Oct. 20. 2014

I can explain how work and energy are related. 

I can explain how kinetic energy is energy in motion where potential energy is energy of position.

Chapter 9 Work, Energy, and Energy Resources
Energy is the ability to do work.

Work occurs when a force causes an object to move in the direction of the force. 

Each time work is done, something is given by one object to another that allows it to do work. 

Work and energy are expressed in the same unit-joules.

Kinetic energy is energy in motion. Objects with kinetic energy can do work. 

Kinetic energy depends on speed and mass.
Kinetic Energy = mv2               
                                2

Kinetic Energy =Mass times velocity squared divided by two.
M stands for the object’s mass.

V stands for the object’s speed. 

Speed is squared, so speed has a greater effect on an object’s kinetic energy than does mass. 

Potential Energy is energy of position.

Potential energy is the energy an object has because of its position or shape. 

A stretched rubber band has potential energy. 

Gravitational potential energy depends on weight and height. When you lift an object, you do work on it by using a force that opposes gravitational force. 

Mechanical energy is the total energy of motion and position of an object. 
Gravitational Potential Energy = Weight x Height

Weight is expressed in Newtons and height is expressed in Meters, gravitational potential energy is expressed in newtons-meters or joules. So a 25 N object at a height of 3 m has 25 N x 3 m = 75 Joules of gravitational potential energy.
Mechanical Energy sums it all up.

Mechanical energy is the total energy of motion and position of an object. 

Mechanical Energy = Potential Energy + Kinetic Energy

When potential energy increases or decreases, kinetic energy has to decrease or increase in order for mechanical energy to remain constant. 

In science, work is done when a force causes an object to move in the direction of the force. In the example above, you may have to put a lot of mental effort into doing your homework, but you won’t be using force to move anything. So, in the scientific sense, you will not be doing work—except the work to turn the pages of your book!


KINETIC AND POTENTIAL ENERGY WORKSHEET

Determine whether the  objects in the following problems have kinetic or potential energy.
Then choose the correct formula to use:

Ek =  m x v2        OR      Ep = Wt. x Ht.

              2
Sample Problem

1. You serve a volleyball with a mass of 2.1 kg. The ball leaves your hand with a

speed of 30 m/s. The ball has __________________ energy. Calculate it.

The ball has Potential Energy.  Use the formula KE= Mass times Velocity Squared Divided by Two.
  2.1 times 30 times 30 = 1890 divided  by 2 = 945 Joules
Sample Problem

2. A baby carriage is sitting at the top of a hill that is 21 m high. The carriage with the

baby weighs 12 N. The carriage has _________________ energy. Calculate it.

The carriage has potential energy.

Weight times Height
21 times12 = 252 Joules

Have students copy and solve in class.
3. A car is traveling with a velocity of 40 m/s and has a mass of 1120 kg. The car has

_______________ energy. Calculate it.

4. A cinder block is sitting on a platform 20 m high. It weighs 79 N. The block has

_______________ energy. Calculate it.

5. There is a bell at the top of a tower that is 45 m high. The bell weighs 190 N. The

bell has ________________ energy. Calculate it.

6. A roller coaster is at the top of a 72 m hill and weighs 966 N. The coaster (at this

moment) has ________________ energy. Calculate it.
Have Students work on their questions from Ch. 9  if they have not completed the assignment.
Tuesday Oct. 21, 2014

I can calculate the amount of work (W) done in moving an object, by multiplying the force (F) applied to the object by the distance (d) through which the force is applied.

	


What Is Work?
The student in Figure 1 is having a lot of fun, isn’t she? But she is doing work, even though she is having fun. She is doing work because she is applying a force to the bowling ball and making the ball move through a distance. However, she is doing work on the ball only as long as she is touching it. The ball will keep moving away from her after she releases it. But she will no longer be doing work on the ball because she will no longer be applying a force to it.

	




Transfer of Energy
One way you can tell that the bowler in Figure 1 has done work on the bowling ball is that the ball now has kinetic energy. This means that the ball is now moving. The bowler has transferred energy to the ball.

Differences Between Force and Work
Applying a force doesn’t always result in work being done. Suppose that you help push a stalled car. You push and push, but the car doesn’t budge. The pushing may have made you tired. But you haven’t done any work on the car, because the car hasn’t moved.

You do work on the car as soon as the car moves. Whenever you apply a force to an object and the object moves in the direction of the force, you have done work on the object.

Force and Motion in the Same Direction
Suppose you are in the airport and late for a flight. You have to run through the airport carrying a heavy suitcase. Because you are making the suitcase move, you are doing work on it, right? Wrong! For work to be done on an object, the object must move in the same direction as the force. You are applying a force to hold the suitcase up, but the suitcase is moving forward. So, no work is done on the suitcase. But work is done on the suitcase when you lift it off the ground.

