
OUTLINE OF CHAPTER 1 
 

 
System: region under study; a specified volume or a 
quantity of mass.  
 
Surroundings: everything but the system (the rest!). 
 
 
 
 
 
State of a System: “Thermodynamic” state 
characterized by a set of (macroscopic) variables (T, 
P, ρ, etc). 
 
Phase: State of agglomeration of a system (gas, 
liquid, solid, etc). 
 
Internal Energy: Energy associated with the motion 
(KE), interactions (gravity, electrostatic) and bonding 
of its constituent molecules.  
 
External Energy: Energy associated with the 
velocity (KE) and location of the center of mass. 
 
Total Energy: Internal+ External Energy.  

System Surroundings 



 
THERMODYNAMICS RELATES THE 
INTERNAL ENERGY (not to its molecular 
motions and interactions, BUT) TO 
MACROSCOPIC VARIABLES (P, T, etc.)  
 
System is in “CONTACT” with surroundings: If the 
surroundings can produce a CHANGE in the System. 
 
 

Mechanical Contact 
Change of Pressure (P) in 
surroundings changes the 
pressure of the system (among 
other state properties).

 
 

Thermal Contact 
Change of Temperature (T) in 
surroundings changes the 
system (not just its T) 
 

 
Isolated System: No Contact with surroundings 
 
Adiabatic System: No Thermal Contact with 
surroundings 
 

Closed System: No mass flow from and to the 
surroundings 
 
Open System: Not closed. 
 
 
 
 
 
 

Surroundings 

System 

Mass in  

Mass out  



 
 

UNITS: SI System 
 

 
 

 

 



Equilibrium State of a System: Time invariant and 
uniform state where flows of heat or mass or work 
with the surroundings are suppressed. 

• Time invariant: Does not change with time. 
• System is uniform: no internal temperature, pressure, velocity 

or concentration gradients. No changes in concentration due 
to chemical reactions.  

 
 
 
 
 
 
 
 
Note 1: With this definition, the book considers only equilibrium of an 
isolated or closed system. 
Note 2 (Effect of time): Isolated systems (no contact) will only become 
uniform if not at first. Closed systems may have some interactions with the 
surroundings until they become uniform and time invariant.  
 
 
Steady State of an Open System: Time invariant, 
possibly non-uniform open systems (e.g. CSTR, 
PFR). Not of interest in this course.  
 
 

 
 
 
 
 
 

System 

Surroundings 

No mass flow through 
boundaries (closed) 

No work or heat through 
boundaries (isolated) 

No gradients in here!! 



TWO GENERAL CLASSES OF PROBLEMS IN 
THERMODYNAMICS 

 
 
Energy Flow Problems 
• Computing the work or 

heat needed for a specific 
change of state 

• Predicting the change of 
state of a system given the 
heat and work 
added/removed.

 
 

Equilibrium Problems  
Identify or predict the 
equilibrium of a system 
initially NOT at equilibrium. 

• Mixing of pure substances 
• Opening a valve between 

two containers with 
different gases and/or states. 

 
Natural flows: Flows of heat, momentum and mass 
that occur spontaneously. 
 
Forced flows: Flows of heat, momentum or mass are 
against the direction of natural flow.  

 
 

OBSERVATIONS 
• Any system free from forced flows will evolve 

into an equilibrium state.  
• Any system at equilibrium will NEVER 

spontaneously evolve into a non-equilibrium 
state.  

 
 
 



Types of Equilibrium States:  
• Stable: small disturbances (small forced flows) 

change the system but if left alone the system 
returns to the original state 

• Unstable: small disturbances make the system 
evolve to another equilibrium state (unlikely  

 
 
 
Potential energy:         mgh1  mgh2  mgh3 
 
mgh3> mgh2     mgh3> mgh1     System needs to go to h3 to arrive to 
h2  from h1 or vice versa.   
 
- Other examples: Sub-cooled liquids.  

 
PRESSURE 

P=F/A (or a bunch of small forces done by 
molecules on the walls of the system; these 
forces come from changes of momentum 
through elastic collisions with the wall) 
 
 
 
 
We refer to pressure as the ABSOLUTE 
PRESSURE (atmospheric + gauge pressure) 

h1 h2 h3 

F =∆m v =2 m 1v  
m 1v  



TEMPERATURE 
Thermal Equilibrium: Take two isolated system 
and put them in contact through a RIGID wall 
(no mechanical work), such as the two systems 
continue to be (no mass transfer).   
 
 
 
 
 
 
Thermometers different        Thermometers =  
Temperature is therefore defined as the 
property that is equal in two systems that are 
in thermal equilibrium.  
 
How about a scale?? 
-Needs to be independent of the device/fluid used.  
-Experimental observation: For low density (ideal) gases away 
from condensation  
    PV increases with “Hotness”   
 
(something is “hotter” than other if heat flows spontaneously from the hotter 
to the cooler”) 
 
Thus one can define temperature (T’) as follows:  
 

 PV=A+RT’  
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Thermometers 
different  
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With R positive (Recall that PV increases with “hotness”). In fact, 
one can redefine T=T’+A/R and get                
 

PV=RT 
 
Because V>0, P>0, then T>0.  
Thus, we need R, which will give the temperature T=PV/R, or the 
size of a unit of temperature, which are equivalent 
 
 

One Way 
Pick a state. Put the gas in 
contact with it and get PV . 
Then, assign a temperature T  
to it. Then /R PV T=  
 
 
 
 
 
 
 
This leads to an ABSOLUTE  
SCALE 

 
Other Way  

Choose two reproducible 
states (frozen and boiling 
water), obtain 1 1PV  and 2 2PV  and 
then decide how many 
“degrees” correspond to 

1 1 2 2( )PV PV− . Choose a “zero” T. 
(100 degrees  Celsius scale, 
180 degrees  Fahrenheit 
scale) 
 
This leads to an ARBITRARY 
SCALE, which is what is 
done.  
 

