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ourse Description

urse overview:

Integrated Science 3 is the last of three year integrated science course is online customized course using APEX Science
Libraries. The labs are done in a classroom setting. In this course students will explore energy in the world of physics,
chemistry, biology and earth and space sciences. The inter-connectivity of energy in these worlds will be examined. From
kinetic and potential energy in physics to the energy of atomic and sub-atomic particles, in light and electromagnetism
examining particles both as matter and waves. The implication of energy in the biological world with the importance of the
oxygen, carbon and nitrogen cycles in the natural world and how upsetting these cycles can contribute to harming mankind
and the universe. Sustaining our energy and thereby sustaining our universe will also be discussed.

urse content:

Unit 1: Crash Into Me!

Unit 1: Crash Into Me!

This unit is on momentum, work, and energy. Students will be able to determine the momentum of vehicles involved in a
collision, know how work affects changes in a vehicle's velocity and energy, figure out a vehicle's stopping distance using

the work-energy theorem.

= Unit Assignment(s):

When people talk about conserving energy, what they really mean is to reduce our use of limited energy sources like coal,
oil, and natural gas. When these sources are converted to types of energy, such as electrical, to run our appliances, much of
it is also converted to energy that isn't as useful (and can even be harmful), like thermal energy (heat). Keep the law of

conservation of energy in mind as you discuss the following question.

There's a limited amount of fossil fuels (our main source of energy for powering our appliances and cars) on Earth. Why?
What's an example of a "renewable" energy source, and why is it considered "renewable"?

A Unit Lab Activities:

Losing My Marbles

How do the mass and number of objects affect a collision? Specifically, does the mass of the marbles in a collision affect the
outcome? Does the number of marbles in a collision affect the outcome?



Prediction: Make a prediction as to the effect the mass of the marbles used will have on the nature of the collision between
them. Explain your answer.

Make a second prediction as to whether or not the number of marbles in a collision affects the outcome of the collision. Be

sure to explain your answer.
Materials used in this virtual lab: Five small marbles, two large marbles, two meter sticks

Observations: Record your observations. Use clear terms to describe what you see in the collision. For example, the larger
marble seemed to continue on its path without slowing down much while the small marble gained a lot of speed. Make a
table with 2 columns, using the following headings: Marbles used and Description of the Collision. These are the collisions
you need to try: Collision 1: two small marbles, Collision 1: two large marbles, Collision 2: large target marble and small
shooter marble, Collision 3: small target marble and large shooter marbles, Collision 4: five small marbles, Collision 5: two
small marbles at opposite ends, Collision 6: two large marbles at opposite ends, Collision 7: one small marble and one

large marble at opposite ends,
Answer the following questions after you have completed the observation chart.

1. Which collisions showed the shooter marble changing directions?
2. How did the mass of the shooter marble compare with the mass of the target marble in the collisions where the

shooter marble changed directions?
3. Explain how momentum was conserved in your choice of two of these collisions. Collision #1 & Collision #2
Summary

How close were your predictions to what you observed? For each prediction, give specific examples that either support or
give evidence against your initial prediction.

Unit 2: Electricity and Matter

In this unit students determine the force between two electric charges and learn how to use the right-hand rule to
determine the direction of an electric force. They learn the difference between an electric field; potential energy; potential
difference; and capacitance; and learn how to perform calculations on electrical systems using these concepts.

They learn how to build series and parallel circuits and learn about relationships between current; voltage; resistance and
power and learn how to solve problems using Ohm's law and how to calculate energy dissipation in a resistor. Finally they
learn about the properties of magnetic fields and learn how magnetic fields produce electric fields, and vice versa; and also

learn about the properties of electromagnetic waves.

Designing A Circuit



U

Series Circuit with Two Resistors, Designed in Terms of Resistance

Design and construct a circuit that has two resistors connected in series. Given that you have a 20 V battery, choose
resistors that will produce a current of 0.2 A. Record the resistance.

