking on the opened
section of the circuit marked as "Fermez
l'interrupteur".
Magnitudes in circuits
The three characteristic magnitudes of an electric circuit are:
● Intensity (I).
● The potential difference(V).
● Resistance (R).

7.1 Intensity (I), voltage (V) y resistance (R)
The intensity of electric current
If you want to indicate the amount of water in a river you
use the word “flow”. The more water that goes per unit of
time, the greater the flow will be.
There is an analogous magnitude in electricity, called
current intensity. It measures the number of charges
(electrons normally) flowing through a section of the conductor per second. The higher the
number of charges is, the greater the intensity will be.
Intensity (I)
The intensity of the electric current (I) is the number of electrons moving through a section of a
conductor per second. The unit in the IS is the Amper (A), which is a charge of 1 Coulomb going
through a section of a conductor per second (1 A = 1 C/ 1 s).

Potential difference or voltage
You have already studied that electric current is the motion of electrons through a conductor
when they are attracted by positive charges or repelled by negative charges.
If we don´t want the current to stop flowing, we need a power supply (a battery or a plug). To
understand it, look at the next animation that compares the behaviour of electricity with the flow
of water in a pipe system (it is called hydraulic simile).
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Look first at the hydraulic circuit. When we impulse the water with more pressure, the flow of
water increases and the wheel rotates faster. You can change the pressure with the High/Low
switch.

Now, look at the electric circuit. It is easy to identify the equivalent to the flow: the intensity of the
current. Just as like water, that needs a pump that impulses it to continue its flow, charges need a
booster that allows it to continue flowing. This device is called a generator.
Objects fall because of their mass, moving from higher to lower points. The same thing happens to
charges: they move because of the potential difference between two points of the circuit. The
higher it is, the faster the electrons move, and the higher the intensity of the current will be.
Voltage (V)
The potential difference, also called voltage (V), between two points of an electric circuit is the
energy acquired or lost by the unit of charge when it moves from one point to another.
The unit in the International System is the volt (V).

Resistance
In the models that you have seen until now, charges move
freely, but this doesn't happen in real life. When an electric
current goes through a section of an electric circuit, the
electrons crash into the particles of the conductor, losing
speed and energy.
The amount of energy lost depends on the kind of
conductor: if it is a good conductor it will lose just a bit of
energy but if it is an isolator it will lose a lot of energy or even
all of it. To understand this behaviour, the hydraulic simile is
again very useful. The increase of resistance corresponds to a narrow pipe, that makes the flow of
water more difficult.
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Resistance (R)
Resistance (R) of an element of the circuit is the opposition to the flow of the charges. The I.S.
unit is the ohm(Ω).

7.2 Electric circuits
Ohm´s law
It establishes the relationship between the three magnitudes in an electric circuit: intensity,
voltage and resistance. It is very important to do calculations in circuits, as you will do in
Technology.
The intensity is higher when the electrons have more tendency to flow (V) and lower when there is
more opposition to the flow (the resistance R).

V
I=
R
Electric circuits
To have an electric current that allows our electric
devices to work, we need to plug them to the
distribution network of our house or to use batteries if
the consumption is low.
In Technology you will work with electric circuits with
an electricity source and elements that consume it
(engines, lightbulbs, switches…). Besides constructing
them, you will represent them graphically and you will
do calculations applying Ohm´s law. In the picture, you
can see a circuit with some of these elements.

8. Magnetic forces
Magnets
Besides gravitational and electric forces, there is a third kind of remote
interaction: magnetic forces, produced by magnets that act on objects
made of iron and some more other materials (cobalt, nickel and their
alloys).
Forces of electric nature are produced by positive or negative charges, so
there are objects that have a net charge of one sign or the other, and
they produce different effects. However, magnets have both properties
at the same time: a north pole in one side and a south pole in the other.
Also, if you break a magnet into two pieces you obtain two magnets.
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Magnetic forces of action and reaction
Magnets attract objects, but by reaction, these objects attract the magnets too. There are two
forces, an action-reaction pair, in a way that one force is applied to the magnet and the other on
the object.
Depending on the mass of the magnet and the object, we observe that one of the objects move
more clearly (the one with fewer mass experiments a higher acceleration and is the one that
displaces more in the mutual attraction).

Kinds of magnets
There are two kinds of magnets: permanent and electromagnets
(that only have magnetic properties when electric current flows
through them).
There are natural and artificial magnets. The most powerful magnets
used nowadays are made of an element called neodymium(Nd).
When you work with this kind of magnets, you have to be very
careful because they produce forces so strong that they can hurt you
if they give you a pinch.
Polarity of magnets
Magnets have to poles orientated in a way that north and south poles attract themselves but
north-north and south-south repel.
Magnets deflect the trajectory of objects made of iron because they apply a force to them that
makes them change the direction of their motion.
The Earth has magnetic properties, observed in a compass (where we can see the magnetic
interaction in the geographical north and south poles) and that is used precisely to orientate us as
it shows the direction of the North Pole.

8.1 Electromagnetism
Magnets and electric current
Electricity and magnetism have a relationship so narrow that we often talk about
electromagnetism. An electric current produces magnetic effects while using magnets electric
current is generated: we just have to move a magnet close to a coil (set of turns).
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Unit 2. Motion and forces
1. Does the car move?
Look at the picture below, where you can see several cars and a motorcycle stopped at a traffic
light in red. If you are inside one of them, how do you know if your car starts moving or if it is still
stopped?

2. Changing the state of movement of a body
Now you are going to propose situations with objects whose motion you want to change: making a
quiet mobile move, stopping one that is moving, making it go faster or slower or in other
direction… What do you have to do in all cases to get it?
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3. The deforming effect of forces (INVESTIGATION-LABORATORY)
You are going to stretch and compress some objects that are easily deformed by the action of a
force. Besides producing changes on the motion of the bodies, forces can also produce
deformation of the objects (strings, rubbers, balloons, plasticine…). Observe if the deforming
effect causes different consequences in the strings and the plasticine.

4. Space flights
In the picture, you can see the takeoff of a spacecraft from Canaveral cape. Do you know what are
the two main forces acting on it when it is taking off?
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5. Throwing a ping-pong ball (INVESTIGATION-LABORATORY)
Being still without advancing or retreating, throw a ping-pong ball vertically upwards.
a) Explain what you see, and what your colleagues see as external observers. Draw the respective
trajectories (the line that joins all the positions occupied by the ball during the motion). Keep in
mind what you see and what you have observed in the train simulation.
b) Describe the difference between trajectory and space travelled.
c) Repeat the same process but walking at the same time that you throw the ball. Do your
colleagues and you see the same now?
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6. What the speedometer shows
You drive a car at a speed of 100 kilometres per hour (the speedometer shows 100 km/h). What
does this value mean?

7. Calculating the speed of a car
You travel in a car that moves at a constant speed on a national road. When you go through the
kilometric point 130 you start the stopwatch and you go through the point 135 just 3 minutes
later. What does the speedometer show?

8. Motorcycle races
In the picture, you can see the starting and ending points of two motorcycles and the times they
have taken to move from one point to the other in two different races. Justify which motorcycle
has moved faster in each case if they have moved at a constant speed.
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9. Overtaken by a motorcycle
If when you are travelling in a car at a speed of 100 km/h a motorcycle driving at 120 km/h
overtakes you, at which speed does it go away from you? At what distance is it from you half an
hour later if the speeds don´t change?

10. What is its speed?
Look at the picture. Driving on a road at 108 km/h, there is a car in front of you moving also at a
constant speed. When it is 150 meters before your car, you start measuring the time it takes you
to overtake it, which is one minute. Calculate the approximate speed of the car you have just
overtaken.

11. Graphics of movement (INVESTIGATION-LABORATORY)
You are going to work with two simulators of the
simplest case of rectilinear motion (the trajectory is
a straight line) and uniform (the speed is constant).
In both of them, you can choose the speed of the
motorcycle, and in the first one, you will see the
graphic that represents the speed depending on
the time, while in the second there is a
representation of the space travelled by this
motorcycle depending on the time.
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Simulate the motion at speeds of 2,5 and 10 m/s. Choose these speed values and press the
starting button of the simulation. Observe how the motorcycle moves and the shape of the
graphic. You can stop at any time during the movement. If you look at the values of position and
time, how can you relate them?
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12. From Jaca to Zaragoza
Is the speed of a car constant during a long trip? From Jaca to Zaragoza there is a distance of 150
km/h. If a car takes one hour and a half to travel this distance, what is its average speed? Does the
result mean that it always goes at the same speed?

13. The speed of a swimmer
The male world record of 50 meters freestyle is 20,01 s. In the table, you have the times taken by
an amateur swimmer to complete this distance. Is the speed of the swimmer constant? Order the
intervals depending on the speed. Calculate the average speed during the race and the average
speed required to beat the world record.
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14. Graphic of the speed during a motion
Observe the next graph. Describe the motion in the next intervals of time: 0 to 2 s, 2 to 3 s, 3 to 4
s, 4 to 6 s and from 6 s. In which intervals is the speed constant? In which of them varies? Does it
increase or decrease?

15. Comparing cars
Adverts to sell cars always tell us the time needed to
go from 0 to 100 km/h. Look at the next data and
order the cars depending on their ability of
acceleration. Notice that a Formula 1 car goes from 0
to 100 km/h in less than 3 seconds!
Car A: 9 s
Car B: 11 s
Car C: 10 s
Car D: 8 s
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16. Position-time graph
In the picture, it is represented the position occupied by a mobile depending on the time. Describe
the motion between 0 and A, between A and B, between B and C and between C and D.

17. Motions with acceleration (INVESTIGATION-LABORATORY)
Observe the next simulators, where the motorcycle starts from rest with the acceleration that you
set. Do the experience with accelerations from 1 to 5 IS units. How does the speed vary in each
case? And the space travelled? What does it happen to the graph of the speed when you increase
the acceleration?
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18. Throwing a ping-pong ball (INVESTIGATION-LABORATORY)
A kind of motion that you already know is vertical motion free fall and vertical shoot. Throw a ping
pong ball vertically and describe the movement until it comes back to your hand (constant speed?
Acceleration?)

19. The Eiffel Tower (INVESTIGATION-LABORATORY)
Now you are going to use a freefall simulator: start it and write down the results in a table, making
the graphic representation. Does the ball fall at a constant speed? Calculate the average speed in
each 50 meters interval. What are your conclusions?
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20. Chronophotography (INVESTIGATION-LABORATORY)
With this other freefall simulator, you will be able to measure the time of freefall from one meter
to the floor and even from lower heights. You just have to take the ball to the height that you
want (the centre of the ball) and release it. In the graphs, you will see the evolution of the distance
travelled and the speed of the ball. Do the experiment with heights of 0,25 m, 0,50 m, 0,75 m y 1,0
m and answer the next questions:
a) It takes twice the time to travel twice the distance.
b) The speed increases regularly.
c) When it has travelled twice the distance, the speed is double too.
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21. Impact speed
When a body freefalls from a height of 20 meters, it takes 2,0 s to impact against the floor.
Calculate its speed at that moment measured in km/h, considering that g has a value of 10 m/s2

22. What are rpm?
Look at the specifications of a drill and a shaker. What do the rpm data mean (revolutions per
minute)?
a) Drill at 400 or 1500 rpm (1st and 2nd speed).
b) Shaker at 1800 rpm at high speed.

23. The Earth rotates
As you know, the Earth turns around itself. What is its rotating speed? Would its value in rpm be
higher or lower?
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24. The ferris wheel
Observe the ferris wheel that rotates. Using a stopwatch, determine its period and frequency of
rotation.