Work is done on an object if two things happen: (1) the object moves as a force is applied and (2) the direction of the object’s motion is the same as the direction of the force. The pictures and arrows in Figure 2 will help you understand when work is being done on an object. 

Figure 2 Work or Not Work?

Draw and copy the following chart to your notes. 
	




How Much Work?
Would you do more work on a car by pushing it up a long road to reach the top of a hill or by using a cable to raise the car up the side of a cliff to the top of the same hill? You would certainly need a different amount of force. Common use of the word work may make it seem that there would be a difference in the amount of work done in the two cases as well.


Same Work, Different Forces
You may be surprised to learn that the same amount of work is being done to push the car up a road as to raise it up the cliff. Look at Figure 3. A certain amount of energy is needed to move the car from the bottom to the top of the hill. Because the car ends up at the same place either way, the work done on the car is the same. However, pushing the car along the road up a hill seems easier than lifting it straight up. Why?

	




Figure 3 For each path, the same work is done to move the car to the top of the hill, although distance and force along the two paths differ.

The reason is that work depends on distance as well as force. Consider a mountain climber who reaches the top of a mountain by climbing straight up a cliff, as in Figure 4. She must use enough force to overcome her entire weight. But the distance she travels up the cliff is shorter than the distance traveled by hikers who reach the top of the same mountain by walking up a slope. Either way, the same amount of work is done. But the hikers going up a slope don’t need to use as much force as if they were going straight up the side of the cliff. This shows how you can use less force to do the same amount of work.

	




Figure 4 Climbers going to the top of a mountain do the same amount of work whether they hike up a slope or go straight up a cliff. 

Calculating Work
The amount of work (W) done in moving an object, such as the barbell in Figure 5, can be calculated by multiplying the force (F) applied to the object by the distance (d) through which the force is applied, as shown in the following equation:
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Figure 5 Force Times Distance

	





Force is expressed in newtons, and the meter is the basic SI unit for length or distance. Therefore, the unit used to express work is the newton-meter (N × m), which is more simply called the joule. Because work is the transfer of energy to an object, the joule (J) is also the unit used to measure energy.


Have students copy and solve the Practice Problems
Work Practice Problems Worksheet #1

1) Amy uses 20N of force to push a lawn mower 10 meters. How much work does she do?

Work = Force X Distance

Work = 20N X 10m

Work = 200 J
2) How much work does an elephant do while moving a circus wagon 20 meters with a pulling force of 200N?

3) A 900N mountain climber scales a 100m cliff. How much work is done by the mountain climber?

4) Shawn uses 45N of force to stop the cart 1 meter from running his foot over.  How much work does he do?

5) How much work is done when a force of 33N pulls a wagon 13 meters?

6) How much work is required to pull a sled 5 meters if you use 60N of force?

7) Tommy does 15 Joules of work to push the pencil over 1 meter.  How much force did he use?

Force = Work / Distance

Force = 15 J / 1 m

Force = 15 N
8) Angela uses a force of 25 Newtons to lift her grocery bag while doing 50 Joules of work.  How far did she lift the grocery bags?

9) The baseball player does 1234 Joules of work when hitting a baseball into left field.  Assuming the baseball landed 100 meters away from home plate, how much force did the player use to hit the ball?

Top of Form

Power: How Fast Work Is Done
Like the term work, the term power is used a lot in everyday language but has a very specific meaning in science. Power is the rate at which energy is transferred.



Calculating Power
To calculate power (P), you divide the amount of work done (W) by the time (t) it takes to do that work, as shown in the following equation:
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The unit used to express power is joules per second (J/s), also called the watt. One watt (W) is equal to 1 J/s. So if you do 50 J of work in 5 s, your power is 10 J/s, or 10 W.



Power measures how fast work happens, or how quickly energy is transferred. When more work is done in a given amount of time, the power output is greater. Power output is also greater when the time it takes to do a certain amount of work is decreased, as shown in Figure 6.
	




Figure 6 No matter how fast you can sand by hand, an electric sander can do the same amount of work faster. Therefore, the electric sander has more power. 
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Increasing Power
It may take you longer to sand a wooden shelf by hand than by using an electric sander, but the amount of energy needed is the same either way. Only the power output is lower when you sand the shelf by hand (although your hand may get more tired). You could also dry your hair with a fan, but it would take a long time! A hair dryer is more powerful. It can give off energy more quickly than a fan does, so your hair dries faster.

Car engines are usually rated with a certain power output. The more powerful the engine is, the more quickly the engine can move a car. And for a given speed, a more powerful engine can move a heavier car than a less powerful engine can.

