Thermodynamics
Thermodynamics: Thermodynamics is the study of the processes in which energy is transferred as heat or work and is based upon the Kinetic-Molecular Theory.  A theory that matter is made of tiny particles that are always in motion.  When these particles increase in motion or increase in kinetic energy (KE) the object becomes hotter and if the motion is decreased than the object becomes cooler.  Temperature measures the average motion or KE of those particles, while thermal energy (internal energy) measures the total or sum of the potential energy (PE) and KE of all the particles within the substance.  Often, the terms temperature and thermal energy become confused with the term “heat”.  Heat in thermodynamics is a measurement of the amount of kinetic energy that flows from one object to another due to temperature differences.  This transfer of heat will continue until both objects reach the same temperature known as thermal equilibrium.


Laws of Thermodynamics:
1) First Law of Thermodynamics: The first law is really a restatement of the Law of Conservation of Energy meaning that the amount of energy at the beginning will equal the amount of energy at the end (energy is neither created nor destroyed it only changes form).  Often, heat can be transformed into work.  An example is a car engine (heat engine): original heat produced by igniting the gas = amount of work done by the cylinder + amount of waste heat expelled or ΔU = Q + W, where ΔU is change in internal energy, Q is heat transferred to the system, and W is work done on the system.

2) Second Law of Thermodynamics:  Heat will never of itself flow from a cold to hot object. The reason heat flows spontaneously from hot to cold and not the reverse is because it follows that principle of entropy. Entropy measures the amount of disorder (messiness) in a system.  Natural systems tend to proceed toward a state of greater disorder.  As KE increases, so does the disorder of the particles within the substance unless forced by an outside source to be orderly.

3) Third or Zeroth Law of Thermodynamics:  Simply stated that no system can reach absolute zero. Absolute zero is the temperature at which all KE ceases (0 K,-459˚F, or-273˚C).  Investigators have discovered it difficult to attain because in order to transfer the heat out of an object there must be a temperature difference. So, a second object must be colder than absolute zero to draw heat or KE away from the first object making it unlikely to attain.
4) Zeroth Law of Thermodynamics: If two systems are at the same time in thermal equilibrium with a third system, they must then also be in thermal equilibrium with each other.
Measuring Thermodynamics:

1)Heat: As stated earlier, measures the amount of KE transferred from a hot object to a colder object until reaching thermal equilibrium and is calculated using the formula below:

       Q = mC∆T, where Q is heat, m is mass, C is specific heat, and ΔT is change in temperature
2) Specific Heat:  Specific heat measures the capacity of a substance to store heat based on its chemical composition and is calculated using the formula below:
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 , where C is specific heat, Q is heat, m is mass, and ΔT is change in temperature

3) Latent Heat:  Latent heat measures the amount of heat per unit mass required to change the phase of a substance and is calculated in the formula below:
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, where L is latent heat, Q is heat, and m is mass (or Q = mL)
© 2011 Board of Regents University of Nebraska

