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INTERACTIVE VIRTUALIZATION IN THE ENVIRONMENT
OF FLASH-CC, JAVA SCRIPT OF ALGORITHMS OF MATHEMATICAL
COMMUNICATIONS THE PHENOMENON OF WAVE OPTICS

Abstract. The wave optics — considers light distribution, by means of Huygens' principles which pass through
the power relations. Nevertheless, the considered in optics, all wave phenomena, by means of optical instruments are
based on laws of wave optics. For example, the interference and the diffraction. Many tasks of the theory of optical
installations are based on laws of wave optics. In this work, algorithms of mathematical communications of wave
optics, i.e. laws of interference, diffraction of light rays, are considered on the studied virtual and interactive
installation on the computer when passing light through a bi prism of Frenel and the diffraction grating, etc., as in an
actual pilot unit.

Optical processes of an interference and diffraction are visualized and interactively virtualized by means of the
computer program Adobe Flash-CC environments. The laboratory work was made on a research of processes of
wave optics is very effective at development of this course, and the technology of creation of VIL described in this
article, is very relevant for creation of the similar virtual and interactive laboratories (VIL) in other objects.

This virtual interactive laboratory development is introduced in educational process of the Eurasian
technological university and is successfully applied in tutoring.

Keywords: Algorithm, the virtual interaktivization, wave optics, interference, diffraction, experiment of
Young, coherence, mathematical functions.

Introduction. Historically the first interference experience which received an explanation on the
basis of a wave theory of light was experience of Young (1802). In experience of Young light from a
source as which the narrow crack of S served fell on the screen with two close located cracks .5 and 5>
(picture 1). Passing through each of cracks, the light bunch broadened owing to diffraction therefore on
the white screen E light bunches which passed through cracks S and S,, were blocked. In the field of
overlapping of light bunches was observed the interference figure in the form of the alternating ghost and
dark fringes.

Young was the first who understood that it is impossible to observe interference at addition of waves
from two independent sources. Therefore in its experience of a crack 57 and 5>, which can be considered
according to a Huygens ° Principle as sources of secondary waves, were lit with light of one source of S.
At the symmetric arrangement of cracks the secondary waves which are let out by sources S} and S, are in
a phase, but these waves pass P different distances to an observation point ; and r,. Therefore, the
oscillation phases created by waves from sources .51 and S in the point P, generally speaking, are various.
Thus, the task about wave interference comes down to a task about a superposition of oscillations of the
same frequency, but with different phases. A statement that waves from sources S; and S, extend
independently of each other, and in an observation point they just develop, is the experienced fact and
carries the name of a principle of superposition. The simple harmonic wave extending in the direction of a
position vector ¥ , registers in a look

E=a cos (of — kr),
where a — wave’s of amplitude, £ = 2t/ A — wave number, . — wave length, @ = 2rv — circular frequency.
In optical tasks it is necessary to understand the module of a vector of a strength of electric field of a wave
as E. At addition of two waves in a point P resultant fluctuation also happens at a frequency ® and has
some amplitude of A and a phase ¢:
E=a; - cos (of —kr) +a; - cos (of — kry) =A - cos (0f — ).
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Figure 1 - Scheme of the interference experience of Young

There are no devices which would be capable to monitor fast changes of the field of a light wave in
optical band; observed size is the energy stream which is directly proportional to a square of amplitude of
an electric field of a wave. The physical quantity equal to a square of amplitude of an ¢lectric field of a
wave, it is accepted to call intensity: 7 = 4>,

Simple angular transformations lead to the following expression for intensity of resultant fluctuation

in a point P:
z=.42=¢§'+¢g+m,a,mm=fl+fz+2{:,1, wos ki, M
where A = r, — r; — so-called difference of the course.

