Energy

Content Domain III – Energy

*Describe different types of energy

*Relate transformations and flow of energy within a

System
Energy is the ability to do work. When work is done on a system, the potential energy can be increased. Because of the relationship between work and energy, both are measure in joules (J). For example, a barbell lifted high above a weightlifter's head possesses mechanical energy due to its vertical position above the ground (gravitational potential energy). Work is done to lift the barbell (W = F x d). 
Kinetic energy is the energy in moving objects. Kinetic energy is the energy contained by moving objects due to their motion. Even objects at rest have energy because of their position. 

Potential energy, also known as stored energy, is the energy of position. When a boulder sits on top of a cliff, it has gravitational potential energy as a result of its height above the ground. 

When the boulder tumbles off the cliff, its gravitational potential energy is converted to kinetic energy. When a ball is thrown up into the air, the kinetic energy of the ball is converted into gravitational potential energy as the ball approaches its highest point. As the ball falls back to the ground, the potential energy it gained during its upward flight turns back into kinetic energy. Kinetic and potential energy are types of mechanical energy.

The equations for each are as follows:

KE = ½ mv2


PE = mgh or wh
Note: KE may be represented by Ek and PE may be represented by Ep

Like matter, energy cannot be created nor destroyed; it can only be changed from one form of energy to another. This is the law of conservation of energy.

TYPES OF ENERGY

Electrical energy is used in our homes to produce stereo sound through speakers,

light from a fluorescent lamp, and thermal energy for cooking and heating. Thermonuclear energy, which is stored in the nucleus of atoms, is harnessed to produce electrical energy in modern power plants. Chemical energy is stored in the bonds that hold atoms together in molecules. When fuels or foods are broken down, chemical energy is converted to heat energy or to kinetic energy. 
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Different substances have varying capacities for storing energy within their molecules. Heat energy can cause molecules to move about faster, increasing their random kinetic energy. An increase in this energy raises the temperature of the substance. Heat energy

can also increase the vibrational or rotational energy of molecules, but this does not result in a temperature increase. Each substance has a unique specific heat capacity. Values for some common substances are shown in the table. 
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The specific heat capacity is generally defined as the amount of heat energy required to raise the temperature of 1 kilogram of a substance by 1°C. It is a measure of how much

heat energy a particular substance can hold. The units most commonly used are joules per kilogram per degree Celsius. 
Calculating the heat energy being absorbed or released in a system may be accomplished by using the following formula:


Q = mcΔT
Heat gained or lost = Mass x Specific Heat x Change in Temperature 
Mass (m) is the mass of the matter being measured.  Change in temperature (ΔT) is the increase or decrease in the temperature of the matter measured in Celsius and Specific Heat (c) is the specific heat value of the substance.  Specific heat is defined as the amount of heat energy required to raise 1 g of a substance by 1° Celsius.  This value is different for various types of matter.  The specific heat of a substance must be looked up in a table.  

A phase diagram shows how a pure substance changes from one phase to another based on the temperature, T, and the pressure, P. The phase (P-T) diagram for water, below, 
shows how water changes phases. At point O on the diagram, T = 0.01ºC and

P = 4.58 mm of mercury. At this point, all three phases of water exist in equilibrium.

Above point O, pathway AD has been marked on the diagram. What happens to

water as we trace along that pathway? 
At point A, water exists as a solid. As the temperature increases at constant pressure, we reach point B on the diagram. At that point, solid ice melts and the temperature remains constant until all ice has melted. From point B to point C, water exists as a liquid and the temperature increases. At point C, water boils turning into a vapor (or gas). The temperature remains constant again during this phase change. After vaporization is complete, the temperature of the resulting vapor increases until we reach point D. There are no other phase changes after this point. Notice if another pathway is marked out at a constant pressure less than 4.58 mm of mercury (below point O), water will experience only one phase change, solid to vapor.
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Another type of phase change diagram is used to show the amount of heat required to change substances from solid, to liquid, to gas.
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 We obtain energy from a variety of sources. The most common source of energy used

today is coal. The chemical energy contained in coal is converted to electrical energy

through the following series of energy transformations. If fuel burns, chemical energy is converted into thermal energy
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Petroleum and natural gas represent other fuels, which, along with coal, are known

collectively as fossil fuels. The box shows some other sources of energy.
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You can add thermal energy to an object by doing work on the object. If you rub an object, the force of sliding friction does work, and changes ordered kinetic energy into thermal energy. The movement of thermal energy from hot to cold materials is called heat transfer. There are three basic types of heat transfer: conduction, convection, and radiation.
The movement of thermal energy from warmer to cooler materials is called heat transfer. Three types of heat transfer: conduction, convection, and radiation. 
Conduction is the transfer of heat energy between materials that are in direct contact.

Convection is the transfer of heat energy in fluids by the movement of the heated

particles. Fluids are materials that can flow. Liquids and gases are fluids.

Radiation is the transfer of heat energy through electromagnetic waves, which travel

through matter or through empty space. [image: image7.png]<
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Heat transfer through empty space is unique to radiation. Both conduction and convection require matter to transfer heat energy. Since the space between the Sun and Earth is mostly empty, the heat energy from the Sun is transferred to Earth by radiation.
Temperature and molecular motion:
When we talk about the temperature of some object, we refer to that object's "hotness" or "coldness". Three scales are in common use: the Celsius scale, the Fahrenheit scale, the Kelvin scale. In order to understand the nature of heat and temperature, it is necessary to appreciate the fact that matter consists of moving particles (atoms or molecules) which can interact more or less strongly with one another. This forms the basis of the kinetic theory. The motion of the particles is increased by raising the temperature. Conversely, the motion of the particles is reduced by lowering the temperature, until, at the absolute zero (0 K), the motion of the particles ceases altogether.
Temperature conversions

	Convert Celsius to Kelvin
	K = ºC + 273

	Convert Kelvin to Celsius
	ºC = K - 273

	Problem: 30 ºC = ____ K
	Ans: 303K


Because the particles are in motion, they will have kinetic energy. The particles will not all have the same energy, and the energy of the particles is constantly changing as they undergo changes in speed. Thus, for a given sample of matter, we can only talk about the average kinetic energy of the particles. Temperature is a measure of the average kinetic energy of the particles.

When you bring two objects of different temperature together, energy will always be transferred from the hotter to the cooler object. The objects will exchange thermal energy, until thermal equilibrium is reached, i.e. until their temperatures are equal. We say that heat flows from the hotter to the cooler object. Heat is energy on the move.

Heat will always flow from a hotter to a cooler object, without an external agent doing work. A difference in temperature always results in heat flow. (The hotter object always does positive work on the cooler object, and the cooler object does negative work on the hotter one. Two objects of different temperature always interact.)
We can look at three different phases of matter. The states (phases) are due to the energy in the molecule.

In a solid, a metal for example, the particles are atoms, arranged in an orderly array. The atoms are relatively close to one another, and the motion of each atom is restricted by its interaction with other atoms.

In a liquid, the atoms or molecules, are further apart than in a solid, and are not arranged in any special order. A liquid has more energy than a solid. There is less interaction between the molecules, and they are free to move in any direction, but as interactions between the molecules are still present, most molecules are confined to the volume occupied by the liquid sample.

In a gas, the atoms or molecules are further apart and have little interaction with one another. A gas has more energy than a solid and a liquid. The motion of these particles is confined by the walls of the containing vessels.
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