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Learning Objectives from the beginning of the chapter in OpenStax College Physics 
15.1. The First Law of Thermodynamics
• Define the first law of thermodynamics.
• Describe how conservation of energy relates to the first law of thermodynamics.
• Identify instances of the first law of thermodynamics working in everyday situations, including biological metabolism.
• Calculate changes in the internal energy of a system, after accounting for heat transfer and work done.
15.2. The First Law of Thermodynamics and Some Simple Processes
• Describe the processes of a simple heat engine.
• Explain the differences among the simple thermodynamic processes—isobaric, isochoric, isothermal, and adiabatic.
• Calculate total work done in a cyclical thermodynamic process.
15.3. Introduction to the Second Law of Thermodynamics: Heat Engines and Their Efficiency
• State the expressions of the second law of thermodynamics.
• Calculate the efficiency and carbon dioxide emission of a coal-fired electricity plant, using second law characteristics.
• Describe and define the Otto cycle.
15.4. Carnot’s Perfect Heat Engine: The Second Law of Thermodynamics Restated
• Identify a Carnot cycle.
• Calculate maximum theoretical efficiency of a nuclear reactor.
• Explain how dissipative processes affect the ideal Carnot engine.
We will again study heat in this chapter.  When there is heat there is the possibility of converting some of the moving energy into work.  The study of thermodynamics became important when the industrial revolution started to use steam engines, etc.

15.1 The First Law of Thermodynamics
It is important to know some of the laws that govern the movement of thermal energy.  Thermodynamics discusses heat, internal energy and work done by a system.  

 The First Law of Thermodynamics is a statement of conservation of energy.
U = Q - W    Q is positive if energy enters the system    W is positive if the system does work.

U is the total of the kinetic and potential energy inside the system.
U is Ufinal – Uinitial
Is it reasonable to you that if energy enters the system (Q is positive) that the energy in the system would tend to increase (U is positive)?

Is it reasonable to you that if the system does work (positive W) on some object (force * distance) that there will tend to be less energy inside the system (U is negative)?

No experiments have observed a violation of this law.

Q and W are thermodynamic processes that change the values of the internal energy, pressure, temperature, volume and perhaps N.  A system does not possess certain values of Q or W.  A system can be characterized by the values of U, P, T, V and N.   U, P, T, V and N are called state variables since they specify the state of the system.   Q and W can change the state of a system.   As a system changes its state the Q and W values will depend on the method (or path) used to change the state of the system.  The value of U will not depend on some particular path.  There will be many paths that can accomplish the same U.

Q1. What is the change in the internal energy of a system in which 300 Joules enter the system and the system does 200 J of work?
Human Metabolism and the First Law of Thermodynamics
Q for the body is normally a negative number since your body temperature is usually at a higher temperature than your environment.  The Q and W values combine to cause a negative value for U.  But, when you eat food you bring internal energy into your system and U increases.  

15.2 The First Law of Thermodynamics and Some Simple Processes
Work in a Thermodynamic System

Work is equal to force times distance (with force and distance parallel).  

W = F*d    or   W = ( P*Area ) * d  =    P * ( Area *d )      

or  W = P* Volume    This is only to be used if pressure is constant

In a gas system we can calculate work by multiplying a constant pressure by the change that has occurred in the volume.  W is positive when a system expands.

Much of the discussion concerning thermodynamics is referenced to a P V diagram.  The PV graph has pressure as a vertical variable and volume as a horizontal variable.  

The state of a system is (partially) described by knowing the pressure, temperature, volume and number of moles of gas for the system.  Some important processes which take a system of gas from one state to another are:  isobaric (constant pressure)       isochoric (constant volume)    and isothermal (constant temperature).  

Consider PV=nRT.  If T and n are constant (isothermal, closed system) then PV = constant.
Sketch each of the three changes (isobaric, isochoric, isothermal) on a generalized P V diagram that you construct.  Don’t put any numbers on the axes, just label the vertical axis with P and the horizontal axis with V.

ISOTHERMAL PROCESS

What is the name of the curve that 

represents an isothermal process?

A heat reservoir in thermal contact with a system 

can maintain a constant temperature for the system.

This creates an isothermal process.

For an ideal gas:  U = ( 3/2) NkT   or  U = ( 3/2 ) nRT .      

Consider a process that changes the state variables.  
Q2.  If the temperature is constant during the process what is the value of the change in internal energy?   
 U = ( 3/2 ) nRT
Q3. How are Q and W related in an isothermal process?
ADIABATIC PROCESS   

In this process there is no energy lost or gained by the system.  

Q4. What is the value of Q?  

Q5. How are W and the value of the change in internal energy related?
ISOCHORIC PROCESS    

In this process the volume is constant.
Q6. What is the value of W for this process?   

Q7. How are Q and the value of the change in internal energy related?
ISOBARIC PROCESS

In this process the pressure is constant.
Q8. What is the value of W for this process?   

Q9. How are Q, W, and the value of the change in internal energy related?
The work done is equal to the area under a line drawn between the initial and final states of a system.  The work done on or by a system depends on the type of process(es) which have occurred.  Let’s consider two processes.  

