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SUMMARY / RESUMEN 
 
 Según el diccionario de la RAE, un nudo (físico) es un «lazo que se estrecha y cierra de modo que con dificultad se pueda 
soltar por sí solo, y que cuanto más se tira de cualquiera de los dos cabos, más se aprieta». El concepto de nudo matemático es 
una abstracción del objeto físico de mismo nombre, en el que los extremos de la cuerda están pegados; por ello los nudos 
matemáticos no pueden deshacerse, algo que si ocurre en los nudos físicos. 
 
Las palabras nudos, enlaces y trenzas designan objetos cotidianos que el hombe ha utilizado desde tiempos arcaicos. Su utilidad 
práctica no necesita explicación. Cualquier marinero realiza distintas clases de nudos a los que ha bautizado con nombres 
propios. También son piezas ornamentales y han servido como sistema de numeración. En La Crónica de Perú, escrita por Pedro 
de Cieza (1520-1554), se describe como los Incas utilizaban quipus, un sistema de cuerdas con nudos que usaban para calcular e, 
incluso, para registrar acontecimientos.   
 
Sin embargo, el estudio de nudos, trenzas y enlaces, como objetos matemáticos es relativamente reciente. El término topología 
fue inicialmente utilizado por Johann B. Listing (discípulo de Carl Friedrich Gauss (1777-1855) en 1836, en una carta a su antiguo 
profesor en la escuela elemental Johannes Müller. Los nudos fueron estudiados desde un punto de vista matemático por Carl 
Friedrich Gauss (1777-1855), quien en 1833 desarrolló la integral de enlace de Gauss para calcular el número de enlace de dos 
nudos. Su alumno Johann Benedict Listing (1808-1882), que da nombre al nudo de Listing, amplió su estudio. En 1867 Lord 
Kelvin (1824-1907) propuso su teoría del “átomo vorticial”, inspirado por un artículo sobre vórtices de Hermann von Helmholtz 
(1821-94), traducido por Peter G. Tait (1831-1905), y por el trabajo de Georg Friedrich Bernhard Riemann (1826-66) sobre 
funciones abelianas. Según la idea de Kelvin, los átomos –y la materia en general– no serían más que remolinos, o vórtices, en el 
éter que ocupaba la totalidad del espacio físico. La estabilidad hidrodinámica de los nudos explicaba, a su parecer, las 
propiedades usuales de la materia. Por este mismo camino, Kelvin albergaba la esperanza de justificar las propiedades químicas 
de los átomos a partir de los anudamientos producidos entre los vórtices de éter. Diez años después, el también británico P. G. 
Tait publicó su primer artículo sobre la enumeración de los tipos posibles de nudos. Algo más tarde comenzó a colaborar con el 
matemático Charles  Newton Little (1858-1923); en torno al año 1900 habían conseguido clasificar los nudos con diez 
entrecruzamientos. El problema que encontraron estos autores consistía en que lasherramientas formales para el estudio de los 
nudos no se hallaban bien desarrolladas. Por ese motivo, Tait llegó a distinguir nudos diferentes pero no pudo demostrar 
matemáticamente esa diferencia. A comienzos del siglo XX, por fortuna, el avance de la topología permitió abordar con mayor 
solvencia la tarea iniciada por Tait y Little, definiendo lo que es un nudo, probando teoremas sobre ellos y estableciendo 
clasificaciones que los distinguiesen. Son nombres representativos Max Wilhem Dehn (1878-1952), Kurt Reidemester (1893-
1971), Karl Johannes Herbert Seifert (1907-1996) o Alexander Grothendieck (1928-2014) para muchos el matemático más 
importante del siglo XX. En 1970 nace la teoría combinatoria de nudos, en la que destacan John Horton Conway (1937-2020) y el 
tambie´n clarinetista Louis Hirsch Kauffman (n. 1945), y en 1986, a partir de los trabajos de William Paul Thurson (1946-2012) y 
Robert Ryley surge la teoría geométrica de los nudos. Estas tres ramas -topológica, combinatoria y geométrica- son campos 
activos de investigación con aplicaciones a otros campos fuera de las matemáticas, como por ejemplo en biología molecular, 
medicina, mecánica estadística cuántica, física de la materia blanda, física de polímeros y de cristales, teoría física de cuerdas, 
criptografía o ciencias de la computación. 

 

 



According to the dictionary of the RAE, a (physical) knot is a "loop that narrows and closes in such a way that it can 
hardly be released by itself, and that the more you pull on either of the two ends, the more it tightens". The concept of a 
mathematical knot is an abstraction of the physical object of the same name, in which the ends of the rope are glued; for this 
reason, mathematical knots cannot be undone, something that happens in physical knots. 

 
The words knots, links and braids designate everyday objects that man has used since archaic times. Its practical utility needs no 
explanation. Any sailor makes different kinds of knots that he has baptized with their own names. They are also ornamental 
pieces and have served as a numbering system. In the Chronicle of Peru, written by Pedro de Cieza (1520-1554), it is described 
how the Incas used quipus, a system of knotted ropes that they used to calculate and even to record events.  
 
However, the study of knots, braids and links as mathematical objects is relatively recent. The term topology was first used by 
Johann B. Listing (disciple of Carl Friedrich Gauss (1777-1855) in 1836, in a letter to his old elementary school teacher, Johannes 
Müller.  In year 1867 Lord Kelvin (1824-1907) proposed his "vortex atom" theory, inspired by an article on vortices by Hermann 
von Helmholtz (1821-94), translated by Peter G. Tait (1831-1905), and by the work by Georg Friedrich Bernhard Riemann (1826-
66) on abelian functions. According to Kelvin's idea, atoms –and matter in general– would be no more than whirlpools, or 
vortices, in the ether that occupied the entirety of physical space. The hydrodynamic stability of the knots explained, in his 
opinion, the usual properties of matter. Along this same path, Kelvin harbored the hope of justifying the chemical properties of 
atoms from the knots produced between the vortexes of ether. Ten years later, the also British Tait published his first article on 
the enumeration of the possible types of knots. Somewhat later he began to collaborate with the mathematician Charles 
Newton Little (1858-1923); around the year 1900 they had managed to classify the knots with ten crossings. The problem that 
these authors found was that the formal tools for the study of knots were not well developed. For this reason, Tait came to 
distinguish different knots but could not mathematically demonstrate this difference. At the beginning of the 20th century, 
fortunately, the progress of topology made it possible to approach the task started by Tait and Little with greater solvency, 
defining what a knot is, proving theorems about them and establishing classifications that would distinguish them. They are 
representative names Max Wilhem Dehn (1878-1952), Kurt Reidemester (1893-1971), Karl Johannes Herbert Seifert (1907-1996) 
or Alexander Grothendieck (1928-2014) for many the most important mathematician of the 20th century. In 1970, the 
combinatorial theory of knots was born, in which John Horton Conway (1937-2020) and also the clarinettist Louis Hirsch 
Kauffman (b. 1945) stand out, and in 1986, from the works of William Paul Thurson (1946-2012) and Robert Ryley emerges the 
geometric theory of knots. These three branches - topology, combinatory and geometry - are active fields of research with 
applications to fields other than mathematics, such as molecular biology, medicine, quantum statistical mechanics, soft matter 
physics, polymer and crystal physics, physical string theory, cryptography or computer science. 

