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A r t i s t ’ s  A r t i c l e

The Seen and Unseen
Weaving as a Metaphor 
for Wave/Particle Duality
K aT i e  G l U S i c a

Having been trained as an artist and a weaver, with a keen 
interest in science, I intend here to share a potentially rich 
connection between weaving and the concept of wave/parti-
cle duality. First, I describe the process of weaving and prop-
erties of woven cloth. I then provide historical examples of 
the weaving metaphor as used to express cosmological con-
structs. The Seen and Unseen series of woven cloths that I dis-
cuss uses the visual language of weaving to create a metaphor 
for the essence of wave/particle duality. The open nature of 
the fabrics creates an effect that magnifies the weave, allowing 
the structures and materials to become the visual content. 
The combination of open sett structures and light-reflective 
materials creates a perceptual effect whereby the same fabric 
appears to change from more wavelike to more particle like, 
though always both at once. This effect is amplified by the 
changing proximity of the viewer while observing the fabric. 
These cloths can become tangible aesthetic interfaces that 
offer a simplified and beautiful expression of wave/particle 
duality, enabling previously uninformed viewers to perhaps 
become curious about the quantum world and weaving.

WeavinG: The ProceSS

Weaving is distinguished from other cloth-making processes 
in that its structure is based on the perpendicular combina-
tion of two elements: a warp and a weft. The process ultimately 
takes curvilinear yarns and forces them into a rectilinear 
grid. The materials chosen for the warp and weft are based 
on the properties of the cloth desired. Typically, the warp 
must be the stronger of the two elements and able to with-
stand tensile stress and take the wear of passing through the 
loom. It is the element that remains constant throughout the 
weaving process, although it can be manipulated to varying 
degrees while on the loom. The weft, however, can function 
very differently throughout a woven cloth, and the material 
and density of it can be varied indefinitely. The warp and 
weft are set at opposing tensions and perpendicular  positions 
throughout the weaving process, in a dualistic system, for 
the ultimate purpose of interconnecting the fibers into one 
structure. In a sense, the unwoven yarn is like unobserved 
energy, wavelike, which upon the act of weaving becomes a 
unified grid yielding a cloth with an image or pattern created 
in a pixel-like or particle-like manner.

The vertical warp yarns are first ordered and threaded 
through the loom to achieve a desired pattern. They are then 
tied and wound to the warp beam of the loom before being 
tied onto the cloth bar. After the warps are all tied on, the 
weaver uses the loom to lift and lower the warps in sequence 
while passing the horizontal weft thread between the sepa-
rated layers. As the woven cloth emerges, the weaver winds 
it onto the cloth beam at the front of the loom for storing the 
new fabric, allowing for more warp to unwind from the warp 
beam and for the weaver to continue.

Weaving cloth combines the individual characteristics of 
the warp and weft and acquires new qualities as a whole. 
Decisions made about the density and placement of warp and 
weft, as well as the actual selection of materials, affect the na-
ture of the cloth. Physically sampling material and structural 
combinations is an important step in the process because 
the woven structure can dramatically change the feel, drape 
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This research explores the descriptive and metaphorical  
relationships between weaving and wave/particle duality through  
a series of woven artworks. First, it provides an explanation of the 
weaving process and its historic use as a metaphor for the cosmos.  
The pieces discussed are visual metaphors wherein the structure  
of the fabric becomes the content. This connection is perhaps  
part of a contemporary cosmological construct, replacing the  
sacred with science and utilizing weaving as a constant in the 
continuum.

article Frontispiece. Silk/Merino Monofilament Plain, 
hand-woven silk/merino wool blend and nylon monofilament  
fabric in plain weave with post-loom hand manipulations,  
3 × 7 ft, 2011. (© Katie Glusica. Photo: Imke Lass.)
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Fig 1. Jacquard vs. Harnesses. Both of these fabrics can be made using a needle weaving technique, but when it comes to mechanical looms, 
there can be limitations. The fabric shown on the left can only be loom produced using a Jacquard, whereby each warp thread can move  
independently, as opposed to the fabric on the right, made on a loom that uses harnesses and warp threads working together in predetermined  
groups. Interestingly, the Jacquard loom was an early application of punched cards; the cards directed the loom regarding what warp to lift or lay.  
The binary technology used for the loom inspired and aided the computer developments of Charles Babbage [8]. (© Katie Glusica)

