


	
II	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Original document saved on the web server of the University Library of Bern 

 
This work is licensed under a 

Creative Commons Attribution-Non-Commercial-No derivative works 2.5 
Switzerland license. To see the license go to 

http://creativecommons.org/licenses/by-nc-nd/2.5/ch/  
or write to Creative Commons, 171 Second Street, Suite 

300, San Francisco, California 94105, USA. 
 



	
III	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

Copyright Notice 

This document is licensed under the Creative Commons Attribution-Non-
Commercial-No derivative works 2.5 Switzerland. 

 http://creativecommons.org/licenses/by-nc-nd/2.5/ch/ 
 
 
 
 
 
You are free: 
 
 

 
To copy, distribute, display, and perform the work  
 
 

 
 
 
Under the following conditions: 
 

 
Attribution. You must give the original author credit.  
 
  
 
Non-Commercial. You may not use this work for commercial 
purposes.  

 
 
No derivative works. You may not alter, transform, or build upon 
this work.  
 

 
For any reuse or distribution, you must take clear to others the license terms of 
this work.  
 
Any of these conditions can be waived if you get permission from the copyright 
holder.  
 
Nothing in this license impairs or restricts the author’s moral rights according to 
Swiss law. 
 
The detailed license agreement can be found at: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ch/legalcode.de 
 

	

	
	



	
IV	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

	
	
	

 
 

 
 
 

 
 
 
 
 
 
 
 
 

 

Dedication 
 

I dedicate my dissertation work to my loving parents, A. 

Ahmedien and A. Ahmedien whose words of encouragement and 

push for tenacity ring in my ears. To my two sisters S. Elseidi and 

A. Ahmedien, my two brothers A. Ahmedien and H. Elseidi who 

support me throughout the process, and chiefly, to my spiritual 

brother K. Raaft who has never left my side, representing my 

inspiring figure in all my life. 

I also dedicate this dissertation to all people who helped me 

specially Dr. Réka Mihálka in (AES), and in the faculty of the 

humanities particularly the Dean's office staff and the central 

library staff. 



	
V	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

 
Acknowledgment 

I wish to thank my supervision committee members who were more than 

generous with their expertise and precious time. 

A special thanks to Prof. Dr. Norberto Gramaccini, the head of my 

supervision committee, professor of the art history at the University of 

Bern. He Provided me a great help and accommodated the special case 

of my thesis topic regarding my very rare specialization, believing in such 

specialization must be supported as a new chance to unleash new, 

creative sub-disciplines in the University of Bern. 

I would like to deeply thank Dr. Rita Hofmann, in the University of 

Applied sciences Bern, my second supervisor, for her countless hours 

spent for working with me, reading my writings, encouraging me, and 

most of all patience throughout the entire process. She was with me hand 

by hand in all my work steps theoretically and practically. I have to 

acknowledge that this thesis could not be written without her 

comprehensive contribution and profound vision. 

Last but not least, I would like to thank Prof. Dr. Sabine Süsstrunk, 

professor of Images and Visual Representation Lab at the School of 

Computer and Communication Sciences (IC) in Ecole Polytechnique 

Fédérale de Lausanne (EPFL). For her approval to evaluate my thesis as 

an external expert, it is an honor for me, in fact, to receive an evaluation 

from her, as an international expert, about my thesis. 

 
 



	
VI	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This Page is left blank intentionally 



	
VII	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

egyptian government 
The ministry of the higher education  

and scientific research 

Funding recognition 
 

Within highly competitive scientific criteria, the researcher was 

selected to be financially funded to study his Ph.D. in sciences of 

visual arts and New-Media Arts at the University of Bern, the 

Swiss Capital’s University. The funding derived from the Egyptian 

missions’ sector (the second year missions, 2013/ 2014, of the 

seventh five-year plan) under the minister’s decision on 18-08-

2014. The funding has been received by the Egyptian cultural 
bureau in Paris during two years from 12-2014 till 12-2016.   



	
VIII	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Supporting Recognition 
 
The entire practical framework in this scientific piece has been 

fully Supported by the University of Applied sciences Bern, 

under the internal project in the School of arts. All optical 

components and equipment have been offered for free by the 

Department of Physics in Burgdourf.  



	
IX	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

The Scientific Committee  
 
 

Professor Dr. Her. Norberto Gramaccini, The Former 
Dean of the institute of art history, University of Bern. 
 
Role: The First Examiner  

  
 

 
Professor Dr. Frau. Rita Hofmann, researcher, 
Lecturer, the school of Arts, University of Applied 
Sciences Bern. 
 
Role: The Second Examiner   

  
 

  
DR. Sara Schlachetzki, The institute of Art History. 
 
Role: The Monitor    

 
 

 

  
Professor Sabine Süsstrunk. leads the Images and 
Visual Representation Lab (IVRL) at EPFL 
 
Role: The External referee   

 
 
 
 
 
 
 
 
 
 
 



	
X	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

*Content:  
 

Subject Page No 

Front matters……….……………………………………….. I- 

- Copy right ……………….………………………..…….. II 

- Copy right instructions……………..……….……… III 

- Dedication……………………………….…………....... IV 

- Acknowledgement…………..…….…….…………… V 

- Funding recognition…………………….…………… VII 

- Supporting recognition………………………………  VIII 

- Scientific committee………………..……………….. IX 

- Content……………………………………………………. X 

- List of Figures………………….…….………………… XIV 

- List of Tables……………………..………..……………  XVII 

- Epigraph……………………….…….…………………… XIX 

Abstract………………………………....………………........ 1-3 

Chapter one (Protocol)…………………..…….…………. 5-20 

1.1 Introduction.……………….…..………………….….....  6 

1.2 Research problem………………….…….…..………...  11 

1.3 Hypothesis……………..……………..…………………… 12 



	
XI	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

1.4 Aims……………………………………..…..……...……….. 13 

1.5 Importance…………………………………….………...... 13 

1.6 Methodology………………………………….………....... 14 

1.6.1 Theoretical Framework…………………………… 14 

1.6.1.1 Historical Axis………………………………. 14 

1.6.1.2 Conceptual Axis…………………………….. 14 

1.6.2 Practical Framework………………………………. 15 

1.6.2.1 Experimental studies…………………….. 15 

1.6.2.2 Final practical project…………………… 15 

1.6.3 Structural Mode…………………………………….. 15 

1.6.4 Structural Pattern………………………………….. 16 

1.6.5 Data Balance…………………………………………. 16 

1.6.6 Logical Framework Matrix (LFM)…………… 17-18 

1.6.7 Time table………………………………………………  19 

1.6.8 Thesis flow chart…………………………………….  20 

Chapter two (literature review)……………………….. 22-52 

2.1 Introduction.……….….………………….….....  23 

2.2 General related studies……………………… 24 



	
XII	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

2.3 Partly Related Studies…...…………………….. 33 

2.4 Closely Related Studies………………………… 43 

2.5 Summary…….……………………..…….…………  48 

Chapter three (New classification)…………………… 54-78 

3.1 Introduction……..……………………..…………. 55 

3.2 Laser principles……………….…………………. 59 

3.3 Paradigm shift……….……………….………….. 63 

3.4 Laser Art as a Communicative Model….… 64 

3.4.1 Open Communicative Message……..………. 65 

3.4.2 Closed Communicative Message……….…… 66 

3.4.3 Interactive Communicative Message……… 67 

3.5 Laser Art as an Informative Model………… 68 

3.5.1 Open Source………………………………..………. 69 

3.5.2 Closed Source………………….…………..………. 70 

3.5.3 Interactive Source…………….………….……… 71 

3.6 Summary……….………….………………………. 72 

Chapter four (conceptual interpretation of the 
holographic scene)………………………………………….  80-116 

4.1 Introduction……………………………………….. 81 



	
XIII	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

4.2 Theoretical Frame……………………….……… 86 

4.3 Material …………………………………..………… 92 

4.4 Experimental setup…………….….…………… 96 

4.4.1 Phase I: Investigate the real form………… 97 

4.4.2 Phase II: investigate the visual form…….. 103 

4.4.3 Phase III: investigate the verbal form……. 106 

4.5 discussion……………………………………….….. 109 

Chapter five (Towards new aesthetics)…….………. 118-135 

5.1 Introduction……………..................………… 119 

5.2 The practical assumption ……………………. 122 

5.3 the artwork as a source of a real knowledge 127 

5.4 Auto-Poietic aesthetics……………………….… 128 

5.5 Summary……………………………………………. 133 

Conclusion…………………………….….…………….…….. 137-140 

Glossary…………………….……………….…………………. 141 

Appendix A…………………………………………………….  147 

Appendix B………………….……………………..…………. 155 

References……………………………………………….…….  159 

 
 



	
XIV	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

*List of Figures   
 
Figures  Page no 

Figure 1.1 …………………………………………………. 16 
the graph illustrates the Data flow through the methodology 
designed in order to control the circle of the data processing from 
the inputs into the outputs and the processes in the middle through 
all research processes. 
 

 

Figure 2.1 …………………………………………………. 52 
the graph illustrates the distribution level of the previous literature 
in Laser arts in the span of 37 years. The vertical axis shows the 
number of studies every year, and the horizontal axis shows the time 
period in which three studies achieved in 1989, 1992, 2002, 2010 as 
the highest rate of distribution. 
 

 

Figure 2.2 ………………………………………………… 52 
the graph illustrates the funnel chart of the literature review. It’s 
clear the literature went from general concentration in 1978 to more 
an accurate focus in laser art itself till 2015. And the current 
research will be more focus in depth. 
 

 

Figure 3.1 …………………………………………………. 61 
Emission of radiation from an atom by transition of an electron 
from a higher energy state to a lower energy state. 
 

 

Figure 3.2 ………………………………………………… 61 
The energy level diagram for the Nd-ion in YAG showing the 
principal laser transitions. E1, E2, E3are the Energy levels of Nd. E4 
– Meta Stable State. E0 – ground State Energy Level. 
 

 

Figure 3.3 …………………………………………………. 65 
Horst Baumann, 2007, Without title, Laser Beam project funded by 
laser animation SOLLINGER. It is clear that the laser beam 
represents an open source of the medium of the visual message that 
has a wide spatial field to magnify the effect of the communicative 
message to integrate all people over the city. 
 

 

Figure 3.4 …………………………………………………. 66 
The United Visual Artist, 2010, Speed of Light, London, He-Ne 
Laser. Laser beams have been used to redraw all the boarders in 
interior space of an old building. This model of close visual 
communicative message goes to revoke an alternative environment 
in the audience’s mind. 
 
 

 



	
XV	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

Figure 3.5 …………………………………………………. 67 
Marshmallow interactive artists group, 2013, Interactive Musical 
Laser Forest, Eindhoven, Green Laser and software. This artwork 
represents an interactive communicative message that can be 
created by the audience themselves. 
 

 

Figure 3.6 …………………………………………………. 69 
Shawn Brixey, 1992, Celestial Vaulting, project funded by the 
Michigan Council for the Arts, USA. Open source of holographic 
interferometry setup, that can interact with audience to constitute 
voice of the interface patter. 
 

 

Figure 3.7 ………………………………………………… 70 
Ray Barks, 2008, the Green Apple, 360º Cylindrical Hologram, 200 
x 210 mm. An analogue hologram that can reflect a close source of 
information in laser arts. The hologram can provide an 
unchangeable information about the object. 
 

 

Figure 3.8 ………………………………………………… 71 
Ikuo Nakamura, The mirror, 2011, interactive spatial video and 
sound installation. The real image of the participant and its 
holographic reflection as a shadow. This artwork can perfectly 
translate visual information into interactive context constituted by 
the participants themselves. 
 

 

Figure 3.9 …………………………………………………. 74 
the diagram illustrates the development in laser arts and how laser 
beam used to develop light usage in contemporary visual arts 
physically and conceptually 
 

 

Figure 4.1 …………………………………………………. 88 
Joseph Kosuth, one and three chairs, 1965. Wood folding chair (real 
object), mounted photograph of a chair (visual object), and 
mounted photographic enlargement of the dictionary definition of 
"chair" (verbal object). 
 

 

Figure 4.2 …………………………………………………. 95 
The typical Kosuth’s chair, from a carton, as the first object in the 
holographic samples dimensions (4 cm x 4 cm x 7 cm), silver 
metallic paint, created by the author. 
 

 

Figure 4.3 …………………………………………………. 98 
The transmission holographic recording setup, making a copy of the 
recorded plate to examine the reality of the recorded holographic 
object. 
 

 



	
XVI	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

Figure 4.4 …………………………………………………. 99 
The recorded holographic setup in sample (A) and its copy in 
sample (B). The setup reproduced the real chair from the recorded 
object without the need for the real object. 
 

 

Figure 4.5 …………………………………………………. 100 
Ikno Nakamura, Materialization, transmission holographic object 
with real object, New York, 2013 object. 
 

 

Figure 4.6 …………………………………………………. 103 
Optical setup used to reveal the real depth-of-field of the 
holographic environment. 
 

 

Figure 4.7 …………………………………………………. 104 

Different angles of the view, recorded from one holographic scene. 
  

Figure 4.8 …………………………………………………. 105 
Ray Park, the Green Apple, cylindrical reflection hologram, a full 
360-degree angle of view, New York, 2008. 
 

 

Figure 4.9 …………………………………………………. 105 
digital holographic setup that can store the object as digital 
information. 
 

 

Figure 4.10 ……………………………………………….. 108 
Eduardo Kac, AMALGAM, silver halide white light reflection 
hologram. USA, 1990. 
 

 

Figure 4.11 ………………………………………………… 109 
H+Technology, Woody, Full animated character, Interactive room, 
McDonald house BC, Vancouver 2014. 
 

 

Figure 4.12 ……………………………………………….. 111 
an analytical matrix illustrates that the analogue and digital 
holographic models as physical alternatives that can be decoded 
into the same three forms of the object definition derived from the 
conceptual art (visual, real, and verbal).  
 

 

Figure 5.1 …………………………………………………. 124 



	
XVII	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

The experimental setup of the neural interactive artwork. 
  

Figure 5.2 …………………………………………………. 125 
The primary potential examination result illustrates how can the 
participant’s neural brain signals be converted into a particular light 
color to be used for reconstructing the holographic image. 
 

 

Figure 5.3 …………………………………………………. 130 
the generated Knowledge derived from the cycle of specializations, 
techniques, and data through the interactive processes in the 
neural-holographic artwork 
 

 

Figure 5.4 …………………………………………………. 131 
Laura Jade, BRAINLIGHT, laser interactive installation, center of 
illumination technology, University of Applied sciences, Sydney, 
2015. 
 

 

 
 
 
 
 
 

 

 List of tables  
Tables  Page No 

Table 4.1 …………………………………………………. 93 

The details of the holographic plates used in the experiment.  

Table 4.2 …………………………………………………. 93 

The details of the holographic Developer used in the experiment.  

Table 4.3 …………………………………………………. 94 

The specifications of the laser used in the experiment.  

Table 4.4 ………………………………………………… 49 

The optical components used in the experiment.  

 
 
 
 
 



	
XVII

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This Page is intentionally left blank 



	
XIX	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

 

 
 
 
“The scientific committee at the University of Bern rejected Einstein's application 
in 1907, where they felt an artistic sense of his scientific assumption. Perhaps 
their decision was reasonable in that time. Who could possibly imagine that the 
relationship between art and science will reach its current contemporary phase? 
in which science can be found in the core of some current artistic trends, and art 
can be derived from several current scientific disciplines! 
 
In fact, the accreditation of his creative imagination scientifically is an absolute 
proof in the 21st century that the art and science, in their predetermined 
relationship, cannot be separated from each other. 
 
Yes, of course, Einstein was right, and still…………………………………………..., and he 
will be”. 
 

(Ahmedien, Bern, 2016) 
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Abstract 

 

 

 
                 n Parallel with the latest scientific mutations and 

Technological developments, many contemporary artistic trends 

have emerged under the influence of the contemporary phase of 

the historical relationship between art, sciences, and technology. 

This relationship became able to change the methodology of the 

artistic creation processes totally to the extent that it represents 

separate artistic movements every one of them can actively refer to 

a new scientific approach to reinterpreting our understanding of 

the arts in our contemporary cultures. 

One of the most significant artistic movements emerged since the 

middle of the 1960s until now is Laser-Art, in which light can reach 

its maximum values as a Hypermaterial that can independently 

I  
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constitute the artwork technically and conceptually 

simultaneously. 

This thesis contextualizes laser art as an independent artistic trend 

has its history, classifications, criteria, philosophy, and aesthetical 

aspects. Via several analytical studies theoretically and practically, 

the thesis proves that laser art actively contributes, as an 

independent artistic trend, to change the conceptual definition of 

the artistic material. On the other hand, bridge the gap between 

the artistic context and the technical issues, in which the 

conceptual values became fully integrated into the physical 

properties of the medium (laser beam), therefore it became 

impossible to separate the idea and the material of the artwork 

from each other. Besides, the thesis reveals the potential hidden 

conceptual and philosophical dimensions of the holographic art as 

one of the most important branches of laser art. In advanced step, 

the research suggested a new model of interactive holographic art 

based on neural controlling, and how this advanced approach can 

lead us towards a new kind of the aesthetic values, in which 

participants effectively contribute neurologically to constituting 

the artwork itself. 

 

 



United visual artists, The 

speed of light, Installation, 

London, 2010.
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This chapter illustrates the outlines of the entire thesis 

clarifying research problems, methodology, aims, and 

importance. Besides it contains the main protocol 

documents, including the practical frame, the entire 

timetable and the logical framework matrix (LFM) of the 

project. 

