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Articles

Optical Effect with Small Apertures as Result of Diffraction. Camera Obscura
Ignat Ignatov 2.*, Teodora P. PopovaP?, Kevork Vanlyan ¢

aScientific Research Center of Medical Biophysics (SRCMB), Sofia, Bulgaria
b University of Forestry, Faculty of Veterinary Medicine, Sofia, Bulgaria
¢ National Academy for Theatre and Film Arts, Sofia, Bulgaria

Abstract

In 1976, one of the co-authors, Ignatov, at 13 years old, described a phenomenon where small
apertures produced optical effects. This was documented in a letter published in the Bulgarian
scientific magazine “Cosmos.” During the socialism in Bulgaria, access to information was limited
to educational institutions and libraries. There was a lack of information about the described
phenomenon at that time.

The phenomenon, where images are observed through small apertures, occurs entirely by
chance. A camera obscura was constructed, projecting images through a narrow gap.

Also, a model for photographing images with a small aperture is suggested so operators can
be trained to capture images under specific conditions.

Keywords: colors, shades, additive mixing, optical effects, image through a small aperture.

1. Introduction

A camera obscura is a specific device that mimics the anatomical structure of the human eye.
It can change the lens's focal length, while a pinhole camera cannot. Thus, the human eye can be
considered a compatible sensor (Kumar, Ashish, Gowtham, 2020). Cameras and photographic
devices control the amount of light with an aperture (Ignatov, Vanlyan, 2020). The aperture
changes the opening of the camera. Photography using a pinhole camera illustrates the Lorentz
transformation's power. It can capture the contraction of length, which conventional photography
cannot achieve. Using the Lorentz transformation, the emission of light rays from the source and
their reception in the pinhole was investigated, and it was shown that depending on its orientation,
the image could be a line or a curve. The image of a relativistic moving sphere in a pinhole camera
forms an ellipse, elongated in the direction of motion. The image of such a sphere is a circle if it
moves directly toward or away from the camera (Hassani, 2017).

2. Methods and materials
An experiment with Camera Obscura was conducted to project an image through a small
aperture with a size of 1 mm. The object of the study was a needle (Figure 1).

* Corresponding author
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Fig. 1. The object of the experiment is image projection through a small aperture.

3. Results
The results of the experiment on image projection through a small aperture are presented in
Figure 2.

Fig. 2. Needle Projection through a Small Aperture (photo K. Vanlyan)

The image in Figure 2 is enlarged 1.5 times. The explanation given by 13-year-old Ignat
Ignatov in 1976 is a diffraction effect. The aperture is 1 mm. The image is reduced when the
distance from the object to the aperture increases. With this proposed exercise, operators can be
trained in photographing an object and its image under specific conditions. The photography is
done through a small aperture. The calculations of the object/image allow for the construction of a
model for working in challenging conditions.

The camera obscura with a flat virtual screen is the standard model for obtaining images used
in ray tracing. Figure 3 shows the demonstrative scheme of the museum in Teteven, Bulgaria.

A model with camera obscura can be extended with a cylindrical virtual screen to achieve a
360° or more extensive field of view. By using a suitable angular distribution of objects along the
vertical axis, a 180° vertical field of view can also be obtained. This way, the entire celestial sphere
can be mapped onto a planar image with acceptable distortion. The resulting panoramic images
can be useful for interactive viewing of static images in a virtual reality system (Kenton, 1992).
However, when the object is positioned behind glass, for example, a framed painting, and a pinhole
camera and point light source are used, the path of light passes through the glass, and then the
point at which it intersects the image is determined entirely by the refraction effect. Regardless of
the light's direction, it reflects off the diffuse surface and refracts upon exiting the glass, resulting
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in significant dispersion (Pharr, Jakob, Humphreys, 2017). Similar effects form the basis of virtual
reality and magic as a form of art illusion designed to appear contradictory to the laws of nature.
Research into ways to enhance this sensation continues. For example, the Oculus Rift adaptation is
designed to create a virtual reality with a stereoscopic 3D view. Unlike 3D in television or movies,
this is achieved through unique parallel images for each eye (Lander, 2015). It demonstrates how
flexible our sense of presence in reality is and that we still don't fully understand it. Virtual reality
creates the illusion of actual presence in the virtual environment and the observer's sensation of
physically being in another space. Illusions are also used in painting, often created through
perspective (Lander, 2015; Pharr et al., 2017; Marelli et al., 2015; Jensen, Christensen, 2023).
Capturing images with small apertures is challenging. It is practically helpful for photographers
and operators.