	


	You are in the car with your mom on the way to a party when suddenly—KABLOOM hisssss—a tire blows out. “Now I’m going to be late!” you think as your mom pulls over to the side of the road.

You watch as she opens the trunk and gets out a jack and a tire iron. Using the tire iron, she pries the hubcap off and begins to unscrew the lug nuts from the wheel. She then puts the jack under the car and turns the jack’s handle several times until the flat tire no longer touches the ground. After exchanging the flat tire with the spare, she lowers the jack and puts the lug nuts and hubcap back on the wheel.

“Wow!” you think, “That wasn’t as hard as I thought it would be.” As your mom drops you off at the party, you think how lucky it was that she had the right equipment to change the tire.

Machines: Making Work Easier
Now, imagine changing a tire without the jack and the tire iron. Would it have been easy? No, you would have needed several people just to hold up the car! Sometimes, you need the help of machines to do work. A machine is a device that makes work easier by changing the size or direction of a force.



When you think of machines, you might think of things such as cars, big construction equipment, or even computers. But not all machines are complicated. In fact, you use many simple machines in your everyday life. Figure 1 shows some examples of machines.

Figure 1 Some Everyday Machines





	




Work In, Work Out
Suppose that you need to get the lid off a can of paint. What do you do? One way to pry the lid off is to use a common machine known as a lever. Figure 2 shows a screwdriver being used as a lever. You place the tip of the screwdriver under the edge of the lid and then push down on the screwdriver’s handle. The tip of the screwdriver lifts the lid as you push down. In other words, you do work on the screwdriver, and the screwdriver does work on the lid.

	




. 

Work is done when a force is applied through a distance. Look again at Figure 2. The work that you do on a machine is called work input. You apply a force, called the input force, to the machine through a distance. The work done by the machine on an object is called work output. The machine applies a force, called the output force, through a distance.



How Machines Help
You might think that machines help you because they increase the amount of work done. But that’s not true. If you multiplied the forces by the distances through which the forces are applied in Figure 2 (remember that W = F × d), you would find that the screwdriver does not do more work on the lid than you do on the screwdriver. Work output can never be greater than work input. Machines allow force to be applied over a greater distance, which means that less force will be needed for the same amount of work.
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Same Work, Different Force
Machines make work easier by changing the size or direction (or both) of the input force. When a screwdriver is used as a lever to open a paint can, both the size and direction of the input force change. Remember that using a machine does not change the amount of work you will do. As Figure 3 shows, the same amount of work is done with or without the ramp. The ramp decreases the size of the input force needed to lift the box but increases the distance over which the force is exerted. So, the machine allows a smaller force to be applied over a longer distance.

Figure 3 Input Force and Distance

	




The Force-Distance Trade-Off
When a machine changes the size of the force, the distance through which the force is exerted must also change. Force or distance can increase, but both cannot increase. When one increases, the other must decrease.

Figure 4 shows how machines change force and distance. Whenever a machine changes the size of a force, the machine also changes the distance through which the force is applied. Figure 4 also shows that some machines change only the direction of the force, not the size of the force or the distance through which the force is exerted.

Mechanical Advantage
Some machines make work easier than others do because they can increase force more than other machines can. A machine’s mechanical advantage is the number of times the machine multiplies force. In other words, the mechanical advantage compares the input force with the output force.



Calculating Mechanical Advantage
You can find mechanical advantage by using the following equation:
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For example, imagine that you had to push a 500 N weight up a ramp and only needed to push with 50 N of force the entire time. The mechanical advantage of the ramp would be calculated as follows:
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A machine that has a mechanical advantage that is greater than 1 can help move or lift heavy objects because the output force is greater than the input force. A machine that has a mechanical advantage that is less than 1 will reduce the output force but can increase the distance an object moves. Figure 4 shows an example of such a machine—a hammer.

Figure 4 Machines Change the Size and/or Direction of a Force

	




Mechanical Efficiency
The work output of a machine can never be greater than the work input. In fact, the work output of a machine is always less than the work input. Why? Some of the work done by the machine is used to overcome the friction created by the use of the machine. But keep in mind that no work is lost. The work output plus the work done to overcome friction is equal to the work input.


The less work a machine has to do to overcome friction, the more efficient the machine is. Mechanical efficiency (muh KAN i kuhl e FISH uhn see) is a comparison of a machine’s work output with the work input.



Calculating Efficiency
A machine’s mechanical efficiency is calculated using the following equation:
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The 100 in this equation means that mechanical efficiency is expressed as a percentage. Mechanical efficiency tells you what percentage of the work input gets converted into work output.

Figure 5 shows a machine that is used to drill holes in metal. Some of the work input is used to overcome the friction between the metal and the drill. This energy cannot be used to do work on the steel block. Instead, it heats up the steel and the machine itself.