Connect a wire to a resistor using an alligator clip. Connect a second wire to the other side of the resistor, and connect
another resistor to the other end of the second wire. Connect a third wire to the other side of the second resistor. You
should have a single line consisting of three wires and two resistors, as shown below

Now connect one end of the line to the high potential (positive) side of the power source, using an alligator clip or
electrical tape, and connect the other end to the low potential (negative) side of the power source. Turn on the power
source to start current flow in the circuit. CAUTION: Do not touch any elements of the circuit once the circuit is connected
to both sides of the power source. When you have finished using this circuit, use insulated tweezers to remove the wire

from the power source.

Using the ammeter and voltmeter, determine the current through and voltage drop across each resistor by touching leads
to the wires before and after each individual resistor. Record the values. Use a resistance multimeter to check the
resistance of each resistor and confirm it matches the resistance selected.

Unit Assignment(s):

Circuits in Your Home and School

An electrical circuit is a loop of material through which electricity flows. The circuit can be as simple as a lamp plugged into
an outlet: The outlet is the power source, and the lamp is the resistor. (Remember, a resistor is any device that draws
electricity). This type of circuit is called a series circuit, because it has only one loop (from the outlet to the lamp and back
again). A series circuit can include multiple resistors, such as multiple holiday lights connected to each other, but the entire

circuit must consist of only one loop.

Another type of circuit is a parallel circuit. In this type of circuit, multiple loops are present. Imagine that you plug a power
strip into an outlet and then plug two lamps into the power strip. Each lamp consists of one circuit, but they both use the
same power source. They are parallel with each other.

List five parallel circuits you use at home or school, including the item or items that cause resistance.
(Hint: Look at power strips that have more than one device plugged into them. These circuits are parallel.)

B Unit Lab Activities:

Designing A Circuit
Series Circuit with Two Resistors, Designed in Terms of Resistance

Design and construct a circuit that has two resistors connected in series. Given that you have a 20 V battery, choose

resistors that will produce a current of 0.2 A. Record the resistance.

Connect a wire to a resistor using an alligator clip. Connect a second wire to the other side of the resistor, and connect
another resistor to the other end of the second wire. Connect a third wire to the other side of the second resistor. You
should have a single line consisting of three wires and two resistors, as shown below



Unit 3: Waves

In this unit students will learn about different types of waves; about properties of waves; and about how waves move; learn
how to solve problems involving wave speed; frequency; and wavelength. The importance of how waves interact with
media and with other waves we studied. The differences between constructive and deconstructive interference will be
examined. Properties of sound waves; about the Doppler effect with respect to sound waves; and about practical
applications of sound waves in technology and engineering will be examined.

Students will learn about the regions of the electromagnetic spectrum and how electromagnetic waves travel. They will
solve problems involving electromagnetic wave speed; frequency; and wavelength; learn about engineering applications of

electromagnetic waves.

Finally, the will learn how to draw and interpret ray diagrams; learn about the process of image formation and learn how
light reflects and refracts.

= Unit Assignment(s):

Sounds You Hear

Sound waves are longitudinal waves that occur when something vibrates. In the case of a musical instrument such as a
guitar, the guitar strings vibrate and produce sound. Sound can vary in its pitch or volume. Pitch depends on frequency.
The higher the frequency, the higher the pitch. For instance, high notes on a piano have sound waves with a higher
frequency than low notes on a piano. Volume depends on amplitude. The greater the amplitude of a sound wave, the louder
the sound. Bang hard on a piano key, and you produce a sound wave that has a large amplitude. List five objects in your
daily life that produce sounds with a high pitch and five that produce sounds with a low pitch.

Remember, frequency is related to pitch, which is the quality of how high or low a sound is. The higher the frequency, the
higher the pitch. The lower the frequency, the lower the pitch.

A Unit Lab Activities:

Optics

In this lab, students will investigate the relationship between the focal lengths of a mirror and lens and the type of image
that is generated.

Students will investigate the image from a lens when the lens is placed between the light source and the screen on an
optics bench, and the light source is at a distance greater than 2f from the lens. They will measure the height of the light



source (object- h;) and record the distance between the lens and the light source (d,). Using the lens equation and the
given focal length they will calculate the distance from the lens to the image (d;) and the height of the image (h;), using the
object, distance, focal length formula and the objective distance, image distance proportion versus object height versus
image height formula.

