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To modernization of physical practicum on molecular
physics in the university course

The article is devoted to analysis of the author's work results on the modernization of the physical practicum
in Molecular Physics at the Department of physics and nanotechnologies of the physics and technical faculty.
High-quality direction of such a physical practicum is impossible without the use of virtual laboratory work,
but contact laboratory work is also necessary. Moreover, it is advisable to carry out some laboratory work
both contact and virtually. This article presents the essence of work on gas laws and the definition
of universal gas constant and Boltzmann constant; three virtual works on statistical physics and one contact
laboratory work on transfer phenomena were analyzed. The works were preliminarily analyzed and carried
out at the level of teachers and engineers, then by students, moreover of different groups both in the general
physics course and in special courses of the corresponding profile. Graduate work and master's dissertation
were carried out in some sections; reports were presented at conferences of different levels; published articles
and educational and methodical materials.

Keywords: Maxwell distribution, Brownian motion, contact and virtual laboratory works, transfer phenome-
na.

The structure of the course of molecular physics at the university is as follows: an introduction to
molecular physics, the definition of its content and features; molecular kinetic theory; its subject, method,
characteristics; fundamentals of the statistical theory.of ideal gases (mathematical apparatus, distribution;
thermodynamics; transfer phenomena; real gases; molecular kinetic properties of liquids; solids; phase
transitions) [1-4].

It is obvious that the physical practicum should be built and organized along the same structure. And
this is not true.

Within the framework of one article, it is impossible to present the content of physical practicum in all
sections of molecular physics. Let us:stay on the first 3 blocks.

The first block includes 2 classical laboratory works: «Determination of the universal gas constant
and «Determination of the Boltzmann constant». These are contact laboratory works that are based on the
equation of state of an ideal‘gas (the Mendeleev-Clapeyron equation) and the basic equation of the molecu-
lar-kinetic theory of ideal gases, namely, on one of its consequences, the pressure formula, i.e. 3 basic inter-
connected universal constants are immediately introduced: R; k (Boltzmann constant) and N,, (Avogadro

number).
The results we obtained (and the students), for example, are:
R=(8.1% O.4)L,
mol-K

1.e.relative fault;

£=%~100%55%.

Confidence interval: (7.7 — 8.5) J/mol-K.
Thus, the theoretical value R = 8.31 J/mol-K «fits» into the confidence interval.
Boltzmann's constant:

k=(1.2%0.2)- IO"ZZL.
K
Relative fault:

S:A?k~100%517%.
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Confidence interval:
k= (1.0—1.4)-10"23i.
K

Thus, the theoretical value k = 1.38-:10% J/K «falls» in the confidence interval, although the measure-
ment error is quite significant.

The experimental setup we use is «assembled» manually and there is no need to rely on the best re-
sult [5].

The systems considered in molecular physics are statistical. When analyzing them, the corresponding
mathematical apparatus is used: mathematical probability, probability theorems, the concept of averages,
theorems of averages, ergodic hypothesis, deviations from the mean [6].

Neutral atoms and molecules obey classical statistics. This is the statistics of distinguishable particles
energy of which varies continuously. The main Maxwellian distribution is the velocity or Kinetic energy dis-
tribution of molecules and the Boltzmann distribution of potential energy molecules in a conservative force
field, in particular in the field of the Earth. It is known that they received experimental confirmation several
decades after the creation of corresponding theories. We are talking about the experiences of Stern and
Perrin.

The velocity distribution of molecules (based on Stern’s experiments)-and the study of the distribution
of Brownian particles in a gravity field and the determination of Boltzmann constant (based on Perrin’s ex-
periments) can only be considered using virtual laboratory works in our conditions, they were studied exper-
imentally in due time in the periods from 1906 to 1908 (Perrin’s experience) and from 1920 to 1929 (Stern’s
experience). These experiments are described in educational literature and are well known.

The virtual laboratory work on the Maxwell distribution“was carried out in accordance with the MU
proposed in [7]. Temperature 1500 K, and the angular velocity‘of rotation of the cylinder 1000 rad/sec were
introduced. The velocities of the particles were set in arbitrary units from 0 to 25 with a step of 50,59 m/sec.
Results are presented using a histograms. The experiments were repeated for another temperature (3000 K)
with a speed step of 71.34 m/sec.

The results of measurements and calculations are presented in Figure 1.

S 6 - [
5 - / \
4 11500k |
o N .
2% 3000K
1 -
-200 300 800 1300 1800

v, m/sec

Figure 1. Maxwell distribution of molecules on velocities

The most probable velocities were calculated: in the first case 346 m/sec, in the second — 1264 m/sec.

In addition, students were asked to calculate the molar mass of the filament coating in the experimental
setup. Calculations showed that we are talking about silver. It is known from literary sources that silver was
used in the first installations of Stern.