Ahmedien, D. (2016) ‘Physics of laser in contemporary visual arts:  
The research protocol’, Research Ideas and Outcomes, 2, p. 
e11150. doi: 10.3897/rio.2. e11150. 
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                       ince the middle of the 20th century, the scientific and 

artistic communities have both attempted to understand the 

beginning of the universe, the origin of the human being, 

consciousness, and human brain in order to decode our potential 

future, our identities, our cultures and civilizations based on the 

latest scientific mutations and discoveries. Accordingly, the ‘visual 

arts’, as an important branch of humanities, is no longer an 

isolated domain, but it developed a strong relationship with other 

scientific disciplines. This could be considered as one of the most 

important characteristics in some contemporary visual arts trends, 

which are reflected in a renewed and strong sense of affinity 

between art, science and technology (Nay, 2007). After all, the 

relationship among art, science, and technology (AST) has 

extended roots through the history of art. The difference in our 

contemporary era is represented in several paradigm shifts that 

have broken the dividing line among scientific and artistic 

specializations by conducting cutting-edge research cross a wide 

“the most beautiful thing we can experience is the mysterious. 

It is the source of all true Art and Sciences”. 

(Albert Einstein) 

S 
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range of disciplines. Consequently, in some cases it became 

difficult to redefine sharp boundaries among some of the artistic 

and scientific fields. So, ‘interdisciplinarity’ as a term reflects a new 

method that has already dominated scientific and artistic 

activities. Due to those paradigm shifts that happened in the 

scientific methodological practices through many artistic and 

scientific domains, in his book entitled “Art and science now”, 

Stephen Wilson describes accurately the current phase of the unity 

among art, science, and technology and its effects on the nature of 

the artistic creation processes in some contemporary experimental 

artistic trends: 

 

“In the 21st century, some of the most dynamic works of art are 

being produced not in the studio but in the laboratory, where 

artists probe cultural, philosophical and social questions 

connected with cutting-edge scientific and technological 

research. Their work ranges across disciplines – microbiology, 

the physical sciences, information technologies, human 

biology and living system, kinetics and robotics- taking in 

everything from eugenics and climate change to virtual reality 

and artificial intelligence”.                                  

                                                                                  (Wilson 2010: -1) 

 

In fact, Wilson’s description of the contemporary visual arts trends 

is confirmed by what Roy Ascott said about the contemporary 
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visual arts when he emphasized the relationship between art 

science and technology in visual arts has been divided into three 

phases: The first and the second have shared properties; most 

important of them are reliance on the use of technology either 

directly or indirectly in the artworks, and several sciences 

applications had been expanded to be used in many visual arts 

trends. 

Nevertheless, the contemporary documented roots of the third 

phase of the relationship between art, sciences and technology 

may be detected in the C. P. Snow’s famous annual Rede lectures 

at Cambridge on May 7th, 1959. These lectures were combined in a 

book entitled “The Two Cultures and the Scientific Revolution” 

(Snow, 1964). In the second edition of This book, in 1963, Snow 

added a new essay entitled: “The Two Cultures: A Second Look”. 

In that essay he suggested a ‘Third Culture’ as a new term that 

would emerge and close the gap between artistes and scientists 

(Snow, 1963, p. 53), where the sciences were not used in an 

unlimited way, rather, the art and sciences became two sides of one 

coin. Consequently, the artworks are achieved in laboratories, and 

artists and scientists moved along a common path, to the extent 

that some of the artistic trends were classified by some kinds of 

scientific techniques that are used to achieve them, for instance: 
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(Laser Art – physics applications in visual arts), (Bio Art – 

Biological sciences in visual arts) and (Mechatronic Art – 

Engineering applications in visual arts). All of those three visual 

artistic trends belong to the ‘Processes art’ historically, in which 

the conceptual core of the artwork is constituted in the processes 

performed beyond the visual form or even the physical form of the 

artwork itself.    

Laser light as an artwork may have the biggest chance for 

expansion, more than the other kinds of these trends, because it 

represents a	unique Hyper-Material due to its spatial and temporal 

coherence leading to speckle and allowing signal processing, 

interference patterns, very narrow beam width and very narrow 

line width which leads to strong and pure colors (the scientific 

properties became artistic advantages). 

On the other hand, the use of laser demands high skills and 

expensive equipment which forces the artist to perform their 

artworks in cooperation with scientists inside their labs. Besides, 

artistically it has extraordinary ability to interact with different 

environments and audiences. 

In terms of theoretical documentation in laser art, we can see most 

of references explain and analyze laser artworks in the same way 

that is usually used to analyze other visual arts trends and the same 



	
10	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

criteria without taking into account the special case of laser 

artworks. Few studies highlighted laser art in a more suitable 

position, the common characteristic in all of these studies that they 

were written under the same title (art and science), and the laser 

artworks were a part of them. 

Conceptually, the current research focuses on the laser light itself 

as a raw material of the artwork, the research wants to elucidate 

the historical roots of laser artworks conceptually and technically. 

the current work will focus on the full period from the invention of 

the laser in 1960 up to the present. 

However, applications in which lasers were a source of 

illumination, like laser shows, are not a part of the current study. 

The research attempts to achieve new approaches to explain and 

document new artistic and aesthetical values, which are a result of 

laser light usage in contemporary artworks conceptually and 

practically. The theoretical outcome of the research should lead to 

a new classification for types of laser artworks, therefore enriching 

the contemporary visual arts trends by accurate analytical studies 

and practical experiments in laser arts. 

For better understanding of laser artworks, several experiments 

were done in the current research. These experiments were divided 

into three parts; the first part was conducted in a holographic lab 
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to produce an analogue holographic recorded image and analyze 

the result to document the scientific processes and their effect on 

the aesthetical values by comparing the holographic image to a 

normal image. The second part was lead to experimental studies 

in light and interactive techniques and how advanced technology 

can redefine the concept of light through the contemporary visual 

arts trends. The third part which is only a concept of a potential 

project: the design of an interactive system by using neural 

controlling techniques to create an advanced virtual environment 

as a neural holographic game that can interact with audience 

automatically or can be controlled by the audience neurologically. 

 

1.2 Problem Statement 

According to the state of the previous research, it became obvious 

that there are knowledge gaps in Laser art because it is still outside 

the theorizing circle (Analysis, Classification, Documentation). 

This problem hamper progress in the artistic practical procedures 

as a result of the missing the conceptual approaches. 

Accordingly, this research tries to answer four questions: 

•  How can the scientific procedures in Laser Art contribute 

to reformulate a new key to 21st century aesthetics in 

contemporary visual arts? 
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• To what extent physics of laser beam has a significant role 

to change the nature of light art through contemporary 

visual arts? 

 

• How far some of theories can reinterpret the laser artworks 

as an independent visual artistic trend? 

 

• Can some advanced interactive technologies represent new 

approaches towards re-defining laser beam as an artistic 

element and material in the light art? 

 

1.3 Hypothesis  

• The physics of the laser beam has significantly contributed 

to change the nature of light into a Hyper-Material in the 

contemporary visual arts technically and conceptually. 

 

• The scientific processes and technology have significant 

effects on the nature of the aesthetical values in laser 

artworks. 

 

• The theory of information and the theory of 

communication can reinterpret laser artworks 

“quantitatively and qualitatively” as an independent 

contemporary artistic trend. 

 

• The Holographic-Neural Game can represent a 

revolutionary assumption in laser art by using neural 

inputs to build an interactive artwork through a 
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holographic environment.  

 

1.4 Aims 

• Investigate and compare the history of visible light usage 

in artworks before and after the availability of laser light 

through the historical relationship among art, science, and 

technology technically and conceptually. 

 

• Evaluate the role of contemporary theories to explain, 

classify, and document laser artworks conceptually and 

technically. 

 

• Analyze the new artistic and aesthetical values, which are 

emerged as a result, from the use of laser light in artworks 

as an extraordinary element and material. 

 

• Examine some of interactive approaches technically to 

design an interactive virtual environment as an advanced 

level of interactive holography. 

 

1.5 Importance 

• confirming solid principles of laser arts as an independent 

and advanced level in contemporary visual art trends. 

 

• Enrich laser art technically and conceptually as a one of the 

important branches in sciences of visual arts. 

 

• Support new advanced scientific methodologies in sciences 
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of visual arts by laser artworks that can merge artistic, 

scientific, and technological concepts into one artwork. 

 

• Improve some of technical approaches in sciences of visual 

arts as a significant guide to analyze laser artworks. 

 

• Emphasize the deep philosophical and technical 

knowledge of sciences of visual arts generally. 

 

• Reinterpret the relationship among art, science, and 

technology by new understanding of contemporary visual 

arts. 

 

1.6    Methodology 

 
1.6.1   Theoretical frame 

The Theoretical Frame is consisted of two axes; the historical axis 

and conceptual axis as follows: 

    1.6.1.1    Historical Axis: 

• Analytical studies of the previous literatures 

• Drawing analytical diagrams to summarize progress 

processes in light art before laser through visual arts and 

related domains. 

• Analytical studies of the history of the theory of laser 

action. 

    1.6.1.2   Conceptual Axis: 

• Analytical studies of the formation theories by laser beam 

in visual arts. 
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• Analytical studies to document the new artistic and 

aesthetical values, which have existed as a result of laser 

light usage in contemporary artworks. 

• Analytical studies of some of leading contemporary 

theories to classify laser artworks. 

 

1.6.2 Practical Frame 

The Practical Frame is consisted of two axes; the experimental 

studies and the final project as follows: 

    1.6.2.1 Experimental Studies: 

• Experimental studies to classify laser artworks technically 

and conceptually. 

• Experimental studies in object building techniques 

(Hologram). 

• Analytical studies in interactive techniques. 

    1.6.2.2 Final Practical Project: 

• Designing experimental setup to recorded neural 

responses holographically. 

• Designing an interactive system in neural based  

• Designing a setup of Neural Holographic Game. 

 

 

1.6.3 Structural Mode 

the accumulation system was used to constitute the manuscript. 

Through seven separate Research that have been published 

internationally, this thesis summarizes the main ideas of theses 

research including the final findings.  
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1.6.4 Structural Pattern 

this thesis follows the compromise pattern in its structure: 

structural Matrix B in Dunleavy, P. (2003) PhD guide to style, 2nd 

end, Houndmills, Basingstoke, Hampshire: Palgrave Macmillan. 

The thesis has been written using Harvard style (Harvard - Cite 

Them Right 9th Edition).  

 

1.6.5 Data Balance 
 
 
 

  

 

 

 

 

  

 
 
 

 
 
1.6.6 Logical Framework Matrix (LFM) model 
the LFM model illustrates the practical procedures and all related 

physical indicators that can be used for self-evaluation purposes. 

  

Figure 1.1. the graph illustrates the Data flow through the methodology 
designed in order to control the circle of the data processing from the inputs into 
the outputs and the processes in the middle through all research processes. 
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1.6.7 Time Table 	
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1.6.8 Thesis’ Analytical flow chart 	



Anthony Maccall, Five min-

utes of pure sculbture, 

Laser light, National gal-

lary, Berlin, 2012.
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This chapter adopts Cooper’s taxonomy model to analyze 

the previous literature and its meta-data, focusing on; focus 

and attention, goal of synthesis, perspective of the literature, 

coverage of the literature, organization and intended 
audience. 

This chapter was discussed in a seminar entitled: “Physics of Laser Light in Visual 
Arts” at the School of Arts, University of Applied Sciences Bern. It is recorded as an 
event of 2015’s international year of light in UNISCO.	
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                       s a branch of visual arts, ‘sciences of visual arts’ is 

considered the newest one in the history of the contemporary 

visual arts. Consequently, the analytical studies of this rare 

discipline have not been discussed thoroughly yet. This chapter 

briefly analyzes some of the most important research of arts 

achieved to discuss the Laser art as one of the most important 

branches of sciences of visual arts. Three categories were classified 

to articulate the related literature in laser art: the first covers the 

history of the science of visual arts as a general domain; the second 

refers to holography as a one of the most important applications in 

laser arts, and the third concentrates on laser art itself. The three 

categories were classified according to their relevance to the laser 

The dynamic process of change has fueled the 

interdisciplinary debate about the statues of the image. But 

without exception, neither cutting-edge artworks nor the last 

decades of digital art in general have received the appropriate 

attention by academic disciplines or have been added in 

adequate numbers to the collections of museums and 

galleries. We are thus in danger of erasing a significant 

portion of the cultural memory of our recent history of 

art.......  

                                                                                  (Grau, O. 2007) 

 

A 
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art as a main point of the current study. the literatures reviews will 

be shown chronologically in every category: related studies 

generally, related studies partly, and related studies closely as 

follows: 

 

2.2 General Related Studies (the general trend) 
 

2.2.1 “The Place of High-Technology Art in the Contemporary Art  
              Scene”, by Franck Popper, 1993. 
 
In this article, Frank Popper emphasizes the significant place of 

the high technology in contemporary arts. He tries to prove that 

there exists certain coherence both on a technical and an aesthetic 

level among some contemporary art forms. Particularly in those 

kinds of arts that use light as an artistic material; (Lumina, Kinetic, 

neon light art, Laser, and holography arts). Popper refers to some 

artworks and exhibitions that can be considered as milestone 

throughout the history of ‘Technocience-Art’ as a new term, which 

can refer to a new, developed side of the relationship among AST. 

For historical documenting, Popper used the theoretical analysis 

manner to contextualize the early state of the Technoscience Art 

throughout the period from 1966 to 1993. He discusses the 

artificial light as an artistic material used by some artists; Stephen 

Antonakos, Yaacov Agam, and Jean Pierre Yvaral, referring to the 
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first attempt to utilize the neon light as the principal material of a 

sculpture by Gyula Kosice in 1946 (Popper, 1993). 

2.2.2 “A Science of Vision for Visual Art”, by Francois Molnar,   
             1997. 
 
In this essay, Molnar discusses the discipline of scientific 

‘aesthetics’ also known as ‘empirical aesthetics’ or the science of 

art, which combines sociology, physiology, and psychology. In this 

study, the author seeks to show the reflection of the new side of 

AST, not on the artistic processes themselves but on the analytical 

methodologies used to analyze and classify these kinds of 

contemporary artworks. He posits that aesthetic effect is an 

effective response, a reaction to a stimulus from the outside world, 

passing through the sensory channels. Thus, the reaction to a 

visual artwork begins with the perceptual processes of vision and 

includes two stages: a sensory part, and cognitive part. Molnar 

followed the analytical descriptive model in this study to articulate 

the science of vision in contemporary visual artworks, and the 

scientific roots in contemporary aesthetics that began with 

Baumgarten and they have been enhanced by Fechner. The article 

shows the effects of these kinds of aesthetics that justified the 

contemporary artworks as a sociological phenomenon that have a 

biological origin (Molnar, 1997). 
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2.2.3 “Art in the Information Age: Technology and Conceptual   
            Art”, by Edward Shanken, 2002. 
 
The considerable distinctions between ‘conceptual art’, and art and 

technology were discussed by a lot of art historians. In this essay 

the interrelationship between conceptual arts, and art and-

technology had been re-examined. Shanken focuses on the art 

criticism of Jack Burnham and the artists included in the software 

exhibitions that he curated. This article aims to reinterpret the 

conceptual art and art and technology as a reflected side of the 

relationship among art, science, and technology to find potential 

significant similarities among all of them and a common ground 

that may offer useful insight into the late 20th century art. 

Historically, this article reviews some of the most important 

artistic exhibitions that were aiming to theorizing the relationship 

among art and technology through conceptual art in the 

information age. since its inception from some of approachable 

theories like Marshall McLuhan and his role to redefine the role of 

the technology as means of communication in contemporary 

visual arts in the information age. Entirely, through this article the 

author is looking for new approach to histories some significant 

artistic attempts that deal with art and science through 

information technology (Shanken, 2002). 
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2.2.4 “Art, Technology, and Consciousness: Mind Large”, by Roy 
              Ascott, 2002. 
 
In a distinct comprehensive model, as an editor, Roy Ascott 

collected the theoretical research written by artists and scientists 

at the third international (CAIIA-STAR) research conference at the 

University of Wales College, Newport (UWCN) in August 2002. In 

this reference book the editor draws attention to the 

“interdisciplinarity”, which has appeared in some kinds of 

contemporary artistic trends as a new term and considerable 

characteristic. All research in this collected book revolve around 

the cutting-edge research in new media and telematics, including 

aspects of artificial life, virtual reality, telepresence, immersive VR, 

robotic, Technoetic, nonlinear narrative, intelligent architecture, 

and artificial intelligent.  

One of the most related articles to the current research in Ascott’s 

book was written by Victoria Vensa entitled “Towards a third 

culture: Being in between”, in this article Vensa shows some 

critical points in the history of the relationship between 

humanities and science. Through her significant analysis of C.P.  

Snow’s famous annual ‘RED’ lecture at Cambridge entitled “the 

two cultures” in May 1959, Vensa shows the historical roots of the 

triangle of AST in contemporary arts (Ascott, 2002). 
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2.2.5 “Information arts: intersections of art, science, and    
           technology”, by Stephen Wilson, 2002. 
 
In his book, Stephen Wilson14 tries to answer one of the most 

important questions related to the nature of the relationship 

among AST: What art and science have to do with each other? The 

author describes all factors and aspects that can refer to the 

research that have become a center of cultural innovation. Wilson 

also discusses the anthropologists’ view that claim that we 

increasingly live in an information society in which creation, 

movement, and analysis of ideas is the center of cultural and 

economic life. Through its all chapters, the book splits the main 

first questions into sub-questions: What kinds of the relationship 

are possible among AST? How might art and research mutually 

inform each other? How are artists investigating techno-scientific 

research? And how have they chosen to relate to the world of the 

research? By using nontraditional way in the artistic research, 

Wilson wrote a list of common cutting-edge fields in both science 

and artistic research, depending on some kinds of objective quiz as 

a survey in his book to invite the readers who want to joint him to 

determine which activities have been carried out by persons 

describing themselves as artists, and which by those describing 

themselves as researchers (Wilson, 2002). 
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2.2.6 “Art & Science”, by RTD info- European research, 2004. 