 

 



FROM SURGEON’S KNOT TO KNOT SURGERY. QUIPUS and TESSELLATIONS. 

 

 

SURGEON’S KNOT 

 

«There is a dead medical literature and there is a live one. 

The dead is not all ancient, the live is not all modern». 

Oliver Wendell Holmes, 1878. 

 

Hemorrhage and its control are among the first topics addressed by a student in the area of Health. 

The physiology and pathophysiology of blood coagulation and wound treatment are common and 

repetitive topics throughout the training. Hemorrhage control enters the ABC of practices first, and then 

any team or emergency medical care. Pressure on the injured vessel(s) in order to occlude them in order to 

immediately and definitively close them. Tweezers and thread are the essential tools. Once the vessel has 

been clamped, it is definitively closed by means of a ligature finished off with a knot. The same a suture, 

continuous or discontinuous, ends with the knotting of the ends (see: MiniMedLessons). 

 

Joris Hage published, in 2008, a work on surgical knots and ties. He collects the indications formulated by 

Heraklas, in a brief text, explaining how to make 16 knots and loops used to exert traction to reduce 

dislocations and settle fractured bones, or to place and maintain a patient in a certain position for surgical 

purposes. Heraklas was a Greek physician who lived during the first century of our era. His essay on knots 

owes its preservation to the fact that Oribasius of Pergamum (325-403) included it in his Collectiones 

medicae (Iatrikai Synagogai). Lawrence G. Miller writes: 

“In the “Iatrikon Synagogos”, a medical treatise by Oribasius of Pergamun, a Greek physician 

who flourished about 400 A. D. (he was court physician of the Emperor Julian), I find what take to be 

a very early description of a string figure. If my conjecture is correct, it seems of considerable 

interest. It may well be the earliest written record of one of these constructions. It is the only 

instance I know for which a utilitarian application is suggested. Civilization may ordinarily drive out 

cat’s cradles, but this comes from the center of contemporary civilization. The Greek text of the work 

referred to, with a parallel French translation by Bussemaker and Daremberg, was published with 

the title “Oeuvres d’Oribase” in Paris in 1862. The forty-eight book of this work is devoted to 

“brochoi”, which appear to be slings primarily intended to secure anchorage to apportion of the 

body to position it, usually to permit traction for purposes of extension in the reduction of 

dislocations. The material does not appear to have found in general a very comprehending 

audience, the suggestions in the plate reproduced on page 691 of Vol. IV of the cited work being 

ludicrously inept.” (On Oribasio's work see: Mercedes López Pérez). 

 

Heraklas's step-by-step instructions are reasonably lucid, says C. L. Day, and can even be easily executed 

without the aid of explanatory diagrams. Vidus Vidius and Francesco Primaticio attempted to interpret 

them in 1540. The Florentine Vidus, Francis I's physician ─translated Oribasio's work into Latin─, became 

the first professor of medicine at the Collége de France. Primaticius was France's leading artist and 

architect in the mid-16th century. His drawings illustrated Vidius's translation: Oribaxius Laqueis. Swedish 

physiologist Hjalmar Öhrvall studied Heraklas knots in 1916; managed to identify half, and Bostonian 



patent expert Lawrence Miller, a specialist in textile knots, identified the remainder in 1944. He published 

The Art of Knotting and Splicing in 1947. For C. L. Day, Heraklas knot No. 13 is the interesting from an 

anthropological point of view. He calls it "four-circle lasso-plinthios", a cat trap, the oldest known lasso 

figure. It is more or less identical to a figure Australian Aborigines call "the Cloudy Sun," a name that 

describes the central circle, the Sun, which gets smaller and smaller until it disappears when the four 

corner loops are parted. 

 

Ashley, in the Occupational Knots chapter. The Surgeon writes: 

“Surgeons, like artists, have always seemed to me to belong to two types. One, the nimble, 

intuitive mind, almost always is endowed with light hands and sensitive fingers, while the other, the 

methodical, reasoning mind, more often than not has heavy hands and clumsy fingers. The former 

will almost always tie excellent knots, while the latter, having no particular aptitude for them, is 

very apt to discount their importance, in which case the Granny Knot is the best the procedures. 

But the Granny Knot, although it has an initial tendency to slip, seldom spills entirely, so, although 

slipping in the early stages after an operation may aggravate bleeding, the common result of a 

poorly tied knot that has slipped unduly is nothing more than an unsightly and unnecessary scar. But 

too tight a knot, if there is inflammation, may cause a stitch to tear out. 

For over twenty years, when opportunity has offered, I have asked surgeons to show me the knots 

they customarily tie. In this time, I have questioned nearly two hundred individuals. A small 

proportion of these were physicians who also practiced surgery. Of all these over seventy per cent 

tied the Granny Knot. Since every one of them was glad to learn how tie the Square Knot, it would 

seem that there is an opportunity for the medical schools to hold more classes in knot tying. 

The Reef or Square Knot. This knot, using in tying a ligature, is preferred by many surgeons to the 

one which follows. 

The Ligature Knot is considered by some to use more gut than can be readily absorbed in the tissues, 

but the initial Double Half Knot is not apt to slip while the upper Half Knot is being added. For that 

reason, it would seem to be better than the Reef Knot. 

Dr. C. W. Mayo, of the Mayo Clinic, Rochester, Minnesota, has written to me that he uses the 

accompanying knot in tying a cystic duct, and also on all large blood vessels when ligature is 

necessary. Two identical Half Knots are first tied, forming a Granny Knot. This admits of a slight 

adjustment after the knot has been tied. When the tension has been adjusted, a third and opposite 

Half Knots, if considered as a unit, form a Square Knot. 

The aseptic method of tying the Surgeon’s Knot was shown to me by the late Dr. William C. 

Speakeman, who learned it while serving in France with our Expeditionary Force of 1918. The Reef 

Knot may be tied in the same way. 