	




Figure 5 In this machine, some of the work input is converted into sound and heat energy. 
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Perfect Efficiency?
An ideal machine would be a machine that had 100% mechanical efficiency. An ideal machine’s useful work output would equal the work done on the machine. Ideal machines are impossible to build, because every machine has moving parts. Moving parts always use some of the work input to overcome friction. But new technologies help increase efficiency so that more energy is available to do useful work. The train in Figure 6 is floating on magnets, so there is almost no friction between the train and the tracks. Other machines use lubricants, such as oil or grease, to lower the friction between their moving parts, which makes the machines more efficient.

	




Figure 6 There is very little friction between this magnetic levitation train and its tracks, so it is highly efficient.
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Forms of Energy
What are the different forms of energy? 

Energy has a number of different forms, all of which measure the ability of an object or system to do work on another object or system.  

In other words, there are different ways that an object or a system can possess energy. 

Thermal Energy

Thermal Energy is the total energy of the particles that make up an object.

The higher the temperature of an object, the faster the particles move, so the more kinetic energy an object has the greater the thermal energy.

Consider a hot cup of coffee. The coffee is said to possess "thermal energy", or "heat energy" which is really the collective, microscopic, kinetic and potential energy of the molecules in the coffee (the molecules have kinetic energy because they are moving and vibrating, and they have potential energy due their mutual attraction for one another - much the same way that the book and the Earth have potential energy because they attract each other). Temperature is really a measure of how much thermal energy something has. The higher the temperature, the faster the molecules are moving around and/or vibrating, i.e. the more kinetic and potential energy the molecules have. 


Chemical Energy
Chemical energy is a form of potential energy. Food has chemical energy. Gasoline has many atoms bonded together and has a lot of chemical energy.

Consider the ability of your body to do work. The glucose (blood sugar) in your body is said to have "chemical energy" because the glucose releases energy when chemically reacted (combusted) with oxygen. Your muscles use this energy to generate mechanical force and also heat. Chemical energy is really a form of microscopic potential energy, which exists because of the electric and magnetic forces of attraction exerted between the different parts of each molecule - the same attractive forces involved in thermal vibrations. These parts get rearranged in chemical reactions, releasing or adding to this potential energy.
Electrical Energy

Electrical energy is the energy of moving electrons. Electrical energy is a form of kinetic energy. 

All matter is made up of atoms, and atoms are made up of smaller particles, called protons (which have positive charge), neutrons (which have neutral charge), and electrons (which are negatively charged). Electrons orbit around the center, or nucleus, of atoms, just like the moon orbits the earth. The nucleus is made up of neutrons and protons. 
Some material, particularly metals, have certain electrons that are only loosely attached to their atoms. They can easily be made to move from one atom to another if an electric field is applied to them. When those electrons move among the atoms of matter, a current of electricity is created. 
This is what happens in a piece of wire when an electric field, or voltage, is applied. The electrons pass from atom to atom, pushed by the electric field and by each other (they repel each other because like charges repel), thus creating the electrical current. The measure of how well something conducts electricity is called its conductivity, and the reciprocal of conductivity is called the resistance.  Copper is used for many wires because it has a lower resistance than many other metals and is easy to use and obtain. Most of the wires in your house are made of copper. Some older homes still use aluminum wiring. 
The energy is really transferred by the chain of repulsive interactions between the electrons down the wire - not by the transfer of electrons per se. This is just like the way that water molecules can push on each other and transmit pressure (or force) through a pipe carrying water. At points where a strong resistance is encountered, its harder for the electrons to flow - this creates a "back pressure" in a sense back to the source. This back pressure is what really transmits the energy from whatever is pushing the electrons through the wire. Of course, this applied "pressure" is the "voltage". 
Sound Energy 

Sound energy is caused by an object’s vibrations.

Sound energy is a form of potential and kinetic energy.

 Sound waves are compression waves associated with the potential and kinetic energy of air molecules. When an object moves quickly, for example the head of drum, it compresses the air nearby, giving that air potential energy. That air then expands, transforming the potential energy into kinetic energy (moving air). The moving air then pushes on and compresses other air, and so on down the chain. A nice way to think of sound waves is as "shimmering air".
Light Energy

Light Energy is produced by vibrations of electrically charged particles. The vibrations that transmit light energy don’t cause other particles to vibrate. 

Consider the energy transmitted to the Earth from the Sun by light (or by any source of light). Light, which is also called "electro-magnetic radiation". Why the fancy term? Because light really can be thought of as oscillating, coupled electric and magnetic fields that travel freely through space (without there having to be charged particles of some kind around).   
It turns out that light may also be thought of as little packets of energy called photons (that is, as particles, instead of waves). The word "photon" derives from the word "photo", which means "light".  Photons are created when electrons jump to lower energy levels in atoms, and absorbed when electrons jump to higher levels. Photons are also created when a charged particle, such as an electron or proton, is accelerated, as for example happens in a radio transmitter antenna.  

