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Simple thermodynamics system   
 

 
 
 
Distinguishing WORK from HEAT 
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WORK:  
Work done by forces on a system is one way of 
transferring energy from external agents to a system. 

 
We are already familiar with this aspect. Indeed, the work/kinetic-
energy theorem, studied in the previous chapters, establishes that  
K = Wby all the forces. That is, work modifies the kinetic energy of a 
system. 
 
Caution:  
Just because an external agent has exerted some amount of work 
on a system, one can not say “a system has a given amount of 
work.”  
There is no mathematical work function associated with a system 
in mechanical equilibrium by virtue of its position in space or 
speed of its components.  
There is however a kinetic energy value associated to a system in 
equilibrium ( K= ½ mv2,  or K= ½ I2 .) There is also a potential 
energy associated to a system in equilibrium. 
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HEAT TRANSFER:  
Heat transfer is conceptualized as that energy that is 
transferred between two systems simply because they 
are at different temperatures. 
 

The process of heat transfer continues until both systems 
have the same temperature. 
Heat transfer is essentially a microscopic atom-to-atom 
transfer of energy. 
 
THERMAL EQUILIBRIUM 
     Two systems are said to be in thermal contact if they are able to 
interchange heat transfer. 
     If the heat transfer between two system in thermal contact is 
zero, the systems are said to be in thermal equilibrium; that is, they 
are at the same temperature. 
Thermal equilibrium is analogous to static equilibrium in 
mechanics.   
 
Caution:  
Just because a system has received a given amount of heat-transfer 
one can not say “a system has a given amount of heat.”  
There is no mathematical heat function associated with a system in 
thermal equilibrium by virtue of its position in space or speed of its 
components.  
 

The Zeroth Law of Thermodynamics 
If systems A and B each are in equilibrium with a third 
system C, then A and B are in thermal equilibrium with 
each other. 
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HOW DO WE MEASURE TEMPERATURE? 
The concept of temperature, as well as the definition of an 

appropriate scale for its measurement, is concepts a bit involved.  
An ultimate good understanding is obtained from a microscopic 

level perspective, within the framework of statistical mechanics. 
We will not undertake this approach in this course. Rather, we will 
take a macroscopic approach. 

At this introductory level, we start by comparing temperatures 
between the bodies under analysis. From our daily experience, we, 
somewhat loosely, associate temperature to the reading of a 
common thermometer. But, what exactly is a thermometer? What 
does the reading of a thermometer means? Does it really measure 
temperature, or it is just an indirect measurement of temperature? 
 
Thermometers 
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So, the length L of the mercury line becomes our indicator of the temperature  T= T(L)
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   Constant-volume  gas thermometer
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The higher the temperature, the higher the pressure of the gas, the higher the height of the column
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So, the pressure P of the gas becomes our indicator of the temperature  T = T(P)
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The same procedure can be use to calibrate other thermometers.
    
The phase transformation states (where the temperature of the system is stable, hence used to calibrate the thermometers) are called "fixed points"
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 No necessarily
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 The readings may differ
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The constant-volume gas thermometer appears to fulfill these requirements. 
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T vs P  for  three thermometers having different amount of diluted gas.
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