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What is your work?
My art practice explores what is undoubtedly unexplorable to the public, the vastness of space. Through visualising spacetime theory and the ever-engrossing contrast of infinity, I have created an artefact that allows us to travel the stars, and glimpse upon unexplored space through haptic senses.
My research began with the increasingly interesting research discovered by Ralph A. Bagnold, “The Physics of Blown Sand and Desert Dunes”. This discovery quickly set out to disprove Einstein’s theory that space time was perfectly smooth or flat. The previously mentioned textbook remained the standard on the subject since its publication in 1941. Bagnold’s research landed him the highest award honour by The Geological Society of America, the Penrose Medal, for his research on sand dune formations and movement. 
Brigadier Bagnold’s exploration and studies into desert and sand dune formations contributed to NASA’s understanding of the landscape of Mars.
The Sands of Time – Two of physics greatest problems.
Colossal dunes of sand the size of mountains, this is what a family of tourists notice when gazing upon dunes of sand. To a distant observer they are exactly that, a single solid mass that morphs and grows unpredictably over time, however, to a physicist they could resemble the very essence of spacetime itself. 
We are astonishingly large in comparison to the granular scale of sand, furthermore, the universe is astonishingly large in comparison to the granular scale of humans. We are restricted to seeing space only in its large scale. Similar to how a family of tourists perceive a sand dune, we are incredibly large in comparison to the granular structure of the universe, restricted to noticing only one part of a bigger picture, noticing the apparent curvature of spacetime and not what comprises it. Corresponding to studying a dune of sand without the effect of each grain of sand.
Beginning with grains of sand disbursed randomly atop a sheet of card, I attempted to transform Bagnold’s space-time theory into a physical artifact. Both research and praxis undertaken, ‘Sensory Spacetime’ has become an astonishing visualisation of granular spacetime, granting a first-hand glimpse of both new and old undiscovered star clusters scattered throughout the universe.



Artefacts Creation
Both research and praxis resulted in an artefact that visualises granular spacetime. Utilizing meticulous methods inspired by Vija Celmins, I was able to create my very own fabricated star-scape, hauntingly akin to our night sky. By questioning infinity, researching, and understanding our universe’s metric expansion, ‘Sensory Spacetime’ offers a once-in-a-lifetime gape at an undiscovered locality of our ever-expanding universe. A peek into the universe’s humble beginnings, or a peer into its unformed expansion, bound by infinity to inevitably create. 
The idea began by accumulating sand in attempt to photograph it atop a plain background. I was curious to examine the fortuitousness of agitated sand and what it would resemble once photographed. A decision that unfolded to become a physical artefact resembling spacetime.