Follows from this expression that the interference maximum (bright fringe) is reached in those points
of space, in which A =m} (m =0, £1, £2, ...). As the same time Jn. = (a1 + a2)* > I, + L. The interference
minimum (dark strip) is reached at A = m + 4/ 2. Minimum value of intensity /i, = (&1 — a2)2 <Li+5. In
the figure 2 is shown distribution of intensity of light in the interference figure depending on the
difference of the course A.
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Figure 2 - Distribution of intensity in the interference figure.
An integral number of m — an order of the interference maximum

In particular, if I, = I, = I, i.e. intensity of both interfering waves are identical, expression (1) takes a
form:
I1=2I(1 + cos kA). 2)
In this case L.x = 41y, Lin = 0.
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Formulas (1) and (2) are the universal. They are applicable to any interference scheme in which there
is an addition of two simple harmonic waves of the same frequency. Distinction is shown only in how the
difference of the course A depends on the provision of a point of observation of P. If in a tableau of
Young through to designate observation point shift from a plane of symmetry, then for a case when
d<<[L and y << L (in optical experiments these conditions are usually satisfied), it is possible to receive
approximately:

d'
Azdipz=2
£ 3)

At shift along a coordinate axis of y on the distance equal to an interference bandwidth Al i.e. at shift
from one interference maximum in next, the difference of the course A changes on one wavelength .
Therefore,

d - Al L-d 3

7 =% oro M= 7 :E, 4)

where y — angle of convergence of "beams" in an observation point £. Let's execute the quantitative
assessment. Let's say that d distance between cracks S and S5 equally to 1 mm, and the distance from
cracks to the screen E makes L =1 m, then w=d /L = 0,001 rad. For green light (A = 500 nanometers) we
will receive Al=%/wy=35"-10"nm = 0,5 mm. For red light (. = 600 nanometers) A/ =0,6 mm. In such
path Young for the first time measured lengths of light waves though accuracy of these measurements was
small.

Actual light waves are not strictly monochromatic. Owing to the fundamental physical reasons
radiation always has statistical property. Atoms of a light source radiate independently of each other in
casual instants, and the radiation of each atom lasts very short time (t < 10~ s). Resultant radiation of a
source in each instant consists of deposits of huge number of atoms. Through order time t all set of
radiating atoms is updated. Therefore cooperative radiation will have other amplitude and that is
especially important, other phase. The phase of the wave radiated by an actual light source remains
approximately constant only on order time slices . Separate "scraps” of radiation of duration t are called
hemlocks. Hemlocks have the space length equal to ct where with — light velocity. Fluctuations in
different hemlocks are not coordinated among themselves. Thus, the actual light wave represents the
sequence of wave t with randomly changing phase. It is accepted to say that fluctuations in different
hemlocks are incoherent. The time slice T during which the oscillation phase remains approximately
constant is called a coherence time.

The interference can arise only at addition of coherent fluctuations, i.¢. the fluctuations which are
falling into to the same Zug. Though phases of each of these fluctuations are also subject to random
changes in time, but these changes are identical therefore the difference in phase of coherent fluctuations
remains to a constant. In this case steady is observed the interference figure also, therefore, is carried out a
principle of superposition of ficlds. At addition of incoherent fluctuations the difference in phase appears
a random function of time. Interference fringes experience random movements here and there, and in time
At their filing which in optical experiments much more a coherence time (Af >> 1), there is the complete
averaging. The recording device (an eye, a photographic plate, a photo cell) will record in an observation
point the average value of intensity equal to the sum of intensity of I; + I, of both fluctuations. In this case
the law of addition of intensity is carried out.

Methods of observation of an interference

To the invention of lasers in all optical instruments coherent waves received by method of division of
a light beam into two beams. Passing the divided two rays of light two various geometrical paths received
a difference in phase and at a slip gave the interference figure.

1. Method of Young. Passing light through a crack of S gets on two cracks §; and §; carrying out a
role of two sources of coherent waves, through whom pass give a difference in phase, iinterferentsionny
picture BC it is observed on the screen E .
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2. Fresnel mirrors Cset ot ucrounuka § gets on two plane mirrors of A;O and A,O. These mirrors
have a small corner of an arrangement ¢ to each other and give two virtual images of S; and S, S light
source which are carrying out a role of two coherent light sources. The interference figure is observed on
the screen. That light did not get directly on the screen is applied the valve B .

