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Abstract: Optics in general is an old science. Many brilliant researches have created both theory and 

practice in this field. Some of their achievements are still in use and some are unjustly forgotten. In 

this article, we tried to rethink some points of ancient scientists to show that they had "seeds" which 

are still important our days. In particular, the applicability of the "golden section" from nature to the 

modern, computational process of optical system design was tested experimentally. The authors 

propose to return to the past by analyzing the solutions generated by nature itself at the stage of 

choosing the initial optical scheme (starting point), which will further ensure its manufacturability and 

optimal production cost. At the same time, the approach based on the "golden section" is only an ideal 

addition to the use of modern technologies. There are discussed Design principles, current challenges, 

possible solutions and some applications. They could be used, for example, in optical design, at the 

stage of starting scheme or help making decision of optical system producibility.  
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1. Introduction 

State-of-the-art optical technologies are characterized by the highest levels of "precision" possible 

today. At the same time, the step towards optical applications of tomorrow (e.g. for telescopes, 

endoscopes, lithography machines or lidar systems) requires the synthesis of know-how of a wide variety 

of technology fields, such as materials science, optical surface generation, metrology and chemistry as 

well as mechanical engineering and software development. Consequently, it is essential to develop and 

apply innovative research methods that are capable of enabling such syntheses [1–4]. 

Following that trail, the analysis of the morphology of the word re-search itself might be of help. 

We find it to be a combination of two morphemes: the latin words "re" (meaning "back") and "circare" 

(meaning "go about"). If we now apply both parts literally and travel back in time to mankind’s origins 

and start searching there for multi-disciplinary solutions, we find ourselves observing nature herself. 

Doing so, mankind converted already several solutions from nature into high end technology applications 

in industry: e.g., gecko’s feet’s van-der-Waals’ contact while walking up walls has been applied to 

bonding components; chameleon’s gentle grip applied to industrial robots handling delicate parts or, last 

not least, butterfly’s beautifully colored wings inspiring us to developing diffractive optical elements. 

One omnipresent effect in nature is the golden ratio, firstly described by Euclid ago [5]. It 

describes the shape of nautilus shells, hurricanes and galaxies as well as the hunting pattern of hawks. In 

general, it seems to be often the golden solution to solve multi-transdisciplinary and complex situations in 

nature. Therefore, we assume the golden ratio a matter, worthwhile analyzing even from the perspective 

of leveling-up "precision" towards tomorrows optical technology solutions. 

This paper reports on authors first curious steps analyzing the impact of nature’s golden ratio, phi, 

onto high-end optical systems design. 

When we look back at historical times of humankind and if we are interested in optics, our 

attention is attracted by the time of the renaissance epoch where brilliant and gifted people worked. At 

that time called "golden age" many thinkers directed their attention to natural and precise sciences. They 

considered Natural philosophy and science as a single entity. At first we would like to mention Leonardo 

da Vinci, who was a genius involved at the same time into many activities: i.e. painting, sculpture, 

architecture, engineering, medicine and fortification. A lot of time Leonardo spent in optical technology, 

e.g. mirror production. He created special equipment to produce spherical and parabolic concave mirrors. 

Besides, he discovered illumination phenomena, studied human eye discovering its work, accommodation 

and converging principles. The first optical equipment for creating artistic canvases was also created by 

Leonardo da Vinci. Its description can be read in the "treatise on painting"[6], where the author talked 

about the principle of operation of the optical device. He wrote that the objects displayed on a paper sheet 

are transmitted not only in their real forms, but also in the same colors. The heritage of Leonardo’s 

engineering activity is very big, but not all of his inventions were produced. Time-to time somebody tries 

to reconstruct his inventions, and it works! Leonardo applied the golden ratio in many of his works and 

paintings, e.g. in the painting "The Annunciation" (Fig. 1.), located in the Uffizi, Florence, Italy. In this 

paper, we apply the idea of a "golden ratio" to modern lens design. 

 

Fig. 1. Leonardo da Vinci. "The Annunciation" (~1472-1475) oil and tempera on wood, 78x219cm. Uffizi 

Gallery Florence, Italy. 
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2. Golden Ratio based Optical Design 

In the following, we tested experimentally the possible approach and impact of the use of the 

golden ratio in optical systems design. 

2.1. Single Lens Design 

Initially, we have designed a single thin meniscus lens where radii are connected by golden ratio: 

R2/R1= 33.87/20.93 = 1.618       (1) 

Surface data is presented in Table 1, and system specification in Table 2. Optical scheme is given 

in Fig. 2. This lens looks well balanced and is free of astigmatism, distortion, see Table 3, and all high 

order aberrations, see Table 4. 