What has / hasn’t worked?
‘Sensory Spacetime’ has succeeded in attempting to create a visual representation of spacetime and the effects of granular space whilst entwining new-found theory and the meticulous practice of Vija Celmins, a Latvian American visual artist. 
This project has taken numerous unexpected paths that have undoubtably benefitted the projects outcome. Many outcomes weren’t foreseen, merely uncovered throughout the journey. Be that as it may, complications developed.
Throughout the project I had encountered numerous difficulties that has since been resolved, beginning with how sand appeared within my photographs.
The issue resided in its colour. Most sand appears to be pale to golden or caramel in its appearance, due to this the sand was incredibly difficult to see within my images, especially as I had hoped to photograph the sand upon a sheet of white card, then invert it to create what I had hoped would look like a snapshot of the night sky.
Luckily, sand is not hindered by only one colour. Sands can be black, brown, orange, pink, red, or even in some circumstances green and purple. I had a plethora of colours to choose from. As the plan was to photograph sand upon a white backdrop, I opted to obtain some black sand, as this would offer quite the contrast once inverted. The decision to opt for black sand also derived from its origin. Black sand is a type of sand directly affected by the motion of time that, it contents is heavily comprised of basalt, a common igneous rock formed from cooled lava. Basalt forms when lava reaches the Earth’s surface through volcanos or mid-ocean ridges. Initially, the lava reaches temperatures of up to 1250oC, briskly cooling within a few days to a few weeks depending on the conditions when reaching the surface. Furthermore, ‘aa lava’, otherwise known as thick, blocky lava, may take multiple years to solidify. This engrossing process entwines amusingly with my praxis, as the concept of time remains plentiful throughout the process.
As predicted, the use of black sand worked effectively and produced gorgeous results when inverted. The black grains of sand, whilst distributed atop the white card in a random manor, succeeded in creating a scene that appeared as if it were a visualization of the night sky. Its likeness was other-worldly. The blindingly white card, once inverted, became a striking void, together with the grains of sand becoming illuminated white orbs, floating in a sea of darkness. Both clusters and desolation formed, stars grouped together, and stars sat unescorted in harmony.
In the wake of achieving a fabricated star-scape digitally, I strived to achieve it physically. This idea resulted in the printing of my work on a standard sheet of paper as I intended to hold it and perceive it at different angles. At this moment is when I encountered yet another unforeseen issue. As my work is crafted to resemble the night sky, black is the predominant colour used. When it comes to printing a photo which is comprised of 99% black ink, you will run into a plethora of problems: incredibly damp printed sheets and immense printing costs. As I intended to avoid these issues, I resulted to inverting the images back to their original RAW form that depicted black grains of sand scattered upon white card. This change significantly reduced the strain on the printer and the costs of printing, with one major drawback – yet again the work does not resemble the night sky.
Nevertheless, this decision resulted in great progression down the line. To begin, physically holding the RAW image was a phenomenal experience. This allowed me to perceive the work from a multitude of angles and depths, taking into consideration how different lighting effected the work. I proceeded to envision how light can alter how the work is perceived whilst analysing if there were a way to mimic how the stars seemingly glistened virtually, within the physical work. 
Following the discovery of the meticulous crafts of Latvian American artist Vija Celmins, the idea was obvious, yet time consuming. I strived to achieve a physical edition of the digitally fabricated star-scape, doing so resulted in obtaining sturdy black card, the required size of the RAW ‘prototype’ that I had previously printed out. I then proceeded to tape the prototype to the black card in addition to impaling pin-sized holes through the sheets in the exact location of each visible grain of sand located on the prototype, differentiating in size and depth.
This process was extensive, spanning an uninterrupted day of meticulously running a pin through two sheets of paper. The result being two sheets of paper bound together. The one side being the white prototype covered in incision wounds, the other being thick GSM black card coated in hundreds of exit wounds, differentiating in size and depth. The card was used as its thickness repelled any light from passing through, with the exception of the hundreds of minute holes enveloping the work and would have been superior to printing a black sheet of paper.
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Why Meticulously Puncture the Card?
I envisioned a physical object that could mimic the appearance of the night sky, ‘Sensory Spacetime’ is just that. Once a light source is directed at the work, the majority of the light becomes obstructed by the overwhelming void created by the sheet of black card, however, the light succeeds in passing through the pin sized holes allocated where each grain of sand sat on the prototype, resulting in hundreds of glistening holes, differentiating in brightness due to the size of each insertion, mimicking the diverse, all-embracing nature of our night sky.
An unforeseen benefit discovered following the decision to meticulously craft my work is that the work now utilizes a haptic feature. Due to the coarse nature of the exit wounds located on the card, it empowers the work to be touched in a way that is enlightening as when analysing space, the thought of how each star system is felt does not come to mind. However, ‘Sensory Spacetime’ allows just that, when running your fingertips atop the work, in a transitory instant the viewer is able to experience the texture of hundreds of stars, sat milometers away on paper, 5 light years apart in space. 
The decision to impale the work with a variety of sizes in addition to different depths and angles was not solely due to the dissimilar grains of sand, instead each hole represents a unique star that is metaphorically closer to or further away from the observer. The bigger the insertion the closer the star, the smaller the insertion, the further away that star is to the imaginary wall that is the paper.