Radio waves, and the radiant heat you feel at a distance from a campfire, for example, are also forms of electro-magnetic radiation, or light, except that they consist of low energy photons (long wavelength and high frequencies - in the infrared band and lower) that your eyes can't perceive. This was a great discovery of the nineteenth century - that radio waves, x-rays, and gamma-rays, are just forms of light, and that light is electro-magnetic waves  
Nuclear Energy 

Nuclear energy is produced in two ways-when two or more nuclei join together or when the nucleus of an atom splits. The sun’s hydrogen nuclei join to form a larger helium nucleus. Uranium atoms split and release a lot of potential energy. 

The Sun, nuclear reactors, and the interior of the Earth, all  have "nuclear reactions" as the source of their energy, that is, reactions that involve changes in the structure of the nuclei of atoms. In the Sun, hydrogen nuclei fuse (combine) together to make helium nuclei, in a process called fusion, which releases energy. In a nuclear reactor, or in the interior of the Earth, Uranium nuclei (and certain other heavy elements in the Earth's interior) split apart, in a process called fission. If this didn't happen, the Earth's interior would have long gone cold! The energy released by fission and fusion is not just a product of the potential energy released by rearranging the nuclei. In fact, in both cases, fusion or fission, some of the matter making up the nuclei is actually converted into energy. How can this be? The answer is that matter itself is a form of energy! This concept involves one of the most famous formula's in physics, the formula, 

      E=mc2. 

This formula was discovered by Einstein as part of his "Theory of Special Relativity". In simple words, this formula means: 

The energy intrinsically stored in a piece of matter at rest equals its mass times the speed of light squared.  
When we plug numbers in this equation, we find that there is actually an incredibly huge amount of energy stored in even little pieces of matter (the speed of light squared is a very very large number!). For example, it would cost more than a million dollars to buy the energy stored intrinsically stored in a single penny at our current (relatively cheap!) electricity rates. To get some feeling for how much energy is really there, consider that nuclear weapons only release a small fraction of the "intrinsic" energy of their components.  

http://www.onlineconversion.com/energy.htm
Energy Transformation for Downhill Skiing

Downhill skiing is a classic illustration of the relationship between work and energy. The skier begins at an elevated position, thus possessing a large quantity of potential energy (i.e., energy of vertical position). If starting from rest, the mechanical energy of the skier is entirely in the form of potential energy. As the skier begins the descent down the hill, potential energy is lost and kinetic energy (i.e., energy of motion) is gained. As the skier loses height (and thus loses potential energy), she gains speed (and thus gains kinetic energy). Once the skier reaches the bottom of the hill, her height reaches a value of 0 meters, indicating a total depletion of her potential energy. At this point, her speed and kinetic energy have reached a maximum. This energy state is maintained until the skier meets a section of unpacked snow and skids to a stop under the force of friction. The friction force, sometimes known as a dissipative force, does work upon the skier in order to decrease her total mechanical energy. Thus, as the force of friction acts over an increasing distance, the quantity of work increases and the mechanical energy of the skier is gradually dissipated. Ultimately, the skier runs out of energy and comes to a rest position. Work done by an external force (friction) has served to change the total mechanical energy of the skier.
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http://www.physicsclassroom.com/mmedia/energy/se.cfm
Energy Transformation on a Roller Coaster

A roller coaster ride is a thrilling experience which involves a wealth of physics. Part of the physics of a roller coaster is the physics of work and energy. The ride often begins as a chain and motor (or other mechanical device) exerts a force on the train of cars to lift the train to the top of a vary tall hill. Once the cars are lifted to the top of the hill, gravity takes over and the remainder of the ride is an experience in energy transformation.

At the top of the hill, the cars possess a large quantity of potential energy. Potential energy - the energy of vertical position - is dependent upon the mass of the object and the height of the object. The car's large quantity of potential energy is due to the fact that they are elevated to a large height above the ground. As the cars descend the first drop they lose much of this potential energy in accord with their loss of height. The cars subsequently gain kinetic energy. Kinetic energy - the energy of motion - is dependent upon the mass of the object and the speed of the object. The train of coaster cars speeds up as they lose height. Thus, their original potential energy (due to their large height) is transformed into kinetic energy (revealed by their high speeds). As the ride continues, the train of cars are continuously losing and gaining height. Each gain in height corresponds to the loss of speed as kinetic energy (due to speed) is transformed into potential energy (due to height). Each loss in height corresponds to a gain of speed as potential energy (due to height) is transformed into kinetic energy (due to speed). This transformation of mechanical energy from the form of potential to the form of kinetic and vice versa is illustrated in the animation below.
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http://www.physicsclassroom.com/mmedia/energy/ce.cfm
Energy Transformation for a Dart

Consider an ordinary dart projected from a toy dart gun and moving through the air. How could work and energy be utilized to analyze the motion of the dart? Would the total mechanical energy of the dart/gun system be altered when launched or while moving through the air? Or would the total mechanical energy of the dart/gun merely be conserved?