Conclusion: the golden ratio works for this lens design! If radii of a meniscus lens are connected 

with golden ratio number (1,618), this lens has no astigmatism, distortion or all monochromatic high 

order aberrations.  

Table 1. Surface data: 

SURF RADIUS THICKNESS MEDIUM INDEX  V-NUMBER 
0 INFINITE INFINITE AIR   
1 20.92689 2.25000 BK7 1.51679 6166.30 SCHOTT 
2 33.87447 17.30000 AIR   
3 INFINITE 79.05659S AIR   
IMG INFINITE     

 

Table 2. System specification 

OBJECT DISTANCE (TH0) INFINITE FOCAL LENGTH (FOCL) 100.0206 

OBJECT HEIGHT (YPP0) INFINITE PARAXIAL FOCAL POINT  79.0566 

MARG RAY HEIGHT (YMP1) 5.0000 IMAGE DISTANCE  (BACK) 79.0566 

MARG RAY ANGLE (UMP0) 0.0000 CELL LENGTH (TOTL) 19.5500 

CHIEF RAY HEIGHT (YPP1) -4.2776 F/NUMBER (FNUM) 10.0021 

CHIEF RAY ANGLE (UPP0) 10.0000 GAUSSIAN IMAGE HT(GIHT) 17.6363 

ENTR PUPIL  

SEMI-APERTURE 

 5.0000 EXIT PUPIL  

SEMI-APERTURE 

 3.9520 

ENTR PUPIL 

LOCATION 

 24.2597 EXIT PUPIL LOCATION  -0.0000 

 

WAVL (uM) .5880000 .5875600 .5860000 

WEIGHTS 1.000000 1.000000 1.000000 

COLOR ORDER 2 1 3 

UNITS   MM 

APERTURE STOP SURFACE (APS) 3 SEMI-APERTURE 4.03709 

FOCAL MODE   ON 

MAGNIFICATION   -1.00021E-10 

 

Table 3. Third-order aberration sums 

SPH ABERR COMA   TAN ASTIG SAG ASTIG PETZVAL DISTORTION 

(SA3) (CO3) (TI3) (SI3) (PETZ) (DI3(FR)) 

-0.15171 0.05938 -0.04839 -0.04838 -0.04838 0.00625 

 

Table 4. Fifth-order aberration sums 

SPH ABERR COMA TAN ASTIG SAG ASTIG PETZVAL DISTORTION 

(SA5) (CO5) (TI5) (SI5) (PZ5) (DI5(FR)) 

-0.00513 0.00376 0.00027  -2.275E-05  -9.499E-05 -1.403E-05 
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Fig. 2. Optical scheme of meniscus under golden ratio and plots of its transverse aberrations 

  

Fig. 3. Plots of residual astigmatism (left) and distortion (right) 

2.2. Double Lens Design 

Subsequently, the same idea has been applied for a dual meniscus lens design presented in Fig. 3. 

The calculation for radii, thicknesses and distances between the two lenses was carried out as follows: 

We start from single thin meniscus where R1 and R2 are connected with golden ratio, see 

equation (1). 

Add second meniscus lens located right from the aperture stop located on surface 3. 

Calculate R3=-R2/1.618=-20.936 mm 

Calculate R4=-R1/1.618=-12.934 mm 

Calculate second lens thickness: d4=d1x0.618=1.39 mm; 

Calculate distance between aperture stop to the second lens: d3=d2x0.618=10.69 mm 
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Conclusion: Golden ratio works for this design also! This lens has no astigmatism, distortion and 

all monochromatic high order aberrations are close to zero: see table 5-8 and Fig.4, where plots of 

residual astigmatism and distortion are presented. 

 

Table 5. System specification data  

OBJECT DISTANCE (TH0) INFINITE FOCAL LENGTH (FOCL) 49.0290 

OBJECT HEIGHT (YPP0) INFINITE PARAXIAL FOCAL POINT  32.9142 

MARG RAY HEIGHT (YMP1) 5.0000 IMAGE DISTANCE  (BACK) 32.9142 

MARG RAY ANGLE (UMP0) 0.0000 CELL LENGTH (TOTL) 33.4405 

CHIEF RAY HEIGHT (YPP1) -4.2776 F/NUMBER (FNUM) 4.9029 

CHIEF RAY ANGLE (UPP0) 10.0000 GAUSSIAN IMAGE HT(GIHT) 8.6451 

ENTR PUPIL  

SEMI-APERTURE 

 5.0000 EXIT PUPIL  

SEMI-APERTURE 

 5.1921 

ENTR PUPIL 

LOCATION 

 24.2597 EXIT PUPIL LOCATION  -17.9983 

 