Important: R needs to be the same for ANY low density gas 
used. Therefore to have PV equal for two gases at the same 
temperature, one needs possibly different amounts of mass of gas 
to be used. In fact, using this property, one can define the “mole” 
as the mass needed to make PV equal for all gases in thermal 
equilibrium with a specific state.  
Indeed. Let us start with assuming a value of R, say 0.0820574587 
(but we will use 0.082).  



Then assume we put all gases in contact with ice and wait for 
thermal equilibrium. We use a piston to accommodate the pressure 
to be P=1 atm.  
 
 
 
 
 
 
 
Then PV=0.082 T. But we decided that T=273.16 for melting ice 
(common to all gases). Then we will get V=0.082 *273.16≈22.4 lt 
Thus, we can define that a “mol” of gas is whatever amount of gas 
is needed to fill 22.4 lt at 1 atm and at 273.16 degrees.  
 
Once that is done PV=RT is known as the “ideal gas scale of 
temperature” 
(We will come back to this in chapter 6).  
 
IDEAL GAS THERMOMETER  

         
(not convenient and replaced by mercury thermometers or others). 

Melting Ice P=1 atm 



HEAT, WORK AND THE 
CONSERVATION OF ENERGY  

 
Consider the Thermal Equilibrium example 
shown before:  
(Take two isolated system and put them in contact through a RIGID wall (no mechanical 
work), such as the two systems continue to be (no mass transfer) )  
 
 

 
 
 
 
 
 
We say that  
Internal Energy of System 1 (before) < Internal Energy of 
System 1 (after).  
 
Because we define internal energy as being monotone with temperature. 
 
Therefore: Energy has been transferred from System 2 
to System 1. We call this a flow of HEAT 
 
Similarly: Energy transfer through mechanical means 
(piston, stirring, etc) is called  WORK 
Other forms: electricity, radiation, magnetism 
Mechanical Work:  Force×Distance 
Electrical Work:  Current flow×voltage×Time 
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EQUIVALENCY OF HEAT AND WORK  
 
 
EXPERIMENTAL OBSERVATION (Joule):  
The same amount of energy can always be used to 
produce the same temperature raise in a given mass of 
water, regardless of the form (heat, work, etc).   
 
 
Experiments that proves it: Water is put in a dewar at 
Temperature T1, experiments (below) are made, and final temperture 
T2 is determined.  
 

 
We expect all the energies (with the corrections) to be the same.  
 
 
 



OBSERVATIONS: 
 
-Energy added to water increased internal energy (molecular motion) 
 
-Can calculate the amount of heat (whatever the unit is used) as its 
equivalent of mechanical work.  
 
  1 Joule= 1 Nw* m = xx Calories  
 
“xx” has been chosen by determining the amount of work needed to 
heat 1 gram of water  by 1oC. The amount of heat associated to that is 1 
cal.   xx=0.2390 cal 
 
 
-Energy added using one form of energy can be recovered in another!!!! 
 

 
 

EQUILIBRIUM STATE SPECIFICATION 
 

Question 1: How many variables are needed to specify 
the equilibrium STATE of a system?  
 
Answer: Only by experimental observation at this point.   
 

• Single phase one component system (no electrical/magnetic 
fields): mass and two properties (P, T), or (P, V) or (P,Refractive 
Index) or (P, density), etc.  

• Multi phase and/or multicomponent (no electrical/magnetic 
fields):  we will se later (chapter 6 and 7).  

 

 
 
 



INTENSIVE / EXTENSIVE PROPERTIES 
 
Consider two systems of equal mass, equal volume (V) 
and equal temperature (same type of mass), and same T 
 
 
 
 
 
 
 
 
 
 
We now put them in contact: Nothing changes, right?  
New system is:  
 
 
 
 
 
 
 
 
 
Mass, volume and the energy have doubled, but the 
other  properties (P, T)have not.   
 
INTENSIVE PROPERTY: Independent of the mass 
and size of the system  
 
EXTENSIVE PROPERTY: Double the mass, double 
the property.    
 
 

System 1 
 
Mass=M 
Volume=V 
Temperature=T 

System 2 
 
Mass=M 
Volume=V 
Temperature=T 

New System 1 
 
Mass=2M 
Volume=V 
Temperature=T 



 
EQUILIBRIUM STATE SPECIFICATION 

 
STATE VARIABLES: Intensive properties : P , T , 

V̂ (specific molar volume) Û (specific molar internal energy). We 
know how to determine number of moles, right?  
 
If only two variables are needed to specify a system, then, ALL 
OTHERS MUST be obtainable from any two.  
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ˆ( , )P P T V=  is obtained experimentally (Volumetric 
equation of state). We already know one ˆPV RT= .  
 
ˆ ˆ ˆ( , )U U T V=  is also obtained experimentally 

(Thermal equation of state).  
 
 
 
 
 
 



SUMMARY OF IMPORTANT 
EXPERIMENTAL OBSERVATIONS 

 
From Chemistry 
 

 
 
From This Chapter 
 

 

 
 
Other observations are omitted.  