The Granny Knot consists of two identical Half Knots, the second being superimposed over the first. 

Many surgeons tie three identical Half Knots, one on top of another Granny-fashion, but even this is 

insufficient to fortify the Granny. 

In making a suture, if the gut breaks, leaving only a short end, do not start over again but hold the 

end firmly and tie Knot #2005 around it. Then, with the bight of the standing part that is held in one 

hand, add a Half Hitch over the end in the manner employed for Butcher’s Knots. This application of 

the hitch originated with Dr. Curtis C. Tripp.” 

 



The surgeon's knot has as its antecedent its simplest version, at least 4000 years ago, in the act to 

tie the ends of a cloth used as a bandage. The knot, in this application, has a flattened appearance. 

In ancient Greece this tying of the ends of a rope was known as the Hercules knot and, widely used 

in medicine, Heraklas included it in his catalog as Herakleotikon hamma. 

 

 
Surgeon’s knot or ligature knot 

(https://en.wikipedia.org/wiki/Surgeon%27s_knot)  

 

Joris Hage includes it in the section Geometrical interpretation of heraklas' descriptions and their 

contemporary equivalents: 

“VIII: Hercules knot: herakleotikon hamma (Hρακλεωτικου  αμμα). Like the wolf noose (lykos 

brokos), This knot is immediately recognized as our square knot or reef knot. Heraklas did not 

provide any particular use for this knot but remarked tha “if we cut the loop in the middle opposite 

the ends, we find that a wolf [noose] is produced. Other than the wolf noose, however, a square 

knot is primarily intented as a binding knot and this may explain why mentioned separately. As such, 

this knot is still extensively used by all sorts of surgical disciplines.” 

 

The name of reef knot (reef knot) is, in principle, an old knot for fastening, used to secure or tie a rope 

around an object. It is described by David Steel ─by that name─ in 1794: 

“REEF-KNOT is to attach the two ends of a rope together; and, in making, observe to pass 

both parts of the rope on one side, in the bight of the other, thus; turn up one end, and form a bight, 

and put the other end up through the bight; take it round underneath, and pass it through the bight 

again.” 

 
https://en.wikipedia.org/wiki/Reef_knot 

 

The reef knot name comes from its use in navigation, to fix furled sails (reefing) in order to reduce its 

surface in very strong wind conditions. 

 

The square knot name appears in Richard Henry Dana Jr.'s maritime compendium, A Seaman's Friend, 

1841. For his part, The Ashley Book of Knots: 

https://en.wikipedia.org/wiki/Surgeon%27s_knot
https://en.wikipedia.org/wiki/Reef_knot


“The reef knot or square knot consists of two half knots, one left and one right, one being 

tied on top of the other, and either being tied first...The reef knot is unique in that it may be tied and 

tightened with both ends. It is universally used for parcels, rolls and bundles. At sea it is always 

employed in reefing and furling sails and stopping clothes for drying. But under no circumstances 

should it ever be tied as a bend, for if tied with two ends of unequal size, or if one end is stiffer or 

smoother than the other, the knot is almost bound to spill. Except for its true purpose of binding it is 

a knot to be shunned.” 

 

 
The constrictor knot and double constrictor knot  

(https://es.wikipedia.org/wiki/Nudo_constrictor) 

 

For Taylor and Grogono, the ideal ligation must be performed quickly and the loop must remain stable. 

Ligation failure can become a critical postoperative complication. In practice, ligatures are secured with a 

series of accessory knots. According to these authors, the constrictor knot, miller's knot or bag knot, one of 

the united knots that have the best grip, has the best characteristics to be used as a surgical ligature. The 

double constrictor knot is an even stronger variation that has two turns, similar to the so-called double 

clove hitch. 

 

The problem of knot instability in surgery is due to the "memory" of the suture and/or ligation material. 

Materials with memory are those capable of "remembering" their shape and capable of returning to that 

shape after being deformed. This memory effect can be produced by thermal or magnetic change. They are 

also capable of repeating this process countless times without deteriorating. Among the numerous 

materials with these properties in surgery, shape memory polymers (SMPs) are of interest. SMPs can 

“remember” two or sometimes three forms, the transition between them being mainly induced by 

temperature changes (See: A. Lendlein & S. Kelch). 

 

According to legend (See: Quinto Curcio Rufo), while Alexander the Great (356 – 323 BC), king of 

Macedonia and the Greeks, was conquering the Persian Empire, he arrived at Gordion, capital of the 

kingdom of Phrygia, which was part of the Persian Empire. The name of the capital was due to its king 

Gordio (father of King Midas, the one who turned everything he touched into gold). It seems that in the 

temple of Zeus, located on the acropolis of Gordion, there was a chariot that was tied to a yoke by means 

of a very complicated knot. According to the beliefs of Phrygia, an ancient oracle established that whoever 

managed to undo the knot would become the King of Phrygia, and the doors of all of Asia would be opened 

to him. Alexander the Great was attracted by the legend and tried to take advantage of local beliefs by 

untying the Gordian knot, however, it was very intricate and resisted him. For this reason, the Macedonian 

general took a radical solution, drew his sword from him and with it cut the knot. It is said that that night 

https://en.wikipedia.org/wiki/Overhand_knot
https://es.wikipedia.org/wiki/Nudo_constrictor


there was a great lightning storm, which was interpreted as the god Zeus himself agreeing with that 

solution, and Alexander stated that "It is the same to cut it than untie it!". For its part, the motto of 

Fernando el Católico “Tanto monta” refers to this legend, “cutting it doesn’t matter [so much riding] than 

untying it”, that is why it is associated with a yoke and a cut knot, which will appear later in the shield, next 

to the arrows. 

                                 
                                    Decoration of one of the 
           Alejandro cuts the intricate (Gordian) knot         rooms of the Palace of the 
                   Catholic Monarchs. 
                  Aljafería de Zaragoza 
                             (1488-92) 

 

The expression "Gordian knot", incorporated into ordinary language as a metaphor for an unsolvable 

problem, untying an "impossible" knot, and that can sometimes be overcome by changing the frame of 

thought. Consequently, this expression is also reflected in the literature. An example is The Life of Henry V 

(1600), by William Shakespeare. It is also mentioned in the second part of the Ingenious Knight Don 

Quixote de la Mancha (1615), by Miguel de Cervantes. 

 

 
Vintage-style poster with sailor knots, among which are the simple knot (2), which gives rise to the cloverleaf knot, the figure 

eight knot (3), the grandmother's knot (4), the reef or square knot (5) or the double knot (7), related to the surgeon's knot. 