What are your feelings about your work?
As a whole, I am incredibly pleased with how ‘Sensory Spacetime’ blossomed. It began as an endeavour to create an image that appeared as an image of the night sky, when in reality it had been fabricated by the erratic movements of sand, meticulously crafted into a physical fabricated star-scape. Thenceforth it has evolved into a body of work that physically depicts the research of renowned brigadier Bagnold, whilst entwining meticulous crafts like Latvian American artist Vija Celmins.
At the very beginning of this project, I hadn’t pictured physically owning an artefact representing the night sky, viewing the beauty in which light shimmers through each pin sized hole representing a unique star, let alone being able to virtually ‘feel’ space and the distance between stars. The sensation is utterly contemporary, the thought had no context before I had discovered the haptic feature of the work. Touch is not commonly related to the vastness of space, as it is impossible to run your fingers over each star, and the void between them.
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The work possesses a brail-like texture that grants the observer the ability to touch each hole.
Additionally, the work is greatly emotional, matching that of any body of work related to our universe. The magnificent vastness of space is a matter that not all is able to comprehend without a self-inflicted panic attack. There are countless mysteries and theories that – in theory – will never get answered. The ‘one-electron’ theory, the meaning of life, what comes after death, are we alone in our universe, does the multiverse exist. These are all questions without answers, unsolved mysteries that humanity will blow one’s mind over. ‘Sensory Spacetime’ poses the question of an infinite universe, such a universe would go on forever and include every possibility, this includes endless versions of ourselves. Each fabricated star-scape is a glimpse into a fragment of our undiscovered universe, space that has not yet been created, star systems that have repeated infinitely already.



Explain why you chose this project?


[image: ]This project began as a branching of my previous project, where I attempted to alter the laws of time and freeze organic and non-organic matter in a timeless prison. Through the use of clear resin, I successfully froze a multitude of organic matter such as apples and oranges within a clear cube, this resulted in the organic matter achieving a prolonged lifespan, to this day – almost a year later – some of my timeless artefacts appear fresh, when their counterparts left to absorb oxygen browned due to a process entitled ‘enzymic browning’ after a week of the project’s conception.
	
Davies, G (2021). Suspended and the non.

This project directly correlated with my interest in the mysteries of time. It wasn’t until the project’s conclusion did my interest shift to space in addition to time. Ralph A Bagnold’s research turned out to be a great inspiration during my prior project and directly into ‘Sensory Spacetime’ as Bagnold’s research became an enormous help in the understanding of the movements of sand, quickly rivalling Einstein’s theory that spacetime was completely smooth, instead proving that it is indeed granular at the smallest scale, resembling sand.
This realization directed me to use sand in its physical means in an attempt to create an image of our night sky without the physicality of taking a photo of our night sky. Exploring if there was an alternative way to capture its vast beauty.
Contextualize your work
Sensory Spacetime undoubtedly entwines a plethora of theory and science researched and discovered by a plethora of renowned physicists. Space and time were once contextualized as something known to all, that need not explaining, and nothing more. A simple view of a now known vastly complex subject. 
“I will not define time, space, place and motion, as being well known to all.” 
Isaac Nweton, The Mathematical Principles of Natural Philosophy, Volume 1, Issue 1, 1689.
John Archibald Wheeler, renowned American theoretical physicist, was largely responsible for reviving interest in general relativity within the United States of America in the wake of World War II. John Archibald Wheeler with the assistance of Niels Bohr - Danish physicist that founded the foundational contributions to understanding atomic structure and quantum theory, which acquired the Nobel Prize in physics in 1922 - explained the basic principles behind nuclear fusion.
Sensory Spacetime associates to the work of John Archibald Wheeler through his collaborative work with Gregory Breit – A Russian-born Jewish American physicist and professor at New York University (1929-1934), University of Wisconsin-Madison (1934-1947), Yale University (1947-1968), and the University at Buffalo (1968-1973) – where, with the help of Gregory Breit, Wheeler developed the concept of the Breit-Wheeler process, a physical process in which a positron electron duo is created out of the collision of two photons. This development led to the popularization of the term “black hole”, a spacetime phenomenon where a region of spacetime’s gravity is immensely strong that absolutely nothing can escape from it, this includes particles and electromagnetic radiation, otherwise known as light.
In 1932, Ralph Bagnold staged the fundamental recorded East-to-west crossing of the Libyan Desert. Bagnold’s experience in the field of Aeolian process – wind activity in the study of geology and weather, specifically to the wind’s ability to shape the very surface of the Earth, and possibly other planets – was the groundwork for the book entitled The Physics of Blown Sand and Desert Dunes, which established the discipline of aeolian geomorphology, this in-turn combined field work observations, experiments, and the use of physical equations. Bagnold’s work has been used by the United States space agency NASA in their study of the terrain of the planet Mars. Bagnold’s work in the area has resulted in the entitlement of the ‘Bagnold Dunes’ on Mars’ surface, a 22-mile-long group of dunes, dark grey in appearance, located in the Gale Crater.
Bagnold was one of the first physicists to acknowledge what ant family of tourists visualise when gazing upon a dune of sand, a massive solid structure is seen at first, following what’s visible at first glance you begin to acknowledge the true formations of a sand dune, supermassive structures comprised of countless miniscule grains of sand. Bagnold spent his waking days working to a perfect mathematical description of sand dunes based on their granular structure, correctly accounting for their rippling features that characterize the very existence of sand dunes. Located within Einstein’s famous General Relativity is a description of spacetime:
“Fundamentally smooth, wrapping only under the strain of energy and matter”
Albert Einstein, General Relativity & Theory of Special Relativity, 1915
However, a handful of physicists including the likes of Ralph Bagnold believe that spacetime may truly be granular at the smallest scale, mimicking the likes of which of a sand dune. Researchers peer beyond the smooth, supermassive scale, instead analyse the effect of each miniscule part.
This discovery entwines with general dynamics – the behaviour of mass and gravity through the induction of warped spacetime -, quantum mechanics – the behaviour of miniscule particles – and the metric expansion of space.
The metric expansion of space is a fundamental part of science’s current understandings of the universe, from what source spacetime itself is described by a metric which alternates over time in such a way that the spatial dimensions appear to grow or stretch as the universe grows older.

