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MOTION, FORCES, AND ENERGY

Energy

ENERGY TRANSFORMATIONS

Imagine yourself hiking along a canyon trail. You spot a boulder so close to the
canyon rim above you that it seems it will crash down at any moment. You could
say the boulder is dangerous. But you could also think like a scientist and say that
the boulder, which has not shown any signs of movement, contains a large amount
of potential energy. Potential energy is energy that an object has because of its
position or shape. If the boulder does break free and fall, the potential energy will
be converted to kinetic energy—the energy of motior.

Energy—nboth kinetic and potential—is all around you. It is present in objects
like the boulder that is sitting still, and in lightning bolts, summer breezes, and
baseballs that zoom over the backfield fence. The actions you observe every day
involve transformations of energy between its various forms.

Potential energy

As you can see in the example of the boulder sitting on the canyon rim, energy
can be present as potential energy in an object when nothing is happening. The
potential energy of the boulder would do work if the boulder fell from the rim.
(Remember that work occurs when a force causes an object to move.) Potential
energy can’t be observed, so often it is defined and measured in terms of the work
it can do. For this reason, the SI units for energy and work are the same—joules.

Because of its position high on the canyon rim, the boulder stores energy in a
form called gravitational potential energy—energy that results from the gravi-
tational attraction between objects—in this case, Earth and the boulder. Finding
out how much of this form of energy is contained in the boulder involves measur-
ing its mass in kilograms and the distance it has to fall in meters. This is a calcula-
tion of force times distance, just as in the work equation:

gravitational PE = mass X free-fall acceleration X height, or
PE = mgh

To make this calculation, use the free-fall acceleration value (g) of 9.8 Vs, and
you will arrive at an answer in joules. For example, suppose the mass of the boul-
der is 65 kg and it sits 350 m above the ground. What is the gravitational potential
energy of the boulder?

PE = mgh = (65 kg)(9.8 m/s?)(350 m)
=22 X 100kg » m¥s?
=22 X105
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LAW OF CONSERVATION OF ENERGY

Your bicycle ride up and over the hill involved several transformations of energy.
From your perspective, the energy level is far lower once your bike has glidedto a
halt and you take a quiet moment to drink some water. But all the energy involved
in the ride could be accounted for if you studied it closely. That's because of one
of the most important physical principles: the law of conservation of

energy, which states that energy cannot be created or destroyed.

Let's take a closer look at what that law means. Shoot an arrow at a target with a
bow, and the potential energy in the bow and arrow changes to kinetic energy as the
arrow travels across the space between you and the target. Once the arrow hits your
target, the Kinetic energy changes to nonmechanical energy. Both the bow and the
target have increased in temperature. Some energy has been transformed into heat
due to friction between the arrow and the target. One way or anothet, all of the en-
ergy from the beginning is there at the end, but in different forms.

You might ask, where did this energy come from? The energy that shot the bow
came from you. That cinnamon toast you ate for breakfast was digested and stored
as chemical energy inside your body. The sun provided the energy that grew the
wheat that made the toast. By the time the arrow hits the target, the heat from the
arrow is spreading into the surrounding air. You, the target, and the bow and arrow
form a small open system. It is “open” because energy is exchanged between the
three-part system and the outside world. Sometimes so little energy flows in and
out of the surroundings that you can ignore the escaped energy and simply look at
ways energy changes form within the system. In these cases, the system is called a
closed system.
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Kinetic energy

Imagine how nervous you would be if someone sitting next to you stretched a
thick bungee cord to its limit. You would be in danger of a painful whack on the
head if the person suddenly were to let go. The bungee cord holds elastic poten-
tial energy, as does any other elastic material that is stretched or compressed.
But kinetic energy—the energy of motion—comes into play if your seatmate lets
go of the bungee cord.

The amount of kinetic energy an object has depends both on its mass and its
speed. The kinetic energy of the falling boulder, for example, will be more than
that of an empty soda can that a litterbug might fling off the same canyon rim.
The mass of the boulder is greater than that of the empty can. Likewise, a baseball
hit by a Littie Leaguer will probably contain less kinetic energy than one hit by a
majorleague player whose team just won the World Series. The major leaguer
would be able to hit a ball with more speed.

