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Origin of inquiry
Galileo, the early 17th century
Italian Astronomer, is considered
by some scientist to be the founder
of experimental science.
Galileo and the thermometer
Galileo and the telescope

Galileo looked at a problem, simplified, analyzed his
data, experimented, made conclusions and validated
his ideas with mathematics.

• Earth Science is the study of the Earth
and of the universe around it.
– So that means everything that involves our
very small Earth, our small solar system,
our galaxy, and our large universe.

• Since the beginning of human time, people have observed
the world around them and wondered about the forces that
shaped that world.
• As early humans watched a volcano erupt, felt an
earthquake, or seen an eclipse, they asked why.
Imagine being an ancient-like individual on a world you do
not understand...
--How would you explain what you see with out knowing what it is?
What is this red stuff flowing that is smoking?
Why is the ground shaking?
What is this clear stuff that the sky is throwing at me?

• 100’s of years go by and people started to try to explain why
these things happen…and most attributed these
occurrences to angry goddesses and alike…they hurled fire
out of anger, giants wrestling causing the ground to shake…

• It was out of thousands of years of documenting, observing,
studying, and experimenting with natural phenomena we began to
accumulate our understanding and placed the heading of Earth
Science on top of it.
– The ancient Chinese began keeping written records of earthquakes as
early as 780 B.C.
– Ancient Greeks compiled a catalogue of rocks and minerals in 3 B.C.
– Mayans in Central America kept track of movements of the sun, the
moon, and the planets.
• Why do you think the Mayans did this?
-The Mayans did this to create accurate calendars for
growing seasons.

– 4000 B.C. Egyptians and Polynesians developed sea vessels for
transportation and basic ocean exploration…also began charting
stars…WHY?

• Most of our current understanding can be attributed to our
scientific advances in technology…microscopes, telescopes,
space travel, etc.
• The study of Earth is far from over. We, as scientists, are never
done. In our quest for knowledge, we are always trying to build on
our understanding, ability to understand, and gain new knowledge
on the field of Earth Science.

• What is Geology?
– It is the study of the origin, history, and structure
of the solid earth and the processes that shape it.

• What is Oceanography?
– The study of the earth’s oceans.

• What is Meteorology?
– The study of the earth’s atmosphere.

• What is Astronomy?
– The study of the universe beyond the earth.

There are 2 main reasons:
•

There are powerful forces at work on earth.
– Volcanoes, Earthquakes, Tsunamis, Hurricanes, Coronal Mass
Ejections, Drifting Continents, Erosion…

1. By understanding how natural forces shape our
environment, earth scientists can better forecast potential
disasters and help save lives & property.
• Observations made by earth scientists have contributed
greatly to our knowledge of the world around us.
-For example:
– Information gathered by astronomers has led to theories about the
origins of our solar system.
– Studying rocks have found clues to earth’s past, fossils…,
environments and to the evolution of life.

2. The Earth also provides many valuable
resources that enrich the quality of people’s
lives.
– For example:
•

•

The fuel that powers a jet, the metal that is used to
make tools, and the paper and ink you use all come
from the Earth.

The study of Earth Science can help people
gain access to the Earth’s resources and
teaches them to use those resources wisely.

• Earth scientists primarily study the…
– geosphere- the solid earth
– hydrosphere- the earth’s water
– atmosphere- the gases surrounding the earth.

• Other scientists, biologists, study the living
world.
• An area of science in which biology and
earth science are closely linked is called
ecology- the study of the complex
relationships between living things and their
environment.

• Organisms on the earth inhabit many different
environments.
• A community of organisms and the environment
they inhabit is called an ecosystem.
• An ecosystem may be as large as an ocean or
desert, as small as a tidal pool or a rotting log.
• The largest ecosystem is called the biosphereencompasses all life on earth and the physical
environment that supports it. It includes all the
ecosystems found on earth.
• Each ecosystem is a physically distinct, self
supporting system.

• Each ecosystem is delicately balanced.
• When that fragile ecological balance is upset, the
survival of the ecosystem, and in some cases the
entire biosphere, is threatened.
– What upsets the ecological balance?
• Human/specie intervention and natural disasters

• Pollution- the contamination of the environment with waste
products or impurities.
-Two types of pollution:
1. Biodegradable- waste produced that
can be broken down by microorganisms into harmless
substances. (paper, fruit waste…)
2. Nonbiodegradable- cannot be easily
broken down by microorganisms. (plastic, styro-foam)

• Therefore, in some cases, environmental protection
is needed!!!

Section Objectives:
• Identify the steps that make up the scientific method.
• Explain how the meteorite impact hypothesis developed.
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• Over the years, the scientific community has
developed organized, logical approaches to
scientific research, called the scientific
method.
– Scientific methods are not a set of sequential
steps that scientists invariably follow. Rather,
they are guides to scientific problem solving.

1.
2.
3.
4.
5.
6.