3. Fresnel biprism. Light from a source S after passing through a biprism, refracting forms two
sources of coherent waves of S; and S, and when imposing on the screen give the interference figure.
J
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4. Lloyd's mirror. The S-point source of light is located close to a surface of a plane mirror of M.
The light source of S and its virtual image of S; carry out a role of two coherent light sources.

==

Interactive tools and virtualization on the computer of laws of wave optics in the program
environment Flash-CC, Java - script.

The present requirement of time for transfer larger volume information on the Internet, including
animation images in driving work with them demands the large volume of memory. And for reduction of
capacity of use of memory use for the virtual — interactive tools of Flash technologies is very efficient.
[3.4]. From the basic vector — the graphic Flash format of technologies Shore wave Flash (SWF) — a
branch was created. But, it is not the first vector format; it is the Web broadcast mechanism — pages to
SWF as finding of the graphic representation, the coordinating link of an instrumental inventory and the
graphic representation. Advantage of SWF-of the application it it easily an acceptability on other
50
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Wednesday, i.e. this format is used in different is information — the program platform (in the Mac OS
Macintosh operating system, in OS - Windows OS). One more feature of SWF — the constructed main
images not only accept animation but also are padding, an opportunity to create interactive elements and
audio of installation. Besides, mathematical formula communications of physical processes can be turned
into interactive elements, management of their changes give the chance, to carry out on the computer,
interactive virtual researches. For example, as shown in the drawing that the mathematical dependences
found Shelli’s for reflection and light refraction and to form interactive virtual laboratory, very
conveniently the formats SWF, CC of them — the program Flash environment. For transfer on distances of
interactive multimedia additions are carried out on the known SWF format — in the Web application for
the Internet.

Why, to emergence of this application of this format in Macromedia, for browsers of two main
networks of the Plug in component, and to distribution to Internet Explorer and Netscape Communicator
the worldwide computer network affected. One more reason popularity of SWF — a format this very mild
and convenient application instruments for other platforms development of Macromedia. For example:-for
creations of the multimedia presentations use the program device — Macromedia Director Shockwave
Studio,

- and are used the program device to creation of graphic images — Macromedia Authorwave,
Macromedia Course Builder. Therefore among Web — the publication the most recognizable and easily
applied publication is Macromedia Flash Web — gives the chance to decorate each website with animation
and to collect the complete page. Action Script Tools - allows to collect Web addition efficiently and its
modern languages similarly probably on the scenario Java Script, Action Script and by means of the editor
of Devigger is the solution of often applied elements. When there is a work of Flash — Mkh you can
construct the collected clip or import graphics, later in process of work will be able to process and by
means of an assembly ruler use effect of resuscitation (Time line) [4]. Such clip or the movie can be
interactive, i.¢. particular images can be changed at discretion and to influence events in the clip. You
export it

INSTALLATION FOR STUDYING OF THE INTERFERENCE
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Turn of devices. The click by the right button of a mouse on the image of light filters, an individual
crack and a double crack of Young deploys these devices by 90 degrees. The choice of the light filter
(blue, green, red, yellow) is carried out by click of the left-hand button of a mouse on area of the light
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filter. Parameters of an individual crack do not change. At a turn of a crack of Young the window of
parameters in which it is possible to see and change distance between cracks and light wavelength opens.
These parameters are given in meters. After the choice of parameters it is necessary to press the accept
button.

Movement of a crack of Young on a bench. Guide the index of a mouse at the screw of fastening of a
crack on an optical bench (the hand will appear). Press and hold the left-hand button of a mouse, moving a
mouse to the right or to the left. Pressing the remove button in a window of parameters, leads to removal
of installation. It must be kept in mind that installation will work only when all devices are installed in
operative condition and in laboratory light is switched off.

WHTepdep eHUMOH HOWM

l VCTAHOBKA JJIA M3VUEHIHA HHTEPPEPEHITA

KapTHHbL

Rescaling of the schedule of intensity of light. Establish the index of a mouse in the top left-hand
comer of that area of the schedule which you want to see in an expanded scale. Press and hold the left-
hand button of a mouse. Move the index from top to down and from left to right to the necessary point.
Release the button. You will see the enlarged image on the screen. To return the schedule to a reference
state, it is necessary to make the same, only driving of a mouse from right to left and from below up.