They will repeat this experiment where the object distance is exactly at 2f and finally where the object distance is between
f and 2f and examine the image produced in each case.

Unit 4: Modern Physics

Unit 4: Modern Physics

Modern Physics is the physics of the 20t century. The main building blocks, the theory of relativity and quantum
mechanics, were developed early in that century. Students will learn about Albert Einstein’s general theory of relativity,
the “most beautiful of theories.” They will learn about quantum mechanics, where the most baffling aspects of modern
physics lurk and the cosmos: the architecture of the universe that we inhabit and about nuclear forces and fusion and
fission. They will learn about atomic physics and quantization and about the dual nature of light and key experiments that
led to the current understanding of the nature of light and learn about the concept of quantization. Finally, they will learn,
the importance of the concept of relativity and the difference between general and special relativity; and about the
connection between Newton's laws and Einstein's special theory of relativity; and learn about the difference between
quantum and Newtonian mechanics and about the development of the big bang theory.

Task
What Do You Think about the Big Bang?

The big bang theory is the idea that the universe began as a single point and has been expanding ever since. It is the most
widely accepted scientific explanation of the origin of the universe. It's mind-boggling to imagine the size of the universe.
Almost 14 billion years ago, the universe started out as an unimaginably tiny, dense ball of energy. According to the big
bang theory, this tiny ball of energy expanded, similar to a balloon inflating. In one-millionth of a second, it grew to the size
of our solar system, and some of its energy was converted to matter. After just 1 second, it grew to 1000 times the size of
our solar system. Since then, it has continued expanding. Right now, it is 43 trillion times the size of our solar system, and
its expansion is actually accelerating.

Some people dismiss this explanation of the formation of the universe, saying that the big bang theory is "just a theory."
However, a theory is based on large amounts of scientific evidence, and it is not just a guess. Theories are consistent with
observations of nature. They also can be used to predict natural events. Unlike a hypothesis, a theory may not be directly
testable. But, like a hypothesis, a theory can be changed as scientists make new discoveries.

What do you think of the big bang theory

= Unit Assignment(s):

What Do You Think about the Big Bang?

The big bang theory is the idea that the universe began as a single point and has been expanding ever since. It is the most
widely accepted scientific explanation of the origin of the universe. It's mind-boggling to imagine the size of the universe.
Almost 14 billion years ago, the universe started out as an unimaginably tiny, dense ball of energy. According to the big



bang theory, this tiny ball of energy expanded, similar to a balloon inflating. In one-millionth of a second, it grew to the size
of our solar system, and some of its energy was converted to matter. After just 1 second, it grew to 1000 times the size of
our solar system. Since then, it has continued expanding. Right now, it is 43 trillion times the size of our solar system, and
its expansion is actually accelerating.

Some people dismiss this explanation of the formation of the universe, saying that the big bang theory is "just a theory."
However, a theory is based on large amounts of scientific evidence, and it is not just a guess. Theories are consistent with
observations of nature. They also can be used to predict natural events. Unlike a hypothesis, a theory may not be directly
testable. But, like a hypothesis, a theory can be changed as scientists make new discoveries.

B Unit Lab Activities:

Lab

Radioactive Decay of Pennies

In this experiment, pennies that are placed heads-up will represent unstable, radioactive atoms (atoms that have not yet
decayed). Pennies that are placed tails-up will represent stable atoms (atoms that have already decayed).

1. Place 200 pennies heads-up in the bottom of the plastic box. Record the number of pennies in the box that are
unstable (heads-up) and the number that are stable (tails-up) in data table 1, in the row for 0 half-lives passed.

2. Place the top on the box and shake the box vigorously for a few seconds. Remove the top. Count and remove all
pennies that are now stable (tails-up). Record the number of unstable (heads-up) and stable (tails-up) penniesin a
data table, in the row for 1 half-life passed. Remove all stable (tails-up) pennies from the box and set them aside.

