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The objectives of Chapter 1 are to:

• Identify the unique vocabulary associated with thermodynamics through the precise definition of

basic concepts to form a sound foundation for the development of the principles of

thermodynamics.

• Review the metric SI and the English unit systems that will be used throughout the text.

• Explain the basic concepts of thermodynamics such as system, state, state postulate, equilibrium,

process, and cycle.

• Discuss properties of a system and define density, specific gravity, and specific weight.

• Review concepts of temperature, temperature scales, pressure, and absolute and gage pressure.

• Introduce an intuitive systematic problem-solving technique.
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Thermodynamics: Is the study of energy and the ways in which it can be used to improve the lives of people

around the world.

The name thermodynamics stems from the Greek words therme (heat) and dynamis (power).

WHAT IS THERMODYNAMICS ?

Thermodynamics is the study of the various processes that change energy from one form into another 

(such as converting heat into work) and uses variables such as temperature, volume, and pressure.

Thermodynamics deals with the laws that govern the transformation of energy from one form to another.



WHY IS THERMODYNAMICS IMPORTANT TODAY?

The people of the world consume 1.06 cubic miles* of oil each year as 

an energy source for a wide variety of uses such as the engines shown 

in Figure.

* One cubic mile of oil is equal to 1.1 trillion gallons and contains 160 quadrillion (160 × 1015) kilojoules of energy.

Coal, gas, and nuclear energy provide additional energy, equivalent to

another 1.57 mi3 of oil, making our total use of exhaustible energy

sources equal to 2.63 mi3 of oil every year.
Jet Engine

We also use renewable energy from solar, biomass, wind and 

hydroelectric, in amounts that are equivalent to an additional 0.37 mi3 

of oil each year.



• This amounts to a total worldwide energy use equivalent to 3.00 mi3 of oil each year. 

• If the world energy demand continues at its present rate to create the technologies of the future, 

• we will need an energy supply equivalent to consuming 270 mi3 of oil by 2050   (90 times more 

that we currently use). 

• Where is all that energy going to come from? 

• How are we going to use energy more efficiently so that we do not need to use so much? 

• We address these and other questions in the study of thermodynamics.
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Energy Challenges

Even if these fuels were inexhaustible (which they are not), combustion of carbon-based fuels 

necessarily produces carbon dioxide, which has been linked to global warming and other climate 

change phenomena.

What alternatives exist to provide the power that we need? 

Hydrogen-powered fuel cells, biomass, nuclear power plants, solar and wind energy systems have all 

been mentioned in the popular media as potential solutions. 

Which one of these alternatives is actually best? 

What role can each of them play in terms of displacing our current energy supplies?

These are huge questions. The solution to our energy problem will likely be one of the biggest challenges facing our species 

this century. In one sense this is alarming, but it is also very exciting.



• Thermodynamics now provides essential concepts and methods for addressing critical

twenty-first-century issues, such as using fossil fuels more effectively, fostering

renewable energy technologies, and developing more fuel-efficient means of

transportation.

• Greenhouse gas emissions and air and water pollution.

• Thermodynamics is both a branch of science and an engineering specialty.

• The scientist is normally interested in gaining a fundamental understanding of the

physical and chemical behavior of fixed quantities of matter at rest and uses the

principles of thermodynamics to relate the properties of matter.

• Engineers are generally interested in studying systems and how they interact with their

surroundings. To facilitate this, thermodynamics has been extended to the study of

systems through which matter flows, including bioengineering and biomedical systems.

ENGINEERING CONTEXT

Otto)غيريكهفون أوتو  von Guericke)،ألمانيفيزيائي،
صنعحيث،الهواءضغطبدراستهاشتهر ،(16021686)
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كرةفانصوهماالهواءضغطتأثير لتوضيحماجدبورجكرةنصفي

منءالهوايُفرغوعندماكرةليكوناسويامثبتتانالمعدنمن
 16إلىتحتاجإنهايقالداخلها

 
.الكرةنصفيلتفصلحصانا

 اخترع
 
.الكهرباءلتوليدماكينةأيضا

F = Patm A
A = surface area of sphere = 4𝜋𝑟2

r= 61 cm= 0.6 m

F = 53 tons

• Although aspects of thermodynamics have been studied since ancient times, the formal

study of thermodynamics began in the early nineteenth century through consideration of

the capacity of hot objects to produce work.
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Application Areas of Thermodynamics

All activities in nature involve some interaction between energy and matter; thus, it is

hard to imagine an area that does not relate to thermodynamics in some manner.
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Application Areas of Thermodynamics
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THERMODYNAMICS AND ENERGY

• Conservation of energy principle: During an interaction, 
energy can change from one form to another but the total amount 
of energy remains constant. 