 (https://www.etsy.com/es/listing/194469288/sailor-knots-print-nudos-nauticos-poster.) 

 

https://www.etsy.com/es/listing/194469288/sailor-knots-print-nudos-nauticos-poster


KNOT THEORY 

 

 “People who have visited [October 6, 2017 – January 14, 2018] the Guggenheim Museum in Bilbao were 

able to enjoy the exhibition ‘Anni Albers, touch the view’”. Raúl Ibáñez refers that the artist Anni Albers 

(1899-1994) is, perhaps, the most important textile artist of the 20th century. Ibáñez comments that she 

awakened her “mathematical gaze”, especially her lithographs Enredada and Sin título, that recalled the 

theory of knots. “The last one, Ibáñez comments, simulates an electron microscopy of a DNA molecule, the 

study of which is one of the fields of application of knot theory”. 

 

The last one, comments Ibáñez, simulates an electron microscopy of the DNA molecule, whose study is one 

of the fields of application of the theory of knots. 

 

                                  
         Anni Albers, Enredada (1963), litografía,      Anni Albers, Sin título (1963), litografía,  

           The Josef and Anni Albers Foundation. 

https://culturacientifica.com/2017/12/13/la-artista-anni-albers-the-walking-dead-la-teoria-nudos/  

 

       
Photograph of a knotted DNA fragment seen with an electron microscope, 
     by Steven A. Wasserman, Jan M. Dungan and Nicholas R. Cozzarelli. 

https://miller.berkeley.edu/images/about/Science-July-12-1985.pdf 

 

The term topology was first used by Johann B. Listing in 1836 in a letter to his old elementary school 

teacher, Johannes Müller, and later in his book Vorstudien zur Topologie (Pre-Topology Studies), published 

in 1848.  

https://culturacientifica.com/2017/12/13/la-artista-anni-albers-the-walking-dead-la-teoria-nudos/
https://miller.berkeley.edu/images/about/Science-July-12-1985.pdf


Topology is a branch of mathematics that studies geometric objects without taking into account metric 

issues ꟷdistances or shapesꟷ and only deals with spatial relationships such as proximity or continuity. 

 

If a geometric object is deformed, stretching or shrinking, but without cutting or gluing parts of it, the 

topology of the object does not change, that is, they are the same topological object although not 

geometric. For example, a circumference and a square are geometrically different, when transforming one 

into another the shape or the distance between their points is not maintained, but the proximities are, 

continuity is maintained. 

                                 

                    
 

In knot topology we can deform one of them by stretching the line and changing the shape, which does not 

alter the knot, as long as it is not cut or re-glued. In the following image the first two knots are the same, 

they are the non-knot. The third is no longer a non-knot, it is the simplest knot, the trefoil knot. 

 

                                         
 

A mathematical knot is essentially a knot made on a rope that has the ends glued together and therefore 

cannot be untied. Mathematically, the line that describes the rope is of interest and not its thickness or 

braiding. That is, a mathematical knot is a closed curve in space. The simplest knot is the circle, in which 

there is no knot; it could be said that it is the non-knot or trivial knot. 

 

Topology studies how many different nodes, that is, topologically different, exist, as well as their 

topological properties. For example, it can be shown that the complex knot that appears in the following 

image and is known as Haken's Gordian knot is, topologically, equivalent to the non-knot, that is, there is 

3D print of the topologist's joke, by the 

American mathematician and sculptor 

Henry Segerman, in which the topological 

transformation of the donut into the coffee 

cup is observed, showing that from the 

perspective of topology both are equal. 

https://math.okstate.edu/people/segerman/  

https://math.okstate.edu/people/segerman/


no knot, it is only entangled. Topologically it is the non-knot, a trivial knot that is achieved by dropping a 

closed string on a plane. 

                                                   
 

       Circunference  Haken’s knot 

      (non-knots or trivial knots) 

 

Knots, which are closed curves in space, are usually represented as a flat diagram, which would be like 

dropping the closed knotted rope on a table, indicating with a dashed y when the line goes below. The 

same node can have different flat diagrams, an important piece of information being the crossing number, 

that is, the least number of possible crossings in all the possible diagrams of a node. Thus, in the non-knot 

the crossing number is 0, since although the diagram known as Haken's Gordian knot has many crossings, 

the simple representation, the circumference, does not have any. 

 

The simplest knot is when we take the rope and join the ends without knotting, that is, it is a canonical 

geometric circumference embedded in the Euclidean space R 3, in which there is no knot as such, we could 

say that it is the non-knot. Any spatial deformation of the circumference remains the non-knot. In a 

colloquial sense, the trivial knot is not knotted at all. The simplest nontrivial knot is the trefoil knot. 

Mathematicians often prefer to consider knots embedded in the 3-sphere, S 3, rather than in R 3, given its 

compactness. The 3-sphere is the one-point compactification of R 3. 

                                             
                Trefoil knots                              Figure-eight knot 

             (left-handed & right-handed)                                    

  (nontriivial knots) 

 

The trefoil knot has been a very common symbol since ancient times, since its flat version is the triqueta, 

or triquel, which was widely used, for example, in Celtic art, in the Christian religion, as a symbol of the 

trinity (father, son and holy spirit), in one of the versions of the German Valnout, which is related to the 

god Odin, or in Mjolnir, the hammer of the god Thor of Norse mythology. And nowadays we find it very 

frequently in popular culture, for example, in Michonne's katana from the Walking Dead TV series.  

 



                                                   
Michonne’s katana from The Walking Dead 

https://swishandslash.com/swords/michonnes-katana-from-the-walking-dead/ 

 

Dale Rolfsen reproduces, under the title of his book Knots and Links ꟷincludes the lectures corresponding 

to a course entitled Topic in geometric topology given at the University of British Columbia in 1973-74ꟷ, 

the eternal knot, endless knot, magnificent knot or precious knot; one of the symbols called auspicious 

emblems ꟷastha mangalaꟷ of Tibetan or Tantric Buddhism; it is also found in Celtic and Chinese 

symbolism. All existence, he tells us, is linked with time and change. 

 

                  
One common form of           More complex form seen on ca. 400-  Endless knot in a Burmese 
    the Endless knot            year-old Chinese lacquerware dish.          Pali munuscript. 
   https://en.wikipedia.org/wiki/Endless_knot  

    

Some of the names of mathematical knots, such as the figure eight knot, the grandmother's knot, the reef 

knot, the surgeon's knot or the true love knot, among others, derive from the names of the physical knots, 

the knots used in navigation and in many other activities in our society, such as climbing, medicine, sewing 

or decoration, since ancient times. 