3. Repeat step 3 nine more times, counting and removing all pennies that become stable (tails-up) each time. Record
your datain a data table

4. Use a computer to graph the data. Follow instructions in the graphing software package or from your teacher in
order to make the graphs. Plot the number of half-lives on the x-axis and the number of unstable (heads-up) pennies

on the y-axis.

Analyze

» What happens to the number of unstable pennies as the number of half-lives increases?
» Approximately what percentage of pennies were removed after each half-life? Why do you think this was the case?
» What does the shaking of the pennies represent? Would the amount of time spent shaking the pennies affect your

data?

Draw Conclusions

« Imagine that you repeat experiment 1 with a sample of 500 pennies. About how many pennies would be unstable

after 3 half-lives?
« Does the number of shakes in experiment 2 represent the number of half-lives that have passed? Why or why not?

o Let each shake of the pennies represent 1 year. What is the half-life, in years, for the pennies in the experiment?

Unit 5: Where is Earth?



In this unit students will explore the universe and Earth's position within it. Examine the events that led to the formation of
the universe. Discover the Big Bang theory and learn about what evidence is used to support it. The Milky Way is only one
of many galaxies. Learn about the different types of galaxies in the universe. E xplore the life cycle of stars. Learn about
why the size of a star influences how it dies. Explore solar-system formation using our solar system as an example. Learn
about comets and asteroids and how they are formed. Examine the structure of the sun and learn about its energy. Analyze
similarities and differences among Mercury, Venus, Mars, Earth and Jupiter, Saturn, Neptune, Uranus, and the Gas Planets
and Pluto. Then discover how Earth's movements affect conditions on the planet and why life is able to survive on Earth.

Finally, how the moon came into being and how it influences the Earth.

=L Unit Assignment(s):

Choose a Planet

The Earth is a cradle of the mind, but one cannot live in a cradle forever.
— Konstantin E. Tsiolkovsky*, father of Russian astronautics (1896)

Choose a planet other than Earth, and ponder what it would be like to live there. Create a newspaper article, real estate
advertisement, or letter to share your thoughts. Regardless of which planet you choose, one thing is for sure — it would be

very, very different from Earth.

& Unit Lab Activities:

Exploring Orbits

In 1609, German mathematician and astronomer Johannes Kepler deciphered a major puzzle of the solar system. The
strange back-and-forth movement of planets in the sky were nearly impossible to predict until Kepler figured out the true
shape of planetary orbits around the sun. Orbits always had been believed to be circular, but Kepler used mathematics to

discover they actually are elliptical.

An ellipse is an oval characterized by certain quantities. The first quantity is the width of the ellipse, called the major axis.
The second quantity is called eccentricity, a measure of how stretched out the ellipse is. Eccentricity is defined by the
distance between two mathematically determined points within an ellipse, called foci.

For planets, one focus of their orbital ellipse is the sun; the other is an empty point in space. The orbit of each planet is an
ellipse, but each planet’s elliptical orbit has different major axes and eccentricities. Once Kepler understood the proper
nature of orbits, the movement of planets in the sky could be predicted with precision.

In this investigation, you will draw ellipses, calculate their eccentricities, observe an interesting property of ellipses, and
compare the ellipses you draw with the orbital eccentricities of Earth and other planets in the solar system.
What do the elliptical orbits of the planets look like?

 Read the entire investigation. Then work with a partner to answer the following questions.
« Each planet’s orbit is shaped like an ellipse. Predict whether the shapes of the planet’s orbits will be more circular or

more elongated.
» What is the one thing that the elliptical orbits of all planets, asteroids, and most comets have in common?



« What is the independent variable for the ellipses you will draw?
« What are the dependent variables for the ellipses you will draw?

Unit 6: Energy

Students will learn about the four fundamental forces and how the strengths of the different forces vary with distance.
They will learn how to calculate the kinetic energy of a moving object and the potential energy of a system; and learn how
temperature is related to the kinetic energy of molecules. They will explore how energy transforms and is conserved in
simple and complex systems; and learn how to perform calculations that illustrate the law of conservation of energy.