Interaction between science and society are unquestionably will 

expand European activity. This is considered as a main point 

discussed in this special issue respond to the desire of many 

readers to see science presented differently, as a vital component -

just like art- of Europe culture. this special issue of RTD info 

magazine in march 2004, funded by the European research, and 

published in English, French, and German by the information 

communication unite of the European commission’s research DG, 

by the chief editor Michel Claessens. The European research 

committee here sheds light on some theoretical analysis 

methodologies to redefine the new boundaries among AST, 

through some sub issues discussed in all magazine. All research 

points emphasize arts no longer operates in terms of beauty, rather 

art translates and transfigures the world, where science continues 

to perceive it. That is why arts and sciences involve thoughts, 

intuition, imagination, and research (European research, 2004). 

 

2.2.7 “Art and Science”, by Siân Ede, 2005. 

The significant gap between artistic and scientific vision is 

discussed in this book. Through his considerable arguments, Siân 

Ede shows how this gap had been already filled by a lot of 
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contemporary artistic and scientific trends. By using analytical 

methods, the author reveals some kind of methodologies to 

analyze new side of the relationship among AST based on mutual 

exchange and common targets between art and science. 

Through the entire book, Ede analyses the problem with beauty in 

contemporary visual arts trends and how science and art 

participate each other to situate this dilemma by scientific 

aesthetics as a new domain used to analyze the aesthetic values of 

the scientific trends in contemporary visual arts (Ede, 2005). 

 

2.2.8 “Art and science, creative fusion”, by Eliane Strosberg,   
             2008. 

Strosberg aims to articulate the theory behind the art-science 

interface, and analyze this academic domain, referring to leading 

examples; projects, institutions and creators. In addition, it seeks 

to strengthen the role of a new artistic-scientific community in 

producing knowledge, imagination, and practice, as well as 

intercultural exchange and cooperation. the section on the western 

Balkan countries (WBCs) elaborates this points: extending the 

third culture to WBCs is viewed as a way to facilitate their 

integration into the EU, where cooperation can be much more than 

simply economic. This publication emphasizes both art and 
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science are domains that can help to understand each other, being 

constantly in motion and together offering exciting potential. Art 

and science as a combined field can work also to bring together 

cultures, draw attention to topical issues like climate change and 

genetic modifications, and serve a tool for better understanding 

the world around us. In this way, this publication shows what art 

and science has already been able to achieve, so the reader can see 

what it can be come in the future (Strosberg, 2008). 

2.2.9 “Art + Science Now”, by Stephen Wilson, 2010. 

By over 270 illustrations, art+science now provides a 

comprehensive overview of the contemporary artistic trends that 

revolve in their concepts and techniques around new 

interpretation to the relationship among AST, featuring around 

250 artists from the UK, Germany, 33 from France, the 

Netherland, the USA, Japan, Australia, and elsewhere. In this 

comprehensive book, Stephen Wilson summarizes the most 

important artistic trends that can represent precisely science of 

visual arts as an independent domain like molecular, living system 

art, human biology art, physical-sciences art, kinetic-robotic art, 

alternative-interfaces art, algorithms art, and information art. 

Wilson uses analytical description methods to reread a broad 
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range of fascinating artistic project, from body art to 

bioengineering of plants and insects, from music, and dance and 

computer-controlled video performance to large- scale visual and 

sound installation, all of which challenge our assumptions about 

our relation with science, technology, and the world around us 

(Wilson, 2013). 

2.2.10 “Art/Science Affinities”, by Régine Debatty & others, 2011. 

Carnegie Mellon’s studio for Creative disciplines reinforces 

interdisciplinary, and inter-institutional research based on the 

intersection of AST. In parallel, the Miller Gallery at Carnegie 

Mellon University enhances experimentation for expanding the 

relation between art and culture, providing a forum for engaged 

conversations about creativity and innovation. Together their 

units work to develop and produce new research in the visual arts. 

This publication articulates 34 new, prominent curatorial 

residency programs developed jointly by the Miller Gallery and the 

STUDIO, with a grant offered by the ‘Andy Warhol Foundation’ of 

the Visual Arts. this publication analyses the developments in 

artistic academic studies that shows how science became a main 

part of the artistic studies in most artistic institution in addition 

the scientific workshops and courses held specially for artists in 
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wide range of specializations to make them aware of the last 

scientific mutations around the world which can help them to 

enhance their ability to translate their thoughts in contemporary 

visual form (Debatty, 2011). 

 

2.3. Partly Related Studies (related applications to laser    

         Art). 

 

2.3.1 “Holographic and art in the research laboratories”, by   
              Claudine Bainier, 1989. 
 
This article documents some leading experiments that tried to 

carry out series of animated holograms. The experiment was mad 

by collaboration with a research laboratory working in new 

methods for filmmaking at the University de Paris VII. Sequences 

with 20 successive images on each hologram were made on the 

theme of the flight of birds. Throughout the period of 1975: 1982, 

Bainier describes the successful collaboration that had been built 

among artists and scientists in the hologram laboratory. that is 

why (BESANCON laboratory) became well known around the 

world as a result of it famous holographic experiments in arts and 

science. 

The author in this article concentrates on the nature of the 

scientific methodologies used by artists in their artworks inside the 
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hologram laboratory, to know: To what extent do holographic 

techniques – as a one of the most important physics applications 

in laser arts- contributes to change the nature of the contemporary 

aesthetics (Bainier, 1989). 

2.3.2 “Holopoetry and fractal Holopoetry”, by Eduardo Kac &   
              Ormeo Botelho, 1989. 
 
This article briefly describes holopoems made through the period 

of 1983: 1988. Eduard Kac as a principle author focuses on the 

fractal holopoems with computer artist Ormeo Botelho as a co-

author. The authors present the basic concept of the fractal 

geometry as a tool for	creation of holographic art and show how it 

was used for elaboration of 3D images. 

In this research for computer graphic, holograph is a tool that 

makes it possible to draw the image out of the monitor and set it 

free in the space. Through this article, Kac and Botelho emphasize 

the interaction of art with other field of knowledge, such as physics 

and mathematics, has been important to the pictorial and poetic 

vocabularies over the last century. and by the next century this 

interaction will be of fundamental importance and one of the 

spotlights that will illuminate this interdisciplinary dialogue 

among art, science and technology (Kac and Botelho, 1989). 
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2.3.3 “Before holography”, by Lance Speer, 1989. 

This essay deals with the importance of visual literacy and 

historical perspective as it applies to the holographic community. 

Speer emphasizes studying the various stereoscopic20 formats of 

the past will	lead us to the deep understanding of the effects the 

characterize holography. An understanding of why this earlier 

imaging system fell out of use can help holographers towards more 

mature holographic applications. The goal of this essay is to 

increase awareness of the need to get past the novelty of the 

medium. In this essay the author tries to analyze some visual 

properties in holographic image comparing with stereoscopic 

images like; depth, color, movements, and parallax, and 

concentrate on the nature of 3D vision in all its perspective 

function, as an insight into a non-traditional role that can be 

played by holographic image as new means of communication and 

also documentation reflected by the new physics applications in 

visual arts (Speer, 1989). 

2.3.4 “Holography and the art world”, by Rene Barelleaux, 1992. 

Barelleaux presents an objective overview of the current state of 

art holography within the realm of the larger artwork. For his 

perspective as former curator of the museum of holography in New 
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York city and current curator of the Madison (Wisconsin) art 

center, a museum of modern and contemporary art. By briefly 

reviews and evaluation developments over the past decades and 

propose issues for future consideration. The author’s 

understanding of holography was shaped by working alongside the 

first generation of artists and innovators essentially watching the 

field develop, whereas these pioneering museums established to 

address holography towards a new artistic domain. In this 

research for computer graphic, holograph is a tool that makes it 

possible to draw the image out of the monitor and set it free in the 

space (Barilleaux, 1992). 

2.3.5 “Do we need an aesthetic of holography?”, by Margret   
              Benyon, 1992. 
 
This article investigates problems related to aesthetics and the 

assessment of holography as art. Benyon recognizes the demand 

for new formulation in aesthetics, comments on their scarcity and 

describes the relationship between traditional aesthetics and 

innovative art. Some reasons are given for the bias against 

holography in the art world, and basic indicators of the presence 

of art in holography are outlined. 

Benyon as a one of the most famous pioneers in holographic art 

rises tow questions in here article: How relevant to artists using 
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holography are received definition of art such as we find in the 

dictionary? How do we understand the relationship of our work to 

contemporary art and where we stand now in the global village? 

she emphasizes our perception of art like our perception of reality, 

has to be continually updated. 

Benyon shows the early artists’ feedback of holography and 

illustrates some reasons that make holography needs to particular 

aesthetics completely different about classical aesthetics. In this 

article the author implies some new aesthetical criteria need to be 

pointed out, which could be fit to document and classify 

holography as a new artistic domain that is why this paper is 

considered an important attempt to raise early issues towards 

scientific aesthetics (Benyon, 1992). 

2.3.6 “Holographic Universe”, by Michael Tablot, 1996. 

In fact, this book is considered one of the most important books 

written about astonishing reinterpretation of laser holographic 

theory as a one of the amazing application of physics of laser. 

Michael Tablot analyses and compares two ideas of the world’s 

most eminent thinkers: University of London physicist David 

Bohm, and Karl Pribram a neurophysiology at Stanford 

University. 
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In this book Tablot shoes how the two scientists independently and 

individually built an intellectual model based on holographic 

theory principle that can explain and analyze the universe 

generally and some of most difficult mysteries as a holographic 

structure. 

Through the three parts of this book, the author illustrates how the 

model of the holographic universe can illustrate unimaginable 

phenomena through some points like: holographic brain, 

holographic model and psychology, holographic seeing, 

holographic time, holographic traveling, and holographic dream. 

the importance of this study can be summarized in some points: 

the first, it unleashes a lot of philosophical dimensions beyond the 

physical principles in holographic theory, the second, it invites all 

thinkers toward new innovative analytical approaches that can 

lead us reinterpreted deeply laser holography and its potential new 

application, and the third, it rises new extension of natural physics 

that can build a non-traditional bridge between art, science and 

technology (Talbot, 1996). 

2.3.7 “Shifting Perspectives: Holography and the Emergence of     
             Technical Communities”, by Sean Johnston, 2005. 
 
This article reports historically how holographic techniques 

involved in the technical communities among artists and 



	
39	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

scientists. The author shows the earlier historical meeting in the 

first workshops and conferences to articulate the beginning of 

laser holography as a separated domain in both of artistic and 

scientific communities. This historical report is considered an 

important document to show the beginning of the new side of the 

relationship among art, science and technology. Through this 

report Johnston24 tries to answer to the question; How 

holography can offer an illuminating examples of munities, and 

wider culture? and also the experiences of the first decades of 

holography illustrate the importance of political context and the 

manner in which a seemingly neutral technology can be applies in 

different way to establish the identities of embryonic technology 

group in both of artistic and scientific communities (Johnston, 

2005). 

2.3.8 “Thirty seventy years of laser conservation”, by J. F.    
             Asmus, 2010. 
 
In this article, Asmus25 shows the history of laser application in 

art, not for generating artworks but for saving artworks. This 

article reviews the various laser technologies have demonstrated 

utility in the practice of art conservation including: photonic 

cleaning and divestment, holographic display and non-destructive 

analysis, surface characterization through laser fluorescence, 
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radiation scattering and absorption, and laser induced ultrasound. 

Despite the broad utility of laser based diagnostic in art and 

archaeology, the author emphasizes the greatest impact of laser 

technology has been in divestment and cleaning. This article shows 

that laser ablation has been employed in the conservation of 

substances such as stone, terra cotta, bronze, iron, lead, wooden 

articles, manuscripts, parchment, vellum, paper, leather, textiles, 

and painted surfaces. 

This article raises practical approaches towards using complex 

laser technologies not only to diagnose and conserve the defects in 

different kinds of artworks, but also to discover the master 

techniques used be old famous artists through analysis their 

artworks (Asmus, 2010). 

2.3.9 “Light and Shadows in Holography: A possible dialogue 
              between Art and Science by using Artistic Holography”,     
              Rosa Maria Oliveira, 2011. 
 
Through our today’s art, several artists use Holography as their 

preferential medium. This paper is a presentation of the research 

written by the author and her work with artist and a scientist that 

contributed to the development of a mutual dialogue between Art 

and Science in ways that were impossible before their works. 

Light has been seen as a plastic material since Moholy-Nagy 
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created and presented his work of art “Light-Space-Modulator”. 

When Dennis Gabor discovered Holography, new approaches of 

the use of Light as an Art medium became possible. The basic 

holographic interactivity inherent to this technology can be 

amplified and diversified by the presentation in installations that 

use a pre-established system of controlling the light, or reacting to 

the observer’s presence and movements. The holographic 

installation adds or emphasizes other factors like time to the 

holographic images. The global work of art can only be perceived 

by an interactive relationship between the observer and the work. 

Oliveira26 tries to pay tribute to these two men, Moholy-Nagy and 

Gabor – the first an artist, who contributed to the advance of new 

artworks through the experimental concept of the light, time and 

space as artistic media is really revolutionary for the time and a 

true inspiration for other artists; the other, a scientist, who 

discovered Holography as a Physics phenomenon of interference 

of light. 

The author also wishes to pay tribute to all male and female artists 

and scientists who followed their leads to experiment and divulge 

the new art forms, bridging the gap between art and science, some 

working in cooperation, some working alone, but all of them 

applying concepts or technologies that help to build new paths for 
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the knowledge (Oliveira, 2011). 

2.3.10 “The future of holographic technologies and their use by 
                artists”, by Martin Richardson, 2013. 

The author discussed the use of holographic technologies in the 

past and it position in the artistic field. The most traditional artists 

and critiques saw the term “holographic” more as a technical 

subject than an artistic one. Nevertheless, the author emphasized 

discovering new forms in order to create art has been a constant 

challenge for any artist, whatever their field. This study 

investigates the state of visual arts at the end of the 20-century, 

where art can explore any field or subject to create a vision that is 

somehow technological as a part of the evolving artistic world. The 

study articulates the last two decades, in the search for new 

terminologies, scientists and artists have used the expression 

“Holographic” as a synonym of development, but with different 

meanings. 

Artists are used it as a new form of art call “Holo Art”; scientists 

saw it as a “new” science technique where light takes an important 

part in the developments, and can be used in a wide range of daily 

life’s applications, such as, security and medicine. Richardson27 

discussed artists who overcome the challenge of constituting their 

art by new technologies and how they are viewed in a world where 
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the question of ‘what is and what isn’t art’ is very debatable. 

(Richardson, 2013). 

 

2.4 Closely Related Studies (laser Art) 

2.4.1 “LASERUM: New Light on an Ancient Vision”, by Andrew 
             Kagan, 1978. 
 
This articles aims to fill historical gaps in the early state of laser art 

through building theoretical bridges among light art and its roots 

from cave era until Lumia art. The author evokes non-traditional 

philosophical and historical approaches towards new vision of 

light arts and interprets some related aspects perhaps more than 

reader might expect. In this article a strong connection had been 

built between the fireworks in the primitive era and the first 

recorded system presentation of projected light in the shadow 

theatres in China and Java. In the first part of the article the author 

tries to shed light on the contemporary light arts generally and 

laser arts particularly and its potential very old historical roots. In 

this article, the author refers to the significant shift that happened 

in the contemporary concept of the artistic elements and material 

as a result of using artificial light sources in the artworks directly 

to represent the element and material in the same time.  

The article describes the impressionism as a first artistic trend 
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aims the natural light to keep the upper hand on all other elements. 

in the second part, the author discusses Moholy Nagy’s 

contributions in light arts as a first artist built a primary light 

special modulator in 1930, that open a new world of visual 

possibilities in contemporary visual arts. The third part talks about 

laser light as a new non-traditional material in visual artworks, and 

shows some of leading attempts to expand its usage, like Dryer’s 

attempt to establish a company called Laser Image to propagate 

and promote laser arts, and emphasize the role of developed laser 

techniques to enforce the artistic facilities in art studio (Kagan, 

1978). 

2.4.2 “Application of Lasers to Kinetic art for the theatre and     
             cinema”, by Jan Doubek, 1978. 
 
The author concludes the history of studies on light and the 

influence on artists of new knowledge about light, including laser 

light. The properties of laser radiation are briefly described. This 

is followed by a report on artistic applications he has made of laser 

for the production of still and Kinetic images for use in particular 

in the theatre and cinema. The artworks were carried out under 

sponsorship of the scientific film association of the Czechoslovak 

academy of science. the author	developed a laser apparatus for 

producing Kinetic images whose motion can be correlated with 
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rhythm and intensity levels in music. 

This article aims mainly to contextualize the light usage in visual 

arts, particularly the early beginning, where the author shows the 

brief history of light studies in science and their reflection on the 

history of light art. Specifically through main six points, this article 

can be briefly summarized: the first point discusses the laser light 

as a special tool among other light sources in Kinetic arts, the 

second point goes to summarize author’s attempts from 1964 at 

the scientific film association in Brno, and the third point shows 

some early techniques for producing visible structural changes in 

transparent material by laser light in kinetic arts. The first and the 

second application of Specimens produced via simple techniques 

had been discussed in the fourth point through producing Kinetic 

images on cinema film, the fifth point describes the transmission 

of laser beam through glasses forms to produce Kinetic images, 

finally the sixth points articulates some author’s attempts in 

Kinetic laser images in theatre. 