and longevity of the cloth. Typically, a dense warp and weft 
sett with strong materials, such as linen or cotton, yields a 
stronger cloth. The woven structure of the cloth makes the in-
dividual threads stronger collectively. It is the yarn’s attempt 
to simultaneously escape and maintain the grid that provides 
its strength. Weaving brings the potential of yarn, wavelike, 
into the particulate grid that is cloth through the vision and 
action of the weaver. This translation of image and pattern 
is, perhaps, wherein lies the metaphoric connection between 
weaving and wave/particle duality.

Figure 1 shows detail images of handwoven fabrics. The ex-
ample on the left shows how an image can be built into a jac-
quard woven cloth by utilizing various yarns and structures 
that correspond to tone and color. This effect is achieved by 
first translating the desired image into a grid. Today, this 
translation often involves scanning an image into a computer, 
where it is pixelated, though it can also be punched out on 
a series of cards, depending on the loom. Each point in the 
grid, or pixel, correlates to an intersection of warp and weft 
where certain color, structure and material combinations are 
used to create the image in weaving. When drafting for either 
a jacquard or harness style loom, the image must first be 
translated into a grid as described, made into a particulate 
simplification of what will be a complex network of intercon-
nected threads. Because of the fineness of the fabric on the 
left in Fig. 1, the knowledge that it is made of hundreds of 
yarns moving over and under one another is obscured. How-
ever, it is more obvious that the fabric on the right is made 
of many yarns, creating a pattern and image but one that is 
abstract and repeating. A woven piece of fabric is a group of 
wavy yarns set into a particulate pattern, but always remain-
ing like both wave and particle through the interaction of a 
weaver and loom.

WeavinG aS MeTaPhor

Weaving has been used to discuss cosmological constructs 
throughout history and across the array of human cultures. 
Examples date back to ancient Egypt where Neith, symbol-
ized as a spider, was the weaver of the world; in ancient China 
philosophers compared “the alternations of the yin and yang” 
to “the to-and-fro motion of the shuttle on the cosmic loom” 
[1]. In ancient Greek and Roman cultures “Athene/Minerva is 
a weaver of the world, as is Harmonia. The Fates, the Moirai, 
weave the web of destiny” [2]; and in the Christian tradition 
the weaving metaphor is used to describe the fundamental 
doctrine as the warp and the commentary on the doctrine 
as the weft [2]. These cosmological metaphors focus on the 
dualistic nature of the weaving process. However, that pro-
cess, while dualistic in nature, is also holistic.

One particularly relevant example of a more complete 
metaphor of the weaving process used to understand a cul-
ture’s cosmological views is found with the Kogi people of the 
Amazon rain forest. Wade Davis discussed the Kogi’s views 
in his book One River [3]. Based on the research of Gerardo 
Reichel–Dolmatoff, Davis explains that the Kogi perceive the 
sacred in the material world through weaving:

The earth itself, the surface of the land, is also a loom, an 
immense template on which the sun weaves the fabric of 
existence. In the four corners are the points of the solstices 
and equinoxes, the loci between which the divine weaver 
moves each day and night creating the worlds of light and 
darkness, of life and death [4].

Here, the act of weaving and light are key to the Kogi 
people’s understanding of the universe, and both abide by 
the concept of wave/particle duality. Light is also integral to 
the perception of The Seen and Unseen series discussed in the  
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following section. The series expresses a perhaps more rele-
vant contemporary cosmological construct, wherein the idea  
of the sacred is replaced with current scientific concepts, while  
weaving remains as an apt tangible and visual metaphor.