Of course the answers to these questions begin by determining whether or not there are any external forces doing work upon the dart/gun system. If external forces do work upon the dart/gun system, the total mechanical energy of the dart is not conserved; the initial amount of mechanical energy is not the same as the final amount of mechanical energy. On the other hand, if external forces do not do work upon the dart/gun system, then the total mechanical energy is conserved; that is, mechanical energy is merely transformed from one form to another (say from potential to kinetic and/or vice versa) while the total amount of the two forms remains unchanged.

In this case of the dart being launched from the spring gun, the only forces doing work upon the dart are internal forces. Initially, the dart is being acted upon by a spring force in order to be projected from the dart gun. The coils of the springs are initially compressed and upon pulling the trigger, the springs return to their equilibrium position while pushing the dart out of the dart gun. The dart then becomes a projectile (assuming there is negligible air resistance); the only force doing work upon the dart during its flight through the air is gravity. Since both the spring force and the force of gravity are internal forces, the total mechanical energy of the dart is conserved. The animation below depicts the motion of the dart. The animation is accompanied by work-energy bar charts which further illustrate the transformation of energy from one form to another and the conservation of the total amount of mechanical energy.
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http://www.physicsclassroom.com/mmedia/energy/dg.cfm
Energy Transformation for a Pendulum

The motion of a pendulum is a classic example of mechanical energy conservation. A pendulum consists of a mass (known as a bob) attached by a string to a pivot point. As the pendulum moves it sweeps out a circular arc, moving back and forth in a periodic fashion. Neglecting air resistance (which would indeed be small for an aerodynamically shaped bob), there are only two forces acting upon the pendulum bob. One force is gravity. The force of gravity acts in a downward direction and does work upon the pendulum bob. However, gravity is an internal force (or conservative force) and thus does not serve to change the total amount of mechanical energy of the bob. The other force acting upon the bob is the force of tension. Tension is an external force and if it did do work upon the pendulum bob it would indeed serve to change the total mechanical energy of the bob. However, the force of tension does not do work since it always acts in a direction perpendicular to the motion of the bob. At all points in the trajectory of the pendulum bob, the angle between the force of tension and its direction of motion is 90 degrees. Thus, the force of tension does not do work upon the bob.

Since there are no external forces doing work, the total mechanical energy of the pendulum bob is conserved. The conservation of mechanical energy is demonstrated in the animation below. Observe the KE and PE bars of the bar chart; their sum is a constant value.
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http://www.physicsclassroom.com/mmedia/energy/pe.cfm
Stopping Distance of a Hot Wheels Car

Consider the motion of a Hot Wheels car beginning from rest at an elevated position. The Hot Wheels car rolls down a hill and begins its motion across a level surface. Along the level surface, the Hot Wheels car collides with a box and skids to a stop over a given distance. How could work and energy be utilized to analyze the motion of the Hot Wheels car? Would the total mechanical energy of the Hot Wheels car be altered in the process of rolling down the incline or in the process of skidding to a stop? Or would the total mechanical energy of the Hot Wheels car merely be conserved during the entire motion?

Of course the answers to these questions begin by determining whether or not external forces are doing work upon the car. If external forces do work upon the car, the total mechanical energy of the car is not conserved; the initial amount of mechanical energy is not the same as the final amount of mechanical energy. On the other hand, if external forces do not do work upon the car, then the total mechanical energy is conserved; that is, mechanical energy is merely transformed from the form of potential energy to the form of kinetic energy while the total amount of the two forms remains unchanged.

While the Hot Wheels car moves along the incline, external forces do not do work upon it. This assumes that dissipative forces such as air resistance have a negligible affect on the car's motion. This is a reasonable assumption for the low speeds of the car and its streamline characteristics. Since external forces do not do work on the car, the total mechanical energy of the car is conserved while moving along the incline. As the work-energy bar charts in the animation below depict, energy is transformed from potential energy (the stored energy of position) to kinetic energy (the energy of motion). The car gains speed as it loses height. The bar chart also depicts the fact that the total amount of mechanical energy is always the same; when the two forms are added together, the sum is unchanging.