Through its entire parts, this article obviously concentrates on 

laser manual techniques where they were only available in this 

time and show us how this new artistic filed was lunched up 

towards new categorized	artistic trends that implied it will be an 

independent field I the future (Doubek, 1977). 
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2.4.3 “The application of Lasers to compose picture: The method   
              of super- positioning”, by Norbert Kroo, 1986. 
 
Painting with light, through the use of lasers as monochromatic, 

coherent light sources, has become a reality of artistic expression 

in this century. This paper describes the authors’ attempts to 

utilize the possibilities of laser art, while they report on their 

experiences with various applications. 

This paper covers the period of 1980: 1985, and historically 

articulates the early beginning of the relationship between the 

modern science and visual arts. The authors talk about the first 

attempt to use laser and its formation technique theoretically and 

practically through five points: the first point discusses the pattern 

as a concept in natural and in art by light usage, where the authors 

describe the pattern as an essential arrangement of substances, 

that is characterized by the order of the elements of which it is 

made. Through determining the main differences between the 

manmade pattern and the natural pattern, the authors specify the 

ideal pattern of light can be used in light art. The second point aims 

to define the coherence as a one of the most important properties 

in light used in visual arts. Coherence in this paper is seen based 

on the theory of complementarity which states that matter has two 

complementary faces that cannot be seen simultaneously. The 



	
47	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

authors emphasize the importance of coherence as a responsible 

property for producing suitable interference pattern. The third 

point is about interference itself as a natural phenomenon and haw 

artificial light can generate artificial interference used to shape 

elements in light artworks depending on the Fourier 

transformation. The fourth point is directed to the light art, where 

they talk about the leading role of Moholy Nagy as a one of the 

most pioneers in light arts and his leading experimental light 

artwork that represents ideally the beginning of working by 

nontraditional media in contemporary visual arts. Although this 

research has a common point with the current research like laser 

beam as a tool, it is completely different about the current one 

because it focuses on theoretical studies about the early stage in 

laser art beside it uses an very simple methodology and old vision 

towards techniques without conceptual outcome, after all it is good 

for its time, but completely unsuitable methodology for the current 

state of contemporary arts and the artistic trends based on the 

relationship among art, science, and technology (Kroo, 1986). 
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2.5 Summary 

Through twenty-three related studies categorized in three groups, 

this chapter tries to illustrate the current accurate state of the laser 

art, and all knowledge gaps related to this rare specialization. Since 

its inception as a part of the third phase of the relationship among 

AST (that called sciences of visual arts) in the last decades, until 

the attempts carried out to classify it as a separate artistic trend in 

our current decade. 

In terms of the first group (10 studies), it is clear that the 

relationship among AST has already reached its peak in this era. A 

lot of studies written to describe this artistic mutation, from 

Popper’s article about Technoscience-art that was followed by: 

Molnar’s essays that emphasizes there are a urgent need to new 

scientific aesthetics that can analyze these cutting-edge artistic 

trends, articles written by Shanken to summarize the information 

art in last decades, Victoria Venice’s chapter about the third 

culture in Ascott’s book entitled art science and consciousness, 

Wilson’s attempts to histories the common roles among AST, Ede’s 

endeavors to fill the gap between the scientific and artistic vision, 

and the last Wilson’s book that articulates a large number of non-

traditional scientific experimental artworks in the last decades. All 

these studies and others struggled to document and analyze the 
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third phase of the relationship among AST itself (called sciences of 

visual arts), but most of them did not attempt to analyze it 

separately to reveal the essential scientific artistic trends inside 

this complicated relationship including laser art. That is why most 

of these studies are entirely enough for studying AST as a unified 

triangle in visual arts, but, they are not completely sufficient for 

studying one of the revolutionary artistic trends in separate way 

like physics of visual arts generally and laser arts particularly. The 

second group of the related studies shows that the holography as 

an art and a science has taken a lot of common paths between 

artists and scientists. Since the first paper had been written to 

describe this collaboration by Bainier, a lot of others have been 

addressed to summarize and analyze holographic art like: Kac’s 

article about the early state of digital holography, Speer’s essay 

about the historical technical roots of holographic image, 

discussing the special nature of holography as a visual art by 

Barilleaux, the famous Benyon’s holographic artworks and her 

research about the aesthetical values in holographic images, and 

the revolutionary thoughts in Talbot’s book about the universe as 

a holographic principles. 

In the period of these studies, holography had enough scientific 

core to be documented as a separate field in science. However, 
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holography in art was restricted by some of the traditional artistic 

criteria, and all these studies did not provide a suitable solution to 

re-categorize holographic art as a separate branch of sciences of 

visual arts in parallel way with the last scientific mutations in this 

decade. 

As for the third related group of the related studies, all of the four 

studies focused on laser art itself, however all of them do not 

encompass the current research entirely. The first and the fourth 

studies covered a short historical period in laser show, and the 

second and the third referred to some very early technical issues, 

that is why the importance of such technical papers is determined 

usually depending when they are written. 

The line chart (Figure 2.1) is a statistical and a quantitative 

approach to visualize the previous literatures by comparing the 

most important previous literatures in laser arts to the overall 

studies in science of visual arts, throughout the period of 1978 until 

2015. According to the line chart, through this period (37 years) all 

related literatures to laser arts were carried out generally within 

just 16 years. The line chart divides this period into 3 groups based 

on the average of the distribution levels of the related studies. The 

first group records the lowest distribution level in all the period 

(10% of all studies in sciences of 53 visual arts), it contains about 
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9 years, every one of them includes just one related study. The 

second group consisted of 3 years, every one of them combines 2 

related studies that are recorded in the medium level of the 

literature distribution (about 20% of all studies in sciences of 

visual arts). Finally, the third group indicates to 4 years all of them 

contains 3 related studies reached the maximum distribution level 

of related literatures recorded about 30% of all studies in sciences 

of visual arts. On the other hand, the funnel chart (Figure 2.2) 

illustrates the accurate position of the current study among the 

previous literatures by comparing their targets and methodologies 

to the current study’s aims and methodology. According to the 

funnel chart, it is clear that there were a lot of studies related to 

laser arts but in the first years of laser usage as a new material in 

art and the beginning of holographic arts, almost in the period of 

1978 until 1988. All these studies were just carried out to 

document the primary technical issues in laser and holography. 

After this period, laser art practice was limited to some kinds of 

practical approaches in laser shows, and the research in laser art, 

thus, began to be reduced among other new media, and that is the 

main reason of the significant gap among theories and practices in 

laser arts.  
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Figure 2.1. the graph illustrates the distribution level of the previous literature 
in Laser arts in the span of 37 years. The vertical axis shows the number of 
studies every year, and the horizontal axis shows the time period in which three 
studies achieved in 1989, 1992, 2002, 2010 as the highest rate of distribution. 

Figure 2.2. the graph illustrates the funnel chart of the literature review. It’s 
clear the literature went from general concentration in 1978 to more an accurate 
focus in laser art itself till 2015. And the current research will be more focus in 
depth. 
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This chapter provides a comprehensive, interpretive 

approach to analyze the developments of light art after laser 

light and to wat extent laser light has already affected on light 

art to emerge a separate artistic domain that can be described 
and classified quantitatively and qualitatively. 

Ahmedien. D. A. M. (2017) Towards a Unique Artistic Constitution of Light: An Aesthetic 
Investigation of Laser Sciences, international journal of Arts and Technology. 
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                   his chapter assumed a communicative model and an 

informative model as two interpretative approaches to classify 

Laser artworks. Hence, it raised an attempt to figure out how some 

artists struggled to build a unique constitution of Laser light usage 

in their own revolutionary artworks, and how they managed to 

conceptualize the scientific aspects behind the Laser light, and 

therefore, emphasized Laser Art as an independent artistic trend 

in sciences of visual arts and as a form of advanced light arts in 

contemporary visual arts. by classifying the use of Laser light in the 

arts qualitatively and quantitatively, this study tried to answer how 

the scientific developments in the physics of Laser light have 

seriously affected the essence of the contemporary aesthetics, in 

which a non-traditional aspect of the relationship between art, 

The technology of the modern media has produced new 

possibilities of interaction……, what is needed is a wider view 

encompassing the coming rewards in the context of the 

treasures left us by the past experiences, possessions and 

insights”                                                                            

                                                                          (Arnheim, R. 2000) 

 

T 
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sciences, and technology can be embodied. Besides, how can the 

physics of Laser light contribute to fundamentally change the 

concept of the light as an artistic material and medium in our 

today’s art? 

As branch of visual arts, Light arts generally and Laser art 

particularly are among the newest trends in the history of the 

contemporary media arts. In fact, the analytical studies of this rare 

discipline must not ignore, as usual, the main difference between 

the history of the relationship between art, science, and technology 

(AST) as a general trend, and the history of sciences of visual arts, 

including laser art, as a new unique domain among the 

specializations in visual arts. However, this artistic classification 

does not conflict with the assumption that laser arts attributed to 

the last evolutionary developments of the relationship among AST. 

In fact, several aesthetic investigations have not been able to draw 

a sharp line between the two kinds of artistic practices related to 

the relationship between AST, the first refers to the artists who use 

some scientific techniques or technological equipment for just 

technical solutions, but their artworks are still classified under the 

traditional artistic domains. And the second introduces those who 

use the original scientific methodologies through all artistic 

procedures in their artworks, which lead them to produce some 
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kinds of cutting-edge experimental artworks. This is the main 

difference between using scientific tools and applying scientific 

methodologies. While the first aims to solve or facilitate some 

technical issues, the second usually goes to redefine the conceptual 

context of the artworks entirely in order to create artworks in the 

form of scientific processes. After all, sciences of visual arts 

including laser arts have no detectable extended history, as with 

the other branches of the media-art history, to analyze its aesthetic 

context and reveal how it has been emerged and developed 

(Shanken, 2007). 

Nevertheless, the paradigm shifts in visual arts in the last decades 

can be followed, particularly from the beginning of the 21st 

century, to lead us towards an important kind of revolutionary 

thoughts addressed to visual arts to disclose some potential roots 

of artistic experiments in the arts of laser light. This thematic 

analysis aims to shed light on some of the previous attempts and 

empirical experiments, which represent the most important 

revolutionary thoughts on the history of the light usage in 

contemporary visual arts through the few last decades and their 

relation to some of the leading artworks. Furthermore, it 

demonstrates how can light art represents an ideal model to show 

the paradigm shift in the contemporary aesthetics, from the 
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manual skills to the scientific procedures and from the illusionary 

vision to the real and artificial vision. Among all light artworks, this 

chapter in the form of a thematic analysis tries to contextualize the 

scientific methodology behind the artworks carried out by the laser 

light, as an extraordinary kind of light, and how the unique 

physical properties of this material seriously contributes to 

constituting the main aesthetic concept of these artworks. Thus, by 

using an analytic methodology, this study assumes a new 

classification of the empirical investigations of Laser in visual arts. 

Depending on this sorting, laser artworks can be divided into two 

main approaches, the first one is the qualitative approach that 

refers to the Laser artworks built in the form of a communicative 

pattern between the laser light and the audience within an 

interactive context that can use laser light itself as a material and 

simultaneously as an artistic object to build a virtual 

communicative environment. The second one is the quantitative 

approach, which indicates to the laser artwork created in the form 

of an informative pattern that can carry a theoretical or visual data 

derived from the artistic setup to the audience in order to build 

artificial processes through several artistic activities in the 

artwork. 
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Categorizing laser artworks depending on these two approaches 

will seriously demonstrate how laser beam became a super-power, 

artistic material and how it affects artistic creation processes to 

generate new aesthetic values in the contemporary visual arts 

through the relationship between art, science, and technology. 

 

3.2 Laser principles 

There is no scientific discovery that has affected a wide range of 

disciplines in the 21st century as “LASER” that represents an 

acronym of the unique light generation process called (Light 

Amplification by Stimulated Emission of Radiation). Although the 

principal root of the laser theory can be ascribed to Albert Einstein, 

when he concluded the concept of stimulated emission; (Laser-

Fest, 2016) “where a photon interacts with an excited atom 

resulting in the emission of a second photon having the same 

frequency, phase, polarization and direction. Besides, the laser 

would not have been possible without an understanding that light 

is a form of electromagnetic radiation. In his most important work, 

published in 1900, Planck deduced the relationship between 

energy and the frequency of radiation, essentially saying that 

energy could be emitted or absorbed only in discrete chunks – 

which he called quanta – even if the chunks were very small. 
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nevertheless, the American scientist, Charles Hard, and two Soviet 

scientists, Alexander Mikhailovich, and Nikolai Gennediyevich are 

considered the first scientists who wrote the main concepts of the 

laser practically. Officially, the first model of the laser device was 

created by Theodore Harold Maiman at a Research Laboratory in 

California, when he experimentally demonstrated the laser 

principles by flashing light through a ruby crystal, in 1960 (NAGAI, 

2000). 

Basically, as figure 3.1 and 3.2 show, Electrons in the atoms of the 

Laser mediums normally exist in a stable case with lower energy 

level. When light energy from the flash lamp (the stimulator) is 

collided to the atoms of the lasing material, the majority of the 

electrons are excited to a higher energy level -- a phenomenon 

known as population inversion. This is an unstable condition for 

these electrons. They will stay in this state for a short time and then 

decay back to their original energy state. This decay occurs in two 

ways: spontaneous decay -- the electrons simply fall to their 

ground state while emitting randomly directed photons; and 

stimulated decay -- the photons from spontaneous decaying 

electrons strike other excited electrons which causes them to fall to 

their ground state. This stimulated transition will release energy in 

the form of photons of light that travel in phase at the same 
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wavelength and in the same direction as the incident photon. If the 

direction is parallel to the optical axis, the emitted photons travel 

back and forth in the optical cavity through the lasing material 

between the totally reflecting mirror and the partially reflecting 

mirror. The light energy is amplified in this manner until sufficient 

energy is built up for a burst of laser light to be transmitted through 

the partially reflecting mirror (Csele, 2004). 

Figure.3.1: Emission of radiation from an atom by transition of an electron from 
a higher energy state to a lower energy state. 

 
 

Figure 3.2. The energy level diagram for the Nd-ion in YAG showing the principal 
laser transitions. E1, E2, E3are the Energy levels of Nd. E4 – Meta Stable State. 
E0 – ground State Energy Level. 
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According to this revolutionary development, the light as a modern 

artistic material has gained unique features, since it was 

impossible to gain them before laser discovery that converted light 

into a super-artistic material. These features facilitated as a result 

of two main special properties in the laser beam: 

Coherence: It is a one of the most important feature of laser light 

that refers to a fixed phase relationship between the electric field 

values at different locations or at different times (Gibson, 1974). 

This property is responsible for making the laser beam appear in 

one intensive, fine, monochromatic line. This property includes 

two kinds of coherence, the first is the special coherence that 

means a strong correlation (fixed phase relationship) between the 

electric fields at different locations across the beam profile, and the 

second is the temporal coherence that means a strong correlation 

between the electric fields at one location but different times 

(Benson, n.d.). 

Colour: a very narrow spectral line width which creates most 

brilliant colors. 

In addition, the laser makes use wave property of line such as 

superposition, this general wave phenomenon became more, 

controllable, and usable as a result of the pure interference 

between two laser beams fringes (Soskind 2015), superposition, 
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allows photons to carry data in the form of binary bits with value 

zero or one, represented in digital devices that are either off or on 

(Berkowitz, 2014). 

 

3.3 Paradigm shift 

In parallel, at the beginning of 21st century, with the rapid rhythm 

of scientific discoveries and technological mutations particularly 

in laser technology, some artistic trends in contemporary arts, 

particularly in media arts tended to use not only revolutionary 

scientific techniques, as it was usual, but also apply the scientific 

methodologies and procedures directly in the artworks. After a 

while, considerable numbers of artists had been integrated into the 

scientific societies. Gradually, by some of the unique trends of 

experimental arts (Laser Art in physics, Bio Art in Biology, and 

Mechatronic Art in engineering), the boundaries of the 

experimental arts had been expanded to extent that they became 

able to interface with the frontiers of the modern scientific 

domains. By this way, the sciences of the visual arts have been 

generated as a new branch of visual arts (Wilson, 2013). 

As a reaction to this paradigm shifts in visual arts, Franck Popper 

was among the first philosophers, which emphasized the 

important place of the high-technology in contemporary arts. In 
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his article entitled “The Place of High-Technology Art in the 

Contemporary Art Scene”, He tried to prove that there exists 

certain coherence both on a technical and an aesthetic level among 

some contemporary art forms, particularly in those kinds of arts 

that use light as an artistic material; (Lumina, Kinetic, neon light, 

Laser, and holography arts) (Ascott, 2002). 

 

3.4 Laser Art as a Communicative model 

The communicative mode in the laser artworks aims to create a 

visual message in which audience can be integrate into, in order to 

receive the artistic content via using laser light as a medium and a 

container of this content. This kind of visual communication can 

be interpreted aesthetically using the Marshall McLuhan’s media 

theory that can be considered an ideal model to redefine the 

‘medium as a message’ using our contemporary technological 

tools, which is reflected on the nature of the artistic medium and 

its conceptual usage in sciences of visual arts (McLuhan, 2001). 

Totally, the communication pattern in laser artworks can be 

divided into three categories, they are namely the open 

communicative message, closed communicative message, and 

Interactive communicative message. 
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3.4.1 Open Communicative Message:  

This mode can be clearly identified in the laser artwork created by 

Horst Baumann in 2007. With a comprehensive support by laser 

animation SOLLINGER, as (figure 3.3) shows, Baumann launched 

a monochromatic, single laser beam from a roof of a high building 

into the sky, thus most of people over the city could see it clearly. 