To find kinetic energy, use this formula:

Kinetic energy = % X mass X speed squared, or KE = %mﬂz

Note that speed is squared in this equation. That means a small increase in
speed results in a big increase in kinetic energy.

Transforming energy

The total gravitational potential energy, elastic potential energy, and kinetic
energy of an object make up its mechanical energy. Energy also takes many
nonmechanical forms, such as heat, light, electricity, and nuclear energy.

Energy can be transformed from one type to another. For example, you might
pedal your bicycle up an extremely long and steep hill, looking forward to coast-
ing down the other side. Once you reach the bottom on the other side, you may
have built up enough momentum to coast up a smaller slope without pedaling
at all.

You store gravitational potential energy through your work riding up the hill.
After you crest the hill, that potential energy starts turning into kinetic
energy. As you increase speed on your downhill run, the kinetic energy level in-
creases. It even carries you up that smaller slope, turning back into potential
energy as you go up. If you stop pedaling altogether, your bicycle eventually will
glide to a halt, and you will have exhausted all of your potential energy and all
of your kinetic energy.

Where did the energy go? Some of it changed to heat because of air resistance
and the friction between your wheels and the road. Some of it may have changed
to noise. The energy seems to disappear, but really it has changed to other forms.
You experience them as energy loss because, unlike your potential and kinetic
mechanical energy, they don't help your ride on the bicycle.
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Each labeled item represents a source of either potential energy or kinetic energy or
both. Fill in the spaces with the correct word(s).





Energy Questions
Use the preceding reading pages to answer the following questions in complete sentences.

1. What is potential energy?

2. What is kinetic energy?

3. What is the formula for gravitational potential energy?

4. How does elastic potential energy come into play?

5. What is the formula for kinetic energy?

6. What is mechanical energy?

7. Explain how energy changes form.

8. State the law of conservation of energy.

9. What is the difference between an open system and a closed system?
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Potential and Kinetic Energy Math – I

Potential energy is stored energy due to position.  Kinetic energy is energy that depends on mass and velocity (movement).  Potential energy (PE) is mass x g x height or 
PE = weight x height.  PE is measured in units of Joules.

	Formulas:
	Abbreviations:
	Units:

	Potential energy = weight x height
	PE = wh
	Joule    (J)
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Kinetic Energy is energy that is dependent on mass and velocity.  In a closed system, the sum of the potential energy and the kinetic energy is constant.  As potential energy decreases, the kinetic energy increases.

	Formulas:
	Abbreviations:
	Units:

	Kinetic Energy = ½ mass x velocity2 
	KE = ½ m x v2
	Joule     (J)
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NOTE:  Whenever you are using the kinetic energy formula to find velocity you must take the square root of V2 to find V (the last step of the formula).
1. Calculate the kinetic energy in joules of a 1500 kg car moving at the speed of 29 m/s.

Formula and Work



Set-Up

KE =


m =


v2 =


v =

ans. ______________________

2. Calculate the gravitational potential energy in a car with a mass of 1200 kg at the top of a 42 m high hill.

Formula and Work



Set-Up

PE =


m =

            g =


h =


ans. ______________________

3. Calculate the GPE of a 65 kg climber on top of Mount Everest (8800 m high).

Formula and Work



Set-Up

PE =


m =

            g =


h =


ans. ______________________

4. A 30 kg child has 190 J of kinetic energy after sledding down a hill.  What is the child’s speed in meters per second at the bottom of the hill?
Formula and Work



Set-Up

KE =


m =


v2 =


v =


ans. ______________________

GPE and KE Math – II
Potential energy (PE) is stored energy due to position.  Kinetic energy (KE) is energy that depends on mass and velocity (movement).  Potential energy (PE) is PE = mass x g x height or PE = weight x height.  PE is measured in units of Joules (J).