Students will also learn how to differentiate between energy and work and between work and power. They will calculate
work done and power produced in simple systems. They will learn about different types of simple machines and calculate
their mechanical advantage and work done. They then analyze the advantages and disadvantages of different energy
sources and earn how to apply scientific reasoning to analyze socially relevant energy issues.

= Unit Assignment(s):

Energy and You

The law of conservation of energy says that it is impossible to create or destroy energy. This means that the amount of
energy you start with equals the amount of energy you end up with, except that the final energy might be in a different
form. Take a lightbulb, for instance. Before you turn on your light, there is electrical energy waiting to be tapped in the
wire. After you flip the switch, the electrical energy transforms into light energy.

Different kinds of energy include light, heat, sound, chemical, kinetic, nuclear, and gravitational potential energy. Chemical
energy can come from things like batteries, gasoline, and natural gas. Nuclear energy is the type of energy created in the
Sun. What kinds of energy transformations do you see around you?

Identify five more types of energy transformations that you see at home, at school, or outdoors. Make sure to name the
action, such as turning on a light, as well as the two types of energy involved. Remember, for energy to be transformed, the
type of energy before and after a task must be different.

(As you look around you, make note of technology that is turned on and off. This indicates that some sort of energy is
present before the switch is flipped. Also look at objects that move from one height to another, because that will involve
kinetic and gravitational potential energy. Finally, look for actions that involve changes in temperature, sound, and light.
Often these actions mean that energy is being transformed.)

B Unit Lab Activities:



Conservation of Energy

Using a dynamic ramp and a photogate sail and keeping the angle of the ramp constant, students will determine the final
velocity of a cart as they increase the mass of the cart by small increments. Keeping the mass of the cart stable they will
repeat the lab but now decreasing the height of the ramp, they will measure the final velocity of the cart as it goes down
the ramp. They will record their findings and then answer the following questions based on their data:

1. What happened to the final velocity (v, of the cart as you increased the mass in the cart? Was there any pattern to

your results?
2. What happened to the final velocity (v of the cart as you decreased the starting height of the cart? Was there any

pattern to your results?
3. How does the gravitational potential energy of the cart at the top of the ramp compare with the kinetic energy of

the cart at the bottom of the ramp?
4. What does the percent difference between GPEand KE tell you about the efficiency of energy transformations in this

experiment?
5. Into what form(s) of energy do you think the original gravitational potential energy was transformed? How was this

energy transformed?

Unit 7: Thermodynamics

In this unit students will learn about the first and second laws of thermodynamics and how to apply them and learn about
differences between open, closed, and isolated systems. They will learn how energy is connected and will be able to
compare and contrast the difference between enthalpy and entropy, the difference between exothermic and endothermic

reactions and learn how to draw a potential energy diagram for a chemical reaction.

They will apply what they have learned to examine heat flow and how work is done in a heat engine and what factors affect
its efficiency. Finally, they will apply this knowledge to solve problems using specific heat capacity, latent heat values, and
to determine the final temperature when two objects of different temperatures are in contact.

=L Unit Assignment(s):

Endothermic and Exothermic Reactions

You're on a camping trip with some friends, and it's time to roast marshmallows. First you help gather firewood and start a
fire. When the fire is ready, everyone grabs a marshmallow, spears it on a stick, and holds it over the flames until it turns a

delicious golden brown.

» Can you explain the two different kinds of chemical reactions that are taking place on this camping trip?
» What kinds of endothermic and exothermic reactions do you see around you? Can you identify at least three

examples of both types?

B Unit Lab Activities:

Lab: Thermodynamics



In this lab, students will investigate how heat is transferred from one material to another.