Fig. 3. A museum model in Teteven, Bulgaria, with camera obscura

A model for photographing images with a small aperture is suggested so operators can use
camera obscura to simulate depth of field in the image. However, here, the fact that the surface of
the lens provides a sequence of different views of the surroundings is not taken into account. This
drawback is overcome by tracking the distribution of rays, but an embedded technique for the
imaging process is required. The visibility of the surface is combined with the depth of the
background in a limited way without integrating shading with background depth trained to capture
images under specific conditions (Schofield et al., 2010).

4. Conclusion

This study corroborates the observation of diffraction effects by revisiting Ignatov’s 1976
achievement of optical effects via small apertures and experimentally validating these phenomena
through a Camera Obscura. The projective qualities of a 1 mm aperture align with initial insights,
forming the basis for a proposed model facilitating image capture under specific conditions. This
model, leveraging Camera Obscura’s emulsion of depth of field akin to the human eye, offers a
platform for operator training in image capture. Practical exercises conducted with photographers
and operators using the described model system for capturing diffraction images enable the
practical application of optical effects. On the other hand, fine-tuning the aperture and camera for
specific captures in laboratory conditions is practice. Natural phenomena require professionalism
and assessment of background and color characteristics.
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“European Journal of Molecular Biotechnology” (2013—2023):
Some Results of the Decade

Anvar M. Mamadaliev 2"
aVolgograd State University, Russian Federation

Abstract

The article is dedicated to the 10th anniversary of the “European Journal of Molecular
Biotechnology”. The research material was articles published from 2013 to 2023. 102 articles were
published during the specified period. Such research methods as the method of historical content
analysis (historiographic/bibliographic method), the historical-typological method and the
synthesis method were used in the work.

The application of molecular biotechnologies in such fields as medicine, genetics, agricultural
and industrial production, etc. is analyzed.

The analysis of the articles showed that most of the research was published on human
problems: medical, genetic and archaeological aspects of molecular biotechnologies, etc. In second
place — research in virology, bacteriology, as well as work on crop production, animal husbandry
and research of biotechnologies in agricultural production. In third place in terms of the number of
publications were works on climatology, certain problems of chemistry, etc. The smallest number
of articles is on research in the field of industrial production.

Keywords: journal, “European Journal of Molecular Biotechnology”, molecular
biotechnologies, 2013-2023.

1. BBegeHnue

CraTthsl TOCBsIeHa 10-JIeTHEMY io0Omaer0 »xypHana «European Journal of Molecular
Biotechnology», koTopsIil mybIMKyeT MCCIeIOBAaHUS 10 MOJIEKYJIAPHON OmMoTexHOI0TUH. Muccus
JKypHaJjia, corjlacHO WHGOpPManuyd Ha O(PUIHATIBHOM CalTe, «3aKJI0YaeTcsd B IIyOJIHMKAIMHA
BBICOKOKQUYECTBEHHBIX OPUTHHAIBHBIX PE3YJITATOB WCCJIEIOBAHUMA, BBIIOJHEHHBIX B 00JIacTH
MOJIEKYJIAPHBIX ~ OHMOTEXHOJIOTHH. BakHoe ~ 3HaueHWe  yjessAeTcs dbopmupoBanuio
WH(GOPMAIITMOHHOTO IIPOCTPAHCTBA, HANpPABJIEHHOTO HA TOBBIINIEHWE MPOdeCcCHOHATBHOU
KOMIIETEHIIN CIIEIUAJIFICTOB JaHHOW cdepsl». B mepuos ¢ 2013 mo 2023 rofbl OBLIO
OIyOJIMKOBAHO 102 CTaThH.