	Formulas:
	Abbreviations:
	Units:

	Potential energy = weight x height
	PE = wh
	Joule    (J)
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Kinetic Energy is energy that is dependent on mass and velocity.  In a closed system, the sum of the potential energy and the kinetic energy is constant.  As potential energy decreases, the kinetic energy increases.

	Formulas:
	Abbreviations:
	Units:

	Kinetic Energy = ½ mass x velocity2 
	KE = ½ m x v2
	Joule     (J)
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NOTE:  Whenever you are using the kinetic energy formula to find velocity you must take the square root of v2 to find v (the last step of the formula).
1. A rock has a mass of 50 kg and is 10 m off the ground.  What is the GPE of the rock?

Formula and Work



Set-Up

PE =


m =
            g =


h =

ans. ______________________
2.  The world record for pole vaulting is 6.15 m.  If the pole vaulter’s GPE is 4942 J, what is his mass?

Formula and Work



Set-Up

PE =


m =
            g =


h =

ans. ______________________

3.  A cheetah runs with a speed of 31 m/s. Suppose a cheetah with a mass of 47 kg runs at this speed.  What is the cheetah’s kinetic energy?

Formula and Work



Set-Up

KE =


m =


v2 =


v =


ans. ______________________

4.  A diver has 3400 J of GPE after stepping up onto a diving platform that is 6.0 m above the water.  What is the divers mass in kilograms?

Formula and Work



Set-Up 

PE =


m =

            g =


h =


ans. ______________________

5.  A 35 kg child has 190 J of kinetic energy after sledding down a hill.  What is the child’s velocity in meters per second at the bottom of the hill? (take the square root of v2).

Formula and Work




Set-Up

KE =


m =


v2 =


v =

ans. ______________________

6.  A cat sits on the top of a fence that is 2.0 m high.  The cat has a gravitational potential energy of 88.9 J.  What is the mass of the cat?

Formula and Work




Set-Up

PE =


m =

            g =


h =


ans. ______________________
7.  A tennis ball with a mass of 51 g has a velocity of 9.7 m/s upward.  What is the kinetic energy of the ball?  (Note: you must convert g to kg before solving).

Formula and Work




Set-Up

KE =


m=


v2 =


v =


ans. ______________________

Potential and Kinetic Energy-III
Potential energy is stored energy due to position.  Kinetic energy is energy that depends on mass and velocity (movement).  Here is a review of the formulas:

	Formulas:
	Abbreviations:
	Units:

	Potential energy = weight x height
	PE = wh
	Joule    (J)

	Kinetic Energy = ½ mass x velocity2 
	KE = ½ m x v2
	 Joule    (J)


Here is a review of the units used for the physics terms:
	Physics Term
	Units used to Measure the Term
	Abbreviation of Units

	Energy (any type)
	Joules
	J

	Weight
	Newtons
	N

	Height
	meters
	m

	Mass
	kilograms
	kg

	Velocity
	meters per second
	m/s


For a closed system, the sum of the potential energy and the kinetic energy is a constant.  If the potential energy decreases, the kinetic energy increases.  Also, if kinetic energy decreases, the potential energy increases.
Solve the following problems:

1. What is the potential energy of a rock that weighs 100 newtons that is sitting on top of a hill 300 meters high?

Ans: __________________________
2. What is the kinetic energy of a bicycle with a mass of 14 kg traveling at a velocity of 3 m/s?

Ans: __________________________

3. A flower pot weighing 3 newtons is sitting on a windowsill 30 meters from the ground.  Is the energy of the flower pot potential or kinetic?  How many joules is this?

Ans: __________________________

4. When the flower pot in Problem 3 is only 10 meters from the ground, what is the potential energy?

Ans: __________________________

5. How much of the total energy in Problem 3 and 4 has been transformed to kinetic energy as the pot hits the ground?

Ans: __________________________

6. A 1200 kg automobile is traveling at a velocity of 100 m/s. Is it energy potential or kinetic?  How much energy does it possess?