 

Dos de los nudos más conocidos derivan de los escudos de armas de la casa Borromeo, uno, y el otro de la 

casa de Saboya. 

                                                       
The House of Borromeo       The House of Savoy 

https://swishandslash.com/swords/michonnes-katana-from-the-walking-dead/
https://en.wikipedia.org/wiki/Endless_knot


                                      
   Borromean rings/knots          Three different diagrams of the Savoy knot   
            (six crossing link)         or figure-eight knot (four crossings)  

                                                            

The Borromean rings, a link whit three components each equivalent to the non-knot. A link is a collection 

of knots which do not intersect, but which may be linked (or knotted) together. A knot can be described as 

a link with one component. The simplest nontrivial example of a link with more than one component is 

called the Hopf link, which consists of two circles (or non-knots) linked together once. The circles in the 

Borromean rings are collectively linked despite the fact that no two of them are directly linked. The 

Borromean rings thus form a Brunnian link and in fact constitute the simplest such link. 

                                             
                                                     The Hopf link.           A Brunnian link is a nontrivial link that becomes a set of  

         trivial unlinked circles if any one component is removed. 

 

It is said that two knots are equivalent, which for us is the same as saying that "they are equal from the 

topological point of view", when one knot can be deformed into the other continuously, that is, without 

making cuts or gluing. Intuitively, two knots are equivalent if we can continuously deform one into the 

other without breaking them. 

 
                                                 Reidemeister transformations of 
                 type I, II and III of knot diagrams. 

 

n the 1920s, which were the beginnings of knot theory, the 

German mathematician Kurt Reidemeister (1893-1971) 

provided a first tool to determine when two diagrams 

corresponded to equivalent knots. He showed that: 

"Two diagrams represent equivalent nodes if, and only if, 

one can go from one to the other by a finite number of 

transformations of type I, II and III". 



The Reidemeister moves transform the initial three-crossing diagram into the trefoil knot diagram, so both 

are equivalent, they correspond to the same topological knot. 

 
Equivalent knots (Reidemeister's moves transform the 3 cross diagram initial in the knot diagram of trefoil, 
then both are equivalent, correspond to the same topological knot).  

In the knot theory, a chiral knot is a knot that is not equivalent to it mirror image. A knot thhat is 

equivalent to its mirror image is an amphicheiral knot, also called an achiral knot. The granny knot, which is 

the connected sum of two copies of the trefoil knot, is a non-amphichiral knot, while the reef knot, which 

is the connected sum of the trefoil knot and its mirror image, is an amphichiral knot. Consequently, both 

nodes are not equivalent. 

 

In order to solve the knot classification problem, invariants of the knots are introduced. Invariants are 

objects (for example, a number, a polynomial, or a group) or properties (such as tricolorability) of a knot, 

which have the same value for all equivalent knots. Consequently, if an invariant is different for two nodes, 

they cannot be equivalent. 

 

  A simple invariant that will allow us to distinguish between some knots that are not equivalent is 

tricoloreability. A diagram is said to be tricolorable if, given a set of three colors, one color can be assigned 

to each edge of the diagram. It can easily be shown that colorability does not vary with the three types of 

Reidemeister moves, so if a diagram is tricolorable, any other equivalent is. That is, if one diagram is 

tricolorable and another is not, then they correspond to non-equivalent nodes.                                           

 
We can now show that these two knots are not equivalent. 

The trefoil is tricolourable, but the figure of eight is not. 

 

Another important division of knots for their study and classification is into prime knots and compound 

knots. The idea is to break down the knots into simpler ones, the so-called prime knots, which are those 

 

Non-equivalent knots 



that cannot be broken down into even simpler ones and from which all the others are generated, and then 

focus the general study of knots on these. 

 

Thus, we have two knotted “operations”, which are one inverse of the other, the decomposition and the 

connected addition. A knot is decomposed by means of a sphere (in the flat diagram it would be a 

circumference) that cuts the knot transversely at two points, through which the knot is cut, generating two 

disjointed parts, each of which closes again when the two are glued together-end points by means of a 

segment, thus generating two knots. A knot is prime if it cannot be resolved into two non-trivial knots.                                                                         

                                                               
 

Any non-prime knot is obtained by the inverse operation to the previous one, the connected addition, from 

a finite number of prime knots. In the following image we see the connected sum of the trefoil knot and its 

mirror image, which is the reef knot or square knot. 

 

                                                          
Connected sum of the trefoil knot and its mirror image, which is the reef knot or square knot. 

 

In topology, a branch of mathematics, a Dehn surgery, named after Max Wilhelm Dehn (1878-1952- He 

was the first to resolve one of Hilbert’s well-know 23 problems), is a construction used to modify 3-

manifolds. The process takes as input a 3-manifold together with a link. It is often conceptualized as two 

steps: drilling then filling. 

 

The first classification of knots was made by Peter G. Tait in 1846, and included all the prime knots with a 

minimum number of crossings less than or equal to 7, which are the non-knot and the 14 that appear in 

the image below. 

DEHN SURGERY 
 

drilling + filling 

Decomposition of what is 
known as the granny knot into 

two copies of trefoil knots. 

 



                                     
Classification of nodes with a minimum number of crossings less than or equal to 7. 

Each color corresponds to knots with the same minimum number of crossings, from 3 to 7. 

 

The following classification was made by the American mathematician and civil engineer Charles N. Little 

(1858-1923) in 1885 and contained the prime knots with a minimum number of crossings less than or 

equal to 10 (again no distinction is made between a knot and its image speculate). It shows that there are 

21 prime nodes with a minimum number of crossings equal to 8, 49 with 9 crossings and 165 with 10 

crossings. At present, all prime nodes are classified up to a minimum number of crossings equal to 16, for 

which Jim Hoste, Jeff Weeks, and Morwen Thistlethwaite carried out computer searches using algorithms 

designed by themselves. The trefoil knot has crossing number 3, in fact it is the only knot with crossing 

number = 3. Likewise, there is only one knot with crossing number = 4, while there are 1,388,705 

topologically different knots with crossing number = 3. crossover = 16. The table shows the rapid growth in 

the number of topologically different nodes: 

 
Nº Crossings 3      4 5 6 7 8 9 10 11 12       …     16 

__________________________________________________________________________________________________ 

Nº Knots 1 1 2 3 4 21 49 165 552 2176 …      1,388,705 

__________________________________________________________________________________________________  

 
 

Like tensegrity, the theory of knots has conquered modern art and it is common to see sculptures with 

knots: 

 

Sculpture Moonshine and Knot Me, 
by the American artist Kevin Caron 
(1960) https://kevincaron.com/  

https://kevincaron.com/


Shinkichi Tajiri (1923-2009) was an American-Dutch sculptor, of Japanese descent, in whose sculptural 

work knots are very important. 

