4. A Universe of Matter and Energy

“The eternal mystery of the world is its
comprehensibility. The fact that it is
comprehensible is a miracle.”

Albert Einstein (1879 — 1955)
Physicist

4.1 Matter and Energy in Everyday Life

What are Matter and Energy?

matter — is material such as rocks, water, air.
energy — is what makes matter move!
Energy is measured in many different units.

The metric unit of energy used by scientists is:

Table 4.1 Energy Comparisons

13 %108
1% 100

Joulg

4,184 joules = 1 calorie

10%-10%

Three Basic Types of Energy

* Kinetic
— energy of motion
* potential
— stored energy
* radiative
— energy transported by light
Energy can change from one form to another.

4.2 A Scientific View of Energy

Kinetic Energy

* Amount of kinetic energy of a moving object
= 12mv?
[if mass (m) is in kg & velocity (v) is in m/s, energy is in
joules]
¢ On the microscopic level

— the average kinetic energy of the particles within a
substance is called the temperature.

— it is dominated by the velocities of the particles.




Temperature Scales

373.15K 100-C 212F water
boils
273.15K 0co() water
‘ freezes
0 K —273. 15» absolute

zero

Kelvin Celsius Fahrenheit
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Temperature vs. Heat
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Potential Energy

e gravitational potential energy
is the energy which an object
stores due to its ability to fall Vm( .

e It depends on:
— the object’s mass (m) t
— the strength of gravity (g)
— the distance which it falls (d) d

Potential Energy

* energy is stored in matter itself

¢ this mass-energy is what would be released
if an amount of mass, m, were converted
into energy

E = mc?

[ ¢ =3 x 108 m/s is the speed of light; m is in kg, then E is in joules]

Conservation of Energy

* Energy can be neither created nor destroyed.

It merely changes its form or is exchanged
between objects.

This principle (or law) is fundamental to
science.

* The total energy content of the Universe was

determined in the Big Bang and remains the
same today.

4.3 The Material World




Atom

nucleus electron

proton
neutron

The “size” of an Atom
* Although it is the smallest part of the atom, most of
the atom’s mass is contained in the nucleus.

» The electrons do not “orbit” the nucleus; they are
“smeared out” in a cloud which give the atom its size.
oy

Ten milion atoms could The
across.

Nucleus: Contains positively
charged protons (red) and

ter neulral neutrons (gray).
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Periodic Table of the Elements
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atomic number = #protons
atomic mass no. = #protons + #neutrons

Hydrogen

atomic number = 1
atomic mass number = 1

Helium

atomic number = 2
atomic mass number = 4

Hydrogen

Deuterium
-
isotope

atomic number = 1
atomic mass number = 2




The particles in the nucleus determine the
element & isotope.

‘atomic number 5 number of protons
atomic mass number 5 number of protons 1 neutrons

Hydrogen ('H) Helium (*He) Carbon (*2C)
atomic number 5 1 atomic number & 2 atomic number 5 6
atomic mass number 5 1 atomic mass number 5 4 atomic mass number 5 12
(1 electron) (2 electrons) (6 electrons)

‘The number of electrons in a neutral atom
equals s atomic number.

Isotopes of Carbon

carbon-12 carbon-13 carbon-14
s g G
(6protons 1 6 neutrons) (6 protons 1 7 neutrons) (6 protons 1 8 neutrons)

Different isotopes of a given element contain the same [
number of protons but different numbers of neutrons.

© 2005 Pearson Education, Inc., publishing as Addison Wesley

What if an electron is missing?

ion

atomic number = 2 He+1
atomic mass number = 4

What if two or more atoms combine to form
a particle?

molecule

H,O (water)

Phases of Matter

 the phases
— solid
— liquid

— gas
— plasma
depend on how tightly
bound the atoms and/or
molecules are

* As temperature increases,
these bonds are loosened:

mIcH>amoEma

4.4 Energy in Atoms

Electron Orbits

 Electrons can gain or lose energy while they orbit the
nucleus.

* When electrons have the lowest energy possible, we say
the atom is in the ground state.

* When electrons have more energy than this, we say the
atom is in an excited state.

* When electrons
gain enough energy to
escape the nucleus, we

say the atom is ionized.

ground state excited state fonization
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Electron Energy Levels

* But, electrons can not have just any energy while
orbiting the nucleus.

¢ Only certain energy values are allowed.

 Electrons may only gain or lose certain specific
amounts of energy.

fonization level s 1366V

level 4 ———— 128eV.

els ———— 1210w ® Bach element (atom and ion)
ez ————— w2 has its own distinctive set or
pattern of energy levels.
» This diagram depicts the
e energy levels of Hydrogen.

(ground state)
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What have we learned?

e What is matter? What is energy?
* Matter is material. Energy is what makes matter
move.
* What is a joule?
* A joule is the standard unit of energy. It is used to
quantify and compare energies.

* What are the three basic categories of energy?

« Kinetic energy is energy of motion. Potential energy
is stored energy that can be released later. Radiative
energy is energy carried by light.

What have we learned?

* What is temperature, and how is it different from
heat?

» Temperature is a measure of the average kinetic
energy of the many individual atoms or molecules
and a substance. At a particular temperature, a denser
substance contains more thermal energy (heat).

* What is gravitational potential energy?

« Itis energy stored because of an object’s ability to
fall from its current position. The amount of an
object’s gravitational potential energy depends on its
mass, the strength of gravity, and how far it could
fall.

What have we learned?

* Explain the formula E = mc?.
« It describes the potential energy of mass itself. E is
the energy stored in a piece of matter of mass m, and
c is the speed of light.

* Why is the law of conservation of energy so
important?

