
Laws of Thermodynamics
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Basic Concept of Thermodynamics

• It is the study of the effects of work, heat, and energy
on a system;

• A specified collection of matter is called a system,

which is defined by the mass and the composition.

a. Open system: mass is exchanged with its

surroundings;

b. Closed system: NO mass is exchanged with its

surroundings.
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Thermodynamic properties

• The properties define the thermodynamic state

of a system;

a. Intensive property: does not depend on

the mass (m) or does not change with

subdivision of the system, denoted by

lowercase letters, e.g., z

b. Extensive property: does depend on the

mass (m) or does change with subdivision of

the system, denoted by uppercase letters, e.g.,

Z.
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Thermodynamic Quantities

• All of thermodynamics can be expressed in 
terms of four quantities;

• Temperature (T)

• Internal Energy (U)

• Entropy (S)

• Heat (Q)
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(1st law)

• The first law of thermodynamics is an

extension of the law of conservation of energy

• The change in internal energy of a system is

equal to the heat added to the system minus the

work done by the system

ΔU = Q - W
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Model Heat Engine

• Qhot= W+Qcold

or

• Qhot-Qcold=W

(what goes in must come 
out)
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Adiabatic Process

• An adiabatic process transfers no heat

– therefore Q = 0

• ΔU = Q – W

• When a system expands adiabatically, W is
positive (the system does work) so ΔU is
negative.

• When a system compresses adiabatically, W is
negative (work is done on the system) so ΔU is
positive.
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Isothermal Process

• An isothermal process is a constant

temperature process. Any heat flow into or out

of the system must be slow enough to maintain

thermal equilibrium

• For ideal gases, if ΔT is zero, ΔU = 0

• Therefore, Q = W

– Any energy entering the system (Q) must leave as

work (W)
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Isobaric Process

• An isobaric process is a constant pressure 

process. ΔU, W, and Q are generally non-zero, 

but calculating the work done by an ideal gas 

is straightforward

W = P·ΔV

• Water boiling in a saucepan is an example of 

an isobar process
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Isochoric Process

• An isochoric process is a constant volume

process. When the volume of a system doesn’t

change, it will do no work on its surroundings.

W = 0

ΔU = Q

• Heating gas in a closed container is an

isochoric process
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Gas Laws

• The behavior of all gases is affected by three

factors: the temperature of the gas, the pressure

of the gas, and the volume of the gas.

• The relationships among these three factors

have been defined in what are called the Gas

Laws.

• Five of these, Dalton's Law, Boyle's Law,

Charles' Law, Henry's Law, and the General

Gas Law, are of significant importance.
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Dalton's Law 

• The total pressure exerted by a mixture of
gases is equal to the sum of the pressures that
would be exerted by each of the gases if it
alone were present and occupied the total
volume.

• PTotal= Ppl+ Pp2+ ... + Ppn

Pp denotes the partial pressure of the particular
gas component.
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Boyle's Law

• At constant temperature, the volume of a gas

varies inversely with absolute pressure, while

the density of a gas varies directly with

absolute pressure.

• Boyle's Law is important to divers because it

relates changes in the volume of a gas to

changes in pressure (depth) and defines the

relationship between pressure and volume in

breathing gas supplies.
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Charles' Law

• The volume of a gas at constant pressure is

directly proportional to the absolute

temperature of the gas;

•
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Gay-Lussac‘s Law

• The absolute pressure of a gas at constant

volume is directly proportional to the absolute

temperature of the gas;
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Ideal Gas Law
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Henry's Law

• The amount of any given gas that will dissolve in a 
liquid at a given temperature is a function of the partial 
pressure of the gas that is in contact with the liquid and 
the solubility coefficient of the gas in the particular 
liquid. 

• _Vg_ = α P1
VL

• Vg volume of the gas dissolved at STP (standard T 
and P) 
VL volume of the liquid 
α Bunson solubility coefficient at specified 
temperatures 
P1 partial pressure in atmospheres of the gas above 
the     liquid
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Implication of Henry’s Law

• This law simply states that, because a large
percentage of the human body is water, more
gas will dissolve into the blood and body
tissues as depth increases, until the point of
saturation is reached.

• Depending on the gas, saturation takes from 8
to 24 hours or longer. As long as the pressure
is maintained, and regardless of the quantity of
gas that has dissolved into one’s tissues, the
gas will remain in solution.
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Example

• A simple example of the way in which Henry's

Gas Law works can be seen when a bottle of

carbonated soda is opened.

• Opening the container releases the pressure

suddenly, causing the gases in solution to come

out of solution and to form bubbles.

• This is similar to what happens in a diver's

tissues if the prescribed ascent rate is

exceeded.
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(2nd Law)

• Every effort you put forth, no matter how
efficient you are, will have a tiny bit of waste.

• The 2nd Law can also be stated that heat flows
spontaneously from a hot object to a cold object
(spontaneously means without the assistance of
external work)

• It introduces the notion of entropy (S), a measure 
of system disorder (messiness)

• U is the quantity of a system’s energy, S is  the 
quality of a system’s energy.
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Heat Engine

• A device which transforms heat into work is 
called a heat engine;

• This happens in a cyclic process;

• Heat engines require a hot reservoir to supply 
energy (QH) and a cold reservoir to take in the 
excess energy (QC)

–QH is defined as positive, QC is negative
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The Carnot 

Cycle

Curve A (1 → 2): Isothermal 

expansion at TH

Work done by the gas

Curve B (2 → 3): Adiabatic 

expansion

Work done by the gas

Curve C (3 → 4): Isothermal 

compression at TC

Work done on the gas

Curve D (4 → 1): Adiabatic 

compression

Work done on the gas
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Third Law

• No system can reach absolute zero

• This is one reason we use the Kelvin 

temperature scale. Not only is the internal 

energy proportional to temperature, but you 

never have to worry about dividing by zero in 

an equation!

• There is no formula associated with       the 3rd

Law of Thermodynamics
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The Zeroth Law

• The First and Second Laws were well

entrenched when an additional Law was

recognized (couldn’t renumber the 1st and 2nd

Laws)

• If objects A and B are each in thermal

equilibrium with object C, then A and B are in

thermal equilibrium with each other

• Allows us to define temperature relative to an

established standard
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