When the Hot Wheels car collides with the box and skids to a stop, external forces do a significant amount of work upon the car. The force of friction acts in the direction opposite the car's motion and thus does negative work upon the car. This negative works contributes to a loss in mechanical energy of the car. In fact, if 0.40 Joules of mechanical energy are lost, then -0.40 Joules of work are done upon the car. As this work is done, the mechanical energy of the car (in the form of kinetic energy) is transformed into non-mechanical forms of energy such as sound and heat.

Analyze the animation and use the principles of work and energy to answer the given questions.
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http://www.physicsclassroom.com/mmedia/energy/hw.cfm
Energy Conservation
The principle of conservation of energy states that energy cannot be created or destroyed, although it can be changed from one form to another. Thus in any isolated or closed system, the sum of all forms of energy remains constant. The energy of the system may be interconverted among many different forms—mechanical, electrical, magnetic, thermal, chemical, nuclear, and so on—and as time progresses, it tends to become less and less available; but within the limits of small experimental uncertainty, no change in total amount of energy has been observed in any situation in which it has been possible to ensure that energy has not entered or left the system in the form of work or heat. For a system that is both gaining and losing energy in the form of work and heat, as is true of any machine in operation, the energy principle asserts that the net gain of energy is equal to the total change of the system's internal energy.

There are many ways in which the principle of conservation of energy may be stated, depending on the intended application. Of particular interest is the special form of the principle known as the principle of conservation of mechanical energy which states that the mechanical energy of any system of bodies connected together in any way is conserved, provided that the system is free of all frictional forces, including internal friction that could arise during collisions of the bodies of the system.

J. P. Joule and others demonstrated the equivalence of heat and work by showing experimentally that for every definite amount of work done against friction there always appears a definite quantity of heat. The experiments usually were so arranged that the heat generated was absorbed by a given quantity of water, and it was observed that a given expenditure of mechanical energy always produced the same rise of temperature in the water. The resulting numerical relation between quantities of mechanical energy and heat is called the Joule equivalent, or is also known as mechanical equivalent of heat.

Energy Resources
http://www.darvill.clara.net/altenerg/
Renewable vs Non-Renewable Energy
	Sun, wind, water and geothermal energy have been around since the Earth was formed and are renewable (self-sustaining) energy sources. However they can be difficult and often expensive to harness and large amounts are needed to produce only small amounts of electrical or fuel energy.

Oil, natural gas and coal are efficient energy sources because with small amounts we can produce relatively large amounts of electrical or fuel energy. However they are non-renewable energy sources, which once used up, can't be replaced. Pollution is also created when oil and coal are used for energy.
Energy

Forms of energy

Electromagnetic wave energy

The energy we get from the Sun travels through space as electromagnetic waves. These waves include light, ultraviolet (UV) light and infrared. Other examples of electromagnetic wave energy include radio waves, which carry radio, television and mobile telephone messages, X-rays and gamma rays. Electromagnetic waves carry energy in the form of electric and magnetic fields.

We can see light with our eyes and we can feel the infrared energy by the warmth it produces. The UV light energy causes sunburn and skin cancer.

Sometimes the electromagnetic wave energy from the Sun is referred to as solar energy. Solar energy is just a mixture of several types of electromagnetic energy, namely light, UV and infrared.

Heat energy

When solar energy is absorbed by your skin or by any other material, the surface layer of that material gets warmer. The electromagnetic wave energy is absorbed by the material it hits, and is converted into heat energy.
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Some appliances produce heat energy that we do not want. Most television sets get warm because they produce some unwanted heat energy. When we do a lot of physical activity our body tends to produce more heat than we want and we start to perspire to help us cool.

Heat energy is caused by the vibration of the atoms and molecules in a material. The hotter a material becomes the greater the vibrations of the atoms and molecules. When electromagnetic wave energy is absorbed by a material it makes the atoms in that material vibrate more strongly, thus making it warmer.

Chemical energy

The energy that is stored in the food we eat is stored as chemical energy. For example, sugar and fat both have a lot of chemical energy stored in them. You can look up how much chemical energy is stored in many foods by reading the labels on the packets. The amount of energy is measured in kilojoules (kJ).

Many other chemicals contain lots of energy. The head of a match contains chemical energy. When it is struck the match head burns brightly giving out heat and light energy.

Explosives contain large amounts of chemical energy, which can be released very quickly and cause great destruction if detonated.

Fuels such as coal, oil and petrol contain chemical energy that we can use to generate electricity or to run machines and vehicles.

Sound energy

When you turn on a CD player you can dance to the music. The music travels as sound energy through the air from the speaker to your ears.

Sound energy is produced by vibrating objects. If you gently touch the loud speaker, you can feel it vibrating with the music.

