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VIRTUAL EXPERIMENTS IN THE STUDY OF QUANTUM PHYSICS

Some aspect of methods of teaching Physics for development and improvement of educational tools
for modeling physical phenomena and processes in the course "Atomic and nuclear physics", creation of a
future virtual physics laboratory and development of methods for its implementation in an educational
process in the secondary school have been examined in the article.
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Formulation of the problem. Didactics of high school uses a variety of tools and methods
to motivate the student audience to study physics, quite common among them are traditional and
computer information methods. The said is determined by following factors.

On the one hand computer and information methods get a good “psychological” perception
among young people, because students mostly have a good knowledge of computer and tend to use
it; due to financial difficulties associated with implementing teaching laboratories with modern
equipment and devices and the availability of computers a real physical experiment is often
replaced with computer simulations. On the other hand, in the teaching of physics as an
experimental science lecturer explanation and real demonstration experiment cannot be fully
replaced with computer accompaniment even with good graphics or animation, because no model
can completely transfer the full reality of the world. Successful demonstration experiment reflecting
the physical phenomenon, which is conducted during the theoretical calculations, allows
overcoming of formal approach to physics, promotes better perception and assimilation of
theoretical material, forms the gained experience into holistic understanding of the world and
promotes the world outlook of students; thanks to the successful demonstrations studying physics
becomes more understandable and interesting. That is why real physical experiment and computer
educational experiment should complement one another, and the smart combination of real and
virtual physics experiment in teaching physics is a key issue in modern physics didactics.

Analysis of earlier studies. Today we may state that appropriate systems and technologies
were first introduced into the educational process over 30 years ago, therefore the problem of the
use of information technology in teaching physics is considered a lot of scientific and
methodological works and researches. The means of information and communication technologies
and computer technology are quite well and efficiently integrated in the process of teaching physics
in secondary and higher educational institutions as well as into educational physical experiment in
atomic and nuclear physics. In particular, didactic and methodological principles of the
implementation of computer technology in school physical experiment and educational activities in
the computer-oriented learning environment and simulation of physical processes and phenomena
by means of computer technology are examined in monographic publications of Y.O. Zhuk, S.P.
Velychko, O.N. Sokolyuk and some others [5]; spherical virtual model of education that best match
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the modern educational paradigm based on the synergetic approach to teaching physics in the
context of the effective functioning of educational experiment is proposed and described in the
monograph of I.V. Salnyk [6]. The continuity in the study of main principles and physical
properties of liquid crystals in high school are quite convincingly demonstrated and proved in the
manual of S.P. Velichko and V.V. Nelipovych [3], based on the creation of the system of virtual
experiment that fully reflects all phenomena and processes of liquid crystals studied in high school
according to the manual of M.I. Hryshchenko [4] and others.

The main material. So, based on the fact, that physical laboratory practical course plays an
important role in university training of bachelors and masters, future teachers of physics, it is an
integral part of the study of physics, playing a key role in familiarization students with experimental
basics of fundamental physical laws and phenomena, we chose this direction as a major one in our
scientific research. Laboratory practical course allows students to master the abilities and skills
necessary for deep understanding of the goals and objectives of the school physics course, helps to
effectively transmit knowledge to students and thus forms a reliable substantive competence [1, 2].

The students who will carry out laboratory work of a (real or virtual) physical practical
course should process educational material according to theoretical data, scrutinize the suggested
devices, methodology of investigation and measurement, calculation and determination of
appropriate measurement errors.

If the experiment is virtual, it is necessary to evaluate the reliability of the results by
comparing them with the known results. So an optimal variant of laboratory investigations is
combination of implementation of each laboratory work in virtual form (to examine the essence of a
physical process) with the following check of the obtained results in the real experiment where
possible. Moreover, the possibility of comparing of virtual and real experimental data of the same
test allows making conclusions about the relevance of the analogy between the real processes and
their simulation on the one hand and the effectiveness of pedagogical software tool development on
the other. Thus, the combination of traditional and virtual experiment allow not only to provide
professional knowledge, but also to create the general culture of personality.

MpaKkTVKYM 3 KBAHTOBOT (higKiA

(@) 1. BUB4eHHA NoTeHUjanie 20y eHHA aToOMIB.