“The universe is expanding faster than anyone had previously measured or calculated from theory. This is a discovery that could test part of Albert Einstein’s theory of relativity, a pillar of cosmology that has withstood challenges for a century.”
Tim Radford, Universe is expanding up to 9% faster than we thought, 2016
In an article produced by Tim Radford on behalf of The Guardian, physicists and lead author Adam Rides said: “You start at two ends, and you expect to meet in the middle if all of your drawings are right and measurements are right... But now the ends are not quite meeting in the middle, and we don’t know why” (2016, p.4). These very researchers progressed to discover that there is a new-found expansion rate to our universe that has excelled to a staggering 73.2 kilometres per second per megaparsec.
1 Megaparsec = 3.26 million light years, 1.9164319e+19 miles,
73.2 kilometres per second, per megaparsec,
= 2.37225044 x 10 -18 hertz.
This unfathomable speed is the equivalent at travelling 163,743.7 miles per hour, per megaparsec, which in turn is every 3.26 million light years. Understanding this information, the distance between cosmic entities will double within 9.8 billion years, this may not sound like much, and it will take place over a significant duration of time, however, with the universe expanding at such a rate that borders infinity, the universe will forever create, whilst dooming its previous creations with the company of an eventual infinity between celestial entities.
Two hypotheses for the discrepancy of our universe is that the universe has unknown subatomic particles which behave similar to neutrinos, particles that travel nearly as fast as the speed of light (186,000 miles per second). Another is a finding entitled ‘dark energy’, a puzzling, anti-gravitational force discovered in 1998 by Adam Riess, an American astronomer, Saul Perlmutter, an American physicist, and Brian Schmidt, an American-born Australian astronomer.
“Dark energy is a repulsive force that is the dominant component of 69.4% of the continuous universe.” (2009, Dark energy, Adam Riess). The prevailing percentile of the universe consists of ‘matter’, a material substance that constitutes the observable universe, together with energy, matter forms the basis of all objective phenomena, and ‘dark matter’, a component of the universe whose existence is distinguished from its gravitational attraction instead of its luminosity. Dark energy being naturally gravitationally repulsive contrary to gravitationally attractive signifies those celestial objects are pushed away in lieu of a gravitationally ‘heavy’ object, pulling commodities closer, within the volume it occupies. The true nature of dark energy is still not effectively understood. 
Cosmic repulsive forces was first hypothesized by Albert Einstein, represented by the term “cosmological constant” (1917, General Relativity), Einstein reluctantly introduced cosmic repulsiveness into his theory of general relativity in order to prevent the attractive forces of gravity, and consider for a universe that was initially assumed to be static, “Neither expanding nor contacting” (2009, Dark energy, Adam Riess). Less than three years later in 1920, contradicting Einstein’s’ theory, an American astronomer by the name of Edwin Hubble, discovered that the universe is not static, but in fact expanding. This discovery was nothing but confusing to many as physicians as Einstein referred to the addition of this constant as his “greatest blunder” and suggested that the universe possessing a mass-energy budget was improbably low, thus an unknown absent component was required to make up the deficiency.
The discovery of the ever-expanding universe leads to another set theory that has become a fundamental theory in mathematics and is an underlining concept within my project, the understandings of infinity. Georg Cantor, German mathematician and set theorist created a fundamental theory within mathematics which established the importance of “one-to-one correspondence between the members of two sets, defined infinite and well-ordered sets, and provided that the real numbers are more numerous than the natural numbers.” (2014, Set Theory, Stanford Encyclopaedia of Philosophy). Cantor’s method of this theorem implies the existence of an infinity of infinities. Entwining this theory to both the theory discovered by Ralph Bagnold, “The sands of time” and physicist Hugh Everett, “Many-worlds theory”, or “The multiverse”, we can explore the theory in which our universe is indeed infinitely extending and expanding, forever creating formations beyond imagination. The set theory of infinity correlates to my work as when an erratic amount of sand grains is disbursed upon paper, then photographed, that very formation of stars represented by sand unquestionably exists somewhere in our universe. 
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 Celmins, V. (2010). Starfield.

