PHYSICS 100   TEMPERATURE and  HEAT

Heat was thought of as an invisible fluid that flowed from a hot object to a cold object.  This fluid was called caloric.  Temperature represented the hotness of an object.  Heat always flows from the high temperature object to the low temperature object.  Thermometers measured the hotness of a substance by noting that the gas pressure in a constant volume device increased upon heating and that most solids and liquids expanded when heated. 
It was observed that the volume of a gas increased linearly with increasing temperature for a constant pressure process. The pressure of a gas increased linearly with increasing temperature for a constant volume process.   Extrapolating the pressure as a function of temperature graph to zero pressure, showed that at zero pressure, all the common gases had the same temperature of -273.15 Celsius.   Boyle’s law states that for a constant temperature process, the product of pressure and volume was constant for a gas.  It was observed that the product of pressure and volume would increase linearly with the number of gas molecules when the temperature of the gas was held constant.   The aforementioned observations led to the ideal gas law expressed below.
(1)
PV = NKT   where N is the number of molecules and K is the Boltzmann constant.

The kinetic theory of gases explained the ideal gas law and interpreted the common temperature all gasses would have at zero pressure.  The theory states that heat is a form of random internal molecular kinetic energy and temperature is the concentration of heat per molecule.  Thus, temperature is proportional to the average molecular kinetic energy.  Heat or thermal energy naturally diffuses from higher concentration of energy per molecule to lower concentration of energy per molecule. (From high temperature to low temperature) 
Specific heat capacity is defined as the amount of heat required to raise one unit of mass by one degree of temperature.  It takes one calorie of thermal energy to raise the temperature of one gram of water by one Celsius degree.  The amount of heat flow required to change the temperature of a substance is given by:

(2)       Q = mC
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The mass is m, C is the specific heat, and 
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T is the temperature change
  
Latent heat is the amount of heat required to change the phase of a unit of mass at the equilibrium temperature between two phases of matter.  
(3)
Q = mL
where L is the latent heat constant
(no temperature change)

As a solid is heated, the vibrational kinetic energy of the molecules increases. The molecules eventually reach the maximum kinetic energy and temperature that the intermolecular bonds can sustain before they start to break apart.  At that point, all the heat that flows into the material does not raise the average kinetic energy or temperature of the system.  The heat that flows in will increase the potential energy of the system by forming new and weaker liquid bonds.
The internal energy of a system is a combination of the heat energy and the internal potential energies of a system.  The first law of thermodynamics states that the heat that flows into a system minus the work done by the system on the outside world is equal to the change in the internal energy of the system.  This law is an expression of the conservation of energy.
(4)
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For a constant pressure process, the work done by a gas is equal to the product of the pressure times the change in volume.

(5)      w = P
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There are three methods of heat transfer.  Conduction is the transfer of heat by direct contact between two surfaces at different temperatures.  The rate of heat flow is proportional to the area of contact and the temperature difference.  It is inversely proportional to the thickness of the layers separating the two surfaces.  When you grab a hot plate, you hold the plate with a small pressure at your finger tips to minimize the contact area.  You might use a towel to increase the contact thickness between your cold hand and the hot plate.

(6)
Q/t = kA
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The time is t, k is the thermal conductivity, A is the area and x is the thickness.

Convection is the transfer of heat by a circulating fluid at one temperature making contact with an object at another temperature.   Radiation is the transfer of heat by electromagnetic waves (visible and invisible light).  
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