Ans: __________________________
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No discussion of energy can be complete unless it includes heat. Heat certainly is
familiar to you. You experience it lying in the summer sun, taking a morning
shower, and sipping a hot beverage. But what is heat?

When energy transfers from the particles of one object to the particles of an-
other object because of their different temperatures, that energy transfer is heat.
Energy flows from the hotter object to the cooler object. Touch some ice and it
feels cold because energy is flowing out of your hands. Touch a hot pot and it
feels hot because its energy is flowing into your hands, increasing the kinetic
energy of the molecules that make up your fingers.

Scientists measure heat with thermometers that use the Celsius temperature
scale. The freezing teraperature of water is 0°C and the boiling point of water is
100°C (at standard atmospheric pressure). Qutside of science, most people in the
United States use the Fahrenheit scale. Water freezes at 32°F and boils at 212°F.
You can convert between the two scales by using the following formulas.

Fahrenheit temperature = (; % X Celsius temperature) + 32.0

Celsius temperature = g (Fahrenheit temperature — 32.0)

Teraperature really measures the kinetic energy of the molecules in an object
or substance: the higher the temperature, the more kinetic energy; the lower the
temperature, the less kinetic energy. Can the temperature ever drop so low that
the particles stop moving altogether? Theoretically, the answer is yes. That point
is called absolute zero. It is the basis for the Kelvin scale, which is used in some
branches of science. On the Kelvin scale, 0 K equals -273.13°C.




1. What is Heat?

2. How does Energy flow?

3. What does temperature measure?
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Think of that pot of water heating on an electric burner. You know from experi-
ence not to touch the pot handle without a pot holder. But do you know why the
handle heats up when it's not actually touching the hot burner?

Conduction is the transfer of heat energy between particles in direct contact.
The particles can be within the same object or within two objects that are in di-
rect contact and at unequal temperatures. Molecules in the stove burner begin to
rapidly vibrate as their temperatures increase. The rapidly vibrating particles set
neighboring particles into motion. The vibrations are passed through the pot all
the way to your hand holding the handle. When the energy passes into your hand,
you experience a burn.

Figure 18-2 shows how these vibrations, which are actually kinetic energy of
the particles, transfer from particle to particle within a wire.

Metals are the materials that conduct heat best. Dip into hot soup using a ster-
ling silver soup spoon, and you will quickly understand why silver ranks top
among metals as a conductor—a material through which energy can easily be
transferred as heat. You might even burn your hand on the handle if the soup is
hot enough. Copper, aluminum, and iron are also excellent conductors of heat.

The fact that metals are good conductors explains why they usually feel so
cool compared to wood, plastic, or fabric. When you touch a metal that hasn’t
been preheated, it immediately begins conducting the heat out of your hand. The
resulting sensation is cold. Other materials do not conduct as well and therefore
do not feel cold to the touch. Materials that are poor conductors are often good
insulators. They prevent heat transfer,

NO) @) @) @
(@) @) @ @
/(@) @ @) €

] » ) - W

During conduction, the
rapidly moving particles in
the wire transfer some of
their energy to slowly
moving particles nearby.

Figure 18-2




Conduction Reading Questions
Using the preceding reading on conduction, answer the following questions in complete sentences.
1. What is conduction?

2. Under what conditions does conduction occur?

3. Why does metal feel cool to the touch?

4. What is an insulator?
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Have you ever dropped 2 small solid into a pan of boiling water and noticed that
the solid moves in a circular motion in the water? The movement of the solid is
due to changes in the density of the water as a result of changes in temperature.
The heated molecules of water in the pan spread out, and these areas grow less
dense than surrounding areas where the same kinds of molecules are cooler.
Because the warmer water molecules are less dense, gravity pulls them less
strongly. These heated molecules rise, carrying their energy with them. Eventually
these molecules cool, contract, and sink, creating a continuous circular movement
of water molecules, called a convection current.

The water molecules move because of convection. Convection is a way heat
maoves through a system by the movement of the heated substance itself. It occurs in
substances that can flow—liquids and gases—but not in solids. That's because the
particles in solid substances are too tightly bound to allow movement of this type.