[Ty6nukanus cratbu B xKypHasie «European Journal of Molecular Biotechnology» siByisiercst
OecIuIaTHOM, MaTepuasbl Pa3MelIaloTCs B OTKPBITOM JIOCTYIIe, pa3pelaeTcs UX UCIIOJIb30BaHUE,
KONMPOBaHNE U THUPAXUPOBaHUE, HO ¢ 0053aTeJIbHOM CChUIKOM Ha HCTOUYHUK. Kommepueckoe
HCIIOJIb30BaHUE CTaTel, pa3MellleHHbIX B JKypHaJle, 3aIpeleHo.

s ymobGcTBa BOCHPHATHA MBI KJIACCUUIIMPOBAIIM BCe CTaThbU MO cdepaM NpUMeHEHH:A
IIPOBEZIEHHOTO U  OIyOJIMKOBAaHHOTO HWCCJIEZIOBAHMS: TO €CTh IIPUMEHEHUE MOJIEKYJISIPHBIX
OUOTEXHOJIOTHI TeXHOJIOTHI B MeIUIIMHE C TOUKU 3PEHHS YeJIOBEeKa, B arpapHOU IPOMBIIIIEHHOCTH,
’KMBOTHOBO/ICTBE, PACTEHHEBO/ICTBE, TeHETHKE U T.II. B aHHOI paboTe MBI KpaTKO IIPOaHAIU3HUPYyeM

* Corresponding author
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TEMBI, KOTOPbIE IIOAHUMAJIMCh Ha CTPAHUIIAX JKypHaJIa 3a IIpomeaime 10 JieT.

2, MaTepuajbl 1 METOAbI

MarepuasioMm Uil JAaHHON PYKOIHCH TOCTYXKIJIH HCCIEA0OBAHUSA, OIyOJIMKOBAaHHbBIE B
s)kypHase «European Journal of Molecular Biotechnology» B mepuoz ¢ 2013 1Mo 2023 rofbl.

MeTo0I0THYECKUI KOMIUIEKC BKJTIOYAET B ce0sl TaK¥e METO/IbI ICCIEIOBAHUS KAK:

- KOHTeHT-aHaIu3 / ucropuorpabudeckuii / 6ubauorpaduyecKuil METO: TPUMEHSIICS JJIs1
aHayN3a CoZEep:KaHUA CcTaTel, OmyOJIMKOBAaHHBIX B JkKypHase «European Journal of Molecular
Biotechnology» 3a mporesiue 10 Jier.

- UCTOPHUKO-TUITOJIOTUYECKUH METO/I: IPUMEHSUICS ISl KIacCU(bUKAIUU TIPE/ICTaBJIEHHBIX B
’KypHaJie Tpy/ZIOB [0 TeMaTukaM/cdepam uccaeoBaHus:

- METOJI CHHTe3a: IPUMEeHICS 11 GOPMYJIMPOBAHUSA BBIBOIOB UCCIIEIOBAHUS.

3. PegyasTaTsl

Kak ykasbIBajioch BbIIIIE, U1 y/1I00CTBA BOCIPHUATHS Mbl KJIaCCU(MUIMPOBAIN BCE CTAThHU 110
chepam IpUMEHEHUS UCCIIEIOBAHNS.

BuomosiekyisipHble TEXHOJIOTHH, KacaloIuecs dYejioBeKa (B TOM 4YHCIE€ B MeAHIIUHE,
reHeTHKe, apXeoJIOTUH W IIp.), aHAJIM3UPOBAIU Takue wucciemoBatenu kak H.M. laidyius,
A.B. Bauypun (Gaifullin, Bachurin, 2013), /I.A. AuTOoHOB (Antonov, 2013), IT.A. KpsuioB (Krylov,
2014), A.A. lllupoxwuii, A.B. Boskos, B.B. HoBouaznos (Shiroky et al., 2014), P.C. fAnas, C. Tsru,
II. TxaBepusi, P.K.TanrBap (Yadav et al., 2014), B.B. Hoouagos, K.A.BoBoJsibckas,
C.A. Jlunnaunkass, E.B. IlepeBanoma, E.}O. IllyBanoBa, 3.H.3arpebuna, B.I. 3aiires,
A.A. llupokuii u apyrue coaBTopbl (Novochadov, 2013; Novochadov et al., 2014; Shirokiy,
Novochadov, 2016; Novochadov et al., 2016), C.Cauadap, M. Herax6an, M.M. Coypecranu
(Saeedfar et al., 2015), F0.A. [Ilateipb, A.M. Bonzapes, B.B. HoBouasios, A.b. Mysuk (Shatyr et al.,
2015), A.C. Anp-Py6aun, C.T. A6a, H.M. Kagum (AL-Rubaee Eaman et al., 2015), A.O. 3exutii (Zekiy,
2015), A.C. Cemenos, B.B. Byznar (Semenov, Bulat, 2016a; Semenov, Bulat, 2016b), H.A. Cumoposa,
@./1. Boponos (Sidorova, Voronov, 2016), . Uraatos, IO. ITemeBa u coaBtophl (Ignatov, 2017;
Ignatov, Pesheva, 2018a; Ignatov, Pesheva, 2018b), B. JlaBcaumop:k, T. Mopuren (Luvsandorj,
Morigen, 2017), A.X.Anp-Xymaupu (Al-Humairi, 2019; Al-Humairi et al.,, 2021),
E.H. HecmesiHoBa, 10.A. 3umuna u coaBTophl (Nesmeyanova et al., 2021).