The vibrating speaker causes the air to vibrate and these vibrations travel through the air as sound waves. When the sound waves reach your ear they cause your ears to vibrate and your brain interprets these vibrations as music.

Hitting a nail with a hammer or using a blender also produces sound waves, which travel through the air to your ear.

Sound waves also travel through liquids such as water and through solids such as wood or metal. However, sound waves cannot travel through space because there is no matter in space to vibrate.

Electrical energy

A torch battery has chemical energy stored in it. When the battery is connected in a circuit, this chemical energy is changed into electrical energy, which is then carried by the electricity from the battery to a light globe where it can be changed into light.

Electrical energy can also be produced by a generator, which is a machine which is used in power stations.

Electrical energy can be used to drive an electric motor or make a hair dryer work.

Electrical energy is carried by the electrons through a circuit.

Mechanical energy

There are two types of mechanical energy: stored energy (potential energy) and motion energy (kinetic energy).


Stored energy (potential energy) 

When you stretch a rubber band you are storing energy in the rubber. You can feel this stored energy when you let it go. It can sting your fingers or it can zoom across the room.

You can store energy in lots of other stretchy and squeezy materials, such as elastic, springs and stretch fabrics.

When you jump on a trampoline, as you go down some of your energy is stored in the stretched springs around the edge of the mat. This energy is then used to help lift you high into the air on the rebound.

Many old-fashioned clocks had a large metal spring inside them. When you wind the clock you store energy in the spring. This energy is then used to keep the clock going for days.

Another example of stored energy is when an object has been lifted. For example, when a brick is lifted above the ground it has stored energy in it. If it is let go, it will fall and do damage when it hits the ground.

A high diver has lots of stored energy when they are on the diving platform. When they dive this stored energy helps make the splash when they hit the water.

Stored energy is also called potential energy.


Motion energy (kinetic energy) 

When a ball is bowled in a bowling alley it moves down the lane until it hits the pins at the other end. With a bit of skill it will knock over many pins. The bowling ball had lots of motion energy which it used to knock the pins over.

Any moving object has motion energy. A moving cricket ball has the energy to knock over the stumps. The motion energy in a moving car can do great damage if it hits another car.

The wind has a lot of motion energy, and this can be used to turn windmills or wind generators.

Motion energy is also called kinetic energy.

Energy transformations

The main forms of energy are:

· electromagnetic waves (eg light, infrared, ultraviolet and solar) 

· heat 

· sound 

· electrical 

· mechanical 

· stored or potential and motion or kinetic energy. 

Any of the above forms of energy can be changed into other forms of energy. However, no energy is ever lost, nor can it be created from nothing. This can be stated as a law so that it can be applied to new situations as they are encountered: Energy is never created or lost, it can only be converted from one form of energy to other forms of energy.

When a matchstick is lit, the chemical energy in the match changes into heat energy and light energy.

This can be represented by an energy flow diagram.
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A diver on a high diving platform has stored (potential) energy. When they dive this stored energy is converted to motion energy as they accelerate downwards. When they hit the water this motion energy is transformed into the sound energy of the splash and the motion energy of the water.
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A CD player uses the electrical energy in a battery to produce sound energy. This can be represented by an energy flow diagram.
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A small amount of heat energy may also be produced, but this is usually unwanted, wasted energy.

An appliance is more efficient if less energy is changed into the unwanted forms of energy.

What is energy?

Your body gets energy from the food that you eat. This energy gives you the ability to do lots of work. You need energy to cut the lawn or dig a hole. Athletes who compete in marathons need to get lots of energy from their food to help them through the event.

Machines also need energy for them to do work. A car would not go if it could not get energy from its fuel. A blender needs to get energy from the electricity it uses in order to work in the kitchen.

Energy is the capacity to do work.

If a living thing has lots of energy, it can do lots of work. When it does the work it transforms energy from one form to another.

If a machine has lots of energy in its fuel, it can do lots of work. When it does the work it transforms the energy into other forms.

The sources of energy

There are many natural substances that contain lots of energy. Most of these are called fuels or foods.

Coal, oil and natural gas all contain chemicals that can supply lots of energy.

Many foods contain chemicals that can supply lots of energy. Fatty foods contain large amounts of energy. Sugary food (called carbohydrates) also contain lots of energy.

The energy in the fuels and foods originally came from the Sun. The Sun is producing huge amounts of energy all the time. Some of this energy comes to the Earth in the form of heat energy and light energy.

The plants use some of the light energy from the Sun to make their own food in the process called photosynthesis. This energy is stored in the plants. When we eat the plants we consume this energy.

Animals also get their energy by eating the plants. Some animals get their energy by eating the animals that ate the plants.

Oil and coal come from the decayed and buried remains of ancient plants and animals. So the energy in oil and coal originally came from the Sun.
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