25. The “soga-tira” game
Is a traditional Aragonese game, although it is one of the most universal ones, as its origins come
back to the year 2500 a.C in Egypt, and it is played in a lot of countries. In Spain, it belongs to the
traditional games or sports of several provinces.
In this game, two teams fight to be able to move the other time a determined distance pulling the
same rope (as you can see in the picture). Try to find another way to describe it using the word
“force”.

26. No battery
In the picture, you can see a group of people pushing a car that has run out of battery. Do you
think the number of people pushing is important to move the car? Use in your answer the word
“force”.
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27. Riding a bike
The woman riding a bike comes across a family, parents and children, riding bikes too, in a straight
section of the road. Do you think all of them go in the same direction?

28. The force on the ball
A ping-pong ball is in the edge of the table. Observe the different ways that it is touched (in every
case we are applying a force). Would the effects be the same? How would you represent the
forces in each case? Represent them with an arrow that indicates the direction and sense.
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29. With the hand and the hammer
Now the ball is hit softly with the hand and then hardly with a hammer, as you can see in the
pictures. Would the effects be the same? How would you represent each situation?

30. Where do I apply the force?
Is it the same to apply the force on one side or in the middle?
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31. Dynamometers (INVESTIGATION-LABORATORY)
To know the intensity of a force you just have to read what the
dynamometer shows when the spring is stretched. Try with several
dynamometers to see how much force you have to apply to reach 1 N,
2 N… If you have a dynamometer that shows tens of Newton you will
see that it is difficult to stretch it.
Hang a dynamometer of 2N on a mass of 50 g and observe what it
shows. Writing the mass in kg, deduce the experimental relationship
between mass and weight. Try with other masses to confirm your
conclusion.

32. Calibrating a spring
You are going to use the next simulation to calibrate
the spring of a dynamometer. You have a ruler,
three spring and three different masses. You already
know the relationship between the mass and the
force it applies: 50 g apply a force of 0,5 N.
a) Are the three spring equal?
b) Use the dotted line and the ruler, that you can
move as you want, to answer the next questions:
How long has the spring 1 been stretched when a
force of 0,5 N is applied? And if the force is 1 N? And
if it is 2,5 N? Can you deduce the value of the three masses?
c) On the left you can change the spring softness. Do it and try with different masses. Write down
what you observe.
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33. The resultant of several forces (INVESTIGATION-LABORATORY)
In this simulation, two teams (blue and red) play a game similar to “soga-tira” but with a carriage
full of candy. Depending on the size of the participants they can pull with more or less force. The
biggest ones pull with a force of 100 N, the medium with 100 N and the smallest with 50 N.
If you set the option “values” and “sum forces” you will see the total force applied by each team
and the resultant or net force of the action of both teams.
Try four different situations (balanced and unbalanced teams) and describe what happens to the
carriage depending on the participants in each case. Try to explain it using the correct words.
Write also the values of the forces applied by each team.
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34. The jumping cube (INVESTIGATION-LABORATORY)
You are going to observe different facts related to forces. You need a skate, an object that makes
the skate stop and a small object (the Rubik cube of the picture, for example). If you put the object
on the skate and push it against the pad, what happens to the object? How do you explain it?

35. Inertia in space (INVESTIGATION-LABORATORY)
You have already observed the inertia in the Surface of the Earth but, what would happen in the
space? The video you are going to see next was recorded in the International Space Station, where
the effects of gravity can´t be appreciated. What differences do you observe?
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36. What does inertia depend on?
Observe the pictures of the car and the bus. Which one of the two mobiles is easier to start
moving? Why? Now, look at the bicycle and the lorry. If both move at the same speed, which one
is easier to stop? Why?

37. Blowing balls
You are going to observe what happens when you blow two similar balls but with different masses
over a table (made of wood, metal or glass for example). What does it happen to the balls? Why?
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38. With two…skates
Look at the video. You can observe that when the girl pushes the boy or pulls from it, both move
but not at the same speed. Explain these experimental facts using the Newton laws.

39. Friction blocks (INVESTIGATION-LABORATORY)
Take a wooden or metallic block hung to a dynamometer and
slide it on different surfaces, as it is shown in the picture. You
must notice:
You always have to pull horizontally.
- Once it starts moving, try to keep a constant speed.
- Once it is moving, write down the value in the dynamometer. Is
it always the same value? Why?
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40. Intensity of frictional force
Observe how the same body slides on different
surfaces with different frictions, from a hypothetical
one with no friction to another one with a lot of
friction.
Describe what you observe and represent a diagram
for each case where the frictional force appears. Relate
it to the intensity of the frictional force.

41. Climbing almost vertical walls
Why do you think that climbers don´t use normal trainers and use cat foot? What do you think
that may happen when they are dirty or wet?

93

Physics and Chemistry 2º ESO
Activities Unit 2. Motion and forces

42. The Galileo experience (INVESTIGATION-LABORATORY)
You are going to use the next animation where two balls fall from the top of Pisa tower,
reproducing one of the most famous experiments of physics done by Galileo Galilei, one of the
fathers of modern science, in the XVI century.
a) You will start letting the two identical (except for the
colour) balls fall from the top of the tower without
considering frictional force (friction button in red). Now
reduce the size of the yellow ball and throw them again.
Does something different happen?
b) Repeat the experiment considering frictional force (you
have to click on the friction button, that will become green).
What do you observe? What does it happen to the yellow
ball? And if you make it smaller?
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43. Losing the papers (INVESTIGATION-LABORATORY)
Take two identical paper sheets (with the same mass) and let one of while you wrinkle it. What do
you observe? Does the speed of falling depend on the mass? Explain the reason of what you
observe in the experiment.

44. El Pequeño País
After everything you have learned. Can you do a physical analysis of what
happens in the comic?

45. Walking on Pluto
The video you are going to see next is taken from a documental serial of BBC called "Space
Odyssey: Voyage to the Planets" where there is a recreation of a manned trip through the Solar
System. Notice that the images you are going to see are just a simulation of what a trip to Pluto
could be. What do you observe about the motion of the astronaut? Why do you think this
happens?
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46. Is the weight constant?
Observe the next animation, where the mass of a sack of coffee is determined and where you can
also measure its weight in the Earth and in the Moon with a dynamometer. Are both values the
same? Which one is higher?

47. Construction of a housemade dynamometer (INVESTIGATION-LABORATORY)
In this experience, you are going to determine the approximate mass of an unknown object using
a dynamometer that you are going to build and calibrate.
Necessary materials: a plastic tube (can be a transparent hose tube), a perforated plug (it may be a
rubber protector for the chairs), elastic rubber, a piece of wire, a permanent marker pen and a
holder with calibrated weights.
You have to pass the rubber through the hole in the cap and hold it. For this, conveniently, you
should make a small knot at the end of it as a stop. On the other end of the rope you will place a
hook made with wire. You must make another knot in the rubber to fix the hook.
Finally, you must put the plug in the plastic tube so that
the rubber and the hook hang inside it so that the hook
protrudes slightly.
Once you have finished, think about how to calibrate it
with the known masses and how to determine the weight
of the object of unknown mass. What do you think about
this way of determining the weight?
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48. Calculating weights
Calculate the weight in the Earth of objects with a mass of 20g, 5 kg and 50 kg. Express the result
in Newtons and consider g as 9,8 N/kg.

49. The first female astronaut.
On 16th June of 1963, being 26 years old, Valentina Tereshkova became
the first woman that travelled to space. Born in Russia, after finishing
her engineering career, he joined the female cosmonaut’s body. Select
the right statement for Valentina in the Surface of the Earth:
a) Her weight was 60 kg.
b) Her mass was 60 kg.
c) She weighted 60 N.
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50. Weight in the Earth and the Moon
An astronaut that travels to the Moon has a mass of 70 kg. What would be his weight in the Earth?
And in the Moon? (remember that g = 9,8 N/kg on the surface of the Earth and g=1,6 N/kg on the
surface of the Moon).

51. Weight in space (INVESTIGATION-LABORATORY)
If you calculate the weight of an object in another
planet or on the Moon you have to use the same
expression but a different value of g. For example, in
the Moon, g has a value of 1,6 N/kg, so the weight
would be lower than in the Earth, one-sixth, while the
mass would be the same.
The next animation allows us to measure the force
experimented by a dynamometer when we put
masses of different weight on it in the Earth, in the
Moon and in Mars. You just have to select the option
that you want in the boxes on the right. To put the
masses in the dynamometer you have to pick them
with the mouse and if you want to do a new measurement you have to select the green box with
the word “nuevo”.
a) Calculate the weight for the masses of 50 g, 100 g y 200 g in the Earth and check it measuring
with the dynamometer (remember that g=9,8 N/kg in the Earth).
b) Use the animation to know the weight of these masses in the Moon. After measuring with the
dynamometer, justify the results comparing to the results in the Earth (remember that g=1,6 N/kg
in the Moon).
c) Measuring with the dynamometer the weight of the masses, calculate the value of gravity in
Mars.
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52. Universal gravitation law (INVESTIGATION-LABORATORY)
Here you have an animation to experiment how the force of attraction between two bodies
changes depending on their mass and the distance between them.
It has been observed experimentally that the bigger the masses and the shortest the distance, the
higher the force between two bodies. The universal gravitation law establishes a numerical
relationship between the force, the mass and the distance.
Using this simulator, design an experience to determine the relationship between these
magnitudes. For example, how does the force vary when we duplicate one of the masses?
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53. Cracking nuts
To break the nutshell you need a force of 100 N: If you use a nutcracker in a way
that the distance from the hand to the fulcrum (axis of rotation, F) is 20 cm and
de nut is 5 centimetres to that point, what is the force needed to crack the nut?

54. How do things work
There is a book and a cartoon series with that title that
explain how things work in a funny way. Look at the picture
where there is a lever used to rise a mammoth.
The mammoth is a species of mammals extinct 4000 years
ago, at the end of the last glaciation. It is estimated that the
biggest specimens reached heights of 4 meters and weights of
10 tons, although normally they were 3 meters tall and
weighed 6 tons. Calculate how many people of 75 kg on
average are needed to rise a normal mammoth, of 6 tons,
with a lever like the one in the picture.
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55. Balancing seesaws (INVESTIGATION-LABORATORY)
In the next application, you can play with the lever law to
balance a seesaw with different weights.
The operation is very simple. Click the “intro” option to
learn how the simulator works, putting different weights
and checking if the seesaw balances. At the end, you
have a game with four levels.

56. Electrification by friction (INVESTIGATION-LABORATORY)
Rub a plastic ruler or a pen with a piece of
wool. Approach the object to some little
pieces of paper (confeti) that you have left
previously on the table. Observe what
happens.
When you are at home, open the kitchen
sink. Rub a plastic ruler or a piece of wool
and approach it to the trickle of water
Observe what happens.
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57. The dust rug
The makers say that dusters and cloths don´t drag the dust but hold it. What is the reason why
dust sticks to them so easily?

58. The electric pendulum (INVESTIGATION-LABORATORY)
Build an electric pendulum with a ball of "poliexpan" (expanded polystyrene foam)
attached to a thin thread about 15 cm long. Attach the thread to a support as
indicated in the figure.
Rub a plastic rod or a pen with a wool cloth, approach it to the ball of the
pendulum and watch what happens.
Repeat the experience with a glass rod rubbed with a silk cloth.
Now you are going to work with a double pendulum-like the one in the image.
Hang two polystyrene balls (lined with aluminium foil) from a stand as in the
electric pendulum, in a way that they are separated by 1 cm.
Rub the plastic rod with the wool cloth, touch the two balls together and remove
the rod. Touch the balls with your hand and repeat the experience with the glass
rod. Finally, bring the plastic rod (rubbed) to one of the balls and the glass rod
(rubbed) to the other.
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59. Electrification by induction (INVESTIGATION-LABORATORY)
You are going to use an electroscope, which is a glass recipient closed with a cork crossed by a
metallic rod. Two thin metallic sheets are hanging from the lower end and the top ends with a
metallic sphere
After touching the ball with your finger, approach the electrified plastic bar to the top of the
electroscope, without touching it. Separate the plastic rod and repeat the experience with the
glass rod. Touch the ball with your finger. Finally, approach the electrified glass rod to the top of
the electroscope without putting them in contact.