MouJtekyisipHble  OMOTEXHOJIOTUM B arpapHOM IPOU3BOJCTBE, PACTEHUEBOJICTBE U
JKUBOTHOBOJICTBE OCBeIljayii Takue aBTOpPhl Kak E. HedbenneBa, T. BecesnoBa, B. BecemoBckuii,
B. JIvicak (Nefed'eva et al., 2013), B. [TaBnoBa, E. Bacuukuna u coaBrops! (Pavlova et al., 2013a;
Pavlova et al.,, 2013b), X. By3uzn, ®.T. benanu, P.Yamnu, M. Bysayuna, A. bysua, A. Benuoxpa,
M.M. Tud (Bouzid et al., 2014; Chadli et al., 2015), A. Tomep, P. Cuarx, M.K. Maypsos (Tomer et
al.,, 2014), A.C.A. Asp-JI:)xanabu (Ali Saeed Atiyah AL-Janabi, 2015; Saeed, AL-Janabi, 2016),
I'.A. I'epamenkos, I'.P. fceibaeBa, H.A. PoxkHoBa, A.B. Uemepuc (Gerashchenkov et al., 2015),
I.A. Xyceiitn (Hussain, 2015), ®.P. Anp-Camapaii, A.A. Anb-Kazas (Al-Samarai, Al-Kazaz, 2015),
JI. Kpacres, II. I[TearkoB u coaBtopbl (Krastev et al., 2016), 1.A.A. Moparum, M.M. MoxamMmap,
A.A. Deiican, X. Myca, . Antune, A. Bynyny u coastopsl (Ibrahim et al., 2017; Ibrahim et al., 2017;
Ibrahim et al., 2018), B.B. HoBouamoB u coaBTopsl (Novochadov et al., 2018; Novochadov et al.,
2019), B.I. 3aiines, P.IO. MBamenko, /I.A. Kypkuna, A.C.IlomoBa (Zaitsev et al., 2019),
C. bopcanmu, P.Yammu (Borsali, Chadli, 2019), C. Kapamxos, U.HWrnatos, X.HalimeHckH,
T. ITonoBa, B. JIronike, I'. ['myxues, H. Kones, C. banabanos (Karadzhov et al., 2019), I1.A. KpsuioB
u coaBtopsl (Krylov et al., 2022).

[Ipo6sieMbl MOJIEKYJIIPHBIX OMOTEXHOJIOTHH, WCIOJIb3yeMbIX B U3yUYeHHU BUPYCOJIOTUHM U
6aktepuosiornu uccaenosaiu O. Mocun, U. Urnatos, JI. Ckiannes, B. IlIBen u apyrue coaBTOpbI
(Mosin et al., 2013; Mosin, Ignatov, 2014; Mosin, et al., 2014; Mosin, Ignatov, 2014a; Mosin et al.,
2015; Ignatov, Mosin, 2014; Ignatov, Mosin, 2015a; Mosin, Ignatov, 2015a; Ignatov, Mosin, 2015b;
Mosin, Ignatov, 2015b; Ignatov, Mosin, 2015¢c; Ignatov, Mosin, 2015d; Mosin, Ignatov, 2016;
Huether et al.,, 2020), O.B. KosoroBa, WN.B. Bimagumupunena, C.H.Opsosa, N.B. CokosoBa
(Kolotova et al.,, 2014), I'.I'smyxue u coaBropbl (Gluhchev et al, 2015), X.A. Iunawy,
A.K. Xanadamwra, M.M. I'oma, A.X. Eez (Shindy et al., 2016; Shindy et al., 2018; Shindy et al., 2019),
A.C. Adommn, ®.B. KouerkoB, .M. AnnpeeBa-KoBasesckas, K.M. Bynapuna, M.B. 3axaposa,
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A.B.JIucoB, A.M. Iagpun, A.A. JleontbeBckuii (Afoshin et al., 2017), M.J./laBuTaiiBuim,
I'.C. Asukypu (Davitashvili, Azikuri, 2019), M. Enb-Uapuccu (El idrissi, 2019).

