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Lesson 1 Basic Concepts of Thermodynamics

1.1 Temperature

To understand the meaning of temperature it is necessary, first,
to refer to the human sense of feeling. It is common experience to
talk about some things feeling hot and other things feeling cold. No
special training is necessary to make the decision whether one thing
is hotter or colder than another: The decision is made as a result of
the natural reaction of the sense of feeling.

In some cases, this sense of feeling is a satisfactory method for
the determination of whether something is hot or cold enough. For
example, before getting into a bath, it is quite good enough to feel
the water to decide whether it is too hot or too cold. At each
subsequent bath it would be possible to make the water about as hot

~or cold as before. The water would probably not be exactly as hot or
cold as previously used, however, since the sense of feeling is not
sufficiently accurate to admit of exact repetition. A further important
point about this sense of feeling is that it differs slightly from person
to person. What is ‘too hot’ for one person may be ‘just right’ for
another and ‘too cold’ for somebody else. Feeling, therefore, is not
particularly satisfactory where a high degree of accuracy is required.
Accuracy is,of course,not the sort of thing required when talking a
bath. There are, however, many things which require a high degree
of accuracy when determining their degree of hotness or coldness.
The sense of feeling is not good enough in these cases. It is therefore
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necessary to devise some method other than personal feeling for the
determination of hotness or coldness.

A great many devices, both ancient and modern, have been
designed and made for this purpose. Each device uses the effect that
hotness or coldness has on some particular substance as the means by
which the degree of hotness or coldness is measured. For example, all
substances, to a greater or lesser extent, expand when heated and
contract when cooled. The extent to which this expansion or
contraction occurs can be used as a measure of the change in hotness
or coldness. A scale of hotness or coldness must be devised, however,
such that each device will record the same degree of hotness or
coldness when used in the same conditions. Having fixed a scale, it is
useful to have a single word to denote reference to this scale. The
word is temperature and the scale is called the temperature scale.
The subject of temperature investigation is called thermometry. It is
necessary here, however, to investigate the temperature scales used.

Many attempts have been made in the past to lay down a scale
of temperature. The work has culminated in the generally accepted
use of two temperature scales. These are the Fahrenheit and the
Celsius scales. The Fahrenheit scale is named after Daniel Gabriel
Fahrenheit(1686 — 1736), born in Danzig, who devised this scale of
temperature. The Celsius scale (often referred to as the centigrade
scale) is named after Anders Celsius (1701 — 1744), born at
Uppsala, who is described as the inventor of the scale. The
Fahrenheit scale of temperature was mainly used by the English-
speaking countries.

The Celsius scale was the most commonly used scale in the non-
English-speaking world and countries using a metric system of units.

The customary temperature scale adopted for use with the SI
system of units is the Celsius scale.

For customary use, the lower fixed point is the temperature of
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the melting of pure ice, commonly referred to as the freezing point.
This point is designated 0°C .

The upper fixed point is the temperature at which pure water
boils and this is designated 1007C.

It will be shown later, when dealing with the properties of
solids, liquids and vapours, that the temperature at which a liquid
freezes or boils depends upon the pressure exerted at the surface of
the liquid. This temperature increases as the pressure increases in the
case of boiling and slightly decreases with increase of pressure in the
case of freezing. To standardise the freezing and boiling temperature
on a thermometric scale, therefore, requires that the pressure at
which the freezing or boiling occurs be also standardised. This
pressure is taken as 760mm of mercury which is called the standard
atmospheric pressure or the standard atmosphere, being a mean
representative pressure of the atmosphere.

Figure 1.1 shows the way the customary Celsius scale is divided
up.

CELSIUS

(CENTIGRADE)
BOILING 100C

POINT

FUNDAMENTAL|
INTERVAL
100 DEGREES

xC

FREEZING (ICE) 0C
POINT

Fig.1.1

The lower fixed point being 0°C and the upper fixed point being
100T , then there are 100 Celsius degrees between these two fixed
points.
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This 100 Celsius degrees is called the fundamental interval.