() 2. BHB4EHHA CNeKTPpY BOOHIO.
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() 8. BUB4eHHA poDOTH raz0po2pALHOTO NiMNNEHUKA.

) 9. NocninxeHHA tocopecueHLr.

) 10. BUE4SHHA 30BHIWHLOr 0 hoToedherTy.

) 11. BUBYEHHA BaKyYMHOT0 Aj0a Ta BUIHAYeHHA NMTOMOTO 3apAnY eneKkTpoHa.

Buopam

Graph 1. List of laboratory works in quantum physics
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Laboratory practical course on quantum physics in the general physics course suggested to
the students in the KSPU n.a. Vynnychenko unites eleven independent laboratory tests. Subjects
and content of laboratory works are coordinated with the branch standards of higher education in
the training program of Physics and course curriculum of general physics. For each laboratory work
students get instructional materials and guidelines including the theme and purpose of the
laboratory work, a list of equipment and materials, brief theoretical information, analysis of circuit
installation, course of work, objectives and test questions. Simultaneously, the description of
laboratory work includes the summary about the structure, operational principles of major devices
and proposals to the implementation of additional tasks.

In main program window on the left there are buttons that allow you to select one of the
eleven laboratory work and the button “Select” (Graph 1). After clicking the button appears a
window with the selected laboratory work, which contains four bookmarks as follows (Graph 2):

Nabdoparopya pobota Ne 1. BUB4eHHA noTeHUjaniB 310y0eHHA atoMiB.

Koporki _
TeoperTH4Hi Xin, pobotn PexomeHaauji KoHTponkHi

i i NUTaHHA
BigoMoCTi

Graph 2. Bookmarks for each laboratory work

After selecting the first bookmark appears a new window (while previous windows are still
opened; you can move them on the screen so that they don’t cover each other, or if necessary
minimize the window using the “minus” in the upper right corner of the program, unfold it in full
screen (maximize) or close it with help of “cross”). This window contains brief theoretical
information for laboratory work; use the sliders to scroll through the contents and read the text.

After selecting the second bookmark opens the window “Course of work™ with two active
tabs that looks like following (Graph 3):

P

=4 Xia poboTH

Onue ycraHoBKW Nocnin,

Graph 3. Course of work
By selecting “Description of installation” the student prepares and checks the equipment

integrity and gets ready for the experiment. After choosing “Experiment” the student must select
options of the experiment and the task that should be fulfilled (Graphs 4, 5).
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Graph 4. Course of work

It should be noted that this program allows you to perform a virtual experiment with
thyratron THZ — 0.1/1.3, filled with xenon and krypton, and compare the results with those of the
real physical experiment with the same thyratron. It is also possible to perform a virtual physical
experiment with thyratron filled with other inert gases or with mercury vapor (Graph 5).

I Onuir Aocniay

BuGepiTh HANOBHEHHA TMPATPOHY
® Kr+Xe

) Ne

) Ar

) Hg

BubepiTk 3aB0aHHA
) 3aBnaHuA 1

® 3aBHaHHA 2

Buopamm

Graph 5. Options for work with different thyratrons
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Experimental basis for Bohr postulates are experiments of Frank and Hertz. Graph 4
(bookmark “Description of installation”) shows a schematic diagram of the installation. The studied
atoms (atoms of mercury in experiments of Frank and Hertz) in a state of vapor or gas fill the
vacuum tube 1. Mercury atoms receive the required energy from the electrons emanating from the
hot cathode 2 and become accelerated by an electric field between the cathode and the grid 3.

On the basis of the law of conservation of energy the following can be written down:

mo?