60. The Van der Graaf generator (INVESTIGATION-LABORATORY)
To simplify the charging process and not having to rub continuously we use the
Van der Graaf generator. An engine moves a rubber band that rubs with a metal
grid when it turns, charging the sphere in contact with it. Some devices do a similar
function like the one called an electrostatic magic wand, that produces spectacular
effects although it has less capacity to generate a charge.
You are going to see in the laboratory the experiences in the video and some other
similar ones, that you will have to explain using what you have learnt about
electrification.

103

Physics and Chemistry 2º ESO
Activities Unit 2. Motion and forces

61. Charging the pen
Imagine that when you rub a pen with the sleeve of your sweater 106 electrons move to the pen.
How is the sleeve charged after that?

62. Charging balloons (INVESTIGATION-LABORATORY)
In the simulation, move the balloon on the sweater and observe
what happens (electrification by rubbing). Once the balloon is
charged, approach it to the wall and observe what happens
(electrification by induction). Choose the “two balloons” option and
charge both balloons. Look what happens when you try to approach
them to each other and to the sweater.
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63. ¡Chis chas!
When you take off a synthetic fibre sweater in the darkness, small clicks are produced. Explain
why this happens.

64. Forces between charges (INVESTIGATION-LABORATORY)
Look at the next simulation. You are going to change the magnitude
of the two charges and the distance between them and observe
how the interaction force between them changes. Notice that if the
distance is the same, the position doesn´t matter (there is spherical
symmetry).
a) Assign to the fixed and mobile charges a value of 40 units and set
a distance of 30 cm. Write down the value of the force.
b) Move the mobile charge around the central one keeping the
distance. How is the value of the force between the charges?
c) Change the value of the fixed charge to 80 units. What is the value of the force?
d)? And if you duplicate the value of the mobile charge?
e) Now try duplicating the distance between charges.
Justify how the value of the force changes depending on the value of the charges and the distance
between them.
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65. The box of charges (INVESTIGATION-LABORATORY)
Look at the next simulator. Put the four possible
distributions of charges in the working area and after
that all the mobile particles that you can select.
a) Justify what you observe for each case.
b) Proton, neutron and electron are the fundamental
particles of matter atomic structure. What charges do
they have??
c) And the atoms?
d) Do ions have a charge?
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66. Conductors and isolators (INVESTIGATION-LABORATORY)
With the next simulator, you are going to classify some materials depending on if they are
conductor or isolators. You just have to approach them to one of the circuit terminals and observe
if the lightbulb turns on or not. What do all the conductor materials have in common?

67. Electric current
Why doesn´t electric current circulate until we close the switch?

68. Magnetic forces (INVESTIGATION-LABORATORY)
Everybody knows that magnets attract nails and
pincers, that are objects made of iron. Now you are
going to do the experience to check how the
interaction between the magnets and these objects
is produced. Put a neodymium magnet on the table
and a nail close to it. Get them closer and observe
what happens. Repeat the experience with the
pincer. In the video you have both experiences
filmed.
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69. Experiences with magnets (INVESTIGATION-LABORATORY)
You are going to do three experiences with magnets, following
the instructions in the video: attraction and repulsion between
two magnets, deviation effect of the trajectory of a metallic ball
because of the action of a magnet and effect of a magnet on a
compass (magnetized needle).

70. Identifying the poles of a magnet (INVESTIGATION-LABORATORY)
Design a method to know which one is the positive pole and the negative pole of a magnet. You
only have a compass to do that. Practice it with a magnet.
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71. Generation of electric current with magnets (INVESTIGATION-LABORATORY)
The easiest way to produce electric current is moving a magnet close to a boil (copper thread
rolled forming turns). Look at the picture to see how a led lamp turns on when we let the magnet
fall through the tube or when we approach it and then take it out from the turn in the simulator.
You are going to investigate the factors influencing the intensity of the electric current produced,
which is indicated by the luminosity of the lightbulb. Follow your teacher´s instructions to
determine the factors
(number of magnets,
number of turns in the
coil…). In the next unit,
you will study the
applications
of
this
technique in power plants
for the production of
electric current.
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Unit 3. Energy
The word energy sounds familiar to us because of its use in
daily life. Continually we hear about electric energy, a battery
with a lot of energy or even a person with more or less energy.
Even more, we suffer an energetic crisis when we run out of
battery in our mobile phone or the gasoline in our motorbike is
about to run low. Energy is involved in every situation and
every change happening in our surroundings.
Although the word energy is very commonly used in our daily
language, it is difficult to give a precise definition. One of the
difficulties is that it appears between us in many different
ways: as electric energy, thermal energy, luminous energy … The objective of this unit is to
understand better the meaning of energy.
Energy has been known with different names since a lot of time ago, but science adopted this
name at the starting of the 19th Century, when machines were studied and Freyman, one of the
most famous physicists nowadays, says that it is one of the most difficult concepts to understand
and that science still hasn´t
given an answer to it. Through this unit you will study the concept of energy and its properties:
energy is presented in many different ways, it remains and degrades. You will also study the
different sources of energy: some of them are renewable
and others, the most common in our lives, not
renewables.
After that, you will see how energy is transferred from
some bodies to others: through work and heat.
Next, you will study how heat is a way of transference of
energy from the hottest bodies to the bodies with lower
temperature. Because of this, you will have to use a
magnitude that you already know: temperature. It is high
when you have fever, when you warm your meal and also
in the month of august in Zaragoza when the thermometer in Pilar Square shows 40ºC or more.
You will investigate what the temperature of a body depends on when you supply heat to it and
the effects of heat on solid, liquid and gaseous bodies. You will also see the ways of transferring
heat and their relevance on thermal isolation in clothes or the design of more efficient houses.
Finally, you will study the other two essential kinds of energy: light and sound.
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The energy necessary for life
When you run or jump, you are doing
activities that you can do when you have
energy. But, where do you get it?
We all know that to be active we need to
feed ourselves in the same way that cars
need petrol to work.
Energy is essential for life and, also, to do all
our daily activities, from getting up, go to
high school, studying, doing sport… So cars
take the energy from petrol to move,
domestic appliances work thanks to the
power taken from electricity and windmills
work thanks to the energy provided by the
air.
Your life and all your vital activities depend on a good supply of energy.
Energy is the magnitude that quantifies the ability of bodies to produce changes in themselves
or their environment

1. Properties of energy
Properties of energy

1. It is presented in many different ways.
2. It is transferred.
3. It is conserved.
4. It is degraded.

1.1 Energy appears in many different ways
The first property of energy that we can see in the previous images is that it can appear in various
forms, being possible the conversion of some forms into others.
Kinds of energy
In all these examples we have seen, energy comes in different ways. In some cases, they become
evident and it is very easy to identify them: we are talking about kinetic or movement energies
(such as the cyclist or the smooth 100 m runners, the moving train), light energy (the light of the
flashlight), energy heat (the heat of a flame) or sound energy (the sound of a speaker).
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But there are forms of energy that do not
manifest because they are stored. In the images,
you have already seen several: the energy of the
water stored in a dam or of a rock on the top of a
mountain or the energy stored in a compressed
spring; energy stored in our body, in food, energy
stored in coal, oil, natural gas, energy stored in
uranium or plutonium. These stored energies are
called potential energies and, as we have said,
they are stored and we can use them whenever
we want.
The energy of the water stored in a dam, the energy of a house or a rock on top of a mountain,
that of a balloon at great height we will call potential energy due to the height or gravitational
potential energy. We can recover this energy by dropping objects that are at a certain height.
The energy stored in a spring or rubber is called elastic energy.
The energy stored in our body, in food, the energy stored in coal, oil, natural gas, we call chemical
energy and we can recover it by putting our body into action or by burning fossil fuel.
The energy obtained from uranium or plutonium is called nuclear energy. It is released as heat in a
controlled way in the nuclear reactors of a nuclear plant. Another use is the chained reaction in
atomic bombs.
Kinds of energy
Energies that are directly manifested: kinetic, luminous, heat and sound.
Potential energies (that are stored): gravitational, elastic, chemical and nuclear.

1.2 Energy is transferred
Energy is the cause of the changes that objects undergo. Thus, energy can make an object move,
change shape, raise its temperature, increase its height, emit light or sound. These changes take
place when energy is transferred from one body to another.
Potential energies
The fact that energy is necessary for transformation or change processes to take place does not
mean, however, that the existence of energy must be associated with the presence of activity.
For instance, in water in a dumb, energy is stored in some useful form, so it is possible to use it
later. There are several ways for energy storage: compressing a spring, using a battery, the water
from a reservoir, etc.
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1.3 Energy is conserved
Having energy is like having money. Money is only useful when we can change it for a service or
objects. In the same way, energy is only useful when it is transferred.
When energy is transferred we can ask ourselves where it has gone. A scientist interested in
energy is like an energy accountant. He makes a balance of the financial status before and after
each deal or trade: scientist makes a balance of the initial and final energy for each transfer. If he
counts all the energy, he will conclude that the amount of energy is the same after the
transformation and before.
Conservation of mechanical energy
Imagine that you are at the highest point of a roller coaster (beginning of the journey): as you go
down, your speed increases. That's because there is a transformation from potential energy to
kinetic energy. When you approach a loop when ascending you notice that your speed decreases,
due to the kinetic energy being converted into potential energy.
Thus, from the beginning of the path falling from the highest point until it begins to stop,
interconversion of potential energy into kinetic energy is observed and vice versa. Since the sum
of the two types of energy (mechanical) is the same throughout the entire process, the energy
is conserved.
Mechanical energy is conserved if no external forces act to increase it (the ascent motor) or
decrease it (the brakes). Observe in the animation that when the wagon is climbed to the highest
part of the roller coaster, the total energy increases because there is an external source of energy
(an electric motor), and when it stops, the total energy decreases by the action of an external
force of braking.

1.4 Energy degrades
Availability of energy
In the last years, we have heard a lot about the energetic crisis. Since 1974, the cost of petrol has
varied brutally, increasing more than 10 times, decreasing after that more than 50% and
increasing again. This fact has performed an important role in the Spanish economy because it is
not a producer country and it depends on external supplies.
Continually we are told to use the energy properly, or that we have to be careful with energetic
savings. However, we have just said that the third property of energy is that it is always conserved.
Where is the point in conserving the energy if the total energy of the Universe doesn´t vary?
This third law of energy is a little tricky because there are some forms of energy that are more
useful than others. It is easier to obtain energy from them and transform it into the kind of energy
that we need. Although the energy of a process is equal to the sum of all the energies when the
process has finished, it is possible that the final forms of energy are less useful.
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The possibility or impossibility of using the energy that has been produced after a process
constitutes what is known as energy degradation.
Look at a car moving on the road. The energy from petrol is transformed into different kinds of
energy which provide: the motion of the wheels, the light of the headlights, the sound of the
claxon. These energies are useful because they allow us to do
what we need with the car: move and move safely.
Some energy is “lost” because of the friction between the
tires and the road, or between the air and the car: the tires
heat up and also heat the road. This heat energy is not useful
for us as we can´t take advantage of it. That is what we
consider the fourth property of energy: its degradation.
The degradation of energy
In every process, the energy conserves, but some transformed energy is less useful than the
original ones: the energy has degraded.