State the Problem/Observe
Gather Information
Form a Hypothesis
Test the Hypothesis (Experimentation)
Analyze Data/Think Critically
Draw a Conclusion

• Scientific inquiry often begins as a result of
observation- using the senses of sight, touch, taste,
hearing, and smell to gather information about the
world.
• Observations often lead to questioning …asking
questions is one way of stating the problem to be
investigated through scientific methods.
• For example: One problem that has long puzzled
scientists is the extinction of the dinosaurs.
– For more than 135 million years, these huge reptiles
dominated the earth.
– Then, about 65 million years ago, the dinosaurs and ¾ of
all other species on the earth died out.
– Scientists wondered what could have caused such a mass
extinction.

2. Gather Information
• To investigate a problem, such as the
dinosaur extinction, scientists gather
information.
– Measurement- involves the comparison of some
aspect of an object or phenomenon with a
standard unit, such as a meter, a Celsius degree,
or a kilogram.
– In science, we measure by using a system called
the International System of Measurement (The SI
System), or known as The Metric
System…meters, grams, kelvin, etc….not miles,
pounds, or Fahrenheit.

Gathering Information con.’t…
• Scientists gathered information for the dinosaur
problem by examining the fossil record for clues to
what happened 65 million years ago.
• They studied rock layers throughout the world that
date from the time when the dinosaurs disappeared.
• Scientists found iridium within those rock layers, which
is very uncommon in earth rocks!!!
• They measured the iridium amounts and found that
those rocks contained 160 times the amount of
iridium.
• Iridium is formed or accumulated from dust particles.

Form a Hypothesis
• Once a problem has been stated and information
gathered, a scientist may propose a hypothesis- a
possible explanation or solution to the problem.
• For example, the scientists who discovered the
iridium-laden rock layers proposed the meteoriteimpact hypothesis to explain the extinction of the
dinosaurs.
– This hypothesis states that about 65 million years ago, a
giant meteorite crashed into the earth. The impact of the
collision raised enough dust to block the sun’s rays for many
years. The earth probably became colder, plant life began
to die, and many animal species, including the dinosaurs,
became extinct. As the dust settled over the earth, it formed
a layer of iridium-laden rock.

Test the Hypothesis
• Once the hypothesis has been proposed, it must be
tested.
• A hypothesis will not be accepted by the scientific
community unless there is evidence to support it.
• This test is called experimentation- a scientific
procedure carried out according to certain guidelines
– Experiments allow scientists to test variables- a factor in an
experiment that can be changed , the factor being tested!!!
– An experiment set up to test a variable is called a controlled
experiment.

Test Hypothesis con.’t
• To ensure that only one variable is tested in an
experiment, scientists will also run a control group.
The control will have the same conditions as the
experiment except for the variable being tested.
• For example, to test the effects of sunlight on a green
plant, a scientist would grow 2 identical plants. To
control the experiment, the scientist would vary the
amount of sunlight reaching one plant, while keeping
the amount of sunlight constant on the other plant.
The scientist would then observe both plants and
record the observations.
– What is the variable in this experiment?

Test Hypothesis con.’t
• However, with the case of the dinosaurs, how
could a scientist experiment with their
hypothesis that a meteorite lead to the demise
of the dinosaurs?
• A scientist obviously cannot bombard the earth
with a giant meteorite to see if it produces lifethreatening conditions.
• The answer is computer modeling and
simulation.

Testing a Hypothesis…
• By using computer models, they found that a dust
cloud resulting from a 10 km (6.25 miles) meteorite in
diameter would produce a large amount of dust to
form the iridium layers found in the rocks.
• But they still had to find out how the dust was
produced that formed the iridium.
• Scientists again examined the rocks to then find
strangely deformed particles of quartz only found in
meteorite-impacts, nuclear testing sites, and in moon
rocks.
• Meteorite impacts form disfigured quartz and large
amounts of dust which would eventually form iridium.
• So the problem of the dinosaur was solved…the
meteorite impact conclusion then became a theory!

Chicxulub Crater, Mexico, and
the Cretaceous - Tertiary boundary

State a Conclusion
• After many experiments and observations, scientists
generally reach conclusions regarding the correctness
of the hypothesis being considered.
• Depending on how well the hypothesis fits the known
facts, it may be accepted as stated, altered slightly, or
discarded altogether.
• The fossil record does prove the meteorite-impact
theory, and, evidence does show that an abnormally
high amount of meteorite dust, iridium, reached the
earth at that time.
• Therefore, until there is new evidence found or a
better hypothesis is proposed, the meteorite-impact
hypothesis serves as one possible explanation of why
the dinosaurs disappeared.