The dedication to meticulously paint each star as Celmins visualises them above her greatly inspired me to do the same within my work. The standing point of Sensory Spacetime undertook photographing countless grains of sand scattered upon card, photographed, and inverted to represent a snapshot of celestial bodies. The dedication of Vija Celmins convinced me to puncture a pin sized hole through each and every star located where a grain of sand sat.
‘Starfield’ was created by combining messotint - a tonal etching technique that causes velvety gradations from deep blacks to distinct whites – with drypoint, which Celmins used to sharpen minute details. The piece is comprised of two equal-sized etching plates, as a central white divide is notable within. The starry night sky is a theme that Celmins would return to time after time, using a variety of labour-intensive techniques. Acknowledging how tempting returning to the stars is, as we are in constant motion throughout the universe, Celmins has explored an abundance of earth-bound perspectives. 
‘Desert’, Clemins, V. 1971, is one of those earth-bound perspectives that undoubtably associates to my praxis along and associates with the engaging research or Ralph Bagnold. Bagnold is renowned for his geological explorative work in understanding the movements of blown sand and desert dunes, in turn his work was the basis for the book entitled ‘The Physics of Blown sand and Desert Dunes’. ‘Desert’ is one of a set four lithographs created by Celmins from pencil drawings. These pencil drawings consist of ‘Sky, 1975’, ‘Galaxy, 1975’, Ocean, 1975’, and ‘Desert, 1975’, all of which have been bought by and have been exhibited by the Tate Modern.
Over the course of her lengthy and productive career as an artist, Celmins has translated the surfaces of desert floors, galaxies, skies, and other subjects into meticulously drawn and painted images, with the goal of creating photorealistic illusions, however, Celmins decides to reveal the edges of each work on paper, which shatters the previously mentioned illusion. ‘Desert, 1975’ appears vast and expansive, inviting the viewer to consider the sublimity of the landscape, whilst Celmins’s caring attention to miniscule details furthermore draws us closer to the image and into the present moment.
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Gaps / any limitations?
Sensory Spacetime is not a project that developed overnight nor was it a project unaccompanied with failure, it was a brilliant journey filled with twists and turns, a plethora of relevant research and executed following numerous idea substitutes. The project began as an adaptation of my previous project in which I attempted and succeeded to halt the progression of time through assessing the effects of resin on easily perishable fruits and plants. From the beginning my interests have resided in the great mysteries of time and have recently expanded to understanding the mysteries of our universe, contextualizing many physicists research and theories to create work that offers a glimpse into the unknown, balancing new and old theories, creating a fresh, contemporary take.