1) Start the system at 4 liters, 3 atmospheres, 300 Kelvin .Perform an isobaric process that ends when the volume is 2 liters.  Perform an isochoric process that ends at 6 atmospheres, 300 Kelvin       
2) Start the system at 4 liters, 3 atmospheres, 300 Kelvin.  Perform an isothermal process that ends when the pressure is 6 atmospheres and the volume is 2 liters.

Sketch both processes on a PV graph.

Calculate the amount of work for process 1.

Calculate the amount of work for process 2. 

For an isothermal process  W = nRT ln(V2/V1)

Is your graph in agreement with the calculated values of the work done?
What questions do you have for the examples on these concepts?

Reversible Processes
Real processes are not reversible.  Real systems lose energy through pathways not related to work.  This lost thermal energy cannot be collected and converted into useful work. (e.g. friction causes a loss of energy available to do work).

15.3 Introduction to the Second Law of Thermodynamics: Heat Engines and Their Efficiency
The First Law of Thermodynamics does not make any statements about the direction energy will “flow” in a situation.  Energy would be conserved if 3,000 J left a cold object and entered a hot object.  But, we do not observe this process occur without the input of work.  

The Second Law of Thermodynamics (first expression … from Clausius)
Heat transfer occurs spontaneously from higher- to lower-temperature bodies but never spontaneously in the reverse direction. 

Name a device in a home where energy leaves a cold region and enters a warm region.

This device does not violate the Second Law because work is done to move the energy.  The energy is not moving spontaneously.
The Second Law of Thermodynamics is a statement as to which processes are allowed and which processes are not allowed.

Heat Engines
Write your own summary of the key concepts for a Heat Engine.

The Second Law of Thermodynamics (second expression)
It is impossible in any system for heat transfer from a reservoir to completely convert to work in a cyclical process in which the system returns to

its initial state.
The development of the steam engine in the 1700’s motivated the scientific study of heat engines.  The builders of the early steam engines realized that the engines were very inefficient.  Part of the motivation for developing the study of thermodynamics was to improve those efficiencies.

Draw a schematic diagram (3 regions) for a heat engine.

A heat engine converts some of the heat energy 

leaving a high temperature ( TH ) reservoir into work. 

The energy that is not converted to work moves to 

a low temperature reservoir, TL . 

In order to conserve energy,   QH = W + QC
Note that QC    is taken to be positive even though it represents
 the energy leaving the working part of the heat engine.

Cyclic Process   When a process completes a cycle the 

system has returned to the same state it was in at the 

start of the cycle.  

Q10. What is the temperature of the system 

at the end of the cycle compared to the start of the cycle?  

Q11. What is the value of the change in internal energy for the cycle?  

Q12. What is the relationship between QH , QC , and W?
The expansion phase of the cycle takes place because gas at high temperature has high pressure.  This creates force for the expansion.
What creates the high temperature reservoir in an automobile engine?

e = W/QH      Is it possible to write the efficiency equation only using Q values?
Use QH = QC + W  to replace W and simplify the expression.

How much do you pay to fill up your car with gasoline?

If an automobile has an efficiency of 20%, how much money that you spend becomes useful work?
How much money that you spend does not become useful work in your automobile?

Here is a rhetorical question: TRUE or FALSE  It is important to maximize the efficiency of heat engines.

You should become familiar with the general features of the Otto Cycle.

15.4 Carnot’s Perfect Heat Engine: The Second Law of Thermodynamics Restated 

The study of thermodynamic processes in the early 1800’s showed that the maximum efficiency from a heat engine is achieved when the cycle consists of isothermal and adiabatic paths.  The Carnot cycle is such a set of paths.  You should become familiar with the general PV diagram for the Carnot cycle.  The efficiency of a Carnot heat engine is   




eideal = 1 – (TC / TH ).   

Carnot Engine
Stated in terms of reversible processes, the second law of thermodynamics has a third form:

A Carnot engine operating between two given temperatures has the greatest possible efficiency of any heat engine operating between these two

temperatures. Furthermore, all engines employing only reversible processes have this same maximum efficiency when operating between the

same given temperatures.
Q13. Describe a heat engine which has an efficiency of 100%.  

Q14. Describe a heat engine which has an efficiency of 0%.
Kelvin-Planck Statement of the Second Law:  No device is possible whose sole effect is to transform a given amount of heat completely into work.

OR It is impossible for any system to undergo a cyclic process whose sole result is the absorption of heat from a single reservoir at a single temperature and the performance of an equivalent amount of work.

OR 100% efficiency is impossible.

Real heat engines have efficiencies less than the Carnot efficiency.  This is due to energy losses such as friction.

---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1. U = 300 J – 200 J = 100 J

Q2. U = 0 since the temperature is constant (T = 0).

Q3.  For an isothermal process, U is 0.    So, from the First Law,  Q = W.

Q4.  Q = 0

Q5.  From the First Law    U   = Q – W    so   U = -W

Q6. W = 0 since there is no motion.

Q7.  U = Q 

Q8. P V

Q9.   U   = Q – W    

Q10. The temperatures will be the same.

Q11. Zero

Q12.  QH = QC + W

Q13. TC = 0

Q14. TC    =  TH
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