Although this artwork represents the simplest form of the 

communicative laser artworks, its aesthetic value determined 

depending on its communicative function and how it could be able 

to attract and interact with people and affect their activities in the 

spatial environment (Baumann, 2016). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3. Horst Baumann, 2007, Without title, Laser Beam project funded by 
laser animation SOLLINGER. It is clear that the laser beam represents an open 
source of the medium of the visual message that has a wide spatial field to magnify 
the effect of the communicative message to integrate all people over the city. 
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3.4.2 Closed Communicative Message:  

In 2010, the British United Visual Artists group presented an ideal 

example of the closed visual communication mode in laser 

artworks by way of building a laser installation entitled “Speed of 

Light” (figure 3.4). This installation was built on the idea of speed 

being light and light being data. This said installation was created 

inside an old building, and the artists covered every border and 

line in this building by red laser beam at the same position. 

Besides, they drew inside it additional pieces of furniture and 

accessories.  

 

 

Figure 3.4. The United Visual Artist, 2010, Speed of Light, London, He-Ne Laser. 
Laser beams have been used to redraw all the boarders in interior space of an old 
building. This model of close visual communicative message goes to revoke an 
alternative environment in the audience’s mind. 
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From the first moment, the viewers recognized the old version of 

the building in its original material and simultaneously the 

contemporary version of the same building. This visual message 

can evoke a complementary relationship between the traditional 

and the new version of our life (United Visual Artists, 2010). 

 
3.4.3 Interactive Communicative Message:  

This mode can be recognized in artwork like what Marshmallow 

group created entitled “Laser forest” in 2013 (figure 3.5). This 

artwork was designed in the form of a music-light artwork as a 

commission for STRP Biennale.  

Figure. 3.5. Marshmallow interactive artists group, 2013, Interactive Musical 
Laser Forest, Eindhoven, Green Laser and software. This artwork represents an 
interactive communicative message that can be created by the audience 
themselves. 
 

This aforementioned artwork constituted of 150 rods of laser 

beams that can be taped and played. The audience can enter 
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through the artificial forest and manipulate the laser rods around 

them to generate a music in which every viewer can create his own 

laser reaction and simultaneously, all audiences create the entire 

composition through all rods. Therefore, the communicative 

message here is generated by the audience themselves, in which 

artists provide the source of the material in the form of a particular 

laser setup (Project, 2013). Therefore, aesthetically, the values of 

this kind of laser art in the processes of the artistic creation 

between the artist and the audience. 

 
 
3.5 Laser Art as an Informative Model 

Laser artworks in the form of an informative pattern usually 

depend on the ability of the laser beam to carry several pieces of 

information, and this kind of laser artworks commonly is created 

in holographic art. The Holography initially can represent 

information about any physical object. Using a broad range of 

holographic techniques to create laser artworks, can lead us to 

three main approaches of the three kinds of resources of the 

informative model as follows: 
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1. Open Source:  

All holographic interferometry processes conducted without real 

holographic recording are considered a holographic open source 

that can integrate the participant in it to constitute a Laser artwork 

depending on several ways. The artwork carried out by Shawn 

Brixey entitled “Celestial Vaulting-1992” (figure 3.6) is considered 

one of Laser artworks that depend on the holographic open source. 

Brixey carried out an interactive relationship between the 

audience and the Laser beam using a holographic interferometry 

installation. He designed a real-time optical Laser holography to 

determine the minute time-of-flight difference between phase 

entangled photons at the speed of light.  

Figure 3.6. Shawn Brixey, 1992, Celestial Vaulting, project funded by the Michigan 
Council for the Arts, USA. Open source of holographic interferometry setup, that can 
interact with audience to constitute voice of the interface patter. 
 



	
70	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

The participant's path in the space produces infinitesimally small 

vibrations that dilate and change the time travel of the photons in 

the artwork. The dilated travel time of the photons produces 

stunning modulated holographic patterns and audible sound. 

Through the use of custom-made headphones, participants can 

listen to the light, and walk in the light and sound that is created 

by their presence in the artwork area (Brixy, 2011).  

2. Closed Source:  

The analogue holography practices in visual arts represent a very 

attractive, closed source of visual information, in which artist 

creates a virtual reality in the form of a holographic environment 

that can be controlled by the setup and procedures designed by the 

artist. However, there are no effects derived from the audience.   

Figure 3.7. Ray Barks, 2008, the Green Apple, 360º Cylindrical Hologram, 200 x 210 
mm. An analogue hologram that can reflect a close source of information in laser arts. 
The hologram can provide an unchangeable information about the object. 
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In fact, several analogue holographic artworks can refer to this 

kind of information source, nevertheless, as (figure 3.7) shows, the 

cylindrical holographic artworks recorded in 2008 by Ray Barks 

are ideal examples, in which audience can partly interact with the 

holographic form in order to recognize its spatial environment 

(PARK, 2008). 

3. Interactive Source:  

In preference to the analogue holography, the digital holography 

can provide an interactive alternative, in which the intensity and 

the phase of electromagnetic wave fields can be measured, stored, 

transmitted, applied to simulation and manipulated in the 

computer towards an exciting new tool for the handling of light. In 

fact, the experiment had been built by Ikuo Nakamura and he had 

entitled it “the mirror- 2011” (figure 3.8) can represent an ideal 

example of this interactive source.  

Figure 3.8. Ikuo Nakamura, The mirror, 2011, interactive spatial video and sound 
installation. The real image of the participant and its holographic reflection as a shadow. 
This artwork can perfectly translate visual information into interactive context constituted 
by the participants themselves. 
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In this experiment, the conceptual holographic interference has 

been examined digitally as an attempt to use the interference as 

time detector. The reflected holographic interference from the 

audience’s movements was stored in the computer using a (CCD) 

camera. By using custom-made digital holographic display system, 

the viewer can see himself in a real 3D form in front of the mirror 

and simultaneously his previous recorded holographic images 

from the computer as a sign of his past and present (Nakamura, 

2011). 

 

3.6 Summary 

Laser Art is not only an art carried out by a different material, 

rather, it is an art that conceptually assumes a new methodology 

of the artistic creation processes, in which the artistic content can 

be fully unified with the physical properties of the medium.  

In this analytical study, a communicative model and an 

informative model were adopted as a qualitative approach and 

quantitative approach respectively to re-interpret laser artworks 

appropriately. This could place laser art in a suitable position 

among other experimental trends in sciences of visual arts.  

On the other hand, this analytical studies revealed how can laser 

art redefine the concept of the visual message within an artistic 



	
73	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

context, in which an amount of information can be processed 

qualitatively and quantitatively to reformulate a flexible visual 

message in the form of an artwork. Therefore, as (figure 7) shows, 

how the laser beam has been used to develop a wide range of visual 

applications in contemporary visual arts.   

In fact, the use of Laser beam in visual arts, particularly 

holographic technologies in the past, has faced resistance in the 

artistic field. The most conservative artists and critics saw the term 

“holography” nearer to the technical issues than the artistic 

domains. 

Nevertheless, exploring new forms has represented a constant 

challenge for any artist to create revolutionary artworks whatever 

his field. At the end of the 20th century, the new artistic concepts 

allowed to explore several areas or cutting-edge paths to create a 

non-traditional vision using scientific theories and technological 

tools as a part of the evolving artistic world. In the last two decades, 

according to the new artistic terminologies, scientists and artists 

have used the word “Holography” as a synonym of the augmented 

vision, but with different meanings (Probst, 2009). 
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Figure 3.9.  the diagram illustrates the development in laser arts and how laser beam used 
to develop light usage in contemporary visual arts physically and conceptually 
 

While artists use it as a new form of art that is called “Holo Art”, 

scientists see it as a new scientific technique where light takes an 

important part in several processes, which can be used in various 

aspects of daily life, such as security and medicine. However, 

regardless of the artistic and conceptual aspects, Laser Artworks 
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including Holo-Art are achieved depending on specific scientific 

properties and technical procedures, in which it became so 

difficult to separate the technical issues and the conceptual aspect 

in this kind of artworks, because the concepts of these artworks 

have been fully integrated into their physical properties and 

technical issues. 

Aesthetically, from the first period of Laser artworks, the main 

significant contribution of Laser art attributed to the dramatic 

change in the concept of the artistic material not only in Laser 

artworks themselves but also in the rest of artistic trends in the 

sciences of visual arts. At the beginning of the period of Laser 

artworks, some artists thought that the Laser light as a material 

can be a good and bad material or a rich and poor medium at the 

same time (Raulin, 2013). Visually, Laser light can illustrate a 

pure, a sharp 3D linear composition, when line is combined with 

Laser light, the most self-concentrated, self-sustained, and 

directed medium, the result is “breath taking”, “knife cut” clean 

line that provides endless visual potential. However, on the other 

hand, since the Laser light has its own strong character, the artists 

who are using the Laser beam as a tool of their expression need to 

design a strong composition more than the Laser light itself. This 

is because if the Laser light is stronger than the artistic 
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composition, the material (Laser light) will dominate the artwork 

itself, and in this case, the artwork will fall under some kinds of the 

artistic superficiality as an immature artistic formulation. In a 

dramatic progress, the conflict between the Laser light as a 

material and the artistic composition has been exceeded by 

reaching some advanced developments in Laser arts technically 

and conceptually. There are two particular points behind this 

correction, the first one refers to the holographic art, which has 

been able to combine the Laser light as a material and the object 

as an artistic composition in one unified mass, that is why in 

holographic art it is impossible to separate the shapes and the 

material from each other, where the existence of every one of them 

depends on the other. The second point is more complicated, 

where some artists began to build conceptual Laser artworks 

depending on the physical properties of Laser light itself like 

coherence phenomenon and interference pattern so forth. By 

using some kind of advanced controlling techniques manually and 

numerically, artists have been able to build installation artworks 

that can reflect complicated conceptual dimensions and simple 

appearance.   

By this way also, there was no longer such conflict between the 

Laser light as a material and the artistic composition because the 
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concept of the artwork became fully integrated into the physical 

properties of the material (Laser light) itself. That is how material 

and shapes have combined each other, and thus they behave as one 

element.  

Conclusion 

Since the beginning of the 21st century, the traditional boundaries 

of the artistic practices had been broken, and the position of some 

experimental artistic trends became in between art and sciences. 

One of the most significant trends of them is Laser arts. A lot of 

artists, philosophers, and scientists struggled to re-formulate the 

Laser art as an independent artistic trend and an enhanced side of 

the light art. Not only due to its unique case among other 

contemporary experimental artistic trends in sciences of visual 

arts, but also because it provides a serious contribution to 

reformulate the concept of the artistic material physically and 

aesthetically.  

Therefore, depending on the exclusive physical properties of laser 

beam, this research provided a new assumption to categorize laser 

artworks qualitatively as a communicative model, or quantitatively 

as an informative model.    

These two models were applied to analyze and categorize several 

Laser artworks in order to reveal the conceptual aspects behind the 



	
78	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

scientific techniques in Laser art. In fact, as this analytical studies 

highlighted two new approaches to discover the hidden aesthetic 

aspects in Laser arts, it also contributes to open unlimited 

possibilities to think of other approaches to contextualize several 

still-uncovered aesthetics aspects in contemporary experimental 

Laser Arts. On the other hand, this research motivates other 

researchers in the near future to participate in documenting 

processes of the laser art as a rare discipline. 
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This chapter articulates a practical investigation that can 

conceptualize holographic forms as a one of the most 

important laser art branches. By this experiment, this chapter 

tries to reveal a non-traditional relationship between the 

holographic art and conceptual artworks in order to encoded 

the holographic form into its original component 

conceptually 

Ahmedien. D. A. M (2017) Three and One Chair: An Analytic Investigation into the 
Holo-Art, Journal of visual arts practices, Tylor and Francis  
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                       mong all of the new media arts, holography has not 

yet been thoroughly understood due to its complicated visual and 

technical structure, which may cause misconceptions about its real 

content or perhaps an underestimation of its artistic value. This 

chapter, therefore, raises an attempt to reinterpret the visual 

representation theory of the holographic object by using Joseph 

Kosuth’s conceptual assumption in his conceptual artworks as a 

model to conceptually decode the holographic scene. While 

Kosuth’s conceptual art is represented by three separate 

conceptual definitions of an object (real, visual, and verbal), this 

research investigates the holographic form as a physical alternative 

that combines the same three definitions of an object into a unified 

“After a certain high level of technical skill is achieved, 

science and art tend to coalesce in aesthetics, plasticity, and 

form. The greatest scientists are artists as well”                                                                         

                                                                          (Albert Einstein) 

 

A 
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physical form. Hence, this study assumes that the holographic 

model is a form of post-conceptual art. By emphasizing the crucial 

role of scientific research in the recent revolutionary artistic and 

cultural trends in our contemporary societies, this project attempts 

to reveal the extent to which the scientific properties of the 

unconventional mediums can truly contribute to reshaping our 

conceptual visual perception. Additionally, the experiment series 

of the project scientifically sheds light on the conceptual vision and 

also reinforces the conceptual dimensions of the visual 

holographic scene in contemporary visual art. 

It cannot be denied that the most important revolutionary artistic 

trends have appeared as a result of several recent and significant 

scientific mutations in the modern natural sciences, and 

holographic art is not an exception. As it represents a window of 

unlimited visual possibilities, holography has been investigated in 

the visual arts through diverse approaches. The majority of these 

investigations have made great strides towards increasing 

international recognition of holography as an art, after it had just 

been considered an art medium since its inception in the mid- 

1960s (Benyon, 1982). In the late 1970s, holography was defined 

as an independent artistic movement as a result of the efforts of 
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the devoted holographic artists who provided a new visual 

perspective of our physical world in their art (Johnston, 2006). 

However, more than 50 years after its beginning, holography can 

still be fundamentally interpreted in many different approaches 

that highlight several hidden conceptual values in the holographic 

art. By adopting one of the most important conceptual 

assumptions in conceptual art derived from Joseph Kosuth’s 

conceptual artworks as a reference to construe the holographic 

model, this research emphasizes holography as a promising realm 

in the contemporary visual studies. This holographic realm can 

deeply affect our visual culture by providing us non-traditional 

ways to understand cutting-edge thoughts concerning the 

conceptual visualization of today's art. 

The holography is "a record of an interaction of two mutually 

coherent light beams, in the form of a microscopic pattern of 

interference fringes" (Saxby, G., 2003). Initially, holographic 

principles emerged from the modern physics application in the late 

1940s through the improvement of the quality of electron 

microscope images by Denis Gabor (Curtis et al., 2010). As the 

practical conditions of the holographic production require a pure 

and coherent source of light, holographic applications 

dramatically developed after the LASER was discovered in 1960, 
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in which light reaches the maximum level of coherence (Benton et 

al., 2008). 

However, in the artistic societies, there has always been a 

controversy regarding the appropriate term to describe the 

recorded holographic plates, where some artists use the word 

(IMAGE) to describe the holographic object, although this word 

cannot reflect an accurate description of the nature of the 

holography because photographic products are also called images. 

In fact, the majority of the holographic applications in the visual 

arts have been used, independently, based on the unique physical 

properties of the holographic medium or its unparalleled external 

appearance (Oliveira & Richardson, 2013). Nonetheless, 

considering the physical properties of the holographic medium 

within a conceptual context can lead us towards a different 

fundamental understanding of the visual essence of the 

holographic object itself. 

Indeed, visually, holography in its essence is much more than a 

mere image or even a nontraditional medium, rather, it represents 

a unique combination of the virtual and real properties of the 

physical form, where the viewers recognize it as a real form, but 

physically it is untouchable. This must be understood as a new 
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visual interpretation of reality, but absolutely neither an ‘illusion’6 

nor a trick. 

 

Using conceptual art as a reference to investigate the concept of 

the object emphasizes that there is not an absolute definition of 

any object, but an object can only be understood based on the 

source used to derive its definition (Alberro, 1999). Conceptual 

artists, such as Joseph Kosuth, confirmed that the definition forms 

of the object are not derived from the same source; therefore, each 

of them reflects a completely different epistemological background 

of the same object (Hughes, 2006), 1) the real form of any object is 

its physical existence in our real world, 2) the visual form of the 

same object can be found in a photographic image that represents 

the object as a two-dimensional (2D) shape, 3) the verbal form of 

the object can be represented as its definition as an abstract 

meaning derived from the dictionary. 

Whereas Kosuth attempted to metaphorically combine real, visual, 

and verbal definitions of the physical object in one artwork before 

the beginning of the holographic art itself, the analytical studies 

may affirm that Holography has exceeded this limit and combines 

the real, visual, and verbal forms of the object definition into a 

unified physical form. 
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Hence, as a holographer, I concentrated on studying the 

holographic model analytically in my lab to examine the validity of 

the holographic object as a physical alternative to the conceptual 

representation of any object. I thought to what extent the three 

forms of the object definition in Kosuth’s assumption (real, visual, 

and verbal) might be existed in the holographic object as a physical 

unified form made by using the language of natural science, which 

can raise a broad range of conceptual definitions of the holographic 

scene into the contemporary visual arts. 

 

4.2 Theoretical frame 

As one of the most distinctive artistic trends in the mid-20th 

century, conceptual art came into being to give top priority to the 

role of the idea as a crucial factor in the production of the meaning 

derived from visual forms (Osborne and Godfrey, 2002). 

Depending on an entirely different methodology that adopted a 

new use of language, physical actions, and mental processes, 

conceptual artwork raised a fundamental question concerning the 

definition and the content of the object itself, relying on a wide 

range of inquiries (Curley, 2005). Therefore, one of the most 

significant shifts behind conceptual artwork is that it was 
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embodied in its related research processes that clarified how the 

meaning itself became the object of the artwork. 

Based on this premise, Edward Shanken emphasized: “conceptual 

art sought to analyze the ideas underlying the creation and 

reception of art, rather than to elaborate another stylistic 

convention in the historical succession of modernist avant-garde 

movement” (Shanken, 2002). Accordingly, it is clear that 

conceptual artwork does not support an artistic style (Tierney, 

2003). Instead, it represents a conceptual hypothesis toward our 

understanding of a particular issue that is perceived by the 

following three types of forms related to its meaning: real form, 

visual form, and verbal form. 