BroTexHOJIOTHH MOJIEKYJIIPHOTO YPOBHsA, MPHUMeHseMble B cdepe OKpYy:KaloIlel CpeJbl,
KJIMMAaTOJIOTHH, XWMHH, a TaKKe OTAeJIbHble Oosiee y3kue cdepbl HTPUMEHEHHS JaHHBIX
TexHoJsoruil aHanmusupoBau JI.M. ®posos, B.I. 3atineB (Frolov, Zaitsev, 2013), W. WrHartoB,
O. Mocus, B. Benukos, 9. Bayap, I'. Teimunckuii (Ignatov et al.,, 2014; Mosin, Ignatov, 2014b;
Ignatov et al., 2014; Mosin et al., 2014c¢; Ignatov, Mosin, Ignatov, 2016; Ignatov, 2019; Ignatov,
2020; Ignatov et al., 2022; Ignatov, 2022), C. Taru, P. Cunrx, II1. I>xaBepus (Tyagi et al., 2014),
B.B. HoBouanoB u coaBtopbl (Novochadov et al., 2016; Krylov et al., 2020), /I. Mexaumxues,
C. Kapamkos, T. I'myxueB, A. AranacoB u ap. (Mehandjiev et al., 2017), A. 3epyanp, M. 9ib-
Unpuccu, P. 9nb-Amxnayu, H. Yypupucc, C. AGypuua, H. Masyap, A. Beaxapped, A. 91b-Xamkou
(Zeroual et al., 2017), H.V¥ypucc, A. 3epyan, K. A. T'aaxu, A. benxapped, A. AGyppuue,
A. Bennamapa, A. 9abxamkbu (Ourhriss et al., 2017), O.B. I'pagos (Gradov, 2017), A. Benauty,
X. 9nb-Anayu dnb-Abpannayu, X.I'apmec (Benallou et al., 2018a; Benallou et al., 2018b; Benallou,
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(Ivantsova et al., 2018; Krylov et al., 2019), I.H. Onyue, A./l. OxyBarorte (Onuche, Oluwatope,
2021), C. Mykepyxu, C. lac u coaBropsl (Mukherjee et al., 2021).

Bormpockl 6MOMOJIEKYJISIPHBIX TEXHOJIOTHH, CBSI3aHHBIX C OPraHU3aIell KU3HeIeATeIbHOCTH
yesioBeka (paboTa KOMMYHaIBHBIX CIy»KO W IIp.), a TaKKe B IMPOMBIIUIEHHOM IPOH3BOICTBE
uccnenoBanu W.T. Illatixue (Shaikhiev, 2014), 1. Uruaro, O. Mocun (Mosin, Ignatov, 2014),
B.B. HoBouazioB, II.A.KpsutoB (Novochadov, Krylov, 2016), A.H. bepnuna, /[.B. CoTHHKOB,
C.A. Epemun, JI. JIro, Y. Croii, A.B. Kepzes (Berlina et al., 2016), X.A. Illungau (Shindy, 2016; Shindy
et al., 2017; Shindy, 2019), A. Tyncu, M.9ns-Unpuccu, 3. Txamuwib, A. Bapxymu, A.3epyais,
M. Mb6apxku u jsip. (Tounsi, El Idrissi, 2018; Jalil et al., 2019; Aboulouard et al., 2020), M.M. 'omaa
(Gomaa, 2019; Gomaa, Mahmoud, 2021), }0.A. 3umuHa u coaBTopsI (Zimina et al., 2020).