Energetic efficiency
Is a way to express the relationship between the useful energy obtained in a process and the
total energy used. So a process is efficient when the energetic losses are slight. Its value varies
between 0 and 100 %.

1.5 Diagrams of energy
A way to represent the different forms of energy and the transformations in a process is using
diagrams of energy.
They represent the four magnitudes of energy. They give information about:
a) The different kinds of energy in a process.
b) The process of transference. The bottom of the
arrow indicates the energies supplied and the top of
the arrow is where we write down the energies that
originated.
c) The preservation of energy: the width of the
entry arrow must be the sum of the widths of the
exit arrows.
d) Degradation. In exit arrows, we have to represent the part of the energy which is not useful for
our purposes.
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Look at the example of the diagram of a car going through the motorway: the potential chemical
energy of the fuel transforms into energy for the motion of the car or kinetic energy, luminous
energy for the headlights and heat energy generated by the friction between the pieces of the
engine and between the tires and the road.
Diagrams of energy and energy properties

In the energy diagrams, the four properties of energy are revealed:
- The energies of the process are chemical energy of the fuel, kinetic energy, luminous energy
and heat energy.
- The transformations are: energy from the fuel transforms into kinetic, luminous and heat
energy.
- The total amount of energy provided by the fuel is transformed into kinetic, luminous and heat:
energy preserves.
- Kinetic and luminous energies are useful, but the heat energy caused by friction is not useful for
the process: energy degrades.

1.6 Work and Energy
Work, work, work….so tiring!
We usually use the word “work” when we talk about something that requires effort, like studying,
moving an object, pushing a wall or cutting a tree.
In scientific language, this magnitude has a more precise meaning: work is produced when a force
causes a motion. In the picture we see Obelix hitting a rock with a hammer. Even if he does a big
effort, the stone doesn't move, so Obelix is not doing work. In the picture on the right Obelix
moves a rock that was on the floor. The force applied to the rock causes a motion, so he is doing
work.
When a force moves an object the amount of work done depends on two factors: the force value
and the distance travelled by the object.
Work in Physics
Work is a way of transferring energy from one body to another. The performance of work
requires exerting a force and also that this force causes a displacement.
Work= force x displacement
When a force moves an object, the amount of work done depends on two factors: the force
value and the distance travelled by the object.
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2. Temperature
Every day you hear about temperature: it is cold, the
temperature will increase tomorrow, there is a heatwave, etc.
You have already studied that change of state temperatures are
characteristic of a substance and allow us to identify it. Also, you
know that we measure temperature with thermometers.
But, what is temperature? It is a property of bodies that we
perceive through the sense of touch. According to this perception,
things are more or less “hot” or “cold”.
Temperature and thermal energy
To have a clear idea of what the temperature of a body is, we have to think that the objects
around us are made of particles. These particles are in continuous motion in solids, liquids and
gases.
The temperature of a body indicates the
grade of agitation of the particles. The
higher the temperature of a body, the
higher the speed of its particles, and the
higher its kinetic energy.
We can say that the temperature in the
thermometer is a measure of the thermal
energy, directly related to the grade of
motion of its particles and to its kinetic
energy.
In solids, the motion of particles is small and it is reduced to just a little vibration (particles are
strongly joined). In liquids, particles vibrate and form groups that move. In gases, particles are
much more separated and move freely.
Temperature, thermal energy térmica and particles motion

The temperature value marked in the thermometer is a measure of its thermal energy, directly
related to the degree of movement of its particles and its kinetic energy.
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2.1 Thermometers
To measure temperature we use thermometers made of a
glass tube closed in the top and joined to a tiny deposit in the
bottom, where there is a liquid (mercury or dyed alcohol).
This liquid expands when the temperature increases and
goes up in the tube. The length of the liquid column gives us
the measure of the temperature in an indirect way. To
measure the temperature of an object, the glass tube must
have a graduated scale.
To graduate the thermometer scale we need to have two
reference temperatures that we will use to compare with any other temperatures. The most
common scale is Celsius, known as the centigrade scale, because it is divided into 100 grades.
In the Celsius scale, the reference temperatures are the melting temperature of ice, which is
assigned to the 0 grades value (0ºC), and the boiling point of water when atmospheric pressure is
1 atmosphere, assigned to the value of 100 grades (100 ºC).

3. Heat and temperature
In everyday language, we often confuse the terms heat and
temperature. Thus, when we talk about how hot it is in the
summer or how bad hot sodas taste, we really mean the
temperature, the higher or lower temperature of the air or the
soft drinks. At that magnitude the thermometer measures us.
But then...
What is heat?
When two substances are put in contact at different temperatures, they evolve in such a way that
that of the body that is at a higher temperature decreases progressively and that of the one that
is at a lower temperature increases, until in the end, both have the same temperature.
We can observe this by adding an ice cube to a soft drink at room
temperature. The temperature of the ice cube increases and that of
the soft drink decreases. On a daily basis we say that the soda "gets
cold" and the ice cube "heats up" and ends up turning into water.
Heat has a lot to do with substances that are at different
temperatures. We can conclude that the substance at a higher
temperature has given heat to the substance with a lower
temperature and causes it to increase.
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Therefore, heat is not something that is stored in a body. An object does not contain much or
little heat. What is correct is to say that an object has a very high or very low temperature since
the thermometer is telling us that that body has a lot or a little thermal energy, that is, the degree
of agitation of its particles (its energy kinetic) is high or small.
Imagine two bodies in contact: one of them has a temperature of 80 ºC, and the other is at a
temperature of 20 ºC. The energy passes from the first to the second until the temperatures
equalize. This energy that has passed from one body to another is called heat: a cataract is some
water that passes from one place to another because they are at different heights, and similarly,
heat is the energy that passes from one body to another because they are at different
temperatures.
Heat concept
Heat is defined as the measure of the energy transmitted by a body with higher temperature to
a body with lower temperature.

Units of energy
The two ways of energy transmission between bodies, heat and work, are measured with the
same unit, the joule (J). To measure heat we also use an old unit called calorie (cal).
A calorie is the amount of heat that we need to supply to 1 g of water to increase its temperature
by 1ºC.
The equivalence between these units is: 1 cal = 4,18 J

3.1 Heating substances
It is clear that when you impart energy in heat form to a substance, you make it heat; that is to
say, that the temperature at which it is found increases.
But what factors depend on what is heated, the temperature variation produced?
First of all, it seems logical that the greater the mass of the object, the more particles have to
increase its kinetic energy, so more heat is needed to increase its temperature by a certain value.
For example, to increase the temperature of 1000 g of water by 1 ºC, 1000 calories are needed,
exactly 100 times more heat than is necessary to increase the temperature of 10 g of water by 1
ºC (10 calories).
Therefore, we can say that to increase the temperature of an object we will need to add more
heat the more mass it has, because the kinetic energy of a greater number of particles must be
increased.
On the other hand, some objects need more heat supply than others to increase their
temperature by a certain value. For example, more heat must be provided to increase the
temperature of 1 g of water by 1 ºC than to increase the temperature of 1 g of alcohol by 1 ºC.
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Factors related to the amount of heat needed to increase the temperature of an object
The heat needed to increase the temperature of a body depends on the mass of the object and
its nature.

4. Heat effects
When an object heats, its volume increases. This is called thermal expansion.
When an object cools, its volume decreases due to thermal contraction.
That is a very famous phenomenon. You have already checked it with gases
and also, you have interpreted the model of particles of matter. Remember
that when you increase the temperature of the particles, they move faster
and crash into the recipient walls with a higher force. If this recipient has
elastic walls, as in the case of the balloon, the volume increases.
And what about the jumping coin? It is a similar example. As the bottle can´t
expand, the increase of pressure makes the coin jump.

4.1 Solids and liquids expansion
Solids dilation
Solid dilation occurs in all directions, but when it has an elongated shape, like a train rail, the
dilation along the rail or linear dilation is the most important.
Why do solids expand?
When a solid is heated, the particles that make it up vibrate more, with more energy, and are
placed at a greater distance. Consequently, the solid substance increases its volume in all
directions and expands.

Fluid Dilation
Like solids, liquids also expand when heated, and the reason is
the same: the thermal agitation of the particles increases. It is
said that liquids expand more than solids: mercury, for example,
expands five times more than steel.
The expansion of liquids is the foundation of thermometers,
both mercury and alcohol, provided that the dilation is
proportional to the temperature.
Substances dilation
The expansion of gases is much more intense than that of solids or liquids. Gases expand or
expand ten times more than a liquid and about 1,000 times more than a solid.
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5. Heat Spread
Mechanisms of heat propagation
You already know that heat is the measure of the energy
transferred from a higher temperature body to a lower
temperature body. But how does it go from one body to
another?
How heat spreads, or transfers, is different in solids, liquids,
and gases, and also in a vacuum. Now, you will see the
mechanisms of heat propagation and some of its applications.
The most efficient way to insulate a house to contribute to
saving energy.
Start with two videos about the three mechanisms of heat
transfer: conduction, convection and radiation. Check out the
effect on chocolate bunnies!

5.1 Conduction
In the kitchen, when we stir a heated liquid with a metallic spoon, we observe the following
situation: the spoon immediately becomes hot and becomes difficult to touch. This is because
heat is transmitted through metals very quickly. On the other hand, warm clothing keeps us warm
because it prevents our body from quickly transmitting heat to the outside.
Heat is transmitted through solids by conduction.
How is heat conducted?
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Propagation by conduction: Conductors and insulators
Objects that are good conductors of heat are also good conductors of electricity, a concept that
you have already seen in the previous unit.
Metals are good conductors of heat.
Non-metallic solids such as wood, plastic, or glass are poor conductors of heat. They are called
insulators.

5.2 Convection
Look at the figure on the right. You may have noticed that when there is fire, the hot air and fumes
move upwards. The reason is the following: when the air is heated, it expands, that is, it increases
in volume. This makes the warm air less dense than the cold air around you. As a consequence,
hot air rises above cold air, while denser cold air occupies the lowest place.
Something similar happens when we heat water in a saucepan. The
flame or plate heats the bottom of the pan and the water that is in
contact with the bottom.
This causes the hot water
at the bottom to expand
and has slightly less
density than the rest of
the water. As a consequence, the hot water rises
upwards and the thicker cold water occupies the lowest
place.
Air and water are poor conductors of heat, but they can
transfer heat from one place to another by moving their
less dense particles upwards. This process is called convection.
The air and water currents produced in this process are called convection currents.
Convection and physical states
The propagation of heat by convection only takes place through fluids: any gas or liquid such as
air or water.

Convection and climate
The spread of heat by convection is not only responsible
for heating homes or causing hot water to rise when
heating a casserole. It also produces many atmospheric
phenomena that condition the climate, makes birds
ascend in their flight or that a balloon or a paraglider can
fly.
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The air in the atmosphere is the fluid that moves. The sun's radiation hits the ground, heating the
rocks. When the ground temperature rises, it heats the air in the lower areas of the atmosphere,
which begins to rise, forming an air bubble that is warmer than the rest of the nearby air. This air
bubble rises through the atmosphere.
As the warm air mass rises, the nearby air that is less warm and denser fills the void left by the
rising air. This process is the foundation of the wind.
These movements of hot air masses are responsible for the formation of small clouds or large
storms. Convection currents are responsible for the meteorological processes that take place on
Earth.