 

    

Friendship Knot (1981) and Grandma's Knot (1992), 
by the artist Shinkichi Tajiri (1923-2009). 

 
 

QUIPUS 

 

“The quipus -writes Radicati Di Primeglio-, little cords -of wool, cotton, hemp and, even, human 

hair- of different colors and knots, whose use was widespread among the Incas, constitute without a doubt 

one of the most difficult that can be presented to the researcher of ancient Peruvian culture. These knotted 

ropes drew powerful attention from the very moment of the conquest of Tahuantinsuyo1 and were later 

pointed out or described by almost all those chroniclers who, with their information, contributed to a better 

understanding of the Incas and their customs […] There were the so-called imperial quipus , larger and made 

up of gold and silver cords called lauris […] The thick cord from which the other smaller cords hang has 

been called the mother, main or transversal cord, and its length varies from a few centimeters to a few 

meters. Garcilaso, referring to the quipus of his time, says that they had "a length of more or less a foot and a 

half", but it is not clear whether he is referring to the entire transverse cord or only to the part of it occupied 

by the hanging ropes […] 

Hanging from the transversal are other thinner strings, whose length varies between fifteen and sixty 

centimeters [...] Generally, the hanging strings all keep the same direction but there are quipus in which said 

strings are placed in opposite directions, that is , some above and others below the transversal […] The 

hanging chords occupy the entire extension of the transversal, or only a part of it […] Other chords 

sometimes start from the pendants that we will call subsidiaries and that are of variable number ( generally, 

one to three in each pendant) and also of different length and thickness [...] Next to the first-order 

subsidiaries there are others, with the same characteristics, called second-order because they do not hang 

from one pendant but from another subsidiary like them. One of the main characteristics of the quipu is 

made up of the knots, which are precisely what gave the instrument its name. The knots appear, sometimes 

in the transversal, but they are especially found in the hanging cords and in the subsidiaries”. The knots have 

been classified into simple knots, eight, compound and buttonhole. 

“When examining a quipu we realize, immediately, that the knots are not randomly placed along the 

rope, but that there is a certain order and even a somewhat rigid system of height conservation […] After the 

knots , the most characteristic of the quipu is the difference in colors that is noticeable both in the transverse 

cord and in the hanging and subsidiary ones [...] As for distribution, we note that within the same cord there 

can be only one color or several, as Garcilaso already indicated when writing that 'the Indians made threads 



of different colors, some of only one color, others of two colors, others of three and others of more' [...] 

There are authors who think that the quipu is pre-Inca and of very old use; others, on the other hand, 

maintain that it is exclusively from the Inca period, that is, that it dates back to a few centuries before the 

arrival of the Spaniards [...] We now begin the study of the most delicate argument of our investigation, 

since, as we said, interpreting or it is to know what the quipus were used for, it is the great question that has 

provoked the most diverse and. sometimes strange answers […] 

Leaving aside curious opinions, we can reduce the interpretations to three fundamental theses: 1st, 

the quipus have a numerical value, that is, they serve only to express numbers; 2° the quipus are mnemonic 

instruments of personal value, that is, they serve as an auxiliary reminder for those who have made them or, 

at most, for a few individuals who know the meaning of the elements that compose them; 3° the quipus are 

true writing, that is, they serve to express all kinds of ideas through conventional signs […] When one 

speaks of the quipus one immediately thinks of those people whose exclusive trade was to use knots for 

typically bureaucratic purposes; these individuals were called quipucamayocs and their figure seems to be 

closely identified with that of the scribes of the pharaonic empire […] It is also known that there was 

specialization for the accounting quipucamayocs: some dedicated themselves to demographic quipus, others 

to tributaries, etc. This specialization also appears among the historian quipucamayocs, being equally not 

only of matter but of place: the chroniclers cite, in fact, historical quipus that refer to the different provinces 

of the Empire.” 
 

        
Representation of a quipu.    Position of the knots in the hierarchical structure of a quipu 

           https://es.wikipedia.org/wiki/Quipu (representation of the number 113).  

                              https://culturacientifica.com/2015/09/16/el-quipu-algo-mas- 

que-un-registro-numerico/  

 

            
 

   Quipus Nº 3 and Nº 6. Radicati collection.  

https://es.wikipedia.org/wiki/Quipu
https://culturacientifica.com/2015/09/16/el-quipu-algo-mas-


OTHER KNOTS 

 

 The main theme on a Étienne talk was-Tao write- was how the topology of a contonuous dynamical 

system could be profitably understood from the perspective of knot theory. Étienne recalled the 

paradigmatic example of a strange attractor from chaos theory, namely Lorenz attractor dicovered in 

1963. 

 

             
 

This Lorenz attractor or Lorenz butterfly arises fromm a fairly simple dynamical system. The topology of 

this attractor was clarified by Birman and Williams, who had the idea of analysing the attractor via its 

periodic orbits, which they interpreted individually as knots (and collectively as links) in R 3; the philosophy 

being that the attractor itself was a kind of “infinite limit” of these knots. 

 

 An international team of scientists created a quantum knot for the first time, in 2015; a 

fundamental breakthrough in quantum physics that could one day help power the supercomputers of the 

future. These knots aren't quite the same as the ones you might tie to moor a boat, they've been made in a 

superfluid form of quantum matter called Bose-Einstein Condensate or BEC, and are more like smoke rings 

than traditional knots. These knots of BEC, called knotty solitons, form particle-like rings or loops that roll 

forward at a constant speed without deforming. The tying of the knot takes less than a thousandth of a 

second, according to Möttönen's research partner, David Hall. Kauffman and Lomonaco define a quantum 

knot as a linear superposition of classical knots. 