>~ k-, where m,v,e,Uy_ correspond to mass, speed, module of electronic charge and
accelerating voltage between the cathode and the grid, which can be changes with the help of P1
potentiometer (6) and measured by voltameter V (4). The braking voltage eU ,_, between the grid
(3) and anode (5) appears with help of the current supply &, of potentiometer (6’) (/12). Some
electrons, the energy of which is higher than eU,_,, overcome the braking (holding) voltage, reach
the anode and create anode current I, which is measured by a galvanometer G (7). Varying
U _c from zero to a certain value and measuring the current I, we can construct the current-voltage

characteristic. If Bohr postulates are incorrect, then 1= f (U, ) should take the form of steadily

rising curve. If Bohr postulates are true, then given nature of dependence is violated when
Ugc=U;Us;Uy,...  etc., when the energy of the electrons equals to

2
mT“ =eU, =(E, - E, )k =khv, where K is an integer. This energy is sufficient for excitation of atoms

in case of collision with electrons. After this first inelastic collision electrons lose their kinetic
energy and cannot reach the anode. As a result, the current decreases sharply at U,. At further

increase of U, _- the current increases again steadily until electrons regain the necessary energy

mo,’
2

=eU, =e-2U,, when the secondary excitation of atoms will take place and so on [7].

After installation fault check the student performs the task 1 (Graph 5), determines the
voltage U, at which the current decreases sharply, fills in the table and constructs a dependency

graph of the current on accelerating voltage I= f (U ).

£ 3aBgaHHA 1

3aedanns 1. 3HAMINA GONGIN-AMILEPHOT XANIKINEPICTHILKIL Y CIIUIHOGKIL
1. [ToBepuyTtn norenuiomerp /7, y noyarkone nojoxenus Uy  =0.
2. 36inbuytoun nocaizosHo Ha 0,2 B, 3anucati mokasu Mikpoamrepmerpa.
PesynbraTi BUMipIOBaHb 3anucaTi B Tabiauiio 1.
Tabmnus 1.
Ucc.B |0 06 |08 |10

02 |04 12 |14

I, uA

3. [MoGynysatu rpadik 3aneKHOCTI Ha MIJIIMETPOBOMY Marepi.

Breaite norasu  Vke
Uy.c:B J, kA

v [ | A

Graph 6. The results obtained in the task 1
Using the obtained dependency graph, the student determines the maximum voltage at
which the current decreased sharply and proceeds to the second task.
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|
3aBaaHHAa 2

3aeoanns 2. Busznauennsn nepuio2o nomenyiany 30y0iceHus

1. 3a rpadikoM BH3HAUMTH MAKCUMaJbHY Hanpyry U,, micas sKoi
MOYHHAETHCS CIIAJIAHHS CTPYMY.

2. IlepeBipHTH €KCIEPUMEHTANIBHO pe3yabTaT. Jl1s HbOro NoTeHIiOMETPOM
I1) onmepxatn mokasu BosnbT™MeTpa U,. [loTiM, 30inbHIyIOYH Ta 3MEHIIYIOYH
HAnpyry B OKOJIi 3HA4YeHHs U,, CIOCTEpiraroud 3a MOoKa3aMH rajbBaHOMETpa,

BUMIPATH KUIbKa pa3iBU,. PesynbraTu BUMIPIOBaHb 3ariucaT B Ta0Iniio 2.

Tabmuus 2.
J max» 1A J maxceps uA
U,.B Ui cp: B

3. Pospaxysary cepejiHe 3Ha4YEHHs MEpLIOro norexuiany 30ymukenns U, .,

Ta Cepe/IHE 3HAYCHHS CTPYMY J (.
4. [MopiBuaT  nepwmid  noteHuian  30y/UKeHHs,  OJepKaHHiH
EKCIIePUMEHTAIbHO, 3 TAOIMYHUM 3HA4YCHHAM. 3HAWTH abCOMOTHY MOXHOKY

BUIIPOMIHIOBAHHS, SIKY JIaB JaHUii METO/1 Ha JIaHiii yCTAHOBILI.

Breaite norasn e
Tmax , mea Uy ,B

| | a | | v

Graph 7. The results obtained in the task 2

For the self-control students can answer test questions for each laboratory work, as well as

open the tabs “Recommendations” and “Control questions” as presented on the graph 8.

B \<orpont aHHS =11
1. ¥V uomy cytb moaeni aroma Pesepdopaa—bopa? -
2. Cpopmymioiite OCHOBHI NOJIOKEHHA KBaHTOBOT Teopii Oy/10BH aToma 3a B
Bopom.
3. Hasgite nepesaru Ta Heoniku Teopii atoma 3a bopom.
4. Yomy mocmign ®@panka i ['eplia BBaKaKTh €KCIIEPUMEHTATBHOI OCHOBO

KBaHTOBOI Teopii Oy10BH aroMa 3a bopom?