5.3 Radiation
When you are close to a fire or a light bulb, you notice that it gives you heat. The energy that
comes from the heat source has propagated from the fire or from the light bulb to you. This kind
of heat is propagated neither by convection (because convection carries hot air upwards) nor by
conduction (because air is not a good conductor).
This heat spreads by radiation. The hot parts of a flame, a light bulb or any hot object emit heat in
the form of radiation that spreads in all
directions. The higher the temperature of an
object, the more heat it transmits by
radiation.
The Sun releases energy as light rays and
ultraviolet rays, which tan you when you are
exposed to the Sun (ultraviolet radiation),
and heat rays (thermal radiation).
Only a fraction of these solar rays reach
Earth because the rest are lost in space.
When radiation from the Sun reaches Earth,
some is absorbed by the Earth itself and
some reflect outside. The absorbed thermal
radiation is what heats the Earth.
Look at the image and see how the energy received from the Sun is absorbed and emitted.
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Propagation by radiation
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5.4 Thermal insulation of buildings
In winter we spend a lot of money heating our houses. If we turned off the heating, the house
temperature would gradually drop
so the environment would be
uncomfortable.
The temperature decreases because
energy is transferred in the form of
heat from the warm air in the house
to the cold air outside. The situation
is equivalent to that which occurs if
we wanted to maintain the level of
water in the sink in our house: if we
want to always have the same level
of water, we must open the tap in
such a way that it supplies us with
as much water as the one that is
going through the drain.
If we want to save energy and not pay a very high heating bill, it is necessary to minimize energy
losses in the form of heat to the outside, that is, to thermally insulate our house.
In addition, by the way, we will ensure that energy does not enter in the form of heat from the
outside when the temperature is very high in summer, thereby avoiding electricity consumption in
the air conditioning.
In the image, you can see in which areas of house energy losses occur.

6. Energy sources
Energy sources are those natural resources from which energy is
extracted for use by human beings.
Fossil fuels such as oil, coal and natural gas are the main sources
of energy to heat our homes, cook, transport goods and people,
to run factories. These fuels are called fossils because they have
been formed from the remains of plants and animals through
processes that have lasted millions of years.
In the refineries, the petroleum derivatives that are used as fuels
to move cars, aeroplanes or boats (gasoline, diesel, kerosene, ...)
and gases used as fuels in the home and industry (propane and butane) are extracted. In addition,
there are fields of natural gas, which is also used as fuel.
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Fossil fuels are sources of energy that will be depleted in the not too distant future, especially if
their high rate of consumption continues. For this reason, they are called non-renewable
energies. So that you realize the problem that the depletion of oil would pose, note that it is the
raw material for the manufacture of plastics. Can you imagine a life without plastics?
Furthermore, the emission of carbon dioxide (which favours the greenhouse effect) and polluting
gases such as sulfur or nitrogen oxides (which produce acid rain) make it necessary to reduce the
use of these energy sources as much as possible.
It is thought that nuclear materials could replace oil and coal from thermal power plants in
nuclear power plants since no CO2 is emitted during their operation. However, using nuclear
energy carries risks and dangers: possible
radioactive leaks (very serious accidents such as
Chernobyl in 1986) and the highly dangerous
storage of radioactive waste (nuclear waste
warehouses of low activity).
For these reasons, energy sources are currently
being sought that do not run out, have a low
environmental impact and make it possible to save
fossil fuels. These kinds of energy are called
renewable: hydroelectric, wind, solar, geothermal,
tidal, and biomass.

6.1 Electric Power Production
Electric power is the most versatile in today's society. For this reason, other types of energy are
transformed into electrical energy in power plants, and from there, it is distributed to
consumption centres.
Each mechanism of transformation of different types of energy into electrical energy has its
peculiarities, but many processes that take place in this transformation are common to all of
them. A power plant is an installation capable of converting energy from different sources (from
water, gas, coal, uranium, wind or solar energy) into electrical energy.

126

Physics and Chemistry 2º de ESO
Unit 3. Energy

In almost all cases, it is necessary to move a set of copper coils located in the area of influence of a
magnet (turbine), thereby generating electrical energy. The turbine rotates when water, steam or
air impacts it.
Classification of power plants
They can be classified in three main ways:

Traditional and alternative: if they have been used for a long time (thermal, nuclear and
hydroelectric), they are conventional, and the rest are alternatives.
Non-renewable and renewable: if the raw material spent, they are non-renewable (thermal and
nuclear) and otherwise, they are renewable.
Dirty and clean: if they produce polluting waste or alter the environment, they are dirty power
plants (thermal and nuclear), and the rest are clean.

6.2 Energy production from non-renewable energy sources
Thermal plants
In this case, the energy necessary to move the turbine is
obtained by burning fossil fuel (coal, fuel oil or gas,
which have stored chemical energy) in a boiler that
generates thermal energy. This thermal energy is used
to generate steam, which is what drives the turbine. In
the image, you can see the thermal power station of
Andorra (Teruel), recently closed, with its 300-meter
high smoke chimney and its three cooling towers of
almost 100 meters.
Note that if the fuel contains sulfur, sulfur oxides come
out of the smoke tower, causing acid rain. This effect caused damage to citrus crops in the
Valencian Community, and a large investment had to be made to eliminate these gases before
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expelling them into the atmosphere. The three cooling
towers also expel gas, but in that case, it is simply water vapour.
Nuclear Power Plants
In this type of power plant, the fission (rupture) of the
nuclei of the uranium atoms releases a large amount of
heat energy (thermal) that is used to obtain water vapour.
A huge amount of energy is released, but the waste
produced is radioactive and highly dangerous. Their
storage is also a problem, since they do not lose their
activity for hundreds of years, and they must be stored in
sealed drums and in underground deposits located in geologically stable areas. However, there is
currently no solution for high-level waste, which accumulates in the same plants.

6.3 Energy production from renewable energy sources
Hydroelectric power plants
The energy necessary to move the turbine comes from natural current water, (kinetic energy of
water) or artificial, due to the effect of a slope (it is stored in a dam or swamp). In this way, the
potential energy due to the height of the water in the said dam is used (gravitational potential
energy). When the water is falling, this gravitational potential energy is released and is
transformed into kinetic energy by moving the turbines of the plant, where it is transformed into
electrical energy.
The construction of swamps to regulate river flows is
used to install a hydroelectric plant in the dam.
Although it does not produce waste, it alters the
environment and leads to the depopulation of the
areas where the swamp is. Currently, in Aragon, there
is a tendency to install small power plants to supply
small and nearby population centres.
Wind power plants
They take advantage of the kinetic energy of the wind to turn
the blades of the wind turbines. They are installed in areas
where the wind blows during most of the year with an average
speed (if the wind is very strong, the rotors do not work,
because their mechanisms could be damaged).
In Aragon, there are many wind turbine fields, especially in the
vicinity of the Ebro valley and in the Teruel mountains. Keep in
mind that Spain is one of the most advanced countries in the
world in this technology.
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Photovoltaic solar plants
You have already seen in the solar energy simulator in
houses that there are two mechanisms for obtaining the
use of solar energy: through photovoltaic panels to obtain
electrical energy directly or through thermal energy, to
obtain sanitary hot water or electrical energy.
In photovoltaic power plants, there are fields of
orientable plates, as you can see in the image. Their cost
is high, but they do not produce more than a visual
impact, without any harm to the environment. The
electrical energy produced is expensive, but clean, so
they need subsidies to be profitable.
Thermal solar plants
In the latter case, solar energy is transformed into electrical energy by two different mechanisms:
either by concentrating solar radiation at the highest point of a tower, moving a turbine when
heating and making a liquid flow (solar furnace), or in a solar thermal power plant, as you can see
in the simulators. Take a look at how hot air convection currents are generated and harnessed.
Biomass plants
Solar power is used by plants to form carbohydrates,
which are substances that store chemical energy. Its
combustion produces thermal energy that is capable of
moving a turbine and producing electricity. The
decomposition of vegetable mass or organic waste also
produces methane gas, which is used directly as fuel.
Plant biomass can come from plant residues, from
specific crops to generate biomass or even from animal
residues, such as cow excrement, commonly used in
India to generate methane that is used for heating,
lighting and cooking food.
It is considered clean energy because although biomass produces CO2, it comes from plant waste,
which has consumed to form the same amount of CO2 that is produced when burned, so it does
not contribute to global warming.
Tidal power plants
It is energy that comes from the kinetic energy of waves, the movement of ocean currents or
tides. In the video, you can see how one of them works.
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Geothermal power plants
It is a renewable energy that comes from inside the earth since the temperature increases with
depth and steam escape through the cracks in the earth's crust. The water vapour that comes out
of the interior of the earth, conducted through pipes as you can see in the diagram, can drive a
turbine to produce electricity. In other cases, given the high temperature of the water vapour, it is
used directly for heating, as in Iceland.

Power plants
● Thermal power plants: fossil fuel, coal, fuel oil or gas, (chemical potential energy) is
burned in a boiler to generate heat energy, which generates water vapour to power the
turbine.
● Nuclear power plants: the fission of uranium atoms releases a large amount of heat
energy that is used to obtain the water vapour that turns the turbine.
● Hydroelectric plants: the water in a natural or artificial stream transforms potential
energy into kinetic energy due to the effect of a slope, which impacts the turbine and
makes it rótate.
● Wind power plants: the kinetic energy of the wind is transformed directly into rotating
mechanical energy by means of a wind turbine.
● Photovoltaic solar plants: the Sun's energy heats a fluid that transforms another second
fluid into steam, which drives the turbine-alternator that achieves the rotary movement
and generates electricity.
● Solar thermal power plants: the Sun's energy heats a fluid that transforms another
second fluid into steam, which drives the turbine-alternator that achieves the rotary
movement and generates electricity.
●

Biomass or urban solid waste (RSU) plants: they use the same electricity generation
scheme as a thermal power plant. The only difference is the fuel used in the boiler, which
comes from waste.

6.4 Distribution and consumption of electrical energy
Once electricity is produced, it must be transported to consumption centres - our homes, industry,
... - since electrical energy, unlike potential gravitational or chemical energies, cannot be stored.
Electricity transport
Electricity is transported through high-voltage lines
made up of a conductive cable (copper or aluminium)
and supporting elements (high-voltage towers). These
lines conduct electrical current to substations that
reduce the voltage of the current that circulates to our
homes (220 V for domestic consumption) or industry
(380 V).
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Electric energy distribution
There is a company in Spain, Red Eléctrica Española (REE), responsible for the electrical energy
distribution through high voltage lines. In addition, it is in charge of organizing production
according to the amount of electrical energy that is needed at any given time.
For example, if the day allows a good operation of wind turbines, a good part of the electrical
energy produced comes from wind turbines, and in return,
thermoelectric production decreases, since these plants are
easy to stop. However, nuclear power plants cannot be
stopped easily (in Spain there are five nuclear power plants
in operation, which provide approximately 20% of the
electrical energy consumed).
The REE website provides information on the demand for
electricity in real time 24 hours a day, 365 days a year.
Electricity comes home
For having electricity at home, it is necessary to have an adequate electrical installation and a
contract with the electricity distribution company, which will connect the distribution network to
the home installation.

The two most important items are the counter and the switch box. The meter marks the amount
of energy consumed in the home, which will be the amount that the distribution company will bill.
The switch box contains the general switch of the installation, which allows the entry of electric
current to the house circuit. Also contains a series of small automatic switches (PIAs) that limit the
available power (limiter), protect from leakage of current (differential) or protect the different
appliances (kitchen and oven, washing machine, lighting, power outlets, etc.) when there are
voltage peaks (excess electrical energy).
The kWh
One of the most widely used energy units is the kWh, especially in the energy supply (electricity
and gas): 1 kWh is the energy consumed by a 1 kW appliance (that is, 1000 W) when it is
operating for one hour.