The arTiST’S PerSPecTive on WeavinG aS 
MeTaPhor For Wave/ParTicle DUaliTy

Despite being aware of the fact that, in addition to the mate-
rial world we engage with daily, there is also a subatomic 
version of it, it was not until I began combining weaving with 
learning more about quantum theory, and specifically wave/
particle duality, that this reality became astonishing and I 
became curious. Having gathered its essence from a variety of 
sources, I understand quantum theory to explain that despite 
the material differences of daily reality, once broken down 
into the most basic form, everything is the same: energy. In 
Quantum Reality, Nick Herbert offered an explanation of 
wave/particle duality and the nature of the subatomic world 
that resonated with me, referencing the Airy pattern (de-
veloped by George Biddell Airy in the 19th century), which 
explains the nature of waves, including light [5]:

A purely particle theory cannot explain the Airy pattern; a 
purely wave theory cannot explain the flashes on the screen. 
The electron is in reality neither particle nor wave, but an 
entity entirely new to human experience which exhibits the 
properties of both. The electron is pure quantumstuff [6].

In a later discussion, Herbert further describes the nature 
of this duality: “It’s a world that’s wavelike when unobserved, 
particlelike upon observation: a world whose attributes come 
in pairs which jointly resist observation” [7].

Reading Herbert’s description of wave/particle duality as 
an artist has brought enthralling questions about perception 
into my studio practice. Coming to understand this concept 
has allowed me to ponder its significance in terms of every-
day life. What does it mean that on a subatomic level energy 
looks like a particle or a wave, depending on the act of obser-
vation, but is always both at the same time? For this weaver 
and artist, the investigation of these questions began with the 
visual representations of a particle and of a wave. There are 
many versions of these illustrations, but essentially they are 
points and wavy lines.

From a weaver’s perspective, there is a relationship be-
tween how Herbert describes current understandings of 
wave/particle duality and properties of woven cloth. Upon 
the interaction of the weaver, the potential of waves of yarn 
is actualized into cloth, producing a particulate structure. 
The image or pattern is created where the warp and weft 
intersect. The warp and weft, once constructed into cloth, are 
both wavelike and particle-like. The yarns always maintain 
their wavelike nature, although they have been locked into 
a grid where they are seen as a pixelated pattern. It requires 
the vision of the weaver and acts of measuring and ordering 
the curvilinear yarn into perpendicular positions to weave. 
While on the loom, all the many pieces become rigid, set un-
der tension in straight lines to bring them together. However, 
the fabric, once complete and cut from the loom, assumes 

both properties. It is now neither curvilinear nor particulate 
but both at once. The warps and wefts intersect and are per-
ceived as individual points that make up a pattern or image, 
but those points are our perception of where the wavy yarns 
intersect.

Having made this simple visual connection based on weav-
ing and wave/particle duality, I came to see that both plain 
and waffle weave structures could equally well express the 
essence of wave/particle duality. However, any woven struc-
ture will suffice. As a weaver, I do not see cloth for its pat-
tern or image alone but always in the context of how the 
whole is created based on specific structures, from a sort of 
three-dimensional perspective. Figure 2 is a hand-rendered 
illustration titled “From Waves and Particles to Weaving.”

The illustration, like the series of fabrics that I later discuss, 
is not to be thought of as a model but as a simplified way to 
express how I connected weaving and wave/particle dual-
ity. With this series of works I aim to excite curiosity about 
wave/particle duality and weaving in the viewer by offering 
a tangible visual metaphor for an otherwise invisible con-
cept of which many people are unfortunately unaware. Here, 
weaving and art are used as an interface between people and 

Fig. 2. From Waves and Particles to Weaving, 
ink drawing, 2014. (© Katie Glusica)
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Fig. 3. Silk/Merino Monofilament Plain, 
hand-woven silk/merino wool blend and  
nylon monofilament fabric in plain weave  
with post-loom manipulations, 18 x 24 in. 
(detail), 2011. (© Katie Glusica.  
Photo: Imke Lass.)

Fig. 4. Silk/Merino Monofilament Plain, 
Grid 1, hand-woven silk/merino wool fabric 
in plain weave with post-loom manipulations,  
3 x 3 ft, 2013. (© Katie Glusica. Photo:  
Imke Lass.)

scientific ideas important to culture and contemporary cos-
mological constructs.