1. Heat Transfer from Liquid to Liquid
2. Heat Transfer from Solid to Liquid
3. Heat Transfer from Solid to Gas

Students will use a computer to measure the real-time temperature from two temperature probes. They will perform
a normal calorimeter experiment pouring water from the two beakers of water into the calorimeter. They will take
perform the experiment three times: 1.Heat Transfer from liquid to liquid

« Equal volume of water in each beaker, one at a hotter temperature and one at room temperature
« Unequal volume of water in each beaker, where the volume of the hotter water is more than the volume of the water

at room temperature
» Unequal volume of water in each beaker, where the volume of the hotter water is less than the volume of the water

at room temperature
« Using the equation Q = mcATand the fact that Q. + Qgained = 0. (The specific heat capacity (c) of water is 4.18
J/g-°C.) They will calculate the resulting temperature and also measure the temperature they measured on their
thermometer.
» What happened to the temperature of the cold water when you mixed it with the warm water?
2.Heat Transfer From Solid to Liquid

Repeat the same experiment now filling the beaker with a certain volume of water at room temperature, emptying it in the
calorimeter and adding a block of hot mystery metal. After measuring the temperature of both the liquid and the solid, use
the equations above to calculate the specific heat of the metal. Can you predict the type of metal being tested?

« What happened to temperature of the water at room temperature when you placed the warm metal block in it?
3. Heat Transfer From Solid to Gas

Repeat the same experiment now ensuring the calorimeter is absolutely dry. Heat the beaker of water with a solid block of
steel in it until it reaches 60°C. Also measure the temperature of the dry calorimeter. Now add the steel block to the empty
calorimeter and measure the temperature after it remains stable. Can you determine the temperature that the air in the

calorimeter reaches?
« How did your calculated final temperature compare with the actual temperature of the air-metal mixture?
 Based on your observations of heat transfer through different states of matter, how would you create an efficient

system of heat transfer?

Unit 8: Transferring Energy

This unit returns to transferring energy using a chemistry lens. Students will learn about thermal energy and heat flow and
will continue to calculate heat using the specific heat of various substances. They will learn about heat transfer in chemical
reactions, about energy storage in chemical bonds, and about the enthalpy of reaction and the enthalpy of formation. They
will calculate enthalpy using Hess's law and learn about entropy and its relationship to physical and chemical changes.

=1 Unit Assignment(s):



Heat Transfer Around You

Imagine you have just baked a pizza in the oven. You've only let it cool for a minute, but you're hungry and you want to
take a bite. To minimize your chances of burning your mouth, should you take a bite with a lot of sauce on it or a bite near
the crust that contains very little sauce? Explain your answer based on what you have learned about thermal energy and
specific heat capacity. (Think about how the specific heat capacity of the watery sauce compares with that of the much

drier pizza crust.)

A Unit Lab Activities:

Lab

Heats of Reaction

In this lab students will understand: (1) the heat of reactions (2) Observe an endothermic reaction and (3) Observe an

exothermic reaction

Some chemical reactions absorb energy. In these reactions, energy is required in order for the reaction to take place. Most
other chemical reactions release energy. This could be in the form of heat, light, and/or sound. Enthalpy of a reaction is the
amount of energy or heat absorbed or released in a reaction. If energy is required, this is a positive number and the
reaction is endothermic (endo = in). If energy is released, this is a negative number and the reaction is exothermic (exo =
out). Photosynthesis is an example of an endothermic chemical reaction. Sunlight is the energy source used to cause the
reaction to take place. Burning of hydrocarbons like wood, oil, gasoline, and food are common examples of exothermic

reactions.

In these experiments, students will experiment with two reactions.

The first reaction is between baking soda and vinegar. Through experimentation, they will determine if the reaction is
endothermic or exothermic and because of the method used, they will be able to quantify the enthalpy of the reaction.

» Calculate the approximate enthalpy of the reaction in joules.
Estimate that 1.0 mL of vinegar has the same thermal mass as 1.0 mL of water. Ignore the thermal mass of the

sodium bicarbonate. Note: It takes about 4.2 joules (J) to change 1.0 gram (1.0 mL) of water 1.0 °C. 2. Is the reaction
endothermic or exothermic?
« What steps could be taken to improve the accuracy of your results?

The second reaction will be using iron and vinegar. The chemistry of iron is more complex than the chemistry of most other
metals.

» Did the temperature go up or down? How much?

« Is this an exothermic or endothermic reaction?
« Think of some other chemical reactions. List them and the type of reaction: exothermic or endothermic. Example:

Burning coal - exothermic

Unit 9: Quantum and Nuclear Chemistry