What is your action plan for an exhibition?
My exhibition will consist of a select few artifacts strung up, hanging from a makeshift stand – picture a contraption resembling a goal post, except smaller and houses a secondary, horizontal bar across the bottom. Each artifact will be attached to the horizontal bar, placed side by side, possibly in columns of two, with a larger artifact suspended in solitary on another stand. There will be a bright light source positioned a few meters behind each stand, this light source will be white in colour and constantly plugged in / turned on for the duration of each showing. The distance at which the source of light is positioned behind the work need not matters as it is bright enough to luminate through each hole located on the work, it will preferably be positioned a few feet from the wall, with the artifacts hung just a few feet before the light. This light source is ever so important in order for each artifact to truly resemble the night sky, as the visible stars above us consist of pure light energy. The viewer can then alter their distance between themselves and the work, this interactive feature allows for the light that luminates through each hole the ability to hit your retinas at a variety of angles and distance, in correlation to how each and every star is located at a different distance from Earth. The closer the viewer gets to the work, the more stars become visible, this is due to the difference in pressure applied when puncturing the card, the difference in depths and size of each hole alters the quantity of light that is authorized to pass through, resulting in some stars appearing brighter than others, this directly relates to the distance between us and the observable stars, the brighter the star, the newer / closer the star is in relation to the observer, dimmer stars depict stars that are further away. The work also offers the haptic feature of tough if desired / permitted as its texture is yet another interactive feature as touch is a sense not associated with the universe, yet Sensory Spacetime grants the viewer the ability to experience the distance between stars through its rough, moonlike texture.


Future developments
Only time will tell how this body of work will adapt. Currently I see this work in an exhibition space, this gives anyone and everyone the chance to experience what I have experienced creating this project. It has been a roller-coaster, and it still is. There’s a multitude of directions this work can go in, its overall size can change to be bigger or smaller than its current size, the addition of soundwaves can be used to distribute the grains of sand in a more random / less random manor using frequency, possibly uncovering the frequency of the universe, then creating a body of work that depicts sand that has shifted due to the universe’s frequency. Video / sound adaptations.

If you had the chance to redo the practice, what would that look like?
Frequency will be used. The use of soundwaves to distribute the grains of sand will reflect how, despite its randomness in appearance, each formation repeats if the select frequency is used to vibrate the sand. The universe is full of mysteries, the most perplexing being sound and its ability to vibrate grains of sand on a flat surface to create patterns. The pattern formed by sand on a flat surface is the standing wave pattern associated with the frequency of vibrations caused by sound. As the surface vibrates, the sand begins to vibrate and tumble about the surface until it reaches points along the surface that is not vibrating. I would take this knowledge and apply it to the frequency of the universe. Does the universe’s vibration alter where and how atoms form? Studies suggest that music makes one feel a certain way due to the frequencies travelling through one’s body, ‘tingling’ our atoms.

Summary of the practice – a summary of what I have already written



Introduction – in this report I will discuss: Then list what you will discuss




















Bibliography – Not yet edited

Exhibitions:
Vija Celmins TATE: https://www.tate.org.uk/art/artists/vija-celmins-2731

Books:
Isaac Newton: The Mathematical Principles of Natural Philosophy: Volume 1, Issue 1
Isaac Newton: Principia: Sections I, II, III
Isaac Newton: Newton’s Principia: The Mathematical Principles of Natural Philosophy
Isaac Newton: Opticks:: Or, A Treatise of the Reflections, Refractions, Inflections and Colours of Light
Albert Einstein: The Theory of Relativity: And Other Essays
Stephen Hawking, Roger Panrose: The Nature of Space and Time
Leonard Mlodinow, Stephen Hawking: The Grand Design
Ralph A Bagnold: The Physics of Blown Sand and Desert Dunes