The object, in this case, is flanked by two representations to 

emphasize the conceptual relationship and disparities between it, 

its visual image, and its verbal definition. Taking Kosuth’s famous 

artwork ‘one and three chairs’ as an ideal example, Stephen 

Farthing comments: 

“Where conceptual art broadly asks ‘what is art?’, this 
artwork asks ‘what is a chair?’ And ‘how have we come 
to recognize it as such?’ Kosuth is questioning how 
representations or accounts of an object relate to the 
object itself, how these relations are processed and 
whether one form has more value than another. He 
asks viewers to consider how art and culture are 
constituted through language and meaning rather than 
through the beauty and style.” (Cork, 2010). 
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In this comment, Farthing attempts to clarify how Kosuth, in his 

artwork (Figure 4.1), attracted the viewers’ attention to consider 

the real meaning of the chair, as an object and to what extent their 

understanding of that object can be changed depending on the 

form of the definition used to recognize it (real, visual, or verbal). 

Additionally, Kosuth claims there was no longer a need for the 

artistic style, as long as the artistic values could be raised via a wide 

range of the definition forms, belonging to a particular type of 

language, derived from the conceptual meaning of the object itself. 

Figure 4.1. Joseph Kosuth, one and three chairs, 1965. Wood folding chair (real 
object), mounted photograph of a chair (visual object), and mounted 
photographic enlargement of the dictionary definition of "chair" (verbal object). 
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Based on this methodology, conceptual artwork usually requires 

multidisciplinary research to reveal the conceptual essence of a 

wide range of issues surrounding us. Therefore, conceptual artists 

attempt to impose interdisciplinary research practices as a main 

portion of the creative processes of the artwork. This mixed 

research assisted in permeating non-traditional artistic 

movements, such as processes art, and supporting art-and 

technology and the scientific research of visual arts, particularly 

since the middle of the 20th century and the beginning of the 21st 

century (Smith, 2011). 

Since the beginning of the 1990s, some of the revolutionary artistic 

trends have emerged and developed as a result of a previously 

unseen, mature relationship between art, science, and technology 

(Wilson, 2013). This artistic revolution is described by the term 

‘Technoscience Art’, that was coined by Karl Popper, in which 

artwork is constituted by scientific methodology and technological 

processes to the extent that the scientific properties of some 

materials and technological techniques can have a serious effect on 

the artwork or even constitute its central idea (Popper, 1993). One 

of the most important of these artistic trends is holographic art, 

abbreviated to Holo-Art. 
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Since its inception, holographic art has played an important role 

in expanding the boundaries of artistic practices by providing non- 

traditional interpretations of our understanding of the visual 

forms. Previously, some of the contemporary experimental artists 

performed several physical investigations to examine to what 

extent the scientific properties of the materials can constitute the 

central idea of the artwork concept. Two of the most important 

investigations were developed to examine the conceptual aspects 

behind the holographic interferometry techniques. These two 

attempts were partly described in the previous chapter. 

The first one was executed by Shawn Brixey and was entitled 

“Celestial Vaulting -1992”. Brixey created an interactive 

relationship between the audience and the light using a 

holographic interferometry installation. He designed a real-time 

optical laser holography to determine the minute time-of-flight 

difference between phases of entangled photons at the speed of 

light. The participant's path in the space produces infinitesimally 

small vibrations that dilate and change the time travel of the 

photons in the art work. The dilated travel time of the photons 

produces stunning modulated holographic patterns and audible 

sound. Via custom-made headphones, participants can listen to 
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the light and walk through the light and sound that is created by 

their presence in the artwork (Brixey, 2016). 

The second experiment was developed by Ikuo Nakamura and was 

entitled “the mirror – 2011”. In this experiment, the conceptual 

holographic interference was examined digitally as an attempt to 

use the interference as a time detector. The reflected holographic 

interference from the audience’s movements was stored in the 

computer using a CCD camera. By using a custom-made digital 

holographic display system, the viewer can see himself in a real 

three-dimensional (3D) form in front of the mirror and 

simultaneously see his previously recorded holographic images 

from the computer as a representation of his past and present 

(Nakamura, 2011). 

If these two holographic artworks lend technical credibility to the 

assumption that the physical properties of the holographic 

medium can independently constitute the artwork, they surely 

raised the motivation to closer evaluate the potential conceptual 

dimensions behind the technical issues in holography. They also 

confirmed that the holographic object as an independent form still 

needs analytic experiments that may reveal its validity to provide 

a parallel physical alternative of the visual representation in the 

conceptual art, but by using the natural science language. Hence, 
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this research assumes that the holographic form in its conceptual 

essence, even if it is not exhibited as an artwork, does not refer only 

to the recorded holographic object itself, but it indicates the three 

forms of its conceptual definition (real, visual, and verbal). This 

maintains the conceptual relationships and disparities between 

each of them that exist in a unified coherent holographic pattern 

beyond the holographic object. Therefore, a holographic object can 

raise the same questions as Kosuth concerning our conceptual 

understanding of any objects, but from a holographic point of 

view. 

Thus, this research poses the following question: Can holography 

represent a form of a post conceptual art that can include a 

comprehensive, conceptual definition of the object, where real, 

visual, and verbal forms can be combined into a unified 

holographic form? 

 

4.3 Material  

In one of the conservation labs at the University of Applied 

Science, Bern, my temporary holographic lab was built, not only 

for holographic recording but primarily to analyze the recorded 

holographic objects physically and then artistically. This analytical 

study was performed over the span of 7 months. The first period 
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was used to prepare the experimental setups and samples (from 

February until April 2016), followed by another 4 months to 

execute the experimental procedures (May until August 2016). 

Tables 4.1-4.4 show the specific details of the material and the 

equipment used in the experiment. 

 

A. Holographic plates: 

Properties Data 

Plate brand Harman Holo FX “fine grain holographic plate” 

Recording mode Transmission & Reflection 

Sensitivity 488nm – 560nm (Peak at 532nm) 

Crystal size of emulsion surface 30nm – 40nm 

Resolution 7000 cycles / mm 

Optical transmission < 80% at 532nm 

Size of the plates 6.5cm x 6.5cm 

Thickness of the plates 3mm 
Table 4.1. The details of the holographic plates used in the experiment. 

 

 

B. Developers: 

Stage Chemical path Time Condition 

Development JD-2 (A&B solution) 4 minutes max 22 oC (72 oF) 

Stop path ILFOSTOP 30 seconds - 

Bleach JD-2 (C solution) 2 minutes max - 

Water Distilled 2 minutes Free magnesium 

Cleaner Form-A-Flo 600 40 seconds - 
Table 4.2. The details of the holographic Developer used in the experiment. 
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C. Laser: 

Characteristic Specifications 

Wavelength 532 nm (green) 

Polarization > 100:1 Vertical 

Beam diameter 2.25 mm ±10% 

Beam divergence < 0.5 mrad 

M2 < 1.1 

Output Power 2 : 12 mw (CW) 
Table 4.3. The specifications of the laser used in the experiment. 

 

D. Optical components: 

Mounts Specifications 

Optical bench (1) Newport (250cm x 100cm) 

Mirrors (4) THORLAB (NB1-K13) single face 

Beam splitters (2) Round variable (360o) 

Beam expanders (2) Microscopic objective (20 x 0.40) 

CCD Camera CMOS Camera mount 

Digital Camera Canon EOS 100-D 
Table 4.4. The optical components used in the experiment. 

 

According to the final collected and recorded holographic plates, 

there were more than 50 recorded objects. However, the chair was 

selected as the first sample used for all experimental procedures. 

In fact, the chair represents an icon in the conceptual arts because 

it refers to one of Kosuth’s most famous pieces of conceptual art, 

entitled “one and three chairs” (Kosuth, 1965). The chair was made 

as a sample from a hard carton and with the same proportions as 

Kosuth’s original chair (Figure 4.2). 
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This experiment was built on analyzing the main research question 

in two operational axes. The first axis investigated the three forms 

of the object definition (real, visual, and verbal) in the physical 

holographic form. This axis can expose how the advanced physical 

properties of the laser light (as the raw material of the holography) 

can combine the real, visual, and verbal definition of the same 

object in a unified holographic form. The second axis revealed how 

the holographic artists, and often scientists, used every form of the 

object definition by the physics of the holography to constitute 

their holographic artwork. 

 
Figure 4.2. The typical Kosuth’s chair, from a carton, as the first object in the 
holographic samples dimensions (4 cm x 4 cm x 7 cm), silver metallic paint, 
created by the author. 
 
 
Therefore, based on the three phases of the investigation, there 
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were three main forms of a holographic object to be examined 

physically and artistically, as follows: 

- Real Form:  

This experimental section attempted to determine the answer to 

two sub questions: to what extent can a holographic form 

accurately mimic the natural conditions and how can the 

mechanisms of the holographic recording store the real form and 

its surrounding environment as it is in the real world. 

- Visual Form:  

This experimental section attempted to practically demonstrate 

the sharp differences between holography and photography via 

investigation of the real view of depth in the holographic 

environment and how this real view has been used to interpret 

complicated issues related to the modern conceptual vision in 

contemporary art. 

- Verbal Form:  

As one of the most complex forms of the holography, the verbal 

form of the holographic object was analyzed in this experimental 

section. By using digital holography, the holographic object had 

been treated as physical information that could be stored as a 

numeric language. This language was considered, first, as an 

alternative of the verbal definition of the object, and second, as a 
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source that contains the other two forms of the object definition. 

 

4.4 Experimental setup and empirical studies 

Based on the previous methodology, the experiments were divided 

into three phases; each of them examined a part of the physical 

identity of the holographic form, including its surrounding 

environment, as follows: 

Phase I: Investigate the real form 

The first phase investigated the reality of the recorded object as a 

physical form on the holographic plate. In this case, the hologram 

was considered a very special medium, where it carried and stored 

a real object as it is in our physical world. 

Normally, in the holographic setup, there is a real object to be 

recorded and a holographic plate on which to record the real 

object. However, in this holographic recording setup, the real 

object (the chair) was replaced by a recorded holographic plate of 

the same chair. In this way, the holographic setup performed as a 

detector to detect the object. Therefore, it was possible to reveal if 

the holographic setup was able to capture the recorded 

holographic object just as a recorded image (copy) or as a real 

object as it was in the original setup. 

A transmission setup was built (Figure 4.3) where the laser beam 
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was divided into two beams by the beam splitter; the first beam 

was expanded and reflected by mirror number 1 to illuminate the 

recorded holographic plate (the holographic chair) as an object 

beam. The second beam was expanded and reflected by mirror 

number 2 to illuminate the un-recorded holographic plate as a 

reference beam. 

 

Figure 4.3. The transmission holographic recording setup, making a copy of the 
recorded plate to examine the reality of the recorded holographic object. 
 
 
The object beam in this setup performed a dual function; it was the 

object beam in the main setup and also served as a reference beam 

to illuminate the recorded holographic plate, which contained the 

original object in the form of a holographic pattern. (Figure 4.4) 

shows the result of experimental Phase I, where the copy was 

produced as if it was the original object, and the setup did not 

record the holographic object as an image. Consider that in 
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traditional artistic creation usually the first piece is the only 

original piece, while in holography every copy is essentially an 

original piece. This is because any copy of a traditional piece of 

artwork only visually mimics the original one, but in holography 

every piece, including the first one, embodies the real object 

physically and visually. 

 

Figure 4.4. The recorded holographic setup in sample (A) and its copy in sample 
(B). The setup reproduced the real chair from the recorded object without the 
need for the real object.  
 
 

This special physical property was widely used in Ikno Nakamura's 

holographic artwork, where he combined the real and the 

holographic objects. This raised a challenging question to the 

viewers regarding the conceptual disparities between the real 
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object in our physical world and the virtual object in the 

holographic scene. 

In his holographic collection entitled "materiality - 2013" (Figure 

4.5), Nakamura investigated the following eight physical 

principles that control our visual perception of any real object: 

Parallax, Relative size, Aerial perspective, Obscuration, 

Accommodation, Light contrast, Convergence, and Stereopsis 

(Sergey, 2003). Accordingly, he affirmed that a holographic object 

is a type of reality, as long as the holographic model has these seven 

physical properties (Nakamura, 2009). 

Figure 4.5. Ikno Nakamura, Materialization, transmission holographic object 
with real object, New York, 2013 object.  
 
 
Because light is one of the most important scientific facts in our 

universe, it is essentially untouchable material due to the unique 

properties of its constructive unit, the Photon. Accordingly, 
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holography as a form made of a special light (LASER) cannot be 

touched but is still a real form. This is why Nakamura created his 

holographic collection under the title materiality, that could reflect 

a new conceptual materialization of a physical reality. 

Therefore, this type of physical reality reflects the non-traditional 

properties derived from the holographic form that contains visual 

content and how this content could be under the influence of the 

following properties: 

Non-positioned data: In digital photography, every pixel carries a 

portion of all of the information about the image; therefore, the 

resolution of the image can be calculated based on the number of 

pixels. Although this construction is logical under normal 

circumstances, one of the most unparalleled holographic features 

is in its structure, where each pixel in the holographic plate 

contains all of the information about the physical object. This is 

why if the recorded holographic plate is cut in half and then 

illuminated by a laser, each half of the plate will still be found to 

contain the entire object. Therefore, a specific piece of information 

does not occupy a particular position on the holographic plate, but 

the entire holographic object exists everywhere on the plate 

(Talbot, 1992). 

Real function: The recorded holographic object performs the same 
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real function inside its holographic environment as it performs in 

the real environment. Using optics laws as an example, if an object 

behind a lens is recorded holographically, in the holographic 

recorded plate, the lens will still perform its function of optically 

changing the size of the object as long as the angle of view changed 

inside the plate is exactly as that in the physical environment 

(Colombani & Bert, 2007). 

Phase II: Investigate the visual form 

The real field of vision has been examined in the holographic 

environment to determine how people can visually interact with 

the holographic object and to what extent the holographic field of 

vision completely mimics a natural condition of the real field of 

vision. 

A reconstructed holographic setup system was built and a special 

camera was attached with a curved steel rod to examine the 

properties of the real depth-of-field in the holographic 

environment (Figure 4.6). There were two variables in this setup 

as follows:  

the first was the angle of vision that was manipulated by moving 

the camera on the curved rod (ARC) within 180 horizontal degrees. 

The second was the distance between the camera and the 

holographic plate, which was far from or close to the camera 
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(within approximately 10 cm) as a real depth of- field from the real 

object (FVD). 

Figure 4.6. Optical setup used to reveal the real depth-of-field of the 
holographic environment.  
 
 
The camera had already recorded the object from one holographic 

plate horizontally and vertically in a wide range of view angles 

(Figure 4.7).  

Figure 4.7. Different angles of the view, recorded from one holographic scene. 
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By closely evaluating the angles of view derived from a signal 

holographic scene, it was clear that the holographic scene had the 

same natural vision conditions as the real scene. 

Ray Park’s holographic artwork confirms this finding in an 

identical situation. In his cylindrical holography entitled the 

“Green Apple - 2008” (Figure 4.8), Park demonstrated a non-

traditional holographic presentation that provided a 360-degree 

view of a complete object (Park, 2003). Therefore, the audience 

could partly interact with the holographic form to recognize its 

spatial environment. 

Figure 4.8. Ray Park, the Green Apple, cylindrical reflection hologram, a full 
360-degree angle of view, New York, 2008.  
 
 
Phase III: Investigate the verbal form 

In this phase, the holographic object as physical information is 

established from the real object by deriving spectroscopic 
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information of the object from a single phase shift in the digital 

hologram using the CCD camera in the holographic interferometry 

configuration (Figure 4.9). 

Figure 4.9. digital holographic setup that can store the object as digital 
information. 
 

The object beam that carries all of the physical information about 

the object and the reference beam that represents the material of 

the holographic object interface on the surface of the camera 

detector instead of on the holographic plate. The interference 

fringes are translated numerically using a computer, which 

reinterprets the interference pattern digitally and stores all of the 

physical information of the object. This allows the holographic 

object to be reconstructed as information related to the real object 

by using data storage techniques or as a real object by using 

‘SLM’26 devices (Desse & Picart, 2014). 
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Although the verbal form of the holographic object conceptually 

exists in the analogue holography, it was not previously thoroughly 

understood that the digital holography techniques can physically 

handle this form. However, the verbal form in the conceptual art 

itself cannot be considered a pure verbal form, since once the text 

was isolated from its original context (a dictionary or book) to be 

framed as a part of the artwork, it became a part of the visual 

environment of the original artwork. Therefore, that verbal form 

became governed by the same visual rules as the original artwork. 

Accordingly, the Holopoetry artwork, developed by Eduardo Kac 

in 1989 (Figure 10), can be 

considered as a one of the most important early attempts to 

understand the verbal form of the analogue holography. While 

poetry as an art uses words as its raw material, visual poetry 

enriches the words, giving them physicality on the surface, and 

Holopoetry can extend this physicality to the light. In this case, a 

hologram defines the linguistic experience that occurs outside of 

the syntax structure to conceptualize the language as a visual 

experience (Kac, 1993). This is how Kac, in his Holopoetry 

artwork, claimed that when the verbal code (word) is converted 

into the visual code (image), the aesthetic experience generally, 

and the poetic experience particularly, is enriched if the viewer 
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sees the alternative of text and an image (Kac and Botelho, 1989). 

Thus, Kac’s attempts could be understood in the context of 

language and visual poetry in which a hologram addressed 

language as a material and subject matter simultaneously. 