• Energy cannot be created or destroyed.

• The first law of thermodynamics: An expression of the 
conservation of energy principle.

• The first law asserts that energy is a thermodynamic property.

• We cannot see, smell, taste, hear or feel energy. We can measure 
it, but only indirectly.
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• The conservation of energy principle also

forms the backbone of the diet industry:

• A person who has a greater energy input (food)

than energy output (exercise) will gain weight

(store energy in the form of fat), and a person

who has a smaller energy input than output will

lose weight (Fig. 1–2).

• The change in the energy content of a body or

any other system is equal to the difference

between the energy input and the energy output,

and the energy balance is expressed as
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• Thermodynamics is equally central to adjacent disciplines such as chemistry,

mechanical engineering, and information theory.

• Engineering thermodynamics is at the root of the discipline, which was first

established as a theoretical foundation to understand the operation and efficiency

of heat engines.

• Chemical thermodynamics uses concepts such as equilibrium to predict how

chemical reactions unfold.

• In recent decades, concepts from statistical thermodynamics, particularly

entropy, have been applied to information theory leading to applications such as

cryptography.
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Classical thermodynamics:

A macroscopic approach to the study of thermodynamics

that does not require a knowledge of the behavior of

individual particles.

• It provides a direct and easy way to the solution of

engineering problems and it is used in this text.

Statistical thermodynamics:

• A microscopic approach, based on the average behavior

of large groups of individual particles.

• It is used in this text only in the supporting role.
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IMPORTANCE OF DIMENSIONS AND UNITS

• Any physical quantity can be characterized by

dimensions.

• The magnitudes assigned to the dimensions are

called units.

• Some basic dimensions such as mass m, length L,

time t, and temperature T are selected as primary

or fundamental dimensions, while others such as

velocity V, energy E, and volume V are expressed

in terms of the primary dimensions and are called

secondary dimensions, or derived dimensions.

• Metric SI system: A simple and logical system

based on a decimal relationship between the

various units.

• English system: It has no apparent systematic

numerical base, and various units in this system

are related to each other rather arbitrarily.
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W weight

m mass

g gravitational 

acceleration

The term weight is often incorrectly used to express mass, particularly by the “weight watchers.” 

Unlike mass, weight W is a force. It is the gravitational force applied to a body, and its magnitude is 

determined from Newton’s second law,

• The mass of a body remains the same regardless of its

location in the universe.

• Its weight, however, changes with a change in gravitational

acceleration.

• A body weighs less on top of a mountain since g decreases

with altitude.

• On the surface of the moon, an astronaut weighs about

onesixth (1/6 of the Earth's) of what she or he normally

weighs on earth
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THE LANGUAGE OF THERMODYNAMICS

This section deals with a series of definitions and technical terms 

fundamental to understanding the language of thermodynamics.

Thermodynamics: The science and technology that deal with the laws 

that govern the transformation of energy from one form to another 

Thermodynamic system: A volume containing the item chosen for 

thermodynamic analysis

System boundary: The surface of a thermodynamic system

Isolated system: Any system in which neither mass nor energy 

crosses the system boundary

Closed system: Any system in which mass does not cross the system 

boundary, but energy may cross the system boundary

Open system: Any system in which both mass and energy may cross 

the system boundary



19

• An open system, or a control volume, as it is often called, is a properly selected region in space.

THE LANGUAGE OF THERMODYNAMICS

• It usually encloses a device that

involves mass flow such as a

compressor, turbine, or nozzle.

• Flow through these devices is best

studied by selecting the region

within the device as the control

volume.

• Both mass and energy can cross

the boundary of a control volume.
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THE LANGUAGE OF THERMODYNAMICS

• Property

► Mass

► Volume

► Energy

► Pressure

► Temperature

► Enthalpy

► Internal energy

►A macroscopic characteristic of a system to which 

a numerical value can be assigned at a given time    

without knowledge of the previous behavior of the 

system.  
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A molecular configuration of matter, categorized as

either solid, liquid, or vapor (or gas).

THE LANGUAGE OF THERMODYNAMICS

Pure substance: A substance containing a uniform

chemical composition in all its physical states

Homogeneous system: A system containing only a

single physical phase of a substance

Simple substance A homogeneous pure substance

Physical phase 
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Thermodynamic state: The condition of a thermodynamic system as

specified by the values of its independent thermodynamic properties.