In the above discussion it will be noted that the choice of the
fixed points was of an arbitrary nature. The freezing and boiling
points of water were chosen for convenience. Other points on the
International Temperature Scale are then chosen and referred to the
originally conceived scale. Since the original choice of fixed points is
of an arbitrary nature, the Celsius scale is sometimes referred to as
the normal or empirical or customary or practical temperature scale.

Since the Celsius scale is only a part of the more extensive
thermodynamic, or absolute temperature scale, it is sometimes called
a truncated thermodynamic scale. ‘

Subsequent work will show that there is the possibility of an
absolute zero of temperature which will then suggest an absolute
temperature scale. '

An absolute zero of temperature would be the lowest
temperature possible and this would, therefore, be a more reasonable
temperature to adopt as the zero for a temperature scale.

The absolute thermodynamic temperature scale is called the

Kelvin scale.

This scale was devised by Lord Kelvin, a British scientist, in
about 1851.

The Kelvin unit of temperature is called the kelvin and is given
the symbol K.

A temperature, T ,on the Kelvin scale is written TK,not T°K.

The absolute zero of temperature appears impossible to reach in
practice.

However, its identity is defined by giving to the triple point of
water a value of 273.16 kelvin(273. 16K).

With the absolute zero so defined, the zero of the Celsius
thermodynamic scale is defined as 0C =273. 15K.

Thus,
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t=T-273.15 (1)
where, ¢t = temperature on the Celsius thermodynamic scale= T
T = temperature on the Kelvin thermodynamic scale= TK
From equation(1),
T =1t +273.15(can use 273 for most calculations) 2)
By choosing the zero of the Celsius thermodynamic scale as 0C
=273. 15, this approximates very closely to the customary Celsius
scale and thus 0C on the customary Celsius scale is very nearly equal
to 0C on the Celsius thermodynamic scale. Also, 100TC on the

customary Celsius scale is very nearly equal to 100C on the Celsius
thermodynamic scale.

1.2 Energy

Energy is defined as that capacity a body or substance possesses
which can result in the performance of work. Here, work is defined,
as in mechanics,as the result of moving a force through a distance.

The presence of energy can only be observed by its effects and
these can appear in many different forms.

An example where some of the forms in which energy can
appear is in the motor car.

The petrol put into the petrol tank must contain a potential
chemical form of energy because by buming it in the engine, the
motor car, through various mechanisms, is propelled along the road.
Thus, work, by definition, is being done because a force is being
moved through a distance.

As a result of burning the petrol in the engine, the general
temperatures of the working substances in the engine, and the
engine, will be increased and this increase in temperature must
initially have been responsible for propelling the motor car. '

Due to the increase in temperature of the working substances
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then, since the motor car is moved and work is done, the working
substance at the increased temperature must have contained a form
of energy resultant from this increased temperature. This energy
content resultant from the consideration of the temperature of a
substance is called internal energy.

Some of this internal energy in the working substances of the
engine will transfer to the cooling system of the engine because the
cooling water becomnes hot. A transfer of energy in this way, because
of temperature differences, is called heat-transfer.

The motor car engine will probably have an electric generator
which is rotated by the engine and is used to charge the battery. The
battery, by its construction and chemical nature, stores energy which
can appear at the battery terminals as electricity. The electricity from
the battery can be used to rotate the engine starter which,in turn,
rotates and starts the engine. By rotating the engine to start it, the
electric motor must be doing work and thus, electricity must have
the capacity for doing work,and hence is a form of energy.

To stop the motor car the brakes are applied. After the motor
car has stopped the brake drums are hot and thus, as discussed
above, the internal energy of the brake drum materials must have
been increased. This internal energy increase resulted from the
stopping of the motor car and hence there must have been a type of
energy which the motor car possessed while it was in motion. This
energy of motion is called kinetic energy.

From this discussion it will be seen that energy can appear in
many forms and further, it appears that energy, through the action of
various devices, can be converted from one form into another.

All the possible forms of energy have not been discussed here.



