Thermodynamics

Energy transformations

Any form of energy is transformable into any other form.  This includes heat energy.  
However, it is much easier to convert useful mechanical energy into heat energy than it is to convert heat energy into useful mechanical energy.

Heat energy is based on random movement of molecules, so it is a disorganized form of energy.  

It is much easier to produce disorganized motion than organized motion, and it is much more difficult to get the full potential out of heat energy, since efficiency would require that the particles move in the same direction.

Thermodynamics

The science of heat transformations is called thermodynamics.

Thermodynamics has 2 fundamental laws.

1st law:  Energy cannot by created or destroyed, but it can be converted from one form to another.

2nd law: It is impossible to take heat from a source and change all of it to mechanical energy or work; some heat must be wasted.  

The second law says we can’t organize the movement of molecules to accomplish complete efficiency.

The efficiency of heat energy conversion actually depends on the difference in temperature between the source of heat and the reservoir into which the heat must flow while accomplishing work.

The bigger the difference in temperature, the more heat energy has been converted into work and the greater the efficiency. 
In any case, some heat energy will always be left over in any transformation, because of the random nature of the molecular movement that constitutes heat.

This left over energy is dissipated into the environment, where it is unavailable for use.

Thus, highly concentrated energy sources such as coal or gasoline are used to accomplish work, but the left over energy is degraded, not concentrated, and not able to accomplish further work.

As time goes on, for example, the stars will grow cooler and the rest of the universe will grow warmer as the star’s energy spreads out and becomes less concentrated and less usable.

Concentrated energy becomes dissipated.

Order becomes disorder.

Scientists define disorderliness using the term entropy.

Because of the random motion of molecules, matter tends to become more disorderly and entropy increases.

Another statement of the 2nd law of thermodynamics says

The entropy of a system isolated from the rest of the universe cannot decrease.

If we watch a film showing a block of ice falling, we might see the ice hit the ground and melt upon impact.  

The PE of the block would be converted into the KE of falling and then converted into the random motion of molecules when the block hits the ground, thus increasing the temperature and converting the solid into a liquid.  

All of the original PE could be accounted for according to the 1st law of thermodynamics and the entropy of the system did not decrease.  In fact the entropy increased, as it usually does.

If we run the film backwards, we see the molecules of liquid water collecting themselves into a solid block of ice, which then rises off the ground, reaching the height we originally saw the block fall from.

All of the original energy of random motion in the liquid water could be accounted for according to the 1st law of thermodynamics, but in this case entropy would decrease. 

We would immediately recognize that the film is being shown in reverse, because we know that the 2nd law of thermodynamics cannot be violated by an isolated system.  In fact, change in entropy acts as an arrow of time.

If human beings enter the system and gather up the water and squeeze it into a block of ice and project the ice into the air, we know the 2nd law is not being violated.

The increase in entropy brought about by the energy used in accomplishing the reorganization of the water far outweighs the decrease in entropy brought about by the reorganization itself.

Likewise, the organization of carbon compounds into the form of matter known as life appears to be a creation of more orderly matter from less orderly matter.

But life does not violate the 2nd law.

A constant flow of energy from the Sun into the Earth is necessary for the organization of living matter.  

The Earth absorbs only a tiny fraction of the Sun’s energy as it dissipates.

Thus, life represents a localized and temporary decrease in entropy, as the entropy of the universe steadily increases.

Ultimately the energy of all the stars will be dissipated, and there will be no difference in temperature anywhere in the universe.  Then there will be no heat flow, and no work can be accomplished. 

This state of affairs is called the heat death of the universe. 