Convection currents occur in a room in your house where the heat register is
on the floor or in the summer breezes at a lake. Figure 18-1 shows how a convec-
tion current transfers heat above a campfire.

Both global and local winds often in-
volve convection currents on a large
scale. Think of the sea breezes that make
the beach such an attractive destination
on a hot summer day. The land warms
under the direct rays of the summer sun
and heats the air above it. This air ex-

‘pands and rises. Cool air from over the
ocean rushes in to fill the void left by the
rising air. What you experience as a face-

ful of refreshing cool air is actually one
segment of a convection current, The

‘warm air that rises moves out over the L coavention
water to replace that air that rushed land- curents.
ward. It cools, contracts, and sinks—only

to be sent landward again as the cycle

continues. On a larger scale, air at the hot

equator rises and leaves a void for cooler

air to rush in. This movernent is the start-

ing point for global wind patterns.





Convection Questions

Using the preceding reading, answer the following questions in complete sentences.
1. What is convection?

2. Explain how convection currents work?
3. How do convection currents keep Baytown cooler in the summer and warmer in the winter?

4. Draw and label figure 18-1
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When you stand in front of a wood-burning stove, and you don't need to touch it
to feel heat. The energy from the stove travels through the air to warm you. The
same thing occurs when you face the sun. The sun is between 140 and 150 million
kilometers from Earth, yet you can really feel those rays on your face,

The energy transfer from both the woodstove and the sun is in the form of
electromagnetic waves, which include gamma rays, X rays, ultraviolet (UV)
rays, infrared rays, microwaves, and radio waves. Each type of radiation has
a different wavelength. Energy transferred as electromagnetic waves is called
radiation, or radiant energy. It's the only type of energy that can transfer across
empty space—no physical contact is required.

‘When you warm up by a woodstove, the molecules of your skin actually are ab-
sorbing radiant energy and increasing their own kinetic energy. Since temperature
is a measure of kinetic energy, your skin temperature increases.

You might think the sun’s radiant energy heats up the air directly. In fact, the
sun’s energy heats up the ground, which radiates infrared waves that heat the air.
Convection then spreads the heat around.

Figure 18-3 shows that all objects emit some form of radiant energy. Everyday
temperatures on Earth often involve long infrared rays. Shorter infrared rays are
felt as heat. Some objects radiate energy as visible light.

All objects radiate energy.
Figure 18-3




Radiation

Using the preceding reading, answer the following questions in complete sentences.
1. What is radiant energy?

2. What is a unique characteristic of radiant energy?

3. How does radiant energy heat the air?

4. Give four examples of radiant energy.

Comparing Insulating Materials
A student is conducting an experiment with three different materials to determine which material is the best insulator.  The student fills a baker with 250 mL of boiling water.  Then she wraps a 2 cm thick layer of Insulator A around the beaker.  The student measures and records the temperature of the water every 30 minutes over a period of 2 hours.  She repeats this procedure with two other insulating materials, Insulator B and Insulator C.  The date obtained by the student is shown in the data table.  Use these data to answer the questions that follow.

	Time (min)
	Water Temperature ( °C)



	
	Insulator A
	Insulator B
	Insulator C



	0
	100
	100
	100



	30
	88
	96
	92



	60
	75
	93
	85



	90
	63
	88
	76



	120
	50
	85
	68




1. Plot the data on a graph.  Plot time in minutes on the horizontal axis and water temperature in degrees Celsius on the vertical axis.  Use different colored pencils to connect the data points for each insulator.

2. Which material would make the best insulator?  Explain your answer.

3. Why is a good insulator important for conserving energy in homes during the winter?  During the summer?

Title: _______________________________________________________________
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The Best Thermos Bottle

The following experiment was performed with four thermos bottles to determine which bottle would make the best thermos bottle.



Bottle A:  Silvered, evacuated



Bottle B:  Silvered, not evacuated



Bottle C:  Not Silvered, evacuated



Bottle D:  Not Silvered, not evacuated

Each bottle was filled with boiling water and the temperature of each bottle was taken every 10 minutes at first and later at 20 to 30 minute intervals.  The data obtained are shown in the data table below.