6.5 Energy saving
The world's population continues increasing (almost 8 billion people!) And the quality of life also
improves. To achieve this, more and more energy is needed: it is estimated that from 1970 to
today, total energy consumption has tripled.
It is also very relevant that the standard of living, directly related to energy consumption, is
distributed very unevenly: in Africa, there is 14% of the world's population, which consumes 3% of
energy, while in Europe, with 11% of the population consumes 27% of energy.
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How can you save energy?
Obviously, there must be laws that favour energy saving, and that are the responsibility of the
different bodies that have powers, such as the Government of the country and the Autonomous
Community, the Town Halls, etc. For example, cars that consume less fuel and emit less gas pay
less tax when purchased.
But what about you in your daily life? First, you should know the different types of energy that you
use regularly, and then reflect on how you can save energy when you are using them.
1. Get around on foot or by bicycle, and share the car or use collective means of transport, which
use less energy per unit transported.
2. Consume food products that are produced nearby, because this saves energy in transport, in
addition to favouring agriculture and livestock in the area.
3. Take a shower instead of a bath, because it saves hot water.
4. Control the temperature of the heating and air conditioning in your house: it is absurd that
you have to be in a shirt in winter because it is hot inside your house.
5. Use energy-saving light bulbs, turn them on only when you need them, and try not to have the
devices on standby.
6. Recycle paper, glass, containers, etc. Think that obtaining one kg of aluminium from recycled
cans consumes only 10% of the energy necessary to obtain it industrially from bauxite (aluminium
ore).
7. When you have to replace electrical appliances, you must be very attentive to their energy label
to choose the one that is most efficient, because, in addition to saving energy, its cost on the
electricity bill will be lower. Observe in the image the appreciable difference in consumption
depending on the final energy rating.
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7. The energy of the waves
So far, you have seen two ways of transferring energy between two bodies: work (applying a force
that causes the displacement of a body) and heat (putting bodies in contact with different
temperatures)..
But there is a third way: the waves. In wave motions, energy is transferred between two points in
space without a net displacement of matter.
Waves on a rope
With the following simulator, you can see how wave movements are generated in a string, both by
pulses and continuously. Look at the blue dots as a reference: they swing up and down, like a
vibrating ball on a spring, while the disturbance drifts to the right.
Waves in the water
Take a look at what happens to bathers. When the disturbance is transmitted, the wave advances,
but the bathers oscillate vertically; they do not advance or retreat, that is, energy is transmitted
but not matter.

Waves energy
It depends on a quantity called frequency, which is
related to the number of waves that are formed per
second. It is measured in hertz (Hz) so that the energy
carried by a wave is directly proportional to its
frequency.

Light and sound, two ways of presenting energy
Light is one of the most common ways of presenting energy: solar energy, the origin of other
energy sources, the light energy of a bulb that illuminates our room or the light emitted by a
flashlight, a firefly or an abyssal fish, etc.
Sound energy appears when a car horn honks, when amplified music is played through speakers at
a rock concert, in the bustle of a crowded square; or the unbearable noise of a compressor drilling
into a sidewalk.
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The importance of both forms of energy is linked to their constant presence in our lives. And to
the senses with which people perceive these two types of energy: hearing and sight. These two
senses allow us to interact and communicate with our environment.

Sound is a mechanical wave, which needs a material medium to propagate such as air or water.
Instead of it, light is an electromagnetic wave and does not need a medium to propagate, so it is
transmitted in a vacuum.

8. Sound
There is a great variety of sounds: some pleasant, such as music and
others, such as noise, unpleasant. However, they are all produced by
a vibrating object.
A vibration is a back and forth movement: when the strings of a
guitar vibrate produce sound, when the air enters a flute the tube
vibrates, and the sound emitted by a bass drum is produced when its
membrane is struck, which starts to vibrate.

Sound properties
The two most important characteristics of sound are intensity and tone.
The intensity of a sound is given by the greater or lesser vibration of the object that produces the
sound.
The tone is determined by the number of vibrations per unit of time. A sound becomes higher or
higher in pitch when the number of vibrations per second is increased, and it becomes lower or
lower in pitch when the vibrations are decreased. The unit of frequency, the hertz (Hz), equals one
vibration per second.

134

Physics and Chemistry 2º de ESO
Unit 3. Energy

Sound propagation
When we hit a drum, its membrane vibrates moving in and out. When
the membrane moves outwards it compresses the air around it, while
when it moves inwards, the air around it expands. The drum membrane
vibrates the air particles that are closest to it and these vibrate the
neighbouring ones and so on. In this way, the vibration is propagated
and so, the sound.
The speed of sound propagation
Sound travels faster in media where the particles are closer together. Therefore, the propagation
of sound is faster in solids and slower in gases: into the air, the propagation speed is 340 m / s,
while in iron it is 5000 m / s.
Where does the sound propagate?
Sound propagates only in a material medium and does not propagate in a vacuum.

8.1 Acoustic pollution
A problem in our society
Noise pollution is the excess of intense sounds produced by human
activities, which alters the normal conditions of the environment in a certain
place.
Although noise does not accumulate, does not move from place to place or is
maintained over time, as happens in other types of pollution, it can also
cause great damage to people's quality of life if it is not controlled.
Noise pollution is one of the main environmental problems in
Europe. Spain is the second country with the highest level of
noise pollution worldwide after Japan: 50% of Spanish
citizens endure noise levels higher than those recommended.
One way to measure loudness: the decibel
In our daily life, we measure sound intensity in relation to the
sensation with which we perceive it through our ears. This
unit of measurement is the decibel (dB) and the instrument
that measures this intensity is the sound level meter.
Characteristic values are the 20 dB of a whisper, the 50 dB of
a normal conversation, the 80 dB produced by heavy traffic
or the 100 dB produced by a pneumatic drill.
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The 120 dB corresponds to the pain threshold, and that is why the labour legislation prohibits
staying more than 8 hours at a level of 90 dB to avoid hearing disorders (noises of more than 150
dB can cause the bones of the ear to break).
In addition, it is not recommended to continuously listen to music with headphones at high
volume.
You must bear in mind that an increase of 10 dB means that the sound intensity is multiplied by
10, while an increase of 20 dB means that the sound becomes 100 times more intense.

9. Light
Light and related phenomena intrigue humanity since more than 2000 years ago: the ancient
Greeks had already observed some phenomena associated with light.
You already know how important light is for man, plant photosynthesis, the climate, etc. Light is
essential to be able to observe the objects that surround us. Thanks to it we can have a coloured
world around us.
The light that comes from the Sun is composed of a set of different waves, each one of a different
colour (remember the rainbow). Well, when these waves penetrate our eyes to the retina, they
act on the light receptors forcing them to send nerve impulses to the brain to identify, among
other things, the colours of the light received.
Thus, it can be said that light is a way of presenting energy.
How light spreads?
There are a number of facts that make us think that light
propagates in a straight line: the straight contour of a light
source, the shadows cast by opaque bodies, and eclipses.
It is often possible to see the beam of light coming from a
projector or passing through a slit in a blind because dust and
smoke particles reflect some of the light towards us. The
sharp, straight boundaries of the light beam show that the
light travels in a straight line.
In reality, light is a particular type of electromagnetic
radiation that travels at a speed of 300,000 km/s in a
vacuum and more slowly in other media such as air or water.
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Characteristics of the light
●
●
●
●
●
●

Light is a way that energy is presented. It is a form of radiation.
Light transfers energy from one place to another.
It takes energy to produce light. Materials gain energy when they absorb light.
Light is detected by the human eye.
Light propagates in a straight line.
White light can be broken down into its component colors by passing it through a prism.

9.1 Reflection and refraction of light
How do objects behave when light falls on them?
When light "strikes" an object, one of the following can happen:
- It bounces off the object and returns backwards (reflection). You observe this phenomenon
when you stand in front of a mirror, the light rays hit the mirror, which "returns" your image, or on
a calm water surface.

- It is absorbed by the object (absorption).

- It passes through the object (transmission) and can deflect its path (refraction). Light rays are
deflected when they pass from one material to another, such as if passing from air to glass or
water. This effect is called refraction and influences how we see things.
For example, when inserting a pencil or a straw into a glass of water, it appears broken, and a pool
appears shallower than it is, as you can see in the images.
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Most of the time all of the three phenomena take place simultaneously but in different
proportions.
The bodies that do not allow light to pass through are called opaque. Bodies that let light through
them completely, such as glass, are called transparent. Bodies that partially allow light to pass
through, but cannot allow distinguishing the shape, are called translucent.

Refraction of light
Light rays deflect when they pass from one material to another,
such as when they travel from air to glass or water. This effect is
called refraction, and it influences how we see things.
Thus, when inserting a pencil into a glass of water, it seems broken,
and a pool appears shallower than it is, as you can see in the
images.

9.2 Luminous energy
The energy of light

The energy of light
Light is a particular type of electromagnetic radiation that travels at a speed of 300 000 km/s in
empty space and more slowly in other media like air or water.
White light is a mixture of radiations of different colours, from red (lower frequency and energy)
to violet (more frequency and more energy). Between red and violet, all the colours of the
rainbow are collected: red, orange, yellow, green, blue and violet. The mixture of all these waves
gives white light. Through the waves that constitute each of the colours, light transports energy.

White light can be separated into its components
As they can be mixed, they can be separated when they cross a prism, because of the
different deviation of each of the colours.
Although it seems complicated, it happens constantly in nature when the white light
coming from the Sun goes across raindrops: it is the rainbow.
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9.3 The colour of the bodies
Most materials can absorb some colours and reflect others. The resulting composition of the
reflected colours is what is perceived as the colour of the body.
This phenomenon is known as reflection colour. Thus, a body will be red if this is the only colour
reflected; a body will be cyan if it reflects blue and green, the mixture of which is provided by
cyan.
A body is white when it reflects all colours, and it is black when it absorbs all colours and reflects
none. In the latter case, black bodies are perceived by the diffuse reflection of part of the light;
otherwise, they would not be visible.
On the other hand, the colour of the bodies depends on the colour of the light that illuminates
them: if a white body is illuminated with green light, it will only be able to reflect that light and it
will be green. However, a blue object cannot reflect green as it absorbs all colours except blue; for
this reason, any blue object that glows green will appear black.

9.4 Optical devices
Mirrors and lenses
In the images in the web book, you can see the effect of
three reflective surfaces, flat and curved mirrors: the flat
mirror returns the image as it is, but curved mirrors can
increase the size of objects (such as magnifying mirrors
for makeup, concave) or lower it (as in some types of car
mirrors, convex).
The light deflection produced when passing through the
glass is also used to make lenses. Lenses are used to
focus images in projection systems and, also, to correct
vision defects caused by incorrect focus.
The eye and sight
The human eye is a complex optical instrument thanks to
which we can perceive the objects surrounding us. It acts
like a photographic camera in which the transparent protective lens is the cornea. The iris
regulates the amount of light that passes through the pupil.
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Inside the eyeball, light is focused by a lens called the
crystalline. The image is formed in the retina, a thin layer
where the receptor cells, rods and cones are found.
The rods are excited by low-intensity light, but are not
sensitive to colour, and allow night vision (in little light). Its
insensitivity to colour explains why we cannot distinguish
colours at night. Cones are sensitive to colour, are excited by
intense light, and are responsible for colour vision under light
sources.
The crystalline works as a lens, forming the image on the retina backside. If the image is not
formed in the right place, you lose sharpness, and you have myopia or hyperopia.
One way or another, vision must be corrected with glasses, for which glasses or contact lenses are
used. In the simulation, you can see how the lenses act to correct both defects.
Optical Devices
In addition to glasses and contact lenses used to
correct vision defects, among the most popular
optical devices are the magnifying glass, the
microscope, the photographic camera, the telescope
and the periscope.
The magnifying glass, microscope and telescope have
the function of enlarging the image seen of an object.
The periscope allows seeing objects overcoming
obstacles. The photographic camera allows recording impressions of what is in front of the lens
called objective.

