Thermal physics.

Thetemperature of a body is a measure of the mean of the endrthyedranslational, vibrational and rotational
motions of its molecules or atonddore precisely defined quantity is thieer modynamic temperature T,
often called asbsolute temperature, for two reasons: 1) it does not depend on thpeatees of a particular
material; 2) it refers to an absolute zero accaydinthe properties of thdeal gas The Sl unit of the absolute
temperature igelvin (1 K).

The Kelvin scale of the temperature selects tiesolute zero (T = 0 K) as the theoretically lowest temperature. At
this point, the particle constituents of matterénavinimal motion and cannot become colder. In thssical
physics, the thermal motion of particles is comgdiestopped afl = 0 K. According to the quantum
mechanics, matter at absolute zero is in its gratatt, the state of lowest possible energy (buz@m!).

The second reference point of the Kelvin scaléégriple pointof water at 273.16 K.

Heat is some kind of energy. When heat is transfemrechfone body to another, we speak about the an@funt
tranferred heaf. Heat transfer between two bodies can occur through: 1) direcisfier due to mutual
collisions of atoms and molecules, 2) convectiamen hotter gas with lower density raises up ardectand
heavier gas comes down due to gravitational for&@eslectromagnetic thermal radiation (throughftalkel)
that is the most efficient way.

Heat capacity of the bodyC shows how much heat should be transferred todbyg to increase its temperature by
1 K.C=Q /4T . The unit of heat capacity in Sl is/IKI Molar heat capacity of the substance is the heat
capacity of one mole of this substance.

Reduced heat capacity ¢ shows how much heat should be transferred toihtemass of substance to increase its
temperature by one degree Q / (m AT) . The Slunitis 1 J/ (kg K). Therefore, thensterred heat is
Q =cmAaT and heat capacity of the body@&= c m.

Work done by the gas dueto expansion can be expressed in the ford = p AV. Differentially small work
dw = pdV. According to the common agreement used in phygiessystem makes positive work when it
expands and negative when it is being pressedthidrcase the positive work is done by outer forces.

Thermodynamics (TD) is studying the heat phenomena on a macriaséeyel ignoring the microstructure of the
bodies. Main attention is paid to the conditionkew the heat can be transferred from one bodydthan
The bodies are ithermodynamical (TD) equilibrium when heat is not transferred between bodies. When
two bodies are in TD equilibrium they have the saemeperature.

Internal energy U of some amount of substance is the sum of thegesetkinetic and potential) of all particles of
the body with respect to each other. The energleideal gas is proportional to its temperatufer
example, the internal energy of one mole of id@ally= Na Emk= Na (i/2) k T= (1/2) R T,wherei is number
of degrees of freedoof gas molecules. Herl, is the Avogadro constariti, = 6.02° 10°° mol™.

Universal gasconstant R= 8,31 J/(K mol) describes the work that is done by one malleél gas when it
expands isobarically so that its temperature irsgedy 1 degree (1 K).

1st principle of thermodynamics is a version of the law of conservation of eneagapted for thermodynamic
systems. It states that the total energy of amisdlsystem is constant; energy can be transfofroedone
form to another, but cannot be created or destroljed first principle is often formulated in follang way:
the changelU of the internal energy is equal to the amount of he#® supplied to the system, minus the
amount of workW = p 4V done by the systemdU = AQ — pAV or dQ = dU + pdV in differential form.

Entropy Sis a state parameter of the TD system that descitbeversible dispersion of energy during heat
processes. Differential change of entropy is exy@@éss 8 =dQ/T. The unit of entropy is 1 J/K. Entropy
describes the disorder of the syst@acause @ = T dS, then every time the system receives some heat, th
disorder of the system increases due to increaskauftic motion of system particles.

2nd principle of thermodynamics: the heat is never completely convertible to works Impossible to create a
periodically working heat engine that will not caughanges in surrounding bodies. The total entobayn
isolated system always increases over time, orirem@nstant in ideal cases where the systemassteady
state or undergoing a reversible process.

Thermal expansion is the change of the linear dimensiolhsr volumeV (in most cases) with the change of
temperaturd (proportionally). It is expressed adl = « 14T (or AV = S VAT), whereq is linear thermal
expansion coefficienf - volume/cubic thermal expansion coefficiedT, — change of the temperature.