On the experiments of Perrin based virtual laboratory work devoted to the study of the distribution of
Brownian particles in the field of gravity of the Earth. In the well-known experiments of Perrin, Brownian
particles were used in the form of balls (these are gummigut particles) suspended in the environment. In this
case, two more conditions were fulfilled: in each experimental series, particles of the same size were used,
for which Perrin designed and practically used microcentre. This, firstly, and secondly, the density of the
substance of Brownian particles and the environment must be chosen so that the Brownian particles are sus-
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pended. In different series of experiments different problems were solved. In one of them, the Avogadro
number was calculated on the basis of the Boltzmann distribution. In our chosen laboratory work, the Boltz-
mann constant was determined.

As an environment was used water (p,=10’kg/m’); petrol (p,=0,88-10°kg/m’); alcohol

_ 3
(P =790kg /m”). pe density of the substance of Brownian particles was set: (p, =1,1-10°kg / m’).

To determine the diameter of Brownian particles, a chain is built from them and the total length is
measured. The diameter of Brownian particles is d = 0.5 mcm. The number of Brownian particles was de-
termined at zero height and at altitudes: 30 mem; 60 mem.

Based on the Boltzmann formula for Brownian particles in a layer of volume SAh:

ApVgh
AN =ne & SAh, (1)
where ny— concentration of Brownian particles at zero height,

Ap — density difference between Brownian particles and the environment;

V — Brownian particle volume.

Hence, the Boltzmann constant was determined:

= Apveh ’ 2)

Tlnﬂ
n

The results are:

in water: k = 1.33-10% J/K;

in petrol: k=1.17-107 J/K;

in alcohol: k= 1.97-10 J/K.

The best result in measurements in water (it was in this‘environment that Perren’s original experiments
were conducted), the worst of all is in alcohol.

But in any case, the result is better than the contact definition of the Boltzmann constant.

One of the experimental bases and experimental confirmations of the foundations of the molecular-
kinetic theory is the Brownian motion. Therefore, of particular interest is the virtual laboratory work on the
determination and analysis of the average freepath of Brownian particles [8].

It is known that

P 1 3
<> \/Elrdgffzn ®
where <A> — average length of free path;

<d.;> — effective diameter (for molecules);

n — their concentration.

The average number of collisions of molecules with other molecules per unit of time is determined as
follows:

<Z>:<v>, )

where <v> — average velocity of chaotic particle motion.

Enter the number of particles equal to 25, and the diameter of 350 conventional units at a temperature of
T =1000K.

Conduct 5<6 experiments, changing the diameter from 350 to 100 conventional units, and the number of
particles from 25 to 5.

Build graphs of the dependence of <A> on d with n=const (Fig. 2) and <A > on n with d=const (Fig. 3).
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Figure 2. Dependence of average length of free path on the particle diameter at n = const
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Figure 3. Dependence of average length of free path of particles on their concentration atd = const

Of particular importance in the study of melecular physics are transfer phenomena. Let us stay on one
classic laboratory work: «Determination of the coefficient of internal friction of a fluid by the Stokes
method». The experimental setup is'a long cylindrical glass vessel filled with glycerin. Studying the move-
ments of solid balls of small radius, which are affected by the force of gravity, the buoyant force and the
force of internal friction, determined by the Stokes formula.

Work is quite classical, with proper contact and its implementation gives the value of the coefficient of
viscosity of glycerol, corresponding to the theoretical.

Work on the modernization of the physics laboratory in molecular physics has been carried out for sev-
eral years, but it was carried out not systematically, and most importantly, without the active involvement of
virtual laboratory work.

The result of the work will be the creation of a physical practicum, covering all basic sections of mo-
lecular physics and the publication of relevant guidelines.
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7Korapfbl OKY OPHBI KYPChIHAA MOJIEKYJIAJBIK (U3nKa 00HbIHIIA
(pU3NpPaKTUKYMHBIH MOJePHU3AIU MIceeci