9.5 Light pollution
It is crucial to take advantage of artificial light. It is not desirable that lighting lamps shine upwards
because it is not useful to see, it is an unnecessary expense and consumption of energy and it
leads to great light pollution.
Lighting lamps in the streets
Street lighting lamps in cities should have adequate shapes to reduce light pollution. That is, must
be constructed in a way that illuminates only where the light is needed.
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Unit 3. Energy
1. Ways of energy
images.. In which ones you will say there’s energy? In which way
What is energy? Look at the next images
do you think it is?
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2. Which way of energy it is?
Write down the way of energy you see in each image.

3. The ability to produce changes
Which one of the following systems do you think is more capable of producing changes in the
environment? Which kind of changes can produce?
a) A very hot sheet of steel or the same sheet of steel but at 25ºC
b) A car moving with a speed of 60 km/h or the same car with a speed of 100 km/h.
c) A piece of 1 kg of coal or a piece of the same mass but made of wood.
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(RESEARCH-LABORATORY)
4. Ways of energy (RESEARCH
You are going to realise an experiment in the lab in which you are going to use different ways of
energy. We are going to use some water in a pan, and we will heat it on a heating plate. We will
do it in
also need a funnel and a paper pinwheel (you can see how to d
https://www.youtube.com/watch?v=sO6PyoSECao).
https://www.youtube.com/watch?v=sO6PyoSECao
In the first place, we will heat the water until it starts to boil. Then, and very carefully (boiling
thee narrow end looking up. With the other hand put the
water burns!) hold the funnel with th
pinwheel in the narrow part of the funnel.
1. What happens to the pinwheel?
2. Write down all the transformations of energy that are taking place. Is there any dissipation of
energy?
3. Shut down the heating plate and watch what happens to the pinwheel. Explain what happens
using the conservation of energy.
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5. Hydroelectric Power Plants
A part of the energy that we use in our homes comes from power plants. There exist different
kinds, one of them is the hydroelectric power plants. You can see how they work in the next
simulation. Write all the transformations of energy that are taking place.
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6. Transformations of energy (RESEARCH-LABORATORY)
Point out the different ways of energy that appear in each
process and how they transform between them.
Notice that you have four different elements to produce
energy, two for conversion and three for manifestation.
Experiment with the different possibilities (mark the option
Símbolos/Tipos de Energía and you will see better what’s
going on).
1. Choose the tap and open it.
2. Select the teapot and heat it.
3. Use the kid with the bike. What happens when it tires up?
4. Follow the instructions of the teacher and analyse some of the energy transformations that you
can see.
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7. Transformation of electrical energy
Connect the circuit and indicate the transformations of energy that are happening in each case.

8. Roller coaster
Look at the movement of the point that represents the wagon in the roller coaster. See how the
kinetic (higher for higher speeds) and potential gravitational (bigger at higher heights) energies
o you think that is going on when
do
change. How is being modified the sum of both energies? What d
the wagon is breaking?
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9. Let 's skate! (RESEARCH-LABORATORY)
Select Intro, activate the four boxes of graphic information and see how the kinetic and
gravitational potential energies evolve. Change then the mass of the kid to see if it has any
influence on the movement.

10. Steam train
The trains that burn coal worked up boiling the water to move a turbine that made the wheels
rotate, and so, the train advance.
Was the steam train an efficient machine? It transformed the energy from the coal into the energy
we want?
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11. Batteries and light bulbs
The next image shows a battery lighting some bulbs. Draw the energetic diagram and establish
which of the energies produced are useful and which not.

12. In the Hydroelectric Power Plant
Draw the energetic diagram of the process that is taking place in a hydroelectric power plant.
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13. In the city
Make the energetic diagram for the use of the electrical energy that has been just produced in a
hydroelectric power plant. You can use this two images for help.

14. Travelling through the Pyrinees
Make the energetic diagram of a car that is travelling through the Pyrinees at night.
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15. Pushing the elephant
After a lot of exhausting hours pushing a stubborn elephant, and besides all the sweat and the
effort, the poor kitty hasn’t done any work over the elephant if it hasn’t moved. Do you agree with
this statement?

16. Carrying the suitcase
Look at the image, in which a woman is carrying a 5 kg suitcase. If you lift it into the trunk of a car,
you do a job.
Would it be higher if the suitcase was 20 kg? What if you have to carry the suitcase to the fifth
floor of a house, walking up the stairs because the elevator is broken?
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17. Hot or cold? (RESEARCH-LABORATORY)
Fill a glass with hot water, another with
warm water, and finally another with
cold water.
Put your right hand in the hot glass
and your left hand in the glass of cold
water. After a few seconds, put both
hands simultaneously into the bowl of
warm water.
Do you feel the same sensation of heat
or cold in both hands? Do you think
that the sense of touch allows us to
th the same accuracy as a thermometer? Why?
with
know the temperature of an object wi

(RESEARCH-LABORATORY)
18. Diffusion of ink in water (RESEARCH
Put 200 cm3 of hot water in a beaker. In another, add 200 cm3 of cold water. Add a drop of food
colouring to both. Observe how it falls and spreads through the water (diffusion).
In which container has the dye diffused the fastest? How do you explain this fact?
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19. Thermal equilibrium
Predict what will happen to the temperature when you mix 100 cm3 of hot water with another 100
cm3 of water at room temperature.
Design an experiment that allows you to test your predictions and carry them out in the
laboratory. Are your predictions confirmed?

20. Heating water (I)
How much heat measured in calories must be provided to 200 g of water to raise the temperature
from 20 to 21 ºC?
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21. Heating water (II)
If you want to heat a kilogram of water from 20 to 25 ºC, how much energy in the form of heat do
you have to communicate? Express the result in joules, calories, and kilocalories.

22. Temperature and heat
Justify whether the following statements are true or false:
a) When an object increases its temperature, the speed of its particles increases.
b) Boiling water is hotter than cold water.
c) To increase the temperature of an object you have to provide it with heat.
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23. Kinetic energy and heat
Take a look at the comic strip below, where a joke is made about the transformation of kinetic
energy into heat. Indicates other cases in which this transformation occurs.

(RESEARCH LABORATORY)
24. Dependence on the mass of the substance (RESEARCHWe are going to design an experiment to verify that the increase in
temperature of a substance depends on the amount of mass of the
object. We want to demonstrate that when we give the same amount
of heat to a substance, the temperature rises more quickly in the case
of having less mass and more slowly when the mass of the object is
greater.
You have 3 beakers of 100 cm3. You will add 25 cm3, 50 cm3 and 75 cm3
of water at laboratory temperature. The markings on the glass are
enough to make an approximate measurement.
You also have an electric burner, three thermometers and a support to
hang them without touching the bottom of the glass with liquid.
Turn the burner on medium power and take measurements every 30
seconds until 60 ºC is reached. In the work group, one of the members
measures the times and three others read and record the three
temperatures.
Record the data using the temperature (ºC) and time (s) data collection tables for each body of
water and make the three temperature (ºC) / time (s) graphs.
Compare the three graphs. What conclusions do you get?
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25. Heating different substances (RESEARCH-LABORATORY)
Now you are going to work with a virtual laboratory to see the influence not only of the mass but
also of the type of substance and the power of the heating plate. The three substances you are
going to work with are water, alcohol and benzene, and you can choose between three masses
and also between three powers.
thee heating plate on the temperature
Determines the influence of the mass and the power of th
reached after a certain time. What substance heats up most easily? And which is the most difficult
to heat up? If you wanted to use one of the liquids as a thermal insulator, which one would you
choose?
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26. Heating water(III)
You have two containers with water, one with 500 g and the other with 1 kg, at 20 ºC in both
cases. If you put them in the same heater, which one will reach 50 ºC first?

RESEARCH-LABORATORY)
27. Dilatation of a gas (RESEARCH
Make the experiment of the figure, heating the flask containing air with your hands. What do you
observe? Would it be better appreciated if the jar had been in the freezer before?
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28.Comparing dilations
What expands more, a solid, a liquid or a gas? Why?
To justify your answer, use this virtual laboratory, in which you can compare the behaviour of
solids, liquids and gases when they heat up and their temperature increases.

(RESEARCH-LABORATORY)
29. Does it go through the hoop? (RESEARCH
Make the experimental setup and observe how the object passes very right through a ring. Heat
the object and see what happens. Which is the reason?
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30. Expansion joints
Look at the following images, which correspond to four types of expansion joints. Indicate the
objective they have in each case.
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31. Reinforced concrete
Concrete and steel expand similarly with temperature. Explain why this fact is vital to the use of
reinforced concrete in construction. Look at the images below, which show thermal expansion
problems in a bridge.

32. Car coolant
In the expansion tank of the radiator of a car, there is a signal of maximum filling. Think about
reason for this safety sign.
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33. The dilatation of substances (RESEARCH-LABORATORY)
Use the virtual laboratory to determine which substance expands the most among those proposed
in each of the three states of matter.

34. Between pans and pots
Why are pans made of metal? Why are the handles made of plastic or wood?

163

Physics and Chemistry 2º ESO
Activities Unit 3. Energy

35. Thermal conductivity of materials (I) (RESEARCH-LABORATORY)
Place four rods of different objects: glass, copper, iron and aluminium, in contact with a central
metal disk and a little wax at fixed distances on each of the rods.
Heat the central disk with a Bunsen burner and note the heating time needed to melt the wax on
the different rods.
Explain this fact and order the substances in order from highest to lowest conductor of heat.

(RESEARCH-LABORATORY)
36. Thermal conductivity of materials (II) (RESEARCH
Use the simulator to order the heat conductivity of the five materials.
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37. Heat conductor or insulator?
The data in the table indicates the thermal conductivity of different substances or materials. Some
are good thermal insulators while others are good heat conductors.
nductors of heat: copper, glass, ceramic,
conductors
Classify the following materials into good and bad co
aluminium, brass, plastic, water and air (in some cases the data does not appear in the table).

38. Serving food
Look at the picture. Think about if want the pasta that has just come out of the oven to cool
quickly, or the soup or any other cooked food that is served at the table. What materials do you
think should be used to serve the food we eat?
● Those that transmit heat quickly.
● Those that prevent heat from being transmitted quickly.
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39. Natural and artificial insulators
A brand of sportswear made with Thermolite makes the following announcement:
a) If you analyze the image of the advertisement, what do you think is due to the insulating effect
of sportswear?
b) Does it have any similarity to the way animals have to insulate themselves from the cold (with
skin, hair, wool)?

166

Physics and Chemistry 2º ESO
Activities Unit 3. Energy

40. Radiators
The propagation of heat by convection is a good way to heat our houses. You have a simple
diagram of how a radiator works in the image on the right.
Why do you advise putting radiators under windows? Are they thus placed in your house?
Suggest the reason why the wall above the radiators always ends up dirty.

(RESEARCH-LABORATORY)
41. Dyes in water (RESEARCH
Add room temperature water to a crystallizer.
You have two small jars with coloured water. One of them, with red dye at 60 ºC, and the other
with the blue dye at 5 ºC. Place the two jars in the bottom of the crystallizer.
a) What do you observe?
b) How do convection currents move in water?
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42. Convection in liquids and gases (INVESTIGATION-LABORATORY)
Now you are going to see two cases of heat transmission by convection, in the case of a liquid and
in that of a gas.
Lava lamp
a) What do you observe when heating the liquid contained in the "lava lamp"?
b) How do convection currents move in water?
Convection pinwheel
In the case of air heating the candle, what path does the hot air follow? What effects does it have
on the pinwheel?