Conclusion.

As a part of informational technologies the new branch develops - it is the virtual interactive tools
and visualization of the hardly understood subjects of physics, chemistry, biology and other objects [5].
And creation is virtual — interactive laboratorics on called a subject meet the operated measuring
apparatuses very seldom. Therefore the technology of creation of the virtually-interactive laboratory
(VIL) for the section of physics given in this work. "The optics - ray optics" will be very relevant to
creators similar to VIL — at higher step in other objects of knowledge. Such VIL — on the computer are
very effective for development of a particular course of knowledge and develop self-contained research
skills and awaken to creative searching of research techniques. Given VIL on ray optics, due to rituality
and interactive intervention in change process an experiment condition, it is very useful to fast
development of a subject of physics by students and to development of skills researching it. Brought VIL
— on ray optics are introduced in educational process of the Eurasian Technological University and are
successfully applied there.
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A.M. Torenos, A.C. KynicoexoBa
EBpasus TeXxHOTOTHSNEIK YHHBepCHTeTl, AIMaThl, Kasakctan

TOJKBIHIBIK OITTHKA KYBLLIbICTAPBIHBIH, MATEMA TUKAJIBIK BAMJTAHBICTAP AJITOPUTMIH
FLASH-CC, JAVA SCRIPT-,BATTAPJIAY OPTAJIAPBIHJAA HHTEPBEJICEH/I BUPTYAJIIAY

Annoramust. TonKbIHABK onTHKA-] ToliTeHe TpHHIMIIHE CyHeHe OTBHIPHIN, SHEPreTHKAIBIK KATHIHACTAD apKbUIBI
OTeTIH, JKapBIKTHIH KeHICTIKTe TapalyblH KapacThlpagbl. ONTHKAIBIK Kypalap KeMeTriMeH, ONTHKada KapacTHIPhLIATHIH
OapibIK TOJKBIHIBIK KyOBUIBICTAp, TOJKBIHABIK OITHKA 3aHJaphlHa HerizfgelnreH. Mpicaibl, WHTepGhEepeHIHS KoHe
mudpakimsg  KyOwuibicTaphl.  ONTHKAIBIK KOHJBIPFBUIAPABIH KOUTEIeH TCOPHSIBIK ecelTeyiepl TOJKBIHJBIK OITHKA
sagfapeiHa  cyfienren. OcChl  KYMBICTA,TOJNKBIH/IBIK OITHKAHBIH MaTeMaTHKAJIBIK OalIaHBICTAPBIHBIH —AJTOPUTMI,
SIFHU,KapBIKTRIH, ~ MHTepdepeHiust, audpakiimsd  3aHJapbl  KOMIIBIOTEpJe,  BHUPTYAJILI-HHTEPAKTHUBTI  3epTTEY
KOHIBIPFBICHIHJIA KaphiK cayieci OpeHebiiH OUIPH3Machl apKbUIBl sKoHEe TA(PAKITHSUIBIK PEIeTKa apKbUIbl ©TKEH/Ie
3epPTTEIIIl  KApaCTHIPBUIAJBL, Typa, peajjbl SKCICPUMEHTTIK KOHABIPFBIAFBI CHUSKTHL. MHTepdepeHIus xoHe
mudpakims jarel  ontHKaNbK 1mporeccrep, Adobe Flash-CC-kxommbtoTepinik  OarjapiiaMa opTachiHAa KOPHEKUIEHIIT,
WHTEPaKTHBTI TypJe BUPTYalfaHFaH. TONKBIHABIK OITHKA IIPONECCTEPIH 3ePTTEUTIH, KaCaIbIHFAH OCHI JIa60paTOPHSIIIBIK
SKYMBIC, OCBI KYPCTHI MEHIEpYJie oTe KYHbI OOJBIIT ecernTelnie/ll, al KOMITLIoTepie BUPTYaJIbl-HHTePAKTHBT1 3epTXaHa
(BU3) sxacay TexHoJormsIcH Oacka monzepiaeH BU3 kacayra eTe KoNaliibl skoHE akTyalJbl. Makanaga KeJlTipuireH-
BUPTYaIIbl-MHTEPAKTABTI 3ePTXaHAIBIK KYMBIC EBpasus TEXHONOTHSUIILIK YHABEPCUTETIHIH OKBITY MPOIIECCIHe HTI3LII,
CTY IGHTTeP I1H OLTIM calachlHIa KOJaHbLIY Ia

