	
	Thermal Energy and Heat


Temperature, Thermal Energy, and Heat
In everyday discussions the terms temperature, thermal energy, and heat are used to describe the same idea. Scientifically, the three terms are very different. 

 

	The Kinetic Molecular Theory of Matter 
1. All matter is composed of particles (atoms, molecules).

2. There is a great deal of empty space in matter.

3. The particles of matter are in motion.

4. These particles can have different amounts of Kinetic Energy.

5. There are forces of attraction between these particles.



Thermal Energy is the sum of an object's kinetic Energy (due to particle motion) and potential Energy (due to the forces between particles). The amount of thermal energy depends on the object's mass, the type of material, its state and its temperature.

Thermal Energy = Kinetic Energy + Potential Energy
Temperature is the average kinetic Energy of an object's particles. The more motion the higher the temperature.

Consider the difference between thermal energy and temperature.

10.0 L of water at 50°C and 0.1 L of water at 50°C may be at the same temperature but there is much more thermal energy in 10.0 L of water since there are more particles. 

A kettle of boiling water (100°C) is at a higher temperature than the water in a swimming pool but the swimming has a greater amount of thermal energy since it has more water particles.

When a warm object comes into contact with a cooler object energy is transferred from the warmer object to the cooler object. This transfer is called heat.
Heat Transfer
Heat transfer occurs in three different ways: by convection, by conduction, and by radiation.
Convection
Why are furnaces placed in basements? Why are heating vents and baseboard heaters on the floor? "Hot air (gases, liquids) rises." Why?

As a fluid is heated, its temperature rises and its particles move faster and farther apart. The density of this heated fluid decreases and is lower than the density of the surrounding cooler fluid. This warmer fluid rises upward and cools as it moves from the heat source. The rising warmer fluid is replaced with cooler fluid that is turn heated and the whole process repeats. The heat transfer occurs by the bulk movement of the fluid itself, this is called convection.
	


Particles move faster and farther apart. 
The air's density deceases.

Hot air rises  The air cools and falls
Conduction
Recall that particles at a higher temperature have more kinetic energy than those at lower temperature. This energy can transfer in solids from particle to particle, without the particles having to move from their location. The particles at a higher temperature vibrate more vigorously and collide with nearby particles at a lower temperature. Energy is transferred through these collisions. This process continues through the rest of the solid. The particle to particle heat transfer without the travelling of the material itself is called conduction. Conduction occurs much better in metals than nonmetals since they have freely moving electrons.

Radiation
Radiation is the method of heat transfer by electromagnetic waves (light waves, ultraviolet waves, and especially infrared waves....). This is the only method of heat transfer that does not require the presence of matter (particles). This is the method of heat transfer from the sun to the earth through space. This is the heat transfer you feel on your face from a bonfire at a distance.

 
Quantitative Heat Transfer
When heat transfer occurs to an object its temperature can increase. The amount of temperature increase depends on the mass of the object and the type of material the object is composed of. Massive objects are composed of more particles and therefore require more heat transfer to increase the kinetic energy of many particles. The same quantity of different materials require different amounts of heat transfer to raise their temperature by the same amount. This property of a material is quantified by a value called,  specific heat capacity (c). It requires 9.2 x 102 J of energy to raise 1.0 kg of aluminum by 1.0°C as compared to the 1.3 x 102 J of energy required to raise 1.0 kg of lead by 1.0°C. Therefore caluminum= 9.2 x 102 J/(kg°C) is the specific heat capacity of aluminum and clead= 1.3 x 102 J/(kg°C) is the specific heat capacity of lead. When heat transfer occurs from an object its temperature decreases.

The amount of heat transfer from/to an object (Q) is proportional to an objects mass (m), its specific heat capacity (c), and the  temperature change (Δt). Temperature can increase or decrease depending on the direction of heat transfer. A straight forward equation that shows the relationship between these quantities is:
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Example 1
What is the temperature change of 5.0 kg water when 3.7 x 105 J of heat transfer occurs from the sample of water?
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Heat Exchange
When heat transfer occurs thermal energy is transferred from a warmer object to a cooler object. All heat transfers follow the Principle of Heat Exchange.

	 Principle of Heat Transfer 
During heat transfer the amount of thermal energy lost by a warmer object is the amount of thermal energy gained by a cooler object. 


This principle is expressed in the equation:
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	QLOST - heat transfer from the hot object 
QGAINED - heat transfer to the cold object
mHOT -mass of the hot object
mCOLD - mass of the cold object
cHOT - specific heat capacity of the hot object
cCOLD - specific heat capacity of the cold object
ΔtHOT -temperature change of the hot object
ΔtCOLD -temperature change of the cold object
tFINAL - temperature of the object after heat transfer
tINITIAL - temperature of the object before heat transfer


Example 
A mixture of alcohol and water is created when 0.3 kg of alcohol at 50°C is mixed with 0.2 kg of water at 80°C. Calculate the final temperature of the mixture.

	QLOST
	 = –QGAINED

	mHOTCHOTΔtHOT
	 = –mCOLDCCOLDΔtCOLD

	(0.2 kg)(4200 J/kg°C)(tFINAL - 80°C)
	 = –(0.3 kg)(2500 J/kg°C)(tFINAL – 50°C)

	(840 J/°C)tFINAL–  67200 J
	 = (–750 J°C)tFINAL + 37500 J

	(1590 J/oC)tFINAL
	 = 104 700 J

	tFINAL 
	 = (104 700 J)/(1590 J/°C)

	 
	 = 66°C