Thermodynamic property: Any characteristic of a thermodynamic

system that depends on the system’s thermodynamic state and is

independent of how that state is achieved.

Thermodynamic equation of state: A formula relating the dependent

and independent properties of a system

THE LANGUAGE OF THERMODYNAMICS
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SYSTEMS AND CONTROL VOLUMES

• Boundary: The real or imaginary surface that separates the system 

from its surroundings.

• The boundary of a system can be fixed or movable.
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Example of a control volume (open system) in biology.

The choice of system boundary is governed by two considerations: 

(1) What is known about a possible system, particularly at its boundaries, 

(2) the objective of the analysis.

Selecting the System Boundary 
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For Example

• The photo and sketch shows an air compressor connected to a storage tank.

• The system boundary shown on the figure encloses the

compressor, tank, and all of the piping.

• This boundary might be selected if the electrical power input

is known, and the objective of the analysis is to determine

how long the compressor must operate for the pressure in the

tank to rise to a specified value.

• Since mass crosses the boundary, the system would be a

control volume.

• A control volume enclosing only the compressor might be

chosen if the condition of the air entering and exiting the

compressor is known, and the objective is to determine the

electric power input.



THE LANGUAGE OF THERMODYNAMICS

The three types of thermodynamic systems

• A closed system (also known as a control 

mass or just system) consists of a fixed 

amount of mass, and no mass can cross its 

boundary.

• That is, no mass can enter or leave a closed 

system, as shown in.

• But energy, in the form of heat or work, can 

cross the boundary; and the volume of a 

closed system does not have to be fixed. 

• If, as a special case, even energy is not 

allowed to cross the boundary, that system is 

called an isolated system.
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• As an example of an open system, consider the water heater shown in Figure.

• Let us say that we would like to determine how much heat we must transfer to the

water in the tank in order to supply a steady stream of hot water.

• Since hot water will leave the tank and be replaced by cold water, it is not

convenient to choose a fixed mass as our system for the analysis.

• Instead, we can concentrate our attention on the volume formed by the interior

surfaces of the tank and consider the hot and cold water streams as mass leaving

and entering the control volume.

• The interior surfaces of the tank form the control surface for this case, and mass is

crossing the control surface at two locations.

In an engineering analysis, the system under study must be defined carefully.

In most cases, the system investigated is quite simple and obvious, and

defining the system may seem like a tedious and unnecessary task. In other

cases, however, the system under study may be rather involved, and a proper

choice of the system may greatly simplify the analysis.
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PROPERTIES OF A SYSTEM

• Property: Any characteristic of a system. 

• Some familiar properties are pressure P, temperature T, volume V, 
and mass m. 

• Properties are considered to be either intensive or extensive. 

• Intensive properties: Those that are independent of the mass of a 
system, such as temperature, pressure, and density. 

• Extensive properties: Those whose values depend on the size—or 
extent—of the system.

• Specific properties:  Extensive properties per unit mass.
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Continuum

• Matter is made up of atoms that are widely spaced in the gas phase.

• Yet it is very convenient to disregard the atomic nature of a substance

and view it as a continuous, homogeneous matter with no holes, that

is, a continuum.

• The continuum idealization allows us to treat properties as point

functions and to assume the properties vary continually in space with

no jump discontinuities.

• This idealization is valid as long as the size of the system we deal with

is large relative to the space between the molecules.

• This is the case in practically all problems.

• In this text we will limit our consideration to substances that can be

modeled as a continuum.
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STATE AND EQUILIBRIUM

• Thermodynamics deals with equilibrium states. 

• Equilibrium: A state of balance. 

• In an equilibrium state there are no unbalanced potentials (or driving forces) 
within the system. 

• Thermal equilibrium: If the temperature is the same throughout the entire 
system. 

• Mechanical equilibrium: If there is no change in pressure at any point of the 
system with time.

• Phase equilibrium: If a system involves two phases and when the mass of 
each phase reaches an equilibrium level and stays there. 

• Chemical equilibrium: If the chemical composition of a system does not 
change with time, that is, no chemical reactions occur.
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The State Postulate

• The number of properties required to fix the 

state of a system is given by the state postulate:

✓The state of a simple compressible system is 

completely specified by two independent, 

intensive properties.

• Simple compressible system: If a system 

involves no electrical, magnetic, gravitational, 

motion, and surface tension effects.
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PROCESSES AND CYCLES

• Process: Any change that a system undergoes from one equilibrium state to another.

