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INTRODUCTION

The study of complex phenomena in nature often leads scientists to draw unexpected connections between seeming-
ly disparate fields. One such intriguing correlation lies in the examination of polygonal patterns observed in Faraday 
water waves and their striking analogy to collective excitations in Bose–Einstein condensates (BECs). Both phenomena, 
occurring in different domains – fluid dynamics and quantum physics, respectively – reveal fundamental principles that 
transcend traditional disciplinary boundaries.

DESCRIPTION

Faraday waves, named after the 19th century scientist Michael Faraday, manifest when a liquid surface is subjected to 
vertical vibrations. These waves lead to the formation of intricate polygonal patterns, where the liquid’s surface exhibits 
regions of constructive and destructive interference. The emergence of polygons depends on factors such as frequency 
and amplitude of vibrations, as well as the properties of the liquid. The polygonal patterns in Faraday waves are visually 
captivating and can range from simple triangles and squares to more complex hexagons and heptagons. Researchers 
have delved into understanding the underlying mechanisms that govern the selection of specific polygonal shapes, and 
the study has uncovered a rich interplay of nonlinear dynamics and self-organization. On the quantum scale, Bose–Ein-
stein condensates represent a state of matter where a group of bosonic particles occupies the same quantum state, 
forming a collective and coherent entity. This unique state was first predicted by Satyendra Nath Bose and Albert Einstein 
in the early 20th century. Achieving extremely low temperatures is essential to observe BECs, and when realized, they 
exhibit remarkable behaviors such as superfluidity and interference patterns. The surprising connection between Fara-
day water waves and Bose–Einstein condensates lies in the emergence of analogous polygonal patterns. In both cases, 
these patterns result from the interplay of nonlinear forces and the inherent self-organizing properties of the systems. 
In BECs, when a condensate is stirred or perturbed, the particles collectively respond by forming patterns analogous to 
the polygonal shapes observed in Faraday waves. The intriguing aspect is that the governing equations describing these 
phenomena share similarities, indicating a deeper connection between classical and quantum systems. The analogies 
between Faraday water waves and BECs highlight the universal principles of nonlinear dynamics and self-organization. In 
Faraday waves, the nonlinear interaction between the vibrating surface and the liquid’s inertia leads to the spontaneous 
formation of polygons. Similarly, in BECs, the nonlinear Schrödinger equation describes the collective behavior of parti-
cles, resulting in the formation of analogous patterns. Understanding the connection between Faraday water waves and 
Bose–Einstein condensates opens up new avenues for interdisciplinary research. The insights gained from one field can 
potentially inform developments in the other, leading to innovative applications and a deeper understanding of funda-
mental physical principles. The exploration of polygonal patterns in different systems, despite their vast differences in 
scale and nature, underscores the underlying unity of physical phenomena. As technology advances, experimental tech-
niques and computational simulations will play a crucial role in further unravelling the intricacies of these phenomena 
and exploring their potential applications.

CONCLUSION

The study of polygonal patterns in Faraday water waves and their analogy to collective excitations in Bose–Einstein 
condensates exemplifies the interconnectedness of seemingly unrelated scientific disciplines. This cross-disciplinary ex-
ploration not only deepens our understanding of fundamental physical principles but also paves the way for future 
breakthroughs and technological advancements. As researchers continue to bridge the gap between classical and quan-
tum phenomena, the intricate dance of polygons in Faraday waves may hold the key to unlocking new insights into the 
quantum realm.