 

     
 

 

For your part, Collins writes that “quantum computers promise to perform calculations believed to be 

impossible for ordinary computers. Some of those calculations are of great real-world importance. For 

example, certain widely used encryption methods could be cracked given a computer capable of breaking a 

large number into its component factors within a reasonable length of time. Virtually all encryption 

A solution in the Lorenz attractor plotted at 
high resolution in the xz plane. 
https://en.wikipedia.org/wiki/Lorenz_system#
/media/File:Lorenz_system_r28_s10_b2-
6666.png  

Structure of the knot soliton and the method of its 
creation. a,b, Schematic magnetic field lines before 
(a) and during (b) the knot formation, with respect 
to the condensate (green ellipse). c, Knot soliton 
configuration in real space and its relation to the 

nematic vector d̂ in S2. 
https://www.semanticscholar.org/paper/Tying-
quantum-knots-Hall-Ray/4ead0dbde35ef0237 
fbc146c05e7abced45b91e2.  

https://en.wikipedia.org/wiki/Lorenz_system#/media/File:Lorenz_system_r28_s10_b2-6666.png
https://en.wikipedia.org/wiki/Lorenz_system#/media/File:Lorenz_system_r28_s10_b2-6666.png
https://en.wikipedia.org/wiki/Lorenz_system#/media/File:Lorenz_system_r28_s10_b2-6666.png
https://www.semanticscholar.org/paper/Tying-quantum-knots-Hall-Ray/4ead0dbde35ef0237%20fbc146c05e7abced45b91e2
https://www.semanticscholar.org/paper/Tying-quantum-knots-Hall-Ray/4ead0dbde35ef0237%20fbc146c05e7abced45b91e2
https://www.semanticscholar.org/paper/Tying-quantum-knots-Hall-Ray/4ead0dbde35ef0237%20fbc146c05e7abced45b91e2


methods used for highly sensitive data are vulnerable to one quantum algorithm or another. The extra 

power of a quantum computer comes about because it operates on information represented as qubits, or 

quantum bits, instead of bits. An ordinary classical bit can be either a 0 or a 1, and standard microchip 

architectures enforce that dichotomy rigorously. A qubit, in contrast, can be in a so-called superposition 

state, which entails proportions of 0 and 1 coexisting together. One can think of the possible qubit states 

as points on a sphere. The north pole is a classical 1, the south pole a 0, and all the points in between are 

all the possible superpositions of 0 and 1 [see “Rules for a Complex Quantum World,” by Michael A. 

Nielsen; Scientific American, November 2002]. The freedom that qubits have to roam across the entire 

sphere helps to give quantum computers their unique capabilities. Unfortunately, quantum computers 

seem to be extremely difficult to build. The qubits are typically expressed as certain quantum properties of 

trapped particles, such as individual atomic ions or electrons. But their superposition states are 

exceedingly fragile and can be spoiled by the tiniest stray interactions with the ambient environment, 

which includes all the material making up the computer itself. If qubits are not carefully isolated from their 

surroundings, such disturbances will introduce errors into the computation. Most schemes to design a 

quantum computer therefore focus on finding ways to minimize the interactions of the qubits with the 

environment. Researchers know that if the error rate can be reduced to around one error in every 10,000 

steps, then error-correction procedures can be implemented to compensate for decay of individual qubits. 

Constructing a functional machine that has a large number of qubits isolated well enough to have such a 

low error rate is a daunting task that physicists are far from achieving. 

 

The third example concerns the topology of DNA. A decade after the double helix discovery, shure 

and Vinograd found the fundamental tertiary structural feature: the axis of the DNA can also be coiled in 

space, leading to “supercoiled” DNA (to visualize this, imagine the handset cord of an often-used phone: it 

is highly twisted, possibly crossing itself and is under tension.) The DNA axis is often linear, as in the case of 

human genomic DNA. Linear DNA is often attached to a protein scaffolding which constrains the topology, 

for example during nucleosomal compactification. Perhaps more interestingly, the DNA axis is frequently 

circular—this occurs when the ends of the two backbone strands are covalently bonded. Bacterial genomic 

DNA, chloroplast DNA, and human mitochondrial DNA are all examples of DNA with a circular axis. 

Additionally, most DNA used in biochemical labs, plasmid DNA, is circular. Even more interestingly, the 

central DNA axis can also be knotted or linked. For example, DNA knots and links (known as catenanes in 

the biological literature) occur during replication (DNA copying) and recombination (DNA rearranging). The 

constrained or circular axis, coupled with the two levels of coiling (the double helix and supercoiling), 

already leads to the nontrivial topology of DNA. 

 

From the outset, characterizing supercoiled DNA required a combination of mathematicians and biologists. 

Cǎlugǎreanu and White formulated a fundamental relation for space curves: Lk = Tw + Wr. Two geometric 

quantities, Twist and Writhe (that may change under deformations of the curves) sum to a topological 

quantity, Linking Number (which is invariant under such deformations). It took the combined efforts of 

Fuller (a mathematician) and Vinograd (a biologist) to translate Cǎlugǎreanu and White’s and relation into 

biological terms and recognize its fundamental importance for DNA. 

 

Buck shall model a molecule of circular DNA as a twisted ribbon. Recall that within the context of circular 

DNA, nontrivial writhe occurs most commonly when the DNA axis wraps around itself in a helical manner, 



as discovered by Vinograd and colleagues. This is more precisely referred to as plectonemic supercoiling, to 

reflect the coiled (writhed) axis of the already coiled (helical) ribbon. DNA molecules that differ only in Lk 

(not, e. g. sequence or length) are called topoisomers. To maintain this equilibrium population, two 

families of proteins have evolved, the topoisomerases. Topoisomerases are so-called because the primary 

function is to interconvert between topoisomers. DNA knots and links have been implicated in a number of 

cellular processes. They can occur as a result of replication (discussed above) and recombination (discussed 

below). Knots and links also arise as the products of, i. e. as the result of enzyme action. In addition to the 

topoisomerases, discussed above, knots and links also arise as products of reactions from two other 

protein families, the recombinases and transposases. Most prevalently, DNA knots and links arise as 

products of certain laboratory experiments (called ‘topological enzymology’ experiments) on artificially 

constructed small (5–10 kb) circular molecules. These product knots and links can help determine the 

binding and mechanism of the protein being studied. The variety of DNA knots and links observed has 

made biologically separating and distinguishing these molecules a critical issue. Knotted DNA was first 

discovered in the lab in 1981 by Liu et al. There are a variety of future research trajectories for both 

mathematicians and biologists at this rich interface. In addition to the trajectories mentioned earlier, we 

note that we are only beginning to understand how other DNA-rearranging proteins, such as transposases, 

form DNA knots and links. 

 

In modern art, the woodcut Knots by Maurits Cornelis Escher (1898-1972) depicts three trefoil 

knots whose solid forms are twisted in different ways. “Knot” was created in 1966 in Op Art style. 

 

          
                  Knots, 1965 -1966 

                       National Gallery of Art and WikiArt. 