Coefficient of thermal expansion « (linear) shows how great is the relative elongation of théybcomposed of a
specified substance due to the increase of thedeaye by 1 degreél K). o =4I/ (I AT). Volume
coefficient of thermal expansigh showshow great is the relative change of volume of thdybcomposed of
a specified substance due to the increase of thearature by 1 degre@ K). g = AV /(V AT). The unit of
both thermal expansion coefficients is the reciidelvin (1 K%).

Ideal gasis simplified model of real gas which does not take account: 1) particle dimensions and_2)dsrc
with which particles affect each other.

I sother mal process is a heat process during which the teryeraf the gas and thus its internal energy do not
change. According the 1st principl®d dU + pdV, hence in the isothermal process the expansioreajédls
(pdV > 0) is possible only with the help of externahh@Q > 0). If T = const, thenpV = const.

I sobaric process is the heat process during which gasyreedses not change. ff = const, thenV/T = const.
External heat @ allows to do work and increases internal energy.

I sochoric process is the heat process during which gas wwhlmes not change.\Wf= const, thenp/T = const.
External heat @ is used only for increase of internal energy @hemo expansion\i= 0).

Adiabatic process is the heat process during which there lseat exchange with external environment. That
means that the entropy does not chai®ye ¢onst). When there is no external heat, themwthr (p dV > 0) is
possible only due to reduction of internal enemly € 0).

Number of the degrees of freedom i is the number of independent coordinates thatritesthe motion of the
particles of the system. The independent coordiisateordinate that cannot be expressed througdr oth
coordinates. Single-atomic molecule can have ornharsslational coordinates. 2-atomic,(ID,) or 3-atomic
linear (CQ) molecules have 3 translational and 2 rotatioegireles of freedom € 5). Non-linear (2- or 3-
dimensional) molecules @@, CH,) have 3 translational and 3 rotational degredseagidom (6 in total).

Equation of state combines gas state parameters: pregsurelumeV and temperatur€ in the form of.pV = zZRT
wherez is number of moles of the gas (gas mass dividethdigr mass) ang - universal gas constant.

Basic equation of the kinetic theory of the gas states that gas pressure depends on gas motecgkntr ation
n =N /V(number of molecules per unit volume) andan kinetic energy of these molecules
p = 2/ En From thisEmn= 3/2KT and p = n KT, where k is Boltzmann’ constant. In genergly = (i/2)KT,
wherei is number of degrees of freedom of gas molecules.

Root mean squared (RM S) speed of the gas molecule (obtained during averagingpofares of velocities and
taking square root of resulting average value) is (KT/my) 2 = (3RT/M) %, whereny, is the mass of single
molecule andM is the molar mass.

Boltzmann constant k is the ratio of universal gas constdRtand Avogadro constant (gas constant per ideal gas
molecule)k =R /N,. k=1,3810%J/K.

Triplepoint on a phase diagram describes a set of conditibes all three states of matter (solid, liquid aad)g
are in equilibrium.

Saturated vapour is the state of the substance when only liquidgaskous phases of the substance are in
equilibrium (vaporization and condensation “comgeseach other). All substances have a uniqueeefi
saturated vapour pressure dependence on temperature

Liquid isboiling, when its saturated vapour pressure becomes ¢doerease of temperature) equal to the presst
of external environment. It can be observed as gimgiof bubbles within the whole volume of liquid.

Latent heat (melting, vaporization or other heat) is amounheét required for unit mass of substance to chasge
phase. Latent heat Sl-unit is 1 J/kg. During changemore energetic state, the latent heat isrebddrom
the outside. During change to the less energette, sthe latent heat is dissipated to the enviroime

Surface tension force is a mutual tractive force of the molecules ofltgaid on its surface. Due to the effect of
surface tension force, a liquid tends to take tmenfwith the minimal surface area (sphere).

Coefficient of surfacetension o shows what is the force required to rip the badyfa liquid surface along the
contact borderline acting as a ‘zippet'=Fp /| (Sl unitis 1 N/m).

Heat engineis a device that converts heat to the work. Hegire takes he&; from hotter body (heater), converts
it to the workW and gives the remaining he@ito the colder body (cooler). The efficiency factdheat
engineisn =W/ Q = (Q1 - Qy) / Q1 and its maximum value igmax= (T1 — T2) / T1, whereT; and T, are
corresponding temperatures of heater and cooler.