« It tells us that energy can be neither created nor
destroyed and instead can only be exchanged between
objects or transformed from one form to another. We
can, therefore, understand many processes in the
Universe by tracking the path of energy.

What have we learned?

* What is the basic structure of an atom?

* An atom consists of a tiny nucleus made of protons
and neutrons surrounded by a “smeared out” cloud of
electrons that give the atom its size.

* Distinguish between atomic number and atomic
mass number.

* Atomic number is the number of protons in an atom's
nucleus. Atomic mass number is the sum of the
number of protons and neutrons.

What have we learned?

* How do phases of matter change with increasing
temperature?

* Most substances are solid at low temperature. As
temperature rises, the substance may melt into liquid
and then evaporate into gas. As temperature rises
further, molecules (if any) will dissociate and atoms
will be ionized to make a plasma.




What have we learned?

* What is surprising about energy in atoms? Review for test

« Electrons can have only particular amounts of

electrical potential energy, not amounts in between. * Take .Conceptual quizzes (don’t need to
Electrons can jump between the allowed energy submit)
levels only by gaining or losing the precise amounts * Look at the important diagrams

of energy separating levels.
* How do energy levels differ from one chemical
element to another?

» Every chemical element has its own unique set of
energy levels.
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north celestial pole
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celestial
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sunlight

sunlight

Summer Solstice: Midday sunlight strikes Earth
re directly in the Northern Hemisphere—
eaning the Sun is higher in the sky and casts

maller shadows—than in the Southern Hemisphere.
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Winter Solstice: The situation is reversed from the
summer solstice, with midday sunlight striking the:
Southern Hemisphere more directly and the
Northern Hemisphere less directly.




Which points are summer? Winter?

Full and new moons occur

T near nodes; eclipses possible:
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The photos show hiow the woman |
would see the lunar phases from
Earth as she turns to face the
4 Moon in each position as it orbits
Earth.
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Near perihelion, in 30
days a planet sweeps out an
area that is short but Wide‘\
bphelion — —— periheliof

\ Near aphelion, in 30 days
a planet sweeps out an area
that is long but narrow.

The areas swept out in 30-day periods are all equal.
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‘Whose model is on the left?
‘What’s the significance of the one on the right?
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What does the symbol He represent?

An isotope of Hydrogen containing one proton and two
neutrons.

An isotope of Helium containing one proton and two
neutrons.

An isotope of Helium containing two protons and one
neutron.

A charged Helium ion, containing three protons and two
electrons.

Three Helium atoms.

What does the symbol >He represent?

An isotope of Hydrogen containing one proton and two

neutrons.

2. An isotope of Helium containing one proton and two
neutrons.

3. An isotope of Helium containing two protons and one
neutron.

4. A charged Helium ion, containing three protons and two
electrons.
5. Three Helium atoms.
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When I drive my car at 30 miles per hour, it has more
kinetic energy than it does at 10 miles per hour.

Yes, it has three times as much kinetic energy.
Yes, it has nine times as much kinetic energy.
No, it has the same kinetic energy.

No, it has three times less kinetic energy.

No, it has nine times less kinetic energy.

When I drive my car at 30 miles per hour, it has more
kinetic energy than it does at 10 miles per hour.

Yes, it has three times as much kinetic energy.
. Yes, it has nine times as much kinetic energy.
No, it has the same kinetic energy.

o =

No, it has three times less kinetic energy.
5. No, it has nine times less kinetic energy.

If you put an ice cube outside the Space Station, it would
take a very long time to melt, even though the temperature
in Earth orbit is several thousand degrees Celsius.

Yes, even though the temperature in orbit is quite high, the
density is so low that there is little opportunity for the ice
cube to absorb thermal energy from other particles.

Yes, the vacuum of space prevents the ice cube from
sublimating quickly.

No, the vacuum of space would speed up the melting and
evaporation process.

No, the ice cube will readily melt at such high temperatures.
No, the low gravity in orbit actually means the ice cube
would melt more rapidly than at the same temperature on the
Earth’s surface.
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If you put an ice cube outside the Space Station, it would
take a very long time to melt, even though the temperature
in Earth orbit is several thousand degrees Celsius.

Yes, even though the temperature in orbit is quite high,
the density is so low that there is little opportunity for the
ice cube to absorb thermal energy from other particles.
Yes, the vacuum of space prevents the ice cube from
sublimating quickly.

No, the vacuum of space would speed up the melting and
evaporation process.

No, the ice cube will readily melt at such high temperatures.
No, the low gravity in orbit actually means the ice cube
would melt more rapidly than at the same temperature on the
Earth’s surface.

Two ions, each carrying a positive charge of +1, will
attract each other electrically.

Yes, but it depends on how far apart the ions are from each
other.

Yes, but the electron cloud around each ion will prevent
them from getting too close.

No, they will repel each other.

No, the electron cloud around each ion will neutralize the
charge around them.

It depends on whether the ions are the same element or not.
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other.
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No, the electron cloud around each ion will neutralize the
charge around them.

It depends on whether the ions are the same element or not.
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In particle accelerators, scientists can create particles
where none existed previously by converting energy into
mass.

Yes, this is just a manifestation of E=mc?2.

Yes, but the particles are not like other particles in nature.
No, because energy must be conserved.

No, because the mass of the Universe is constant.

It is not clear, because quantum mechanics prevents us from
being sure about the exact location of the mass.

W N

& g

In particle accelerators, scientists can create particles
where none existed previously by converting energy into
mass.

Yes, this is just a manifestation of E=mc2.

Yes, but the particles are not like other particles in nature.
No, because energy must be conserved.

No, because the mass of the Universe is constant.

It is not clear, because quantum mechanics prevents us from
being sure about the exact location of the mass.
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