Makana ¢u3uKa XKoHE HAHOTEXHOJIOTHSIAp KadeApachiHIa MOJEKYNalblK (HU3MKa OOMBIHIIA (HU3HMKAIIBIK
HPAaKTHKYM/Ibl JKaHFBIPTYbIHA OaiiyIaHBICTBI ABTOPIIAPIBIH KYMBICTAPBIHBIH HOTHIKEJICPIH TaJllayFa apHaJFaH.
MyHzaii  (U3UKaIBIK MPaKTUKyMZIBl Calanbl OpBIHIAY YIIIH BHPTYaJJbl 3€PTXaHAIBIK >KYMbBICTApPbI
naiiananbay MyMKiH eMec, Oipak TyHicmesni 3epTXaHalbIK >KYMbICTap ja KaxkeT. COHbIMEH Karap Keibip
3epTXaHANIBIK )KYMbBICTApbI TYHICIIENi jKoHe BUPTYaJ bl TYP/IC OpBbIHAAY KakeT. Makanana ra3 3aHiapbl MEH
oMmOe0ar ra3 TYpaKTHICH koHe BoJbIMaH TypaKTHICHH aHBIKTAy OOMBIHINIA >KYMBICTApABIH MOHI OastHIaEaH;
CTaTHCTHKa OOMBIHINA YII BHPTyaIAbl XKYMBIC JKOHE TachIMayiay KyObUIbICTaphl OoibIHINA Oip TyHicmemi
3epTXaHANBIK JKYMBIC TalgaHabl. JKymbicrap anmblH ana TaJIaHbIN, OKBITYMIBIIAD MEH HWHXKEHepliep
JeHreiinae, ogaH KeifiH xammsl Gpu3nKa KypchlHIa, COHAal-aK THicTi OelfiHaeri apHaibl KypcTapaa apTypii
TonTap/a xKyprizinni. Kei6ip Gemimuep GOHBIHIIA TUNIOMIBIK )KYMBICTap MEH MariCTPIIiK JUcCepTalusuap
OpBIHIAIB, TYPIl AeHrelaeri KoHpepeHuusaaa dasHaaManap YCbIHbUIIbI, MaKaianap MEH OKY-SAiCTeMENiK
Kypasiiap xapHusiIaHIpl.

Kinm co30ep: makcBemin TypieHIipyi, OpOYHIBIK KO3FAJIBIC, TYHICIENi JXOHE BHPTYaIbl 3epTXAHAIIBIK
JKYMBICTap, TaCBIMANIay KYOBUIBICTapbI.

JL.®. Unbuna, A.C. KatomoBa, E.P. XKau6sip6aii, M.M. bosiar6exoBa

K mMoaepHu3anuy pu3npakTuKkyma mo MoJIeKYJIsIPHOH
(usuke B By30BCKOM Kypce

CraThsl TOCBSILEHA aHANU3y pPE3yIbTaTOB pabOTHI ABTOPOB IO  MOJEPHM3ALUHM (PU3MPAKTUKyMa IO
MOJEKyIIpHOH ¢(u3nke Ha Kadeape (u3MKM M HAHOTEXHOJOTHH (QHU3UKO-TEXHHYECKOTO (aKyIbTeTa.
KauecTBeHHass TOCTaHOBKAa Takoro (M3NPaKTUKyMa _ HEBO3MOXKHAa 0e3 HCIIOIb30BAHHS BHPTYaIbHBIX
71a00paToOpHBIX paboT, HO KOHTAaKTHBIE Ja00opaTOpHBIe. PaboTEI Takke HeoOxoammel. bosee Toro
nenecoo0pa3Ho HEKOTOpHIe JTabopaTOpHbIE PAOOTHI BEIMTOIHATH KaK KOHTAKTHO, TaK ¥ BUPTYaJIbHO. ABTOpa-
MH H3JI0)K€Ha CyTh pabOT MO Ta30BBIM 3aKOHAM. M OHPEICNICHUIO YHHBEPCATbHOW ra30BOM MOCTOSHHON U
HOCTOSIHHOM bonbliMaHa; poaHaan3upoBaHbl TPU BUPTYAJIbHBIC Pa0OTHI 0 CTATHUCTHYECKOH (U3MKe U O/1HA
KOHTAKTHasi JabopaTopHas paboTa Mo SIBIEHUSAM NepeHoca. PaboTel mpeaBapuTeIbHO aHATM3UPOBANIUCH H
BBITIOJIHSUTMCH HA YPOBHE MpenojaBaTeneil 1 MHKEHepOoB, 3aTeM CTYJACHTaMH, PHYEM pa3HbIX IPYMIN Kak B
Kypce oOmeil ¢u3nMKH, Tak W B<CHEUKypcax COOTBETCTBYyromiero mnpodmis. Ilo HeKoTOpBIM pasnenam
BEIMOJTHSUTICE  TUIUIOMHBIE  PAa0OTBI M MarucTepCKHe AWUCCEPTallUM; IIPEICTaBIINCh IOKJIAABl Ha
KOH(EPEHIMAX Pa3HBIX YPOBHEH; OMyOIIMKOBAHEI CTaTEH U y4eOHO-METOJMIECKOe ITOco0He.

Kniouesvie crnosa: MakCBEINIOBCKOE pacIpe/iefieHre, OPOYHOBCKOE JIBIDKEHHE, KOHTAKTHBIE M BHPTYyaJIbHbIE
nabopaTopHble paboOTHL, ABJICHUS MEpeHoca.
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