43. Toasting bread
Nadia and Marta are toasting a slice of bread over the fire and are surprised that it gets toast very
quickly. Nadia says that it is due to radiation and Marta that conduction and convection also
influence. What do you think?

168

Physics and Chemistry 2º ESO
Activities Unit 3. Energy

44. Heating water with a light bulb (RESEARCH-LABORATORY)
Illuminate a beaker containing 200 cm3 of water with a directional spotlight. Insert a thermometer
the moment you turn on the bulb and write down the initial temperature.
a) How is the water temperature changing?
b) Place reflective paper between the bulb and the glass. Do you observe the same increase of
temperature?
c) What would happen if you put the thermometer in a hood with vacuum?

(RESEARCH-LABORATORY)
45. The solar cooker (RESEARCH
In power plants, you have already seen that one way to heat water and even
vaporize it is to set up a solar cooker: it is a reflective parabola that
concentrates the sun's rays at one point and manages to greatly increase the
temperature in it. Take a look at the image of a didactic solar cooker and also at
the video, in which the energy concentrated at that point produces impressive
effects.
homemade
emade
It is about you designing and assembling a solar kitchen with hom
materials. The objective is not that it be very aesthetic, but that it be useful,
that it heats the water. You will work in groups with your classmates.
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46. Isolating your house (RESEARCH-LABORATORY)
Can you think of any way to improve the thermal isolation of your house? Search for information
in newspapers, magazines, specialized stores, the Internet, etc.

(RESEARCH-LABORATORY)
47. Energy appreciation of your house (RESEARCH
Make a diagram of the plan and elevation of your house, indicating its orientation (North, South,
East and West) and indicate which walls face the outside or other adjoining rooms. It also indicates
glass windows and doors.
a) Why do the exterior walls lose more heat?
b) What type of thermal insulation do they have?
c) Does it affect heat loss if there are glass windows? Or are the losses caused by the window
frames?
d) Is there heat loss through the doors?
On the plan of your house, make an assessment of the heat losses at each point that you consider
relevant.
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48. Reasons to save energy
Besides reducing the economic cost, what other reason is there to save energy?

(RESEARCH-LABORATORY)
49. Factors influencing thermal isolation (RESEARCH
Now you are going to study how a series of factors such as the type of thermal insulation, the
design characteristics of the building and its orientation influence the temperature of a home.
You have a wooden box that has a small door and a foam cardboard roof with an air chamber
inside. Inside the house, the probes of two thermometers are placed at different heights, and
there is a 400 W halogen light bulb to simulate the effect of sunlight.
You are going to assume that it is summer. For this purpose, you place the
light about 60 cm from the house.
a) Make a table of the interior temperatures as a function of the lighting
time. How are the temperatures evolving? They are equal?
b) Place different insulators inside it, such as white cork, foam cardboard,
padded fabric and repeat the measurements. Are all insulators the same
efficiency? Which one would you choose for your home?
c) Place the roof that provides you with an air chamber and takes the
measurements again. Is the air chamber useful for anything?
d) Now put a reflective paper or a small mirror on the door and repeat the
measurements. Do you notice any difference?
e) Finally, you are going to study the effect of the colour of the walls. For this, you have a black
ey have on the indoor
they
and white card, already cut to the size of the walls. Investigate the effect th
temperature.
Finally, summarize the conclusions obtained and prepares a proposal to improve the insulation of
a home.
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50. Heat transmission in buildings
Use the image and what you have worked on about thermal insulation to indicate in which cases
the transmission of heat is carried out by conduction, convection or radiation.

51. What are the uses of electrical energy?
Indicates ten examples of the use of electrical energy, covering both the home and the industry,
services, transport, etc.
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52. Generating electricity (RESEARCH-LABORATORY)
In the laboratory, you can generate electricity using an
alternator that rotates manually, as you have in the image,
but also with photovoltaic panels that produce movement,
light or sound...
Use the materials you have in the laboratory to produce
electrical current.
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53. Energy transformations in wind turbines
Represents an energy diagram with the transformations that take place in wind turbines. Consider
that the energetic efficency is 20%.

54. Energy transformations in biomass plants
Represents through energy diagrams the energy transformation process that takes place in a
biomass plant, taking into account that its energetic efficency is approximately 30%.

55. Where would you install power plants?
a) If you had to choose the location of a solar plant, would you suggest Andalusia or Galicia?
b) Do you think that Spain is an appropriate country for geothermal power plants?
c) Where do you think it is more interesting to install a tidal power station, on the Mediterranean
coast or the Atlantic?
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56. Electricity demand in real-time
Look at the graphic above and answer the following questions:
a) At what times of the day do the maximum and minimum demand for electrical energy take
place?
b) Give a explanation to those observations.
c) Why is there no solar energy production at the time the data was collected?
d) Do you think there will be differences in these demand graphs between one day in January and
another in July?
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57. The hairdryer
Look at the hairdryer in the picture. If a family uses it for two hours every day, how much electrical
energy measured in kWh will it consume in one month of April?

(RESEARCH-LABORATORY)
58. Waves in strings and springs (RESEARCH
Using a long, flexible string or spring, try to produce a wave motion that is sustained over time. It
is much simpler than it seems: you only have to maintain a regular vertical movement up and
down and you will obtain a result similar to the one of the simulator. Can you get higher or lower
frequency waves?

(RESEARCH-LABORATORY)
59. The diapason (RESEARCH
Hit a diapason with the mallet and notice the sound it produces, high or low. Repeat the process
with another identical diapason and bring them closer. Observe how they interact.
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(RESEARCH-LABORATORY)
60. Does sound propagate in a vacuum? (RESEARCH
You are going to investigate how a mobile sounds inside a container from which the air has been
extracted, that is, in a vacuum hood. Insert a colleague's cell phone into the vacuum hood. It is
placed on a soft surface, to avoid the transmission of sound through the floor of the hood. The
mobile must have the call activated with the maximum volume and the vibration system blocked.
calll to the mobile. Can you
Once enough vacuum has been made, another colleague will make a cal
hear the mobile? What if you eliminate the vacuum by letting the air in? What conclusion do you
get?

61. Space battles
As you can see in the video, an essential element in all science fiction films are the battles
between spaceships: space cruisers or small assault ships that move in the interstellar vacuum at
ucceed in shooting down to the
hyper luminal speeds and that with the extraordinary aim they ssucceed
enemy ships, between enormous flashes and noisy explosions .
Review these scenes based on what you have learned about sound.
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(INVESTIGATION-LABORATORY)
62. The sonic plane of the Institute (INVESTIGATION
Between the whole class, you are going to elaborate a the sonic plane of the
Institute. To do this, you will form groups of four and take data three times
during the morning at the four points assigned to you.
You will need a map of the area of the Institute where you are going to take the
measurements, as well as a sound level meter. As there are applications
available, you will install on your mobile the one indicated by the teacher and
you will use it to make the measurements.
Does the sound intensity ever exceed the recommended levels in normal
situations (65 dB)? Are you getting closer to the danger zone of more than 100
dB?
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(INVESTIGATION-LABORATORY)
63. Spread of light (INVESTIGATION
Observe the straight profile with which the light is spread from a powerful spotlight, such as an old
slide projector or the projector of your classroom.
Using the same source of light projected on a white background, such as the digital whiteboard or
the projection screen, place geometric objects, such aass a notebook, a ruler or a pen and observe
the effect caused on the white background. Draw the effect produced in your notebook.
Finally, place a ball in front of the beam of light and see what effect it has on the white
background.
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64. Eclipses (RESEARCH-LABORATORY)
Using the same light bulb, two polystyrene balls and with the help of two students, we are going
to simulate an eclipse of the Moon and an eclipse of the Sun. Look at the images to understand
how eclipses occur.
What conclusions can you draw about the way the light coming from the bulb spreads?
Use the simulator to control the processes in which the two types of eclipses occur. See what
would happen if the Moon were bigger or smaller, or if it were closer to or further from the Earth.

181

Physics and Chemistry 2º ESO
Activities Unit 3. Energy

65. Illuminating surfaces (RESEARCH-LABORATORY)
Use a spotlight or a flashlight with a very narrow beam of light to shine a light on different
materials: a mirror, a polished sheet of metal, a piece of white cardboard and a black piece. What
effects do you see in the four cases? What if you illuminate with the tilted flashlight?
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66. How is the image that a mirror forms?
When light falls on a perfectly flat surface, such as polished metal or glass, all the rays striking the
surface parallel are reflected in parallel. We speak of a specular reflection.
thee eye that winks in your
a) Look at yourself in a mirror and wink with your left eye. What is th
image?
b) Write your name on a sheet of paper and place it in front of the mirror. How is the image you
see?
c) Why does the word ambulance appear like this?

(INVESTIGATION-LABORATORY)
67. The light is deflected (INVESTIGATION
Partially insert a pencil into a glass of water and look at it from different positions. What seems to
happen to the pencil? Place a coin in the bottom of an empty cup or empty glass with the side
surface lined with paper. Stand away from the cup or glass just until you can't see the coin.
Without moving your head, slowly add water to the inside of the cup (make sure the coin doesn't
have
ave observed.
move when adding water). Using the video, draw a picture of what you h
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(RESEARCH-LABORATORY)
68. Laws of reflection and refraction (RESEARCH
Use the simulator to determine the angles of incidence and reflection of a ray striking a surface.
Change the medium to see if it affects what you have observed (air, water, glass). Now see what
medium
ium is there the greatest deflection of
the angles of incidence and refraction are like. In which med
light?
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69. What is taking place?
Take a look at the pictures below. Indicate what phenomenon takes place in each one of them and
explains what is observed in each case.

70. Newton's disk
Newton’s disk consists of a rotating disk on which the seven colours of the rainbow are drawn.
What happens when I spin the disc? What conclusions can you get from the colour mix?
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(RESEARCH-LABORATORY)
71. What happens when light passes through a prism? (RESEARCH
a) Using a ray of white light, make it strike a glass prism and collect the refracted ray on a screen.
b) Describe what you see on the screen. How many different colours can you distinguish?

72. Sunbathing
In summer it is fashionable to sunbathe to make your skin brown. But burns often occur from
sunbathing too long, or because doing it in the middle hours of the day, which is when the sun is
highest and burns the most. Which rays do you think are the most dangerous for the skin, infrared
or ultraviolet? Why?

73. Color filters
Take a look at the simulation below and explain what happens when you place each of the three
colour filters. Which light is deflected the most?
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74. The red tomato
Explain why a tomato appears red when illuminated with white light. What colour would it look
like when illuminated with a red light? And with green light?

75. White paint
When you want to paint a room that has few natural light, it is recommended to paint it white,
because it is said to be a very bright colour. Why?

76. White towns
In Andalusia, towns with white houses are typical. Why do you think they have painted the houses
with this colour and not with another? Are there white towns in Asturias? Why?

187

Physics and Chemistry 2º ESO
Activities Unit 3. Energy

77. The colour of the clothes
The colour of an object is related to the light it reflects: it is red if it reflects red light, green if it
reflects green, black if it absorbs all colours and reflects none, and white if it does not absorb any
colour and reflects them all. Why do you wear light clothes in summer and dark in winter? What's
wrong with black t-shirts in July?

78. The best and the worst lamp
Look at the previous images and select the ones that you consider the best and the worst street
lighting lamp from the point of view of light pollution, making a drawing of each one of them.
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