Figure 4.10. Eduardo Kac, AMALGAM, silver halide white light reflection 
hologram. USA, 1990.  
 
 
 
Digitally, the verbal form of the holographic object can be 

categorized as the most powerful holographic source to create a 

fully-animated object. As a numeric language, a holographic 

object, in its digital mode, can store the other two forms (real and 

visual) during the digital processes that are preceded by the digital 

holographic setup. Thus, the numeric form can be reconstructed 

as a full virtual-real object. Similar to what happened to create the 
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interactive room in the ‘Ronald McDonald House BC’, where the 

‘H+Technology’ company built an animated character named 

“Woody” (Figure 4.11). Based on an advanced digital holographic 

technique, Woody can be recorded and then numerically 

calculated to be reconstructed in the form of a fully-animated 

virtual reality. Therefore, this character can speak and move to 

interact with the children and is able to constantly change in visual 

content (H+Technology, 2015). By this advanced step, the 

holographic form can reach an ideal place as a virtual alternative 

consisting of digital codes that represent the verbal form and 

simultaneously contain the visual and the real forms. 

Figure 4.11. H+Technology, Woody, Full animated character, Interactive room, 
McDonald house BC, Vancouver 2014.  
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4.5 discussion 

Based on the previous analytical studies, the holography was 

proven to provide a conceptual physical extension of the three 

forms of the object definition (real, visual, and verbal) derived 

from Kosuth’s conceptual assumption. However, the three 

conceptual definitions are usually combined in the holographic 

medium or digitally restored as a numeric language. 

(Figure 4.12) summarizes the current analytical experiment 

findings using one of the most important and famous conceptual 

artworks achieved by Kosuth entitled (one and three chairs), so 

that the holographic chair created in the current research can be 

decoded into the three forms of the conceptual definition of the 

chair as an object in Kosuth’s artwork by using two standard 

solutions: 

the first solution is the holographic object in an analogue mode. By 

using its original reconstruction setup, this mode can produce the 

following three forms of the object definition: A) physical 

information in its interference patterns that perform as a verbal 

alternative to the verbal definition of the object, B) the object in an 

immaterial form that can perform as a physical alternative of the 

real definition, and C) a 3D form on the holographic plate that 

refers to the visual alternative to the visual definition of the object. 
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The second solution is the holographic object in a digital mode, 

which contains parallel alternatives to the three in the first 

solution, but in a digital form. By using a device called a spatial 

light modulator (SLM), this form can be analyzed as the following: 

A) digital codes in the form of a numeric language as a verbal 

alternative to the verbal definition of the object, B) a virtual object 

in the form of a virtual reality that can perform as a physical 

alternative to the real definition of the object, and C) a digital scene 

of the object as a visual alternative to its visual definition. As in 

Kosuth’ art work, the chair was represented within three separate 

forms of the char definition, therefore his artwork was entitled one 

and three chairs. In contrast, the current holographic chair can be 

entitled Three and One Chair, in which the tree forms of the chair 

definition are combined in one holographic chair. 
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Figure 4.12. an analytical matrix illustrates that the analogue and digital 
holographic models as physical alternatives that can be decoded into the same 
three forms of the object definition derived from the conceptual art (visual, real, 
and verbal).  
 
 
Although several pieces of conceptual art emphasized the three 

forms of the conceptual definition of an object (real, visual, and 

verbal), each form of these definitions cannot be considered as an 

absolute definition of the object. This is because they are defined 

depending on a particular type of language that refers to the 

external and visual properties of the object itself, using the 

photograph, the real object, and the dictionary definition. 

Alternatively, another type of language provided by the 
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holographic model reflects the physical reality of the object and its 

scientific essence instead of merely its external properties. Thus, 

the three forms of the conceptual definitions of any object could be 

digitally shifted and combined, evoking completely different 

epistemological backgrounds related to the digital language used 

to translate the object visually (Bjelkhagen, 2013). 

In fact, the holographic form (analogue or digital) is essentially 

information and this could explain why the digital mode of the 

holographic form is more powerful than the analogue. While in 

analogue holography all information about the object is stored in 

the medium (the plate) and therefore, cannot be changed or easily 

manipulated, digital holography, in contrast, can derive pure 

information of the object (the core of the information) in a flexible 

form that can be manipulated digitally and reproduced in a wide 

range of physical circumstances to produce a more realistic 

holographic object (Hayasaki, Zhou, Popescu, & Onural, 2014). 

Actually, most of theoretical and practical references emphasized 

that dealing with the holographic object (analogue and digital) as 

information is the most precise way to grasp the essence of the 

object’s identity. Researchers U. Schnars, C. Falldorf, J. Watson, 

W. Juptner, and others confirm that the digital or physical pattern 

as information are sufficient to reach the essence of the 
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holographic object that contains all of the information concerning 

the 3D wave field. This information is encoded in the form of 

interference fringes, usually not visible to the human eye due to 

their high spatial frequencies, and the object wave can be 

recovered by illuminating the hologram with the original reference 

wave. This reconstructed wave can be reconstructed analogically 

and numerically as well (Schnars, Falldorf, and Watson, 2014). 

Similarly, after several experiments and research, the conceptual 

artists found that the text as information is entirely sufficient to 

reflect the conceptual essence of any object. This is why many 

pieces of conceptual art at the end of the 1970s consisted of only 

text and phrases. 

While this research considers conceptual art as a reference for the 

current experiment, conceptual art itself emphasized 

‘immateriality’ as an artistic phenomenon, in which the physical 

material of the object was isolated and the idea became the 

principle element. While John Chandler and Lucy Lippard, in their 

text entitled “Dematerialization of art - 1968”, claimed 

dematerialization as an ultra- conceptual art that refers to the 

mental processes as the artwork itself, the current research 

assumes holography is a form of post-conceptual art that refers to 

the immateriality but with a somewhat different meaning, where 



	
114	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

the three forms of the object definition have been dematerialized 

by the natural science language. 

Although the real, visual, and verbal forms of the object definition 

have been executed in 

holography manually and digitally into a unified physical form, 

these three forms in the holographic form are no longer an 

absolute conceptual or metaphorical form because they were 

performed using the natural science language ('Physics', that can 

only be applied to investigate the physical reality). This means that 

every form of the three holographic forms represents an aspect of 

the reality depending on the physical laws derived from its own 

nature, in which the raw material of this type of reality exists in an 

interference pattern (if an analogue holography) or numeric 

language (if a digital holography). In this way, the immateriality 

became a hidden part of the materiality itself (Alsina, 2014). 

Therefore, holography cannot be understood as a negation of 

materiality; instead, it can be concluded that it is an extensive and 

fundamental multiplicity of materiality beyond the entity of the 

object in which light was frozen - or encoded - in an analogue or 

digital form to keep the core of the object as comprehensive 

information concerning the real object (Earls, 1999). In this case, 

a type of reconciliation can be found between the accurate state of 
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the holography and what Bernard Stiegler called ‘Hypermaterial’, 

in which he believes that there is nothing that is not ultimately in 

a material state and the immaterial therefore does not even exist 

on a Nano level (Matar-Perret, 2013). Therefore, 

hypermaterialization as an artistic phenomenon can describe the 

holography in the form of information (in a digital holography) or 

physical pattern (in an analogue holography), where it is no longer 

possible to isolate its matter from its form and in which the 

conceptual meaning of the artwork was fully integrated in the 

physical properties of the medium.  

This new conceptual equation derived from the Holo-Art actually 

raises a fundamental question concerning the meaning of reality 

and causes us to re-think our understanding of the physical issues 

surrounding us, leading us to ask if we are really able to evaluate 

to what extent can we understand the physical world? And, how 

can art perform as a bridge to fill the knowledge gap in our 

understanding of the real matters around us? 

 





	
118	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

  

  

 

 

 
 
 
 
 

Towards New Aesthetics 
 
 
 
 
Content                                                                                         Page 

5.1 Introduction…………………………….………………….……  119 
5.2 The practical assumption …….…………………………… 122 
5.3 the artwork as a source of a real knowledge ……..… 127 
5.4 Auto-Poietic aesthetics ……..…………….…………..…… 128 
5.5 Summary……………………………………………….………… 

 
133 

 
 
 
 
 
 
 
 
 
 
  

5 
	

This chapter assumes new approach in order to manipulate 

the holographic scene based-neural test. Therefore, treating 

the holographic artwork in an interactive context. 

Accordingly, new approach of contemporary aesthetics must 

be concluded as a result of changing most of the elements’ 
rules and functions in the artwork neurologically. 

Ahmedien, D.A.M. (2016) ‘Reactivating the neural dimension role in interactive arts’, 
Leonardo, doi: 10.1162/leon_a_01376. 
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                       ince the 1960s, the field of the experimental 

contemporary art has been offering several neural investigations 

in the Interactive Arts to repositioning neurosciences roles in 

contemporary arts, and redefine the media-arts neurologically, 

depending on the available technology. In fact, the neural 

approach has not been yet independently used in media arts, 

rather, it is used in a wide range of media arts’ trends including 

laser arts in order to expand the extension of the artworks in an 

interactive form. in parallel with our today's technological 

mutations, many revolutionary thoughts achieved to reveal the 

potential neural roles in contemporary media arts particularly 

light art, for instance; Becky Valls used the neural signals of her 

brain to illuminate the theatre in her performance dance “Red 

Square-2015” (Glentzer, 2015). 

“The art historian of the future may look back at this period 

and see that the major aesthetic inputs have come from 

science and not from art. . . . Maybe science is evolving into a 

new science called art, a polymath subject once again”                                                                              

                                                                             (P. Brown, 1992) 

S 
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Through a kind of self- neural interaction, Lisa Park interacted 

with her brain waves to convert them into sound and light waves 

vibrations that constitute her interactive performance “EUNAI 

2013” (Badcock et al., 2013), and in 2007, Kal Spelletic provided 

an artificial alternative to the ‘Neural mirroring mechanisms’ in 

the brain via designing a neural connection between her brain and 

a robot that can mimic her movements through the interactive 

installation entitled “Master Mind Machine” (Miranda, 2006). 

However, these kinds of investigations did not provide a precise, 

systematic analysis of the neural feedback from the audience that 

must represent the main part of the artwork. 

On the other side, in 2006, Eduard Miranda introduced a new 

brain computer interface (BCI) system to steer generative rules to 

compose and perform music by interacting with the audience 

brain waves directly (Miranda, 2006). Although this experiment 

was in music, it has been followed by a set of attempts in 

interactive arts. The most recent one conducted by artists’ team 

(Suzanne Dikker, and her colleagues) in which two persons can 

manipulate their internal efforts to approach each other, or 

distance themselves from each other via brain waves 

synchronization through an interactive system called “Mutual 
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Waves Machine-2010” (Institute, 2014). In fact, the interactive 

processes in these previous attempts provided 

cutting-edge paths to achieve a clear systematic neural 

communication in interactive arts through an internal inter-action 

between audience and their brain waves. Nevertheless, the 

cognitive variables in this kind of neural interactions have not been 

neurologically examined thoroughly yet, because the necessity of 

an external mental stimulator that must be manipulated by the 

same neural communication rules. Nonetheless, the multimedia 

art installation “my virtual dream-2013” ad-dressed this gap partly 

by designing a collective computer game where players 

manipulated mental states of relaxation and concentration with 

Neurofeedback targeting modulation of relative spectral power in 

alpha and beta frequency ranges (Kovacevic et al., 2015). 

Scientifically, neuroscientists in the University of Washington 

Seattle recently developed a non-invasive brain-to-brain 

interference (BBI) that can be used to allow a human to guess what 

is on the mind of another human through an interactive questions 

game (Stocco et al., 2015). This can represent a significant 

precursor towards a new generation of the neural-cognitive 

interactive arts. Therefore, in the light of these progresses, I 

assume that the neural approach can be used to generate a 
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potential new generation of laser art based on neural controlling. 

Thus, I designed an interactive holographic setup to insert the 

participant's neural responses functionally in an interactive game 

in the form of a holographic puzzle that can carry a broad range of 

mental activities governed by the same neural rules. therefore, the 

participants have to interact physically with their internal neural 

activities to complete the required processes and tasks through the 

interactive holographic game processes. 

 

5.2 The practical assumption (Neural Holography) 

in the light of the previous progresses, I designed a puzzle game 

system as a brain mental stimulator in the form of a holographic 

scene. Considerably, I assumed that the technical use of the unique 

properties of the holographic display would expand the role of the 

participant’s brain neural signals functionally as a part of the 

interactive process itself. As Figure (5.1) shows, the visual puzzle 

in the form of a toy will be recorded on holographic plastic plates 

using -Nd: Yag- Laser (532 nm: green bandwidth). Next, the 

participant must wear the EEG cap (Emotive-EPOC), containing 

14 electrodes, which supports noise cancellation automatically in 

P3/P4 locations. Therefore, The EEG cap will transfer the 

participant’s neural brain signals into the EEG software (Emotive 
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Pure-EEG & Emotive control Panel). On the other hand, the 

software (Lab- VIEW) will receive the rhythms of the neural 

signals from the EEG software to separate them into three 

packages of orders: the low frequencies in Alpha bands (8:12 HZ) 

must be transferred to run the red-orange light package, the 

middle frequencies in Beta bands (18:25 HZ) must be transferred 

to run the blue-green light package, and the high frequencies in 

Gama bands (25:35 HZ) must be transferred to run the green-

yellow light package. The processed orders of the neural signals 

would be transferred to the LED light controller (supported by Art 

Controller Relay Board Kit chip). Finally, the monochromatic LED 

light system (NeoPixel-RGP) must be used to receive the classified 

neural signals as orders from the LED-light controller to 

illuminate the holographic plates according to the available light 

color order sent by the LED light controller. 

By this way, as the holographic plates were recorded by green 

Laser, the holographic parts of the toy would not appear on the 

holographic plates unless they were illuminated by the green 

lights, which can be run only when the participant’s brain 

stimulates neural signals within Gama bandwidth as Figure (5.2) 

shows. 
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Figure 5.1. The experimental setup of the neural interactive artwork. 
 

 

Therefore, the possibility of seeing the holographic puzzle depends 

on the type of the stimulated neural brain responses that can be 

converted into one of the three light color packages. Moreover, the 

profile of the participant’s neural brain signals was printed 

simultaneously as a pure neural report of the neural interactive 

performance of the participant.	Depending on this assumption, my 

artwork will combine three kinds of design in one model as follows: 
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First: Conceptual design that can be represented in a synchronous 

neural communication between the participant's neural brain 

signals –as an element in the interactive artwork- and the 

holographic puzzle. by this way, the neural brain signals could 

perform a dual function; as neural responses of the participant 

(output), and simultaneously, as an indicator that can guide the 

participant to solve the puzzle (input) using a special feature of the 

holographic recording. 

Second: Visual design that will be achieved in the form of a puzzle 

game, which can carry a broad range of mental and behavioral 

activities that can be measured neurologically during the 

Figure 5.2. The primary potential examination result illustrates how can 
the participant’s neural brain signals be converted into a particular light 
color to be used for reconstructing the holographic image. Sample A & 
B: neural brain signals in Alpha and Beta categories will be converted 
into the two light packages that produce wavelength outside the green 
bandwidth λ: ≤ 640 nm and λ: ≥640 nm respectively, which they 
cannot reconstruct holographic image. in contrast, sample C in Gamma 
category produced neural brain signals that can be converted into λ 532 
nm inside the green bandwidth, and therefore the holographic image will 
be reconstructed appropriately. 
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interactive processes. One of the most important point in this 

system that the puzzle pieces can be changed continuously to 

another puzzle with different content, which could give a chance 

for the artist to integrate the participant in a broad range of 

activities neurologically, therefore, towards more different neural 

responses. 

Third: Technical design that must be carried out by using a unique 

feature of the holographic scene to connect the participants’ neural	

brain responses (in the EEG system) with the holographic display 

technique using LED light packages. 

As Figure (5.2) illustrates, the potential primary result of the 

stimulated frequencies from participants’ brains will be arranged 

in three categories: Alpha, Beta, and Gamma, and every one of 

them can be converted into a particular light band, in which 

Gamma category will be able to produce a suitable green light to 

show the puzzle. Consequently, the participants smoothly will 

recognize the role of their neural responses by using the laws of the 

system, and after a while, they will exercise self-observation and 

self-control in order to manipulate the holographic pieces to solve 

the puzzle appropriately. Finally, the data derived from their brain 

signals must be arranged in comparative tables to reveal the 
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mutual interaction processes between the participants’ neural 

responses –Neurofeedback- and their performance. 

 

5.3 the artwork as a source of a real knowledge 

By this way adopted in the holographic art in the previous setup 

and several artistic experiments before, within the interactive, 

neural context, the concept of the artwork became integrated 

totally into the processes of the artwork as an event, in which the 

final result of the artwork itself is no longer important as usual in 

traditional arts. The art work as an active event has no final result 

but it has a start point and an end point that can be detected 

through the time and the space of the event. The processes of this 

event usually are governed by the system designed by the artist 

that must not interact with the artwork himself, rather, he must 

design the system that allow audience to interact with the 

processes of the artwork to produce an anticipated or 

unanticipated feedback. In such processes the artwork becomes a 

rich environment to produce a real knowledge derived from a real 

experience. Taking the previous neural-holographic setup as an 

example as figure (5.3) shows: That artwork performs as a 

container to melt a wide range of specialization to stimulate a real 

interactive experience with the audience. Artistically, this art work 
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has been designed as a puzzle game derived from interactive art 

strategy that originally belongs to the contemporary arts. 

Functionally, On the other hand, this artwork controlled by the 

audience’s neural responses, using EEG system as a neuroscience 

technique. And visually, the artwork will be translated by 

holographic plates that will play an important role functionally 

also by their special properties to interact with the neural 

responses in order to complete the function of the puzzle game. All 

these processes represent the inputs of the interactive system. 