WAVL (uM) .5880000 .5875600 .5860000 

WEIGHTS 1.000000 1.000000 1.000000 

COLOR ORDER 2 1 3 

UNITS   MM 

APERTURE STOP SURFACE (APS) 3 SEMI-APERTURE 4.03709 

FOCAL MODE   ON 

MAGNIFICATION   -1.00021E-10 

 

Table 6. Surface data 

SURF RADIUS THICKNESS MEDIUM INDEX 
0 INFINITE INFINITE AIR  
1 20.92689T 2.25000T BK7 1.51679T  SCHOTT 

2 33.87447T 17.30000 AIR  
3 INFINITE 10.70000 AIR  
4 -20.93601P 1.39050P BK7 1.51679P 
5 -12.93380P 32.91422S AIR  
IMG INFINITE    

 

  

Fig. 4. Plots of residual astigmatism (left) and distortion (right) 
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Table 7. Third-order aberration summs 

SPH ABERR COMA TAN ASTIG SAG ASTIG PETZVAL DISTORTION 

(SA3) (CO3) (TI3) (SI3) (PETZ) (DI3(FR)) 

-0.27821 -0.16727 -0.06211 -0.06209 -0.06209 0.00043 

 

Table 8. Fifth-order aberration sums 

SPH ABERR COMA TAN ASTIG SAG ASTIG PETZVAL DISTORTION 
(SA5) (CO5) (TI5) (SI5) (PZ5) (DI5(FR)) 
-0.01998 -0.00951 -0.00028 0.00020 0.00032 -3.255E-05 

3. Conclusion 

In nature, beauty is often to be equivalent with being strong in survival skills, reproduction and 

protection. The perception of beauty herself can be found in the golden ratio, which mathematically 

describes human’s evolutionary perception of the "best solution" while interacting as a being within 

nature. Therefore, we might define our inclination towards beauty as an evolutionary "optimization 

method generated by nature".  This paper demonstrated that it is worthwhile going back in time, 

challenging modern methodology of research methods by analyzing solutions generated by nature herself. 

First steps along this trail have been made experimentally and promising insights have been generated 

applying the "golden ratio approach" to State-of-the-Art optical systems design. Although the golden ratio 

approach to optical design reported in this paper generated impressive preliminary results, we must of 

course take into account that all “optimization techniques” installed by nature do not contain the claim to 

absoluteness but to evolutionary trial and error survival of the best. The golden ratio approach is in 

authors’ conviction a perfect complementary method to the application of modern high technology 

software tools based on Snellius law, only. Therefore, it is true, that by analyzing the past we gain 

insights that might help us to design an optimum future; even in optics technologies. The idea of the 

authors was continued. The Swiss company Fishba became interested in its application in production, and 

the results of joint research of scientists and business representatives were presented in a report in 

September 2021 at the EOS conference on ultrafast optical technologies and applications, Rome, Italy 

(13-17 September 2021, EOS meeting on Ultrafast optical technologies and applications, Rome, Italy). 
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Аннотация: Оптика в целом — старая наука. Многие блестящие исследования создали как 

теорию, так и практику в этой области. Некоторые из этих достижений все еще используются, а 

некоторые несправедливо забыты. В этой статье мы попытались переосмыслить некоторые 

положения древних ученых, чтобы показать, что у них были «семена», которые все еще важны 

в наши дни. В частности, была экспериментально проверена применимость «золотого сечения» 

от природы к современному вычислительному процессу проектирования оптических систем. 

Авторы предлагают вернуться в прошлое, проанализировав решения, сгенерированные самой 

природой на этапе выбора исходной оптической схемы (отправной точки), что в дальнейшем 

обеспечит ее технологичность и оптимальную стоимость производства. В то же время подход, 

основанный на «золотом сечении», является лишь идеальным дополнением к использованию 

современных технологий. Здесь обсуждаются принципы проектирования, текущие проблемы, 

возможные решения и некоторые области применения. Они могут быть использованы, 

например, в оптическом проектировании, на этапе запуска схемы или помочь в принятии 

решения о возможности изготовления оптической системы. 

Ключевые слова: оптический дизайн, оптическое производство, золотое сечение, 

исследовательский процесс, качество, технологичность 