People:
Hugh Everett: Many worlds / Multiverse theory
Ralph. A. Bagnold: Geologist and Physicist
John Archibald Wheeler: Theoretical physicist
Isaac Newton
Albert Einstein
Stephen Hawking
Roger Panrose
Leonard Mlodinow
Georg Cantor – infinity
Adam Riess – dark energy
Saul Perlmutter – dark energy
Briam P.Schmidt – Dark energy
Edwin Hubble – Discovered the universe was not static
Vija Celmins – artist


Websites:
Frobes: Sound in space: https://www.forbes.com/sites/startswithabang/2017/05/03/there-is-sound-in-space-thanks-to-gravitational-waves/?sh=2f0581534049
AGU: Deep space infrasound:  https://news.agu.org/press-release/scientists-identify-distinctive-deep-infrasound-rumbles-of-space-launches-audio/
Distance between stars: https://public.nrao.edu/ask/what-is-the-average-distance-between-stars-in-our-galaxy/#:~:text=Answer%3A,our%20Sun%20and%20Alpha%20Centauri.
The speed of light, Ph.D Vishesh Khemani: https://www.cantorsparadise.com/the-speed-of-light-fd6480e7b3a8
Brightness of a star: https://www.childrensmuseum.org/blog/why-are-some-stars-brighter-others
Ralph A Bagnold The Physics of blown sand and desert dunes: https://www.nytimes.com/1990/06/01/obituaries/ralph-bagnold-94-expert-on-physics-of-sand-in-the-desert.html
The Metric Expansion of Space: https://www.cs.mcgill.ca/~rwest/wikispeedia/wpcd/wp/m/Metric_expansion_of_space.htm#:~:text=The%20metric%20expansion%20of%20space,as%20the%20universe%20gets%20older.
What is sand: https://eartheclipse.com/geology/sand-composition-colors-types.html#:~:text=Most%20sand%20appears%20to%20be,crystals%20that%20dominate%20the%20sand.
What is time? Exploring the multiverse: https://www.wired.com/2010/02/what-is-time/
Donald Crowhurst - The Fake Sailing Story: https://www.yachtingworld.com/features/donald-crowhurst-fake-world-sailing-story-the-mercy-123426
Hidden and Unfamiliar Taryn Simon: http://www.tarynsimon.com/works/aihu/#1
Einstein’s general relativity: https://newsroom.ucla.edu/releases/einstein-general-relativity-theory-questioned-ghez#:~:text=Einstein's%201915%20general%20theory%20of,the%20Earth%20change%20this%20geometry.

Physics hypertext book: https://physics.info/general-relativity/
Breit-wheeler process: https://www.sciencealert.com/physicists-claim-they-ve-finally-observed-matter-being-made-out-of-colliding-light
Aeolian Process: https://en.wikipedia.org/wiki/Aeolian_processes
Bagnold Dunes – Mars: https://en.wikipedia.org/wiki/Bagnold_Dunes
Albert Einstein: His life, theories and impact on science: https://www.space.com/15524-albert-einstein.html
Universe is expanding up to 9 percent faster than we thought: https://www.theguardian.com/science/2016/jun/03/universe-is-expanding-up-to-9-faster-than-we-thought-say-scientists
Discovery of dark energy: https://www.britannica.com/science/dark-energy
Matter: https://www.britannica.com/science/matter
Dark matter:  https://www.britannica.com/science/dark-matter
Set theory: https://plato.stanford.edu/entries/set-theory/
Voyeger 1 Pale Blue Dot: https://www.bbc.co.uk/news/science-environment-51491471#:~:text=The%20%22Pale%20Blue%20Dot%22%20picture,using%20modern%20techniques%20and%20software.



Visual Bibliography [Photographs] in order of appearance.
· More will be added
image4.jpeg




image5.jpg




image6.jpg




image1.jpeg




image2.jpeg




image3.jpeg