After the audience interacted with these inputs through the 

processes inside the artwork as an event, the artwork will produce 

the outputs as: 1) a physical and mental performance of the 

audience, 2) a complete holographic scene in the puzzle, 3) a 

neural information related to the performance of the audience 

during their attempts to solve the puzzle. By these threes outputs 

it will be possible to conclude an operational neural definition of 

the interactive neural processes of the holographic artwork. 

 

5.4 Auto-Poietic aesthetics 

Depending on that significant shift in the artistic processes caused 

as a result of manipulating the laser light (directly in laser beam, 

or indirectly in holography), the art work became an autonomous 
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system, which can be aesthetically analyzed as an Auto-Poietic 

aesthetic. 

Auto-Poietic aesthetic is the aesthetic derived from a self-

produced, self-sustaining, and self-controlled system. That 

happens when a natural organism (biological/neural) interact with 

an artificial system designed by the creator. In that case, the 

natural system will govern the processes flow continuously by its 

independent rules. Therefore, the artificial system created by the 

artist, in this case, will perform as a window that allows the natural 

organism and the audience interact each other. 

This aesthetic system can be applied in several interactive laser 

artworks, taking an example, the interactive laser artwork carried 

out by Laura Jade, entitled BRAINLIGHT, 2015 (figure 5.4). This 

interactive installation used neural electrodes sensors to feel 

participants’ neural responses and therefore, it can be changed and 

manipulated permanently according to the participants’ neural 

feedback derived from their interaction with the artistic 

environment. 

In this case, the artistic stimulator is replaced from the external 

stimulator (the final artwork in the traditional arts) into an 

internal stimulator (neural or biological systems in interactive art). 
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philosophically, this technical approach has its conceptual roots in 

Marshall McLuhan’s writings, when he Claimed the media as an 

extension of our body. However, these kinds of the interactive 

setups have exceeded what McLuhan imagined when he talked 

about our body totally that can perform a wide range of physical 

activities, which could be expanded by using media. 

But now after the human body is fragmented into its original 

systems and it became possible to use our neural or biological 

system alone in order to integrate them into an artificial system, 

the extension of our body in this case became stronger and 

Figure 5.4. Laura Jade, BRAINLIGHT, laser interactive installation, center 
of illumination technology, University of Applied sciences, Sydney, 2015. 
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effective than its source (the human body itself) to the extent that 

there is no longer a need to the human body as a unified physical 

form in the art work (as an artist or as a participant) as long as 

there is a part of it (the neural or biological system) that can 

perform its functions, more effectively, in the artistic environment. 

While the human body was a main source of the actions in the 

beginning of the interactive techniques, the neural or biological 

system of our body can govern the new generation of the 

interactive techniques as neural or biological actions, in this case, 

the consequences of the action (the neural or biological responses 

of the human body) are more magnified philosophically, this 

technical approach has its conceptual roots in Marshall McLuhan’s 

writings, when he Claimed the media as an extension of our body. 

However, these kinds of the interactive setups have exceeded what 

McLuhan imagined when he talked about our body totally that can 

perform a wide range of physical activities, which could be 

expanded by using media. 

But now after the human body is fragmented into its original 

systems and it became possible to use our neural or biological 

system alone in order to integrate them into an artificial system, 

the extension of our body in this case became stronger and 

effective than its source (the human body itself) to the extent that 
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there is no longer a need to the human body as a unified physical 

form in the art work (as an artist or as a participant) as long as 

there is a part of it (the neural or biological system) that can 

perform its functions, more effectively, in the artistic environment. 

While the human body was a main source of the actions in the 

beginning of the interactive techniques, the neural or biological 

system of our body can govern the new generation of the 

interactive techniques as neural or biological actions, in this case, 

the consequences of the action (the neural or biological responses 

of the human body) are more magnified and expanded than the 

action itself inside the interactive field in its physical environment. 

By this way the human body is no longer a physical part of the 

artwork itself, rather, its basic systems (neural or biological) are 

expanded as a part of the artwork, which can represent a form of a 

post-body actions in the interactive arts, in which the artwork 

system can build a direct, mutual contact with our body systems, 

excluding the physical activities, in order to integrate the core of 

our bodies structure. 

Similarly, in the first assumed, neural, holographic system, the 

holographic puzzle must be considered as processes that can be 

governed by the participant's neural responses. By this way, the 

holographic processes are in direct connection with our brain. This 
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contact, in fact, became the essence of the artwork, in which all 

information, derived from the entire artistic processes, has been 

decoded neurologically to help the participants to reshape their 

aesthetic experience and conclude an operational definition of 

their interactive actions neurologically. 

Although the media-art, as a separate artistic discipline, has 

achieved several paradigm shifts in contemporary visual arts, the 

most important one of them raises a challenging question about 

the nature of the artwork, not only in contemporary arts, but also 

in traditional arts. 

In fact, the aesthetic pleasure exists in our feeling, not in the 

artwork itself. It is produced by a chemical reaction between the 

artwork (as a stimulator) and the viewer’s brain (as a receiver) to 

affect our feeling to make us feel pleasure. in media art, any 

artwork is a visual equation that can stimulate a kind of an 

aesthetic pleasure inside the viewers. Of course, every artist, 

traditional or contemporary, has his special way to create his visual 

equations. While the traditional artists prefer to write their visual 

equations in a complete visual form, the interactive artists and 

media artists prefer to invite the viewers to participate in writing 

their equations.  
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Since the beginning of the processes art in the mid 1960s, several 

artists began to think about the core of the artwork, is it in the final 

product? or is it in the processes carried out to achieve it in the 

physical world? 

In fact, in the contemporary, interactive media arts, there is no 

physical existence in the artwork. What we have already done is; 

we removed the external visual stimulator (the traditional 

artwork), and instead, we designed systems that can deal with the 

main sources of the aesthetic pleasure directly, seeking to prove 

that the artwork inside us, the artwork is what we feel, the artwork 

is what we think.  
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Conclusion  

 

 

 
                    his research tried to shed light on the laser art as an 

independent artistic trend in sciences of visual arts, not as 

material, but as concepts derived from laser light as a 

Hypermaterial. In five chapters, the research tried to provide a 

comprehensive investigation into four questions that represent the 

core of this study. 

Chapter one clearly diagnosed the current state of the laser art and 

its related knowledge gap defined due to the rareness of the 

previous studies related to the physics of visual arts. Besides, it 

adopted a sharp methodology that can be followed to contextualize 

laser artworks theoretically and practically. 

T  
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A profile of the distribution level of the previous related studies in 

laser arts had been provided in chapter two as a result of a 

comprehensive survey that includes the most important relevant 

research in the span of 37 years. It demonstrates the weaknesses 

of the current distribution level of the previous studies that 

recorded a nonlinear progress, and most of them were not directly 

relevant. 

The third chapter adopted a new approach to classifying the 

currently existing laser artworks quantitatively and qualitatively. 

It provided an inclusive vision to answer: how can laser techniques 

constitute the core of the artwork itself independently, how can the 

laser beam carry hidden conceptual aspects beyond its unique 

physical properties, and to what extent many artists tried to use 

these techniques conceptually to build their artworks. 

As one of the most important artistic branch of laser Arts, the 

holographic vision has been interpreted conceptually in chapter 

four that demonstrated there is a hidden relationship between the 

conceptual arts and the holographic arts. By this relationship, the 

holographic scene can be decoded conceptually and physically into 

a wide range of forms (real, visual, and verbal) to conclude the 

holographic vision as information that can be fully manipulated 

digitally for more advanced artistic usage. 
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finally, chapter five assumed a new model of the holographic art in 

neural-based, and how this new paradigm can provide a new 

aesthetical aspect derived from a non-traditional relationship 

between the artwork and the participants as a result of redefining 

the artistic creation processes neurologically. 

Throughout these previous findings, the current research can draw 

up a precise methodology to deal with (understand, explain, 

contextualize) Laser arts and what does mean laser beam 

artistically. It provides explanation for: 1) How the scientific 

procedures in Laser processes contribute to reformulate a new key 

to 21st-century aesthetics in contemporary visual arts? Where the 

laser light will be governed by the neural rules derived from 

audience to reproduce the holographic scene, this lead us to a 

challenging shift in the aesthetical contexts of the artwork itself, so 

that the aesthetics would be redefined neurologically, 2) It is 

evident also: To what extent physics of laser beam has a significant 

role to change the nature of light art through the contemporary 

visual arts? After light art was dealing with the light as a material, 

it became an independent trend by laser light, in which laser beam 

can carry all information related to the content of the artwork 

physically or digitally, 3) it is understandable How far some of the 

academic theories can be adopted to reinterpret the laser artworks 
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as an independent visual artistic trend? When information theory 

and communication theory can explain the visual content of the 

laser beam, quantitatively and qualitatively, finally, 4) Can some 

kinds of advanced interactive technologies represent new 

approaches towards re-defining laser beam as an artistic element 

and material in the light art? Where the conceptual aspects of laser 

artworks are fully integrated into the physical properties of the 

laser beam. 

These are the four questions that the current research tried to 

answer. However, I firmly believe if the current research has tried 

to provide satisfied investigations in these four questions, without 

any doubt, the answers to these issues will unleash other 

challenging questions not only about laser art, but also about the 

current destination of the contemporary artistic trends and its 

relationship with sciences, and technology. Besides, the potential 

future of the new generation of the visual arts like neural arts and 

bio arts. After all, the laser itself has been created since 1960, its 

history is concluded in less than 60 years, it is still in its beginning, 

and its future has unimaginable promising developments 

including its application in visual arts 
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Glossary  

 

1- Accommodation:  
an optical phenomenon means that you need to re-focus your eyes 
for objects at different distances, it is available also in the 
holographic scene. 
 
2- Aerial perspective:  
an optical phenomenon means subject contrast decreases with 
increasing distance, and hues become bluish, it is available also in 
the holographic scene. 
 
3- Aesthetics:  
is the branch of philosophy that is concerned with the nature of 
beauty and taste, and currently it is interpreted in media arts as a 
beauty pleaser derived from practical processes (ADAGP, 2015). 
 
4- Artistic style:  

it means that a particular way used to achieve the artwork, that 
refers to an individuality of a particular artist. This term 'style' 
usually used in traditional arts (painting, drawing, sculpture, and 
so on) that give a chance for the artist to show his handmade skills 
and therefore his individual style. such term is no longer available 
to be used in conceptual art and its followers, in which artists used 
ready-made objects or artificial equipment to reflect only their 
conceptual thoughts mentally. 
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5- Bio art: 
it uses biotechnology as its medium and raises questions about the 
future of life, evolution, society and art. The creations of bio art 
become part of evolution and, provided they are capable of 
reproduction, can last as long as life exists on earth. 
 
6- Communication theory:  

it means, in this research, the method applied to the laser artwork 
to perform as a means of communication that can build a 
connection between the laser beam as a medium and the 
participant as a receivers of the content of this medium. 
 
7- Conceptual Art:  
A widespread movement from the mid -1960s through the 1970s, 
it emphasized the artist’s thinking, making any activity or thought 
a work of art without the necessity of translating it into an 
independent physical form, (Oxford Dictionary of artistic terms, 
2010). 
 
8- Context:  

The situation surrounding the creation or experience of media 
artworks that influences the work, artist or audience. This can 
include how, where, and when media experiences take place, as 
well as additional internal and external factors (personal, societal, 
cultural, historical, physical, virtual, economic, systemic, etc.) 
 
9- Convergence:  
an optical phenomenon means the axes of the eyes need to 
converge to fuse the images of nearer objects, it is available also in 
the holographic scene. 
 
10- Generative art: 
 it is art made using a predetermined system that often includes an 
element of chance – is usually applied to computer based art 
(ADAGP, 2015). 
 
11- Hologram:  
as a word in the language, refers to the medium (the holographic 
plate), but holographic is an adjective of the holography that refers 
to the recorded object itself. 
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12- holographic interferometry:  
this term has a double etymologic origin: ‘holography’ derives 
from the Greek words ‘oλoς’ and ‘γραφειν’, meaning (to write all), 
whereas the term 1-1- ‘interferometry’ comes from the Latin words 
inter, ‘ferire’ and ‘metrum’, meaning literally (a measure of the hits 
in-between) (Colombani and Bert, 2007). The term technically 
means the holographic recording processes proceeded by the 
holographic setup. 
 
13- Hyper-Material:  
this term refers to a special kind of material that can constitute an 
artistic context itself. this kind of material have emerged as a result 
of the latest scientific and technological developments in a wide 
range of research that affected contemporary visual arts trends like 
Laser Art and Bio-art, I which physical and biological material play 
a crucial role to constitute the artwork itself. 
 
14- Illusion:  
it means, in this research, an illusion caused by the eye and 
characterized by visually perceived images that differ from 
objective reality. The information gathered by the eye is processed 
in the brain to give a perception that does not tally with a physical 
measurement of the stimulus source. This is entirely different 
about the holographic vision that represents a full real visual scene 
without any kind of illusion. 
 
15- Image:  
a picture that is produced by a camera, artist, mirror, in 2D form 
etc., (Merriam Webster dictionary, 2016). 16- Interactive art: it 
describes art that relies on the participation of a spectator. 
 
17- Interactivity:  

A diverse range of articulating capabilities between media arts 
components, such as user, audience, sensory elements, etc., that 
allow for inputs and outputs of responsive connectivity via sensors, 
triggers, interfaces, etc., and may be used to obtain data, 
commands, or information and may relay immediate feedback, or 
other communications; contains unique sets of aesthetic 
principles (ADAGP, 2015). 
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18- Information theory: 
 it refers, in this research, to the laser artwork that can transfer an 
information to the participant by its medium as holography. 
 
19- Interdisciplinarity: 
 it means a scientific or practical frame that can combine more 
than one or two disciplines in one practical investigation. 
 
20- Interference pattern:  
interference pattern usually is produced hewn two sources of light 
interface each other, but by the laser, this pattern became stronger 
and usable in a wide range of light applications including visual 
arts. 
 
21- Language: 
 in this research, means the normal language used for 
communication in our daily life but using it in the context of the 
artwork, it became a part of the artistic processes in a verbal form. 
 
22- LASER:  

A device that generates an intense beam of coherent 
monochromatic light by stimulated emission of photons from Its 
optical properties are exploited in holography, reading bar codes, 
and in recording and playing compact discs (Cambridge scientific 
dictionary, 2012). 
 
23- Laser Art:  
it means, in this research, the artworks carried out using laser 
beam in the visible area of the spectrum 400-700nm. Laser art not 
including laser show or any other product by laser that was made 
only for fun or entertainment. 
 
24- Lighting contrast:  

an optical phenomenon means Coarse contrast (modelling) and 
fine contrast (texture) indicate the three dimensionality of objects, 
it is available also in the holographic scene. 
 
25- Natural sciences:  
in this research, it means a science concerned with studying the 



	
145	

Ahmedien. D. A. M. (2017), Physics of Laser in Contemporary Visual Arts, Ph.D., University of Bern, Switzerland. 

physical world. Chemistry, biology and physics are all natural 
sciences including the interdisciplinary domains derived from 
them, (Oxford Dictionary of Academic English -OLDAE- 2015). 
 
26- Object Beam:  
that part of the laser beam which is sent to the object being 
holographed and which is subsequently changed or modulated by 
the object before interfering which the reference beam on the 
photosensitive material (Sergey, 2003). 
 
27- Obscuration:  
an optical phenomenon means the nearer objects overlap farther 
objects, it is available also in the holographic scene. 
 
28- Parallax:  
an optical phenomenon means as you change your viewpoint the 
relative positions of objects appear to change; it is available also in 
the holographic scene. 
 
29- Pattern:  

as in optics or acoustics, that results when the amplitudes of two 
or more coherent waves intersect in constructive or destructive 
interference. 
 
30- Photon:  
is an elementary particle, the quantum of light and all other forms 
of electromagnetic radiation. In 1926 the optical physicist Frithiof 
Wolfers and the chemist Gilbert N. Lewis coined. the name photon 
for these particles, and after 1927, when Arthur H. Compton won 
the Nobel Prize for his scattering studies, most scientists accepted 
the validity that quanta of light have an independent existence, and 
the term photon for light quanta was accepted (Photon. Lett. 
Poland, no date). 
 
31- Processes Art:  
it means an art in which the processes of its making became the 
subject. Conceptual art was one of the most important artistic 
trends that contributed to integrate the concept of the artwork into 
its processes instead of showing it in its final result. 
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32- Reference Beam:  
that part of the laser beam which is not affected or changed by the 
object being holographed (Sergey, 2003). 
 
33- Relative size:  
an optical phenomenon means more distant objects appear 
smaller in proportion to near objects, it is available also in the 
holographic scene. 
 
34- Spatial light modulator:  
(SLM) is a general term describing devices that are used to 
modulate amplitude, phase, or polarization of light waves in space 
and time. 
 
35- Stereopsis:  
an optical phenomenon means differences between the two images 
are recognized and interpreted by the brain as depth in the scene, 
it is available also in the holographic scene. 
 
36- System:  

The complex and diverse technological structures and contexts for 
media arts production, funding, distribution, viewing, and 
archiving (ADAGP, 2015). 
 
37- Transmission Hologram:  
a type of hologram which is constructed by causing the object 
beam and reference beam to interfere from the same side of the 
holographic film or plate. In order to view the reconstructed 
image, semi-coherent filtered light or very coherent laser light is 
transmitted to the viewer through the hologram (Sergey, 2003). 
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Appendix. A  

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Analytical Diagram 
As the current study demonstrates how 
laser art became an independent 
artistic trend, the following diagram 
briefly illustrates to what extent light 
art, before laser, was closely related to 
other light technology and applications 
that were used in the light artwork 
mostly for technical solution. 
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