The Seen and Unseen series I discuss here uses plain weave 
(Figs 3–4 and the Article Frontispiece) and waffle weave (Figs 
5–7) structures in specific combinations of materials and 
density to express wave/particle duality. I created the pieces 
shown in Fig. 6 and the Article Frontispiece on my 8-harness 
style loom using a reflective, translucent and shadow-casting 
clear nylon monofilament in combination with a yarn that 
is a naturally colored mixture of merino wool and silk. The 
materials were chosen for their visual and physical proper-
ties, as in combination they refer to the dualistic nature of 
weaving and wave/particle duality, to remind the viewer not 
to lose oneself in the idea of the whole cloth but to think of 
it in terms of a unified duality.

The lack of friction between the monofilament and the 

yarn allows for the fabric to be deformed by pulling and 
pushing the yarns within the limits afforded by their struc-
ture. The openings created enable the viewer to see clearly 
where the yarns come together and move apart, both as a 
collective and individually, appearing like both a wave and 
a particle. The yarns around the holes will slowly move back 
into their original sett because of the weave structure and 
lack of friction between the materials. The yarns are con-
stantly moving, therefore the cloths are constantly changing. 
The fabrics appear as a whole and as many parts. They seem 
both new and old. Many viewers find it difficult to refrain 
from touching the fabric on display. When possible, there is 
a “touch sample” made available so that viewers may inter-
act with the fabric themselves, seeing how it changes with 
their interaction. Here again, there is potential for the wave/
particle duality metaphor in that the experience of viewing, 
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Fig. 5. Silk/Merino Monofilament Waffle 2, silk/merino blend 
yarn and nylon monofilament fabric, waffle weave structure,  
2 × 3 ft, 2012. (© Katie Glusica. Photo: David Smalls.)

Fig. 6. Silk/Merino Monofilament Waffle 1, silk/merino blend 
yarn and nylon monofilament, waffle weave structure, 3 × 4 ft,  
2011. (© Katie Glusica. Photo: David Smalls.)

Fig. 7. Untitled (ripple grid I, waffle derivative), silk and Egyptian 
cotton fabric hand-woven on a computer-assisted Jacquard loom,  
detail 4 × 6 in, 2011. (© Katie Glusica. Photo: Imke Lass.)

especially viewing fabric, initiates an interactive observation 
that changes the overall perception of the cloth. The fabric’s 
appearance is inherently changed by the angle of the light 
hitting it.

The cloth shown in Fig. 7 is an exploration of these ideas 
using a computer-assisted jacquard loom. Although the ac-
tual weaving is still done by hand, the computer and loom 
communicate to control the warp lifting, with the help of 
an air compressor. My explorations into non-industrialized 
jacquard weaving have been limited because of scarce access 
to such technology. The fabric is made of a dyed cotton warp 
and naturally colored silk weft. Here the use of a denser sett 
and traditional materials takes the work closer in mind to the 
everyday textile, the sorts that are on our bodies and in our 
homes. The structures are derivative of the traditional waffle 
weave used in the previously mentioned fabrics. Because I 
used a reflective, but not transparent, silk weft, the plain wo-
ven areas of the cloth appear more dramatically pixelated 
and the unwoven areas even more revealing of the wavelike 
nature of the many interlocked yarns.

Art can create an interface for people to grapple with 
paradigm-changing ideas. It can enable unseen concepts to 
affect the way we think and live. These woven objects use the 
familiar vehicle of textile to visually express a metaphor for 
a culturally relevant scientific theory of an invisible nature. 
These pieces exude properties of both old and new cloth with 
historical precedent and contemporary relevance. They serve 
as a tangible interface between science, art and people that 
expresses the essential beauty of weaving and wave/particle 
duality. Weaving and wave/particle duality force us to recog-
nize the necessity of non-binary thinking in dualistic systems 
at work in society and nature.
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Glossary

plain weave—a woven structure where the vertical warp yarns and hori-
zontal weft yarns are interlaced so that each warp and weft moves 
over or under every other in a balanced way, displaying equal parts 
warp and weft. This is the most basic woven structure.

sett—the density of the warp threads in a fabric. Warps are also referred 
to as ends. For example, a cloth may have 5 ends per inch or 24 ends 
per inch.

waffle weave—a woven structure composed by the intersections of warp 
and weft interlocking in a plain weave (particle-like) and leaving 
long floats between these points where the yarn is not intersected 
(wavelike).
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