	Time (min)
	Temperature (°C)



	0

10

20

30

40

60

90

120

150


	Bottle A
	Bottle B
	Bottle C
	Bottle D

	
	100

100

99

99

98

97

96

95

64
	100

99

95

91

88

83

74

67

61
	100

97

94

91

88

82

75

68

65


	100

95

91

86

83

75

67

60

56




1. Plot the data on a graph using Time (min) as the horizontal axis and Drop in Temperature (°C) as the vertical axis.  Choose the scale of the vertical axis carefully as it represents the drop in temperature for a given time.  Use different colored pencils or different symbols to draw the curves for each thermos bottle.
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2. Which bottle would make the best thermos bottle?  Why?

3. Which bottle would be least effective as a thermos bottle?  Why?

4. Which of the two properties tested is the; more important in making a good thermos bottle?  Explain your answer.

Review:


Heat - A Form of Energy
Key Concepts

Heat is a form of energy caused 


Heat energy is transferred by 

By the internal motion of 



conduction, convection, and

Molecules of matter.



Radiation.

Part I   Building Vocabulary Skills

Decide which of the following statements correctly describes heat.  If the statement describes heat correctly, write H before the number.  If the statement does not describe heat correctly, write N.

_____ 1. Heat is an invisible, weightless fluid.

_____ 2.  Heat is a substance called caloric.

_____ 3.  Heat is made up of molecules.

_____ 4.  Heat moves from a warmer object to a colder object.

_____ 5.  Heat can be transferred in only one way.

_____ 6.  Heat is a form of energy.

_____ 7.  Heat is caused by the internal motion of molecules of matter.

_____ 8.  Motion produces heat.

_____ 9.  Cold molecules move faster than warm molecules.

_____10.  The hotter a substance is, the less energy its molecules have.

Part 2

Decide which of the following materials are conductors and which are insulators.  If the material is a conductor, write C before the number.  If the material is an insulator, write I.
______1. air

_____  2.  copper wire

_____  3.  rubber

_____ 4. glass

_____ 5.  aluminum

_____ 6. silver

_____ 7. iron

_____ 8. wood

_____ 9. plastic

_____10. down

Heat Transfer:  Understanding the Main Ideas

Identify the forms of heat transfer that take place in each illustration.  Some illustrations may show more than one form of heat transfer.
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Earlier you read about gravitational potential energy, which depends on the rela-
tive position of an object. For example, the boulder on the rim of the canyon has
more gravitational potential energy than one resting on the floor of the canyon.
An electric charge also has potential energy. Electrical potential energy is the en-
ergy a charged object has because of its position in an electric field.

To understand this concept, think of two magnets. If you hold opposite poles
of two magnets a certain distance apart, you can feel the force pulling them to-
gether. When you hold two like poles of a magnet together, they exert pressure
on your hands to move apart. You can feel it most strongly when your hands are
close together.

Charges within matter act in a similar way.

Just as a magnet is surrounded by a magnetic Q @

field, a charged particle produces an electric V

field in the space around it. Another charged
particle in that field will experience an electric
force. The force is due to the electric field of @ @
the first charged particle. Like charges (that is, V
two positive charges or two negative charges)

move away from each other. You can see in

Figure 18-4 that the electrical potential energy Distance

of the two negative charges is high when they
are close and lower when they have moved
apart. The same occurs with two positive
charges. In other words, electrical potential energy depends on the distance
between two charged objects.

Electrical potential energy can be increased if a force pushes charges in the di-
rection opposite to the electric force. The potential energy changes as the charge
moves in an electric field.

When studying electricity, scientists use the value for potential difference rather
than electrical potential energy. Potential difference is the change in electrical po-
tential energy of a charged particle divided by its charge. Potential difference is mea-
sured in velts, or V. You can think of potential difference as water pressure in a pipe.