 

In the Alhambra Museum there is a wide collection of textiles from different techniques, materials 

and periods. Today we know -says Vílchez- the knotting technique used to make rugs, a common element 

in the Islamic sphere, which was used to dress rooms and to create warmer and more comfortable 

environments. Its manufacture differs from that of fabrics, since it is based on making knots. The structure 

of a rug is made up of a mesh in which vertical threads (warp) and horizontal threads (weft) intersect. To 

make rugs, knots are tied on the warp threads, securing them through the weft threads. The weaver makes 

each of these knots one by one and cuts them at the end to generate the pile of the rug. The way of 

making these knots is diverse, with different variants. Three of the best-known types of knots are the 

Turkish or Ghiordes knot, the Persian or Shenne knot, and the Spanish or Tak Tari knot, from the Hispano-

Muslim tradition. 

 



         
 

Blog del Patronato de la Alhambra y Generalife 

https://www.alhambra-patronato.es/alfombras-nudos  

 

 

At least, the tie knots: Four in hand (Club de caballeros, s. XIX), half Winsdor, fulll Windsor, simple-

oriental, Kelvin (Lord William Thomson), Pratt (Jerry Pratt), Balthus (Baltasar Klossowski), Victoria (Queen 

Victoria), Nicky (Nikita Kruschev), St. Andrew, Hannover (Casa de Hannover), Cafe, Eldredge (Jeffrey 

Eldredge), Trinity (Triquetra celta) or the Bow tie. 

 
https://denne.academic.wlu.edu/files/2018/12/Knots-Ties-AMS-Oct-2018.pdf 

 

The Four in Hand is named after a 19th century Gentlemen's Club of the same name and is clearly the 

champion among tie knots. Its popularity is due to its simplicity and versatility. It is easy to tie, slim, slightly 

asymmetrical and self-releasing. The Duke of Windsor never specifically used the Windsor knot. Actually, 

the Duke achieved the innovative aspect of it by tying a Four in Hand with wide and thick ties specially 

made for him. This knot arose from tie wearers themselves attempting to imitate the style of the Duke's 

knot. There are several derivatives of Windsor that use the same name. The Windsor offers a solid and 

symmetrical triangle knot. The Simple Knot contains as few steps as possible and is very easy to learn. 

Despite its simplicity, this knot is rarely used in the West, but it remains popular in China. This may be 

because it is more difficult to untie. It is a compact knot with an asymmetry that makes it lean towards the 

active end. 

 

“In 2000 -E. Denne et al. writes-, Thomas Fink and Yong Mao studied neck ties and, with certain 

assumptions, found 85 different ways to tie a neck tie. They gave a formal language which describes how a 

https://www.alhambra-patronato.es/alfombras-nudos
https://denne.academic.wlu.edu/files/2018/12/Knots-Ties-AMS-Oct-2018.pdf


tie is made, giving a sequence of moves for each neck tie. The ends of a neck tie can be joined together, 

which gives a physical model of a mathematical knot that we call a tie knot. In this paper we classify the 

knot type of each of Fink and Mao’s 85 tie knots. We describe how the unknot, left and right trefoil, twist 

knots and torus knots can be recognized from their sequence of moves. We also view tie knots as a family 

within the set of all knots. Among other results, we prove that any tie knot is prime and alternating.” 

 

        
 

“The two ways of beginning a knot. Both give rise to  “The six moves with which a tie knot is tied. 

the triagonal basis Y and divide the space into the   The move Lo, for instance, indicates the  

three regions through which the active end can sub-  move which places the active end into the  

sequently pass. For knots beginning with Lo, the tie  left region and directed out of the page.” 

must begin inside out.” 

 

 
The Windsor knot (left) has the topological structure of a trefoil (right). 

 

By way of conclusion note that, in mathematics, Alexander's theorem establishes that each knot can be 

represented as a closed braid; that is, a braid in which the corresponding ends of the cords are connected 

in pairs. The theorem is named after James Waddell Alexander II, who published the proof in 1923. Braids 

imply iteration which leads to fractal geometry, but this approach is left for another occasion. 

  

                
 

 

The Markov theorem. Different 

braids close to isotopic links. For 

example, conjugate braids or the 

braids on side. 

In: Sofia Lambropoulo. 

Lambropoulo 



CONCLUSION 

 

 Knots play a fundamental role in the dynamics of biological and physical systems, from DNA to 

turbulent plasmas, as well as in climbing, weaving, sailing, and surgery. Why is that some knots seem to 

hold tight while others readily slip apart? How can mathematical theory predict the strongest knots in real 

life? – J. Hsu aks.  

 

By using color-changing fibers to experimentally test a mathematical theory, V.P. Patil et al. have begun 

developing more realistic models that can elucidate the rules governing stability in knots and find links 

between topological parameters (twist charge, crossing numbers, handedness) and mechanical stability.  

 

The mathematical theory of knots has tipically focused on classifying their different entangled structures 

without accounting for mechanical stgress and strain. To better predict knots’ strength, researchers 

experimented with those made from special photonic fibers that change color as they stretch. The 

researcher team’s work would not have been possible without the color-changing photonic fibers that 

were originally developed back in 2013 by M. Kolle et al.: “Knowledge of the interplay between the 

morphology, composition and optical appearance of biological photonic systems can provide broad 

inspiration for novel artificial photonic elements.” Such photonic fibers, each with different material 

properties, are examples of the same principle behind the rainbow of colors found in soap bubbles, 

butterflies and beetles. 

 

The experiments with the color-changing photonic fibers provided the reality check so that the 

mathematical models incorporating the same data could accurately predict the strongest types of knots. 

Researchers also tested the real-world strength of knots by tying two pieces of synthetic fiber together, 

hanging one end of the combined rope from a gripping mechanism and then attaching progressively 

heavier weights to the rope’s dangling end. Such findings have some practical implications. For example, 

the study suggests that a type of bend knot called the Zeppelin knot offers greater stability than more 

popular alpine butterfly knot.  

 

Despite an approach that prioritizes the convergence of knowledge for the sake of the study of knots, it is 

still pending to define the most stable surgical knot. 

 
 
 

 

 
 

 

 

 

 

 

 

Scientists are studying how some knots perform better than others, like this figure-eight knot tied using a special  

fiber that changes color under strain. Regions of high strain (green, yellow, blue) can be easily distinguished from sections  

of the knot at low strain (red, orange). https://www.npr.org/2020/01/02/793050811/a-knotty-problem-solved 

https://www.npr.org/2020/01/02/793050811/a-knotty-problem-solved
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The Josef and Anni Albers Foundation. “In 1971, Josef Albers established a not-for-profit organization to 

further "the revelation and evocation of vision through art." Today, this organization—The Josef and Anni 
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