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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

Purpose

Conveys new material to you in a straightforward fashion. To support the treatments
in this section you are strongly advised to follow the given hyperlinks, which may be
useful documents or applications on the web.

Theory

The examples/worked examples are present
sure you follow them all through. If you are
treat an example as a question, in which case co
of the examples given resemble assignmen
follow them through diligently.

Questions should not be avoided if
time to tackle each of the give i i er in which they are presented.
The order is important, as f ge and confidence is built upon previous
knowledge and confiden

Challenge

Video
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1.1 Fundamental Systems:

1.1.1 First Law of Thermodynamics

Thermodynamics studies the behaviour and dynamics of energy. The first law of
thermodynamics is simple: “energy cannot be created or destroyed, it can only be

transferred from one form to another”.

1.1.2 Forms of energy and basic definitions.

Energy comes in a wide variety of forms, for example; if your lightbulb was powered by a gas
power station, the energy changes several times before coming out of the bulb as light and

heat, shown by Fig.1.1. None of the processes will be 100% efficient, and realistically will lose a lot of energy

as heat.

to generate electrical energy.
e Potential energy is the energy that an object
electrical energy moves from high charge t
energy than an object on the floor (the

closed, and where the system meets its surroundings
ystem is one that only has an input or output of energy in

annot enter or leave a closed system.

Heatin |

Work out
- >

¥ Heat out

Fig.1.2: A diagram of a closed system, the labels on the system will be explained in Section.1.1.6
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An open system can have a mass flow, the boundary will surround the equipment, but will also have an
intake and exhaust of mass through the boundary. Most thermodynamic systems will use an open system,
such as heat pumps and refrigeration cycles.

Heatin |

Exhaust

»

Work out
- >

Fig1.3: An open system and its boundarjes

1.2 Fundamental Equations
1.2.1 Applying the First Law to Systems

The first law of the system can be calculatg A Si the summation ( 2 ) of
energies, where U is the internal energy o olecule§, \PE is the potential energy, and

KE is the kinetic energy.

For a closed system it can
KE = PE = 0. And so, the chan : en two points can be shown as Eq.1.3, where Q is the
heat transferred, a

(Eq.1.3)
Which turns int odynamic equation that is Eq.1.4.
w=U,-U (Eq.1.4)
For an open system how , the equation is Eq.1.5.

Q—W = U, — U, + KE, — KE, + PE, — PE, (Eq.1.5)

1.2.2 Moles

Before moving onto gas laws, a brief explanation of the term “moles” is required. Moles
define the number of atoms or molecules that are present in a material. The equation to
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calculate the number of moles, n, is given by Eq.1.6, where m is the overall mass of the substance, and M,
is the molecular mass of the substance.

n=_- (Eq.1.6)

For example, one mole of Helium (atomic mass 4) would weigh 4 grams. To find the number of atoms or
molecules present in the substance, the number of moles is multiplied by Avogadro’s constant
(N4 = 6.022 x 1023mol™1).

Example 1 I

Find the number of molecules present in:

a) 3.5g of methane
b) 80g of Sodium Chloride

Answers:

a) Methane’s chemical formula is CH,, meaning there a (M, = 1) to every Carbon

(M, = 12), so the total molecular massis (4 x 1) + 1

The number of moles is therefore n = % = 0.2188mo

b) Sodium Chloride’s chemical formula i

V is the volume, n
the temperature in Kelvin.

ubstance that obeys the relationship in Eq.1.7, where P is the pressure,
moles, R, is the universal gas constant (8.314] - mol™* - K~ Y) and T is

PV = nR,T (Eq.1.7)

For an ideal gas we assume that collisions between gas molecules are perfectly elastic. We can also change
the ideal gas equation to incorporate the mass of the gas in question, by using the individual gas constant R,
which is calculated using Eq.1.8.

R = MgR, (Eq.1.8)

In which case the ideal gas equation develops into Eq.1.9.
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