• Path: The series of states through which a system passes during a process.

• To describe a process completely, one should specify the initial and final states, as well as the path it

follows, and the interactions with the surroundings.

• Quasistatic or quasi-equilibrium process: When a process proceeds in such a manner that the system

remains infinitesimally close to an equilibrium state at all times.
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• Process diagrams plotted by employing thermodynamic properties as coordinates 

are very useful in visualizing the processes. 

• Some common properties that are used as coordinates are temperature T, pressure 

P, and volume V (or specific volume v).

• The prefix iso- is often used to designate a process for which a particularproperty

remains constant. 

• Isothermal process: A process during which the temperature T remains constant.

• Isobaric process: A process during which the pressure P remains constant.

• Isochoric (or isometric) process: A process during which the specific volume v 

remains constant.

• Cycle: A process during which the initial and final states are identical.

P- v Diagram
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The Steady-Flow Process

• The term steady implies no change with time. The opposite of steady is unsteady, or

transient.

• A large number of engineering devices operate for long periods of time under the same

conditions, and they are classified as steady-flow devices.

• Steady-flow process: A process during which a fluid flows through a control volume

steadily.

• Steady-flow conditions can be closely approximated by devices that are intended for

continuous operation such as turbines, pumps, boilers, condensers, and heat exchangers

or power plants or refrigeration systems.



THE ZEROTH LAW OF THERMODYNAMICS
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• The zeroth law was one of the last thermodynamic laws to be developed. 

It was introduced by R. H. Fowler and E. A. Guggenheim in 1939.

• The Zeroth law of thermodynamics states that :

• if two thermodynamic systems are in thermal equilibrium with the third

thermodynamic system, then they all are in thermal equilibrium with

each other.

• Why is it called the zeroth law of thermodynamics?

• There were three law of thermodynamics originally established and named. 

• Then, the scientists realized that one more law is required to complete the set. 

• However, the zeroth law is the formal definition of temperature and it is considered as 

a more fundamental law when compared to the other three laws. 

• The three laws were already well known by their corresponding numbers. 

• Renumbering the name would create confusion. 

• Calling this as the fourth law and putting it in the last of the list was also being 

confusing because it is the most fundamental law.

• Since the law is the fundamental one, the scientist Raplh H Fowler came with an 

alternative and numbered the new law as a lower number zero and the law is called 

the “Zeroth law.”
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What Is Thermal Equilibrium?

• According to the thermal equilibrium definition, when two

thermodynamic systems or simply speaking two thermal

bodies are in thermal contact with one another, separated by

a barrier (permeable only to heat).

• Then, there will be no transfer of heat energy between two

physical systems.
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• Consider two cups A and B with boiling water.

• When a thermometer is placed in cup A, it gets warmed up by

the water until it reads 100 °C.

• When it read 100 °C, we say that the thermometer is in

equilibrium with cup A.

• Now when we move the thermometer to cup B to read the

temperature, it continues to read 100 °C.

• The thermometer is also in equilibrium with cup B.

• From keeping in mind the zeroth law of thermodynamics, we

can conclude that cup A and cup B are in equilibrium with each

other.

• The zeroth law of thermodynamics enables us to use

thermometers to compare the temperature of any two objects

that we like.

Examples of The Zero Law of Thermodynamics



What are the applications of the zeroth law of thermodynamics?
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• The thermometer is a device that helps to measure the

temperature of the body by using a mercury column.

• The thermometer may be the most well-known example of

the zeroth law in action.

• When the thermometer comes in contact with the body, it

takes to heat and makes an equilibrium with body

temperature. Due to this equilibrium in temperature, doctors

are able to measure the temperature of our body.



• Consider the mercury in glass thermometer shown in Figure.

• The zeroth law tells us that: if the glass is at the same temperature

as (i.e., is in thermal equilibrium with) the surrounding fluid,

• and if the mercury is at the same temperature as the glass, then the

mercury is at the same temperature as the surrounding fluid.

• Thus, the thermometer can be graduated to show the mercury

temperature, and this temperature is automatically (via the zeroth

law) equal to the temperature of its surroundings.

46

The zeroth law of thermodynamics applied to a mercury in a glass thermometer
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There is a certain limitation of the Zeroth law,

• It does not tell us about the direction in which heat flows when they

are in contact.

• When two bodies come in equilibrium conditions, this law is unable

to tell about the final temperature or the temperature of the

equilibrium conditions.

• It does not tell about energy conservation.

• Zeroth law predicts whether there will be heat transfer between

objects or not.