5. TloscHITE IpUHIMI PODOTH YCTAHOBKH (38 CXEMOIO).

6. Yomy cTpyM Ha rpadikyd=f(Ux ) ne cnagac no O mpu U >U,, U >U, i
T.0.?

7. losicHiTh, y YoMy npuuHHa NOXHOKH npu BuMipioBanui U, 7 Ski nusxu
3IMEHIIEHHS TTOXHOKH?

8. Tlpu sikiii yMOBI mone Mik CITKOW Ta aHogoM OyjJe ransMiBHHM s

enexktponi? UYn  onepkMMO Takl 3K pesyNbTaTH, SAKIO a3 KPUITOH Yy

JIOCIIIKYBaHIH JIaMITi 3aMiHHTH Ha iHIIKA? =
q i [ [v] |

Graph 8. Questions for self-control
Conclusions. The advantage of a computer model of laboratory work is the ability to change

the parameters of the experiment (e.g., filling of the thyratron) during its implementation; enhanced
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safety; students can perform such work remotely. However, the virtual laboratory work should not
be a formal replacement for real physical objects and processes, it should also provide possibility
for obtaining new results under modified options of investigated objects that stimulate creative
thinking of the student.

The next stage of work is, in our opinion, the further development and improvement of
software tools for the simulation of physical phenomena and processes in the course “Atomic and
nuclear physics”, widening the virtual physics laboratory and developing methods of its
implementation in the educational process.
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Cepriii Hlyabra, Crenan Beanuko
Kiposozpadcvkuii depacasnuti nedazoziunuil ynisepcumem imeni Bonooumupa Bunnuyuenka
BIPTYAJIbHAM EKCIIEPUMEHT VY ITPOIIECI BABUEHHI KBAHTOBOI ®I3UKH

Y cmammi posenanymo okpemi acnexmu memoouxu Qisuxu, AKi MO’Cymv Oymu NOKIAOEHi 6 OCHOBY
PO3POOKU Ma YOOCKOHANEHHS, NPOSPAMHUX 3AC00I8 011 MOOENI08aHHA DI3UUHUX AU MA NPOYeECi6 3 poadwy
«Amomna i a0epna @Qizuxay, cmeopenns ipmyanbHoi qumuoz nabopamopii ma eupoonents Memoouxu ii
BNPOBAOIICEHHA Y HABYANLHULL NPOYEC SK CePeOHboi, MaK i 6UWoi WKOIU.

Kniouosi cnosa: memoouka nasuanns, keanmosa Qizuxa, sipmyanvia @izuuna iabopamopis,3acoou
IKT, noeonanns 6ipmyanbHozo i peaibH020 eKCnepUMenmy.

Cepreii llyabra, Ctenan Beaunuko
Kupoeozpaockuii 20cyoapcmeennblil nedazo2udeckutl yuueepcumem umenu Braoumupa Bunnuuenxo
BUPTYAJIbHBIN DKCIIEPUMEHT B ITPOLIECCE U3YUEHUWSI KBAHTOBOM ®U3UKHN

B cmambe paccmompenvt omoenvhvle acnekmvi MemoOUKU QusuKU, KOmopwvle Mo2ym Oblib
NOJOJICEHbL 8 OCHOBY PA3PAOOMKU U YCOBEPULCHCMBOBAHUSL NPOSPAMMHBIX CPEOCME OISl MOOCIUPOBAHUS
Qusuneckux senenuti u npoyeccog ¢ pazoena «Amomuas u s0epHas QuauKa», CO30aHue SUPMYALLHOU
Gusunecxou nabopamopuu u blpadOMKU MEMOOUKU ee BHEOPEHUSL 8 YUeOHbII NPOYecc, KaK cpeoHell, mak u
svicuell WKObI.

Knwouesvie cnosa: memoouxa o00OyueHus, KEAHMOBAs (PUUKA, GUPMYATbHAS (PuuyecKast
nabopamopus, cpeocmea UKT, couemarnue supmyanvbHoco U peaibH020 IKCNepUMEHmaA.
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