4. 3akJaoueHue

B xozie mpoiesiaHHOM paboThI MBI MOKEM CZI€JIaTh CJIEYIOIIHE BBIBO/IBI:

1. DBospime Bcero wucciaeqoBaHUM OBLIO  OMyOJIMKOBAHO IO mpobsieMaM dYeJIOBeKa:
MEJUIUHCKIE, TEeHETUUECKHE U apPXE0JIOTHYECKUE ACTIEKTHI MOJIEKY/IIPHBIX OMOTEXHOJIOTUH U TIP.
Ha BTOpOM MecTe — WCC/IeJOBAaHUS IO BUPYCOJIOTHH, OAKTEPUOJIOTHH, a TaKKe PabOThI IO
PaCTEeHHEBOJICTBY, *KHUBOTHOBOJZICTBY U UCCJIEIOBAHUIO OMOTEXHOJIOTHH B arpapHOM ITPOU3BOICTBE.
Ha TtpeTbeM MecTe 110 KOJTUYEeCTBY IyOIUKAIINN 0OKa3aTUCh PAOOTHI 10 KITUMATOJIOTHH, OTAETbHBIM
pobsieMaM XUMUH U TIp.

2. HauMmeHbIllee KOJIMYECTBO CTaTel IO UCCIAeNOBaHUSIM B cdepe ITPOMBIILIEHHOTO
MIPOM3BOJICTBA.
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«European Journal of Molecular Biotechnology» (2013—2023):
HEKOTOPbIE UTOTH J€CATUIETUA

AnBap Mupsaxmarosuu Mamananues 2 - *

a Bosirorpajickuii rocyapcTBEHHbBIN YHUBepcuTeT, Poccutickas ®enepanus

An"oranua. CtaThsl MOCBAIIEHA 10-JIeTHEMY 006uieio kypHanta «European Journal of
Molecular Biotechnology». MaTepuasiomM uccaef0oBaHUS MOCTYKUJIN CTaTbU, OMyOJUKOBAHHbBIE
3a EPUOJT ¢ 2013 MO 2023 TO/bl. 3a YKa3aHHBIN MMEPUO/, OBLIO BHIMYIIEHO 102 cTaThu. B pabote
IPUMEHSUITUCh TaKHWe MEeTOJ[bl HCCIeOBAHUA KAaK METOJ[ HMCTOPUYECKOTO KOHTEHT-aHAIN3a
(ucropuorpaduueckuii/6nbIMOTrpaPUUECKUA METOM), HCTOPUKO-THUIIOJIOTUYECKUN MEeTOJ |
MeTOJ] CHHTE3a.

AHanmm3upyeTcss TpPUMEHEHHe MOJIEKYJISIDHBIX OHOTEXHOJOTHMH B Taku cdepax Kak
MeJIUIINHA, TeHETHKA, arPAPHOE U TPOMBIIIJIEHHOE IIPOU3BO/ICTBO U IIP.

Ananu3 craTedl mokasas, 4YTO OOJIbIlle BCETO UCCIENOBAHUN OBLIO OMyOJMKOBAHO IIO
rnpobJsieMaM 4desioBeKa: MeTUIIMHCKIE, TeHeTUUeCKHEe U apXe0JIOTHYECKUE ACTIEKThI MOJIEKYIAPHBIX
6uorexHosiorud u np. Ha BTOpoM Mecre — HCCIeJOBAaHUSA II0 BUPYCOJIOTUH, OAaKTEPHOJIOTHH,
a Takke pabOThl 1O PACTEHUEBOJCTBY, >KUBOTHOBOJCTBY UM WCCJIEJOBAHUIO OHOTEXHOJIOTHMH B
arpapHOM IMpPOU3BOACTBe. Ha TpeTheM MecTe IO KOJIMYECTBY ITyOJUKAIMN OKA3aIMCh PAOOTHI IO
KJIMMATOJIOTHH, OTAEJbHBIM IpobjieMaM XWUMUHM W Tp. HanMeHbIllee KOJIMYECTBO CTAaTeH IO
HCC/IeIOBAHUSM B chepe IPOMBIIIIJIEHHOTO ITPOU3BO/ICTBA.

KiaoueBbie cioBa: xypHan, «European Journal of Molecular Biotechnology»,
MOJIEKYJIAPHBbIE OMOTEXHOJIOTHUH, 2013—2023 IT.
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