The dry-cell batteries you might use for a flashlight have positive and negative
terminals. The potential difference between the terminals of an average flashlight
dry cell is about 1.5 V. When you close the switch to turn on the light, electrons
begin flowing from the negative terminal through the lightbulb to the positive
terminal. Their movement as an electrical current decreases their electrical
potential energy.

The SI unit for electric charge is the coulomb, or C. One volt is equal to one
Jjoule per one coulomb. The SI unit for current is the ampere, or A. One ampere
equals one coulomb moving past a point in one second.

Electrical
potential energy




Electrical Energy and Circuits Questions

Answer the following questions in compete sentences.

1. What is electrical potential energy?

2. How do electric charged particles react?

3. What is potential difference?

4. How does current flow threw a flashlight?

5. What are the SI units for electric charge and current?

Electric Charge and Force
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2) Draw the magnetic
field lines.

(don’t forget arrows).

1. Magnet A Where a compass points to (in Hudson | 1. Compass. A The center of an electromagnet.
3 Permanent Bay. Canads) B. Amagaetic navigational device that
3 B. Becomes a magnet near a magnet, then | 2. Electromagnet ‘point toward magnetic north.
magnet loses its magnetism when moved
B m when moved away. C. The area in which magnets will feel
3. Temporary | Anything that attracts or repels another |3 Magnetic field ‘magnetic force. More arrows show a
‘magnet ‘magnet or magnetic material. stronger one.
4 Truenorth |D. The North Pole: where maps point toas |+ Core D. Best magnetic substance: more of this
north in an electromagaetic core makes it
5. Magnetic stron
eenetic | E. Does not lose its magnetism: lodestone [ > ¥°® e
and magnetite are only types. E. Amagact made from electricity.
Two magnetic north poles: aftract or repel? Draw a simple electromagnet.

Name three ways you could increase the strength of an
electromagaet




Describe what happens between these pairs of subatomic particles using the terms “attraction”, “repulsion,” or “nothing”.  Place the correct term on the line provided next to each figure.
Make a drawing to show what will happen when each pair of particles comes together.  Remember that is some cases, nothing may happen.

[image: image46.png]Magnetic means the ability to:

A is made up of material that keeps its magnetic properties.
Give two examples of permanent magnets:

What are the two sides of a magnet called:

Can you ever divide a magnet into just a north or just a south pole?

Magnets exert this on each other:

Opposite poles (north to south) will do this:

Like poles (N to N OR S to S) will do this:
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1.  A and C





2.  B and E

3.  C and D





4.  A and D

5.  E and F





6  B and D
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Although this diagram may lead you to
think that energy can be changed from one
form to another perfectly, that is not true.
Some energy always ends up as forms we
don’t want, so it seems to be “lost”, as in
friction. This is known as “inefficiency”.
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ity by combining chemicals)
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object’s motion (E) or position
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Electrical Energy—Energy from
moving electrons; what we
generally think of as “energy”.

Thermal Energy—Heat energy; the end
product of many transformations.

Nuclear Energy—Energy from radia-  Radiant Energy—Light energy,
tion (atom decay), fission actually electromagnetic
(splitting atom), or fusion (fusing radiation from light bulbs
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energy. of most power on earth).
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75) x 100

5% efficient
(friction took 25%)
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1. Five parts of this circuit are not correct.  Identify these parts by their letter and explain why they are incorrect.

2. Change (A) so that the voltage source will work.

3. What must be done to complete the circuit?

For questions 4-8, assume that the electric circuit is complete

4. Which lamps will be lit?

5. Will electric bell (H) ring?

6. Will lamp (C) remain lit if lamp (E) is removed?

7. Will lamp (I) be lit if lamp (C) is removed?

8. Will lamp (C) be lit if lamp (I) is removed?

9. Are lamps (I), (J), and (L) arranged in series or parallel?

10. How are lamps (C), (F), and electric bell (H) arranged?
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1. According to the diagram, which bulbs will continue to light if 