Sec. 1.3—Birth of a Theory: The Big Bang

Section Objectives:
• Distinguish between a hypothesis, a theory, and
a scientific law.
• Describe the Doppler effect.
• Summarize the big bang theory of the origin of
the universe.
• List evidence for the big bang theory.
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Laws & Theories
• Once a hypothesis has been tested and
generally accepted, it may lead to the
development of a theory- a hypothesis or a set
of hypotheses that is supported by the results
of experimentation and observation.
• It provides a general explanation for scientific
observations that is consistent with known
facts.
• Once a theory is well established through
research and experimentation, it may become
a scientific law- a rule that correctly describes
a natural phenomenon.

Theories
– Scientific theories are always being
questioned and tested. (That’s
science…most scientific work is done in an
attempt to prove other scientific theories, no
matter how famous or whom it belongs to-Big Bang, Darwin, Einstein, etc., wrong as
opposed to proving theories right. Mostly, in
the scientific world, you must beat the great
to be the great.) In order to be a valid theory,
it must, and continue, to pass numerous
tests.

Scientific Laws & Theories
• An example of a law and how it works:
– The law of conservation of mass and energy, which states that the total
amount of matter and energy in the universe does not change, has
been tested again and again. It has never failed any known
experiments or life situations.
• For example, when you place a hot cooking pot in a cooler place,
does the pot become hotter as it stands?
• No, it will always get cooler.
• A law allows predictions to be made about how a system will
behave under a wide range of conditions.

• A law, does not explain how a process takes place. In the
example of the hot cooking pot, nothing in the law tells why hot
objects become cooler in cooler surroundings. Such an
explanation of how a natural process works must be provided
by a theory.
• A law tells that something works, a theory tells how that
something works.

Light and the Doppler Effect
•In 1665, the British scientist Isaac Newton
observed that sunlight passing through a glass
prism produced a rainbow of colors: red,
orange, yellow, green, blue, indigo, and violet –
the spectrum…ROY G BIV

Light con.’t

• Light travels in waves. The distance from
the crest of one wave to the crest of the next
is a wavelength.

• Each color in the spectrum has a different
wavelength…red light the longest & violet
the shortest.

Light con.’t
• In the late 19th century, research revealed that when
chemical elements, stuff on the periodic table, are
heated, they too produce spectra.
• An element- is a substance that has a characteristic
set of physical and chemical properties.
• Instead of the continuous spectrum of colors
produced by sunlight, a heated element produces
only a series of thin colored lines spaced at uneven
intervals, this is called the bright-line spectrum

Spectra con.’t
Each element produces its own bright-line
spectrum, as unique as a set of fingerprints
Ex:

Light and Doppler Effect con.’t
• Scientists also discovered that when a light source is
moving toward an observer, the wavelengths of the light
produced appear shorter to the observer.
• As a result, the spectral lines of the light source appear to
shift slightly toward the shorter wavelengths, or the blue end
of the spectrum.
• When a light source is moving away from the observer, the
light waves appear longer, or the red end of the spectrum.
• The faster a light source is moving, the greater the shift of
its spectrum.
• This apparent shift in the wavelengths of energy emitted by
an energy source moving away from or toward an observer
is called the Doppler effect.—Think of the movement of
sound

Doppler Effect

The Spectroscope
• The spectroscope- is used by scientists to study
starlight to determine what elements are present
in the stars.
• It contains a prism, which splits starlight into a
spectrum of different colors and wavelengths.
• By using this, scientists are able to determine the
chemical makeup of various stars.
• The sun was found to be about 92% hydrogen
and 8% helium, with traces on nearly 100 other
elements.

The use of the Spectra
• The study of sunlight spectra revealed surprising
information about our universe.
• They found that the spectra of most galaxies or large
solar systems of stars were shifted toward the red
end of the spectrum, indicating most galaxies in our
universe are moving away from the earth.
• The farthest galaxies showing the greatest red shift
meaning these are moving away the fastest.
• From these observations, most scientists have
concluded that the universe is expanding.

A Theory Emerges
• Observations of red shift led scientists to propose a
hypothesis to explain the expanding universe.
• This hypothesis states that billions of years ago, all the
matter and energy in the universe was compressed into an
extremely small volume.
• About 15 billion years ago, a sudden event, the big bang,
occurred sending all matter and energy hurling about in a
giant cloud.
• As this cloud expanded, some of the matter gathered into
clumps that evolved into galaxies.
• Today the universe is still expanding, hence the reason why
we see most galaxies red shifted, or moving away.

The Big Bang Theory
• Despite the evidence of the big bang, scientists were not
satisfied with just the red shifting.
• They argued that if the big bang had taken place as the
hypothesis proposed, the energy left from the explosion
would be found evenly distributed throughout the
expanding universe. If this cannot be found, then there
was little reason to accept the big bang hypothesis.
• After the invention of radio telescopes, researchers
detected low levels of energy called background radiation,
evenly distributed throughout the universe…this evidence
with the red-shifting galaxies lead to the widespread
acceptance of the big bang hypothesis, this is what we
call the big bang theory.

