CH107 The Laws of Thermodynamics

"Once or twice I have been provoked and have asked the company how many of them could describe the Second Law of Thermodynamics.  The response was cold: it was also negative.  Yet I was asking something which is about the scientific equivalent of: Have you read a work of Shakespeare ....
What do you know of the Second Law of Thermodynamics?  It is, in fact, a good question.  Many  physical scientist would agree that it is perhaps the most pointed question.  This law is one of the greatest depth and generality: it has its own somber beauty: like all the major scientific laws, it invokes reverence.  There is, of course, no value in a non-scientist just knowing it by the rubric in an encyclopedia.  It needs understanding, which can't be attained unless one has learnt some of the language of physics.  That understanding ought to be part of a common twentieth-century culture." C.P. Snow 

First Law - Conservation of Energy Principle 1800 -1850

Motion: 
"A perpetual motion machine (first kind) operating in a cycle is impossible"

Process:
"A cyclic process can not produce work without the input of energy" 

Coordinate:
"The total energy of the universe is conserved" Helmholtz

Common Sense:
"You never get something for nothing."

Mathematical:
dU = dq + dw  or  Uuniverse = 0

Second Law - Spontaneity Principle 1850-1900

Motion: 
"A perpetual motion machine (second kind) operating in a cycle is impossible"

Process:
"No process is possible whose sole result is the transfer of an equal amount of heat from a cold body to a hot body" Clausius 1856


"No process is possible whose sole result is the transfer of an equal amount of heat into work." Kelvin-Planck 1902

Coordinate:
The entropy of the universe always increases.

Common sense:
"You never get what you pay for."
"Every engine has an exhaust, every refrigerator has a plug."

Mathematical:
dS > dq/T  or  Suniverse > 0

Third Law - Zero principle of entropy and temperature 1900-1920

Process:
"No finite series of processes can lead to a temperature of 0 K." Nernst 1906

Coordinate:
"The entropy of any pure, perfect crystal is equal to zero at a temperature of 
0 K" Planck-Lewis 1923

Common sense:
"You only beak even at 0 K but you can't get there"

Mathematical:
Limit  T ( 0 ST = 0 5   or  Limit  T ( 0 ST = 0 6
Zeroth Law - Temperature Principle

Process:
Two systems in thermal equilibrium with a third, are in thermal equilibrium with each other.

Coordinate:
Two systems in thermal equilibrium have the same temperature.

Common sense:
A thermometer is at the same temperature that it measures.

Mathematical:
If Ta = Tb and Tb = Tc then Ta = Tc
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