a. A blows out? ________________________________________________
b. B blows out? ________________________________________________
c. C blows out? ________________________________________________
d. D blows out? ________________________________________________
e. E blows out? ________________________________________________
2. An object with a resistance of 15 ohms has a voltage of 45 volts applied to it:
a. How much electric current is going through this object? 
_______________________________________________________________

b. How much power is being produced by the object? 
_______________________________________________________________

c. How much electric energy will be needed to operate this object for 10 hours? ____________________________________________________________
d. What is the cost of operating this object for 10 hours at a rate of 8 cents per kilowatt-hour? ____________________________________________
[image: image49.png]A ball is thrown up into the air. When it gets to the very top,
‘what kind of energy does it have?

When it falls half-way back, what kind of energy does it have?

Just before it reaches the ground, what kind of energy does it
have?

What does the Law of Conservation of Energy say about the
energy at the top and at the bottom?

A 10 kg ball is thrown into the air. It is going 3 m/s when
thrown. How much potential energy will it have at the top?

A4 kg ball isona $ m ledge. Ifitis pushed off the ledge, how
much kinetic energy will it have just before hitting the ground?

A 25 kg ball is thrown into the air. When thrown it is going
10 m/s. Caleulate how high it travels

A3 kg rock sits on @ 0.8 meter ledge. Ifit is pushed off, how
fast will it be going at the botiom?

Youare pushing a 20 N object for 3 meters. If you have to push
with 30 N to do this, how efficient is your work?
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Electricity ↔ Magnetism
Electricity Creates Magnetism
Use the graph grid provided to plot the data on the chart below.  Label the horizontal axis “Number of coils of wire” and the vertical axis “Number of paper clips picked up.”

	Electromagnet
	Number of paper clips Picked UP

	A-10 coils
	3

	B-20 coils
	6

	C-30 coils
	10

	D-40 coils
	13

	E-50 coils
	17
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Inducing a Current

Answer the following questions based on the accompanying diagram.






1. When the switch is first closed, what happens to the galvanometer needle?

2. When the switch is opened, is the galvanometer needle deflected in the same direction?

3. If the connections on the dry cell are reversed, how would this affect the direction of swing of the galvanometer needle?

4. What happens to the galvanometer needle when the switch remains in the same position for several minutes? Why?
Magnetic Resonance Imaging

Read the following paragraphs, and complete the exercises below.

Doctors who want information about a patient’s bones and joints, spine, or soft tissues of the central nervous system, including the brain, often order a magnetic resonance imaging (MRI) procedure.  MRI uses computer technology, magnetic fields, and radio waves to create an image of any part of the body.  It is painless and does not require instruments to enter the body. 
MRI is possible because the magnetic behavior of hydrogen atoms, which are abundant in the body.  During the MRI procedure, a strong magnetic field is applied to the patient’s body.  The hydrogen atoms within the body respond to the magnetic field by partly lining up with the field.  Next, radio waves are directed at the atoms, causing some of the atoms to flip over briefly. As the atoms flip back they give off radio waves.  A sensitive receiver picks up the radio waves, and a computer translates them into three-dimensional map of the patient’s body.
Today’s MRI machines produce images with enough details to show the patient’s body.  The computer is able to show these images as across section of any part of the body from any angle. The ability makes MRI even form powerful as a tool in medicine.

Exercises

1. What is the purpose of MRI?

2. What causes the hydrogen atoms to line up?

3. What action produces the radio waves that result in an MRI image?

4. An MRI instrument cannot be used on people with pacemakers, metal artificial joints, or other metal implants.  Explain why an MRI scan could be dangerous for such a person.

Transformers


Draw in the correct number of turns in the missing coil based on the voltage given.  Then identify the type of transformer using the following terms:  step-up transformers, step-down transformers, 1 to 1 transformer.

1. ___________________________    [image: image28.png]Primary Secondary
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2. __________________________ [image: image29.png]Primary Secondary
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3. ____________________________[image: image30.png]Primary gacondary
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The diagram below shows a transformer.  Use the diagram to answer the questions that follow.
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4. What type of transformer is shown?
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