Tyiiim cesmep: Airoput™M, BUPTyalAbl HHTEPOENCEHMl, TOIKBIHJIBIK ONTHKA, WHTepepeHnys, aubpaxImsl,
TG PaKISUIIBIK, PeleTKa, MOHOXPOMAT,KOTePEeHTT TOJIKBIH, MaTeMaTUKAIBIK (yHKITHOHA B OalttansicTap.

YIK:535.4+004.9
A.M.TartenoB, A.C. /KynncoexoBa

EBpasuiickuil TexHonorndeckui yHuBepeureT, I. AnMarsl. Kaszaxcran

HUHTEPAKTUBHASI BAPTYAJIM3ALINSL B CPEJE FLASH-CC, JAVA SCRIPT AJITOPUTMOB
MATEMATHUYECKHX CBA3EHU ABJIEHHMH BOJIHOBOH OIITUKH

Annoranusa. BolHoBas oNTHKa — paccMaTpHBaeT paclpocTpaHEHHWe CBeTa, ¢ ITOMOIIBIO IPHHIHIOB |IoiireHca.,
KOTOpPEIE IPOXOJAT HUepe3 SHepreTHUecKHe OTHOINEHWS. 1eM He MeHee, pacCMaTpPHBAIOTCS B ONTHKE, BCE BOJHOBHIC
SBJEHHS C IIOMOINBIO ONTHYSCKUX NPHOOPOB, a Takke BeNWIMHA JU(PaKIMOHHOTO sSBIeHWS.MHOTHE 3aJadd TeopuH
OIITHYEeCKUX YCTAaHOBOK OCHOBAHHI Ha 3aKOHAX BOITHOBOM onTuky. B maHHOM paboTe, aTropuTMBl MaTeMaTHIECKUX CBA3eH
BOJTHOBOH OITHKH, T.e. 3aKOHOB HHTepdepeHIHH, Au(paklud CBETOBBIX JydUelf, paccMaTpHBAaroTCs Ha HCCIeIyeMoi
yCTaHOBKe ITPH IIPOXOXKICHAN cBeTa Uepe3 onutpusMy Operens u qudpakIHOHHYIO PEIIeTKY.

Ornrrueckuwe mporieccsl HHTepdepeHIMy 1 AudpakInd BU3YaTH3UPOBAHEl M MHTEPaKTHBHO BHUPTYATH3HPOBAHEL C
TIOMOTIBIO KOMIBIOTEPHBIX IporpaMMHEIX cpeli Adobe Flash-CC. Crenannast, rabopaTopHas paboTa IO HCCIIETOBAHUIO
IIPOIIECCOB  BONHOBOI ONTHKH oOdYeHb 3(eKTHBHA IPH OCBOGHWH JaHHOTO Kypca, a TexXHoNormsi cosfanms BHJI
OIlNCaHHOM B JaHHON cTaTbe, OYEHb AaKTyalbHa JUI CO3JaHUS AaHAJOTWIHBIX BHPTYalbHO-HHTEPaKTUBHEIX
naboparopun(BUJI) o apyriM npeaMeTam.

JlaHHAs BHpTyalTbHO- WMHTepaKTHWBHas JabopaTopHas pa3paboTka BHeJpeHa B y4eOHBIM mporecc EBpasmifckoro
TEXHOJIOTIMIECKOTO YHUBEPCHTETA U YCIICTITHO IPUMEHSETCS B OOy UCHIH.

KroueBbie cioBa: ANTopuT™, BUpTyalbHas HHTepAaKTHBH3AIMS , BOIHOBAs ONTHKa, HHTephepeHnns, Audpakiys,
skeneprMeHT KOHTa, KOTepeHTHOCTh, MaTeMaTHIecKue ¢y HKITHH.
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