• If two objects are not in physical contact, there may also be a heat

transfer. For example, if two objects with different temperatures

placed little distance, there may be a heat transfer by radiation.

Limitation of the Zeroth law
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Temperature Scales

• All temperature scales are based on some easily reproducible 

states such as the freezing and boiling points of water: the ice 

point and the steam point.

• Ice point: A mixture of ice and water that is in equilibrium 

with air saturated with vapor at 1 atm pressure (0°C or 32°F). 

• Steam point: A mixture of liquid water and water vapor (with 

no air) in equilibrium at 1 atm pressure (100°C or 212°F).

• Celsius scale: in SI unit system

• Fahrenheit scale: in English unit system

• Thermodynamic temperature scale: A temperature scale 

that is independent of the properties of any substance. 

• Kelvin scale (SI) Rankine scale (E)

• A temperature scale nearly identical to the Kelvin scale is the 

ideal-gas temperature scale. The temperatures on this scale 

are measured using a constant-volume gas thermometer.
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Comparison of temperature scales.

• The reference temperature in the original Kelvin scale was the ice point, 273.15 K, which is the temperature 

at which water freezes (or ice melts).

• The reference point was changed to a much more precisely reproducible point, the triple point of water (the 

state at which all three phases of water coexist in equilibrium), which is assigned the value 273.16 K.
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There are so many ways, the zeroth law is applied, these are, as follows

• When we get very hot food, we wait to make

it normal. In this case, hot food exchanges

heat with surrounding and bring equilibrium.

• We keep things in the fridge, and the things come equilibrium with fridge temperature.

• Temperature measurement with a thermometer or another device.

• In the HVAC system, sensors or thermostats are used to

indicate the temperature.

• It always comes in thermal equilibrium with room

temperature.
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Liquid-in-Glass 

Thermometer Electrical-resistance

Infrared Thermometer

Manometric thermometer

Digital thermometer

Infrared Thermometer

Liquid-in-Glass 

Thermometer

Manometric thermometer

PRESSURE MEASUREMENT DEVICES
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PRESSURE

Some basic 

pressure gages.

Pressure: A normal force exerted by a fluid per unit area



Density (ρ) and Specific Volume (v) (2 of 2)

►Specific volume is the reciprocal of density:  v = 1/ρ .

►Specific volume is volume per unit mass.

►Specific volume is defined as the number of cubic 

meters occupied by one kilogram of matter.

►Specific volume is an intensive property that may vary 

from point to point.

►SI units are (m3/kg). 

• Specific volume is usually preferred for

thermodynamic analysis when working with gases that

typically have small density values.

• Properties describe phase of substance

• Phase is related to energy content

• Phase change is related to energy transfer

• Thermodynamics is all about energy transfer and energy transformation 
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• Absolute pressure: The actual pressure at a given position. It is measured relative to absolute vacuum (i.e., 
absolute zero pressure). 

• Gage pressure: The difference between the absolute pressure and the local atmospheric pressure. Most
pressure-measuring devices are calibrated to read zero in the atmosphere, and so they indicate gage pressure.

• Vacuum pressures: Pressures below atmospheric pressure.

Throughout this text, the pressure P will 

denote absolute pressure unless specified 

otherwise.

Pressure
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PROBLEM-SOLVING TECHNIQUE

• Step 1: Problem Statement

• Step 2: Schematic

• Step 3: Assumptions and Approximations

• Step 4: Physical Laws

• Step 5: Properties

• Step 6: Calculations

• Step 7: Reasoning, Verification, and Discussion
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A Remark on Significant Digits

In engineering calculations, 

the information given is not 

known to more than a certain 

number of significant digits, 

usually three digits. 

Consequently, the results 

obtained cannot possibly be 

accurate to more significant

digits. 

Reporting results in more 

significant digits implies 

greater accuracy than exists, 

and it should be avoided.
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Summary

• Thermodynamics and energy

✓ Application areas of thermodynamics

• Importance of dimensions and units

✓ Some SI and English units, Dimensional homogeneity, Unity conversion ratios

• Systems and control volumes

• Properties of a system

✓ Continuum

• Density and specific gravity

• State and equilibrium

✓ The state postulate

• Processes and cycles

✓ The steady-flow process

• Temperature and the zeroth law of thermodynamics

✓ Temperature scales

✓ ITS-90

• Pressure

✓ Variation of pressure with depth

• The manometer

✓ Other pressure measurement devices

• The barometer and atmospheric pressure

• Problem solving technique


