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2.1. 2

Surroundings - The surroundings are the part of space that does not 

belong to the system. Surroundings may include heat sources and 

containers of substances.

Balance shield - Provides a boundary between the system and the 

surroundings. Allows control of the amount of energy and substances 

flowing between the system and the surroundings. 

types of balance shields: 

diathermic shield - allows the flow of heat

adiabatic shield - prevents the flow of energy in the form of heat

heat
work

mass

open - exchange of mass and Energy

closed - no mass exchange, energy exchange possible

adiabatic - no heat exchange, mass exchange possible

insulated - no mass or energy exchange



Thermodynamic system

single-component multicomponent

single-phase

multi-phase
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2.1. 4

System state parameters
(p, V, T, viscosity, density, refractive index, conductivity...)

Extensive Intensive

Number of degrees of freedom (variance)

Independent of the amount of matter in 

the system: temperature, pressure, 

molar fraction

Proportional to the amount of 

matter in the system: mass, 

volume

Thermodynamic processes (thermodynamic transformation) - a

phenomenon during which the value of at least one state parameter 

changes. 

This is called a thermodynamic system transformation or briefly

thermodynamic process.

State of the thermodynamic system



2.1. 5 Thermodynamic state parameters
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1 atm = 760 mmHg  10 mH2O 

1 atm = 101.325 kPa = 1013.25 hPa = 1.01325 bar

1 bar = 1000hPa

pressure



2.1. 6 Parametry termodynamiczne

temperatura

Examples of temperature scales:

Thermodynamic temperature scale according to Kelvin's concept. 

A theoretical scale based on the efficiency of the Carnot cycle. The unit of this scale is the Kelvin (K), the basic unit 

of the International System of Units SI. 

Celsius temperature scale. 

An empirical scale first defined in 1743, based on two fixed points: t1=0oC (melting point of ice), t2=100oC (boiling 

point of water). Both of these points are defined at a pressure of 101325 N/m2 [Pa] = 1 atmosphere. The unit is 

degrees Celsius (oC).

Fahrenheit temperature scale. 

G. D. Fahrenheit (1714) perfected the mercury thermometer, built about 50 years earlier, and created the first 

temperature scale - an empirical temperature scale based on two fixed points: t1=0oF (snow-salmon mixing 

temperature) and t2=100oF (normal human body temperature). This scale is mainly used in countries using the 

English and American systems of measurement. 

T(K) = T(ºC) + 273.15

Does T units matter?
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V1, T1

P1

V2, T2>T1

P2

V1, T
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Isolated systems in thermodynamic equilibrium

V1, T1

P1

V3, T3

P3

V2, T2

P2

V1, T1

P1

V3, T

P3

If systems A and B are in thermal equilibrium 

with system C, they are also in thermal 

equilibrium with respect to each other.

E.A. Guggenheim, R. Fowler (1939)

Zero principle of thermodynamics

If each of two systems is in thermal equilibrium with some third system, then these two 

systems are also in thermal equilibrium.

The zeroth principle of thermodynamics makes it possible to formulate a macroscopic 

definition of temperature. It can be said that temperature is a state parameter that has the 

same value for all bodies in thermal equilibrium. There can be an infinite number of thermal 

equilibrium states, with a different temperature corresponding to each of them.

law of transitory



2.1. 8

Microscopic interpretation of temperature

In the kinetic interpretation of gas theory, 

temperature is a measure of the average kinetic 

energy of the motion of the centres of mass of 

the particles.

kT
f

E
2


f –number of internal degrees of freedom

Energy resource levels at different degrees of freedom:

Distance between electron levels from 200 to 8000 kJ/mol

Distance between oscillatory levels 6 to 40 kJ/mol

Distance between rotational levels 10-2 kJ/mol

Distance between translational levels 10-14 kJ/mol

Translational levels make continuous i.e. energy absorption/emission is continuous even small 

portions of energy can be converted into translational energy.

Example: consequences for a perfect gas



2.1. 9
Thermometers

Any physical property that changes monotonically and continuously (preferably 

linearly) with temperature can be used to measure temperature. Such a device is 

called a thermometer.

1. Mercury, 

Alcoholic measurement of changes in fluid 

volume for gas under constant pressure

2. Bolometrs

measurement of changes in the pressure 

of a gas confined in a constant volume

3. Reed switch thermometers

measurement of changes in rod 

length

Example: linear expansion Expansion coefficients: 

Aluminum :  α = 2.4x10-5K-1

Steel :  α = 1.2x10-5K-1

Glass :  α = 5x10-6K-1

Quartz :  α = 4x10-7K-1

Dilatometer thermometer:

1 - liquid container, 2 - capillary



2.1. 10 4. Thermocouple - measurement of voltage changes

A thermocouple is a junction of two different metals, which produces a low voltage - most 

often in the millivolt range - and a temperature coefficient of 50 V/oC. Using 

thermocouples, you can measure temperatures from -270oC to +2700oC with an error in the 

range of 0.5-2oC.

Principle of thermocouple 

construction

1 - reference weld

2 - measurement weld

- ,  - metals

5. Thermistors - electrical resistance of the wire 

semiconductor resistive elements with a negative temperature coefficient of 

resistance, the value of which is approximately -4%/ o C. Generally, thermistors 

with a resistance at room temperature of several k are used. Thermistors are 

very suitable for measuring temperature and controlling its changes in the range 

from -50oC to +300oC with an error not exceeding 0.1 to 0.2 o C.

Termometry



2.1. 11 6. Pyrometers – emission spectrum

measurement of changes in electromagnetic radiation emissions 

is achieved by observing a glowing object through a telescope and comparing 

its color with the color of the glow wire placed inside the pyrometer. Optical 

pyrometers measure temperatures ranging from 750°C to +3000°C. The error 

is estimated at about 4°C near the lower limit of the measurement range and 

about 20°C near the upper limit. Infrared pyrometers are more accurate.

Thermal imaging camera,

infrared pyrometer

Termometry
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Suggested resources in Atkins
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Lets play a bit ....
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Maxwell distribution,

Fig. F.7 The distribution of molecular speeds with temperature

and molar mass. Note that the most probable speed

corresponding to the peak of the distribution) increases with 

temperature and with decreasing molar mass, and simultaneously

the distribution becomes broader.
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Do not ommit ....


