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10 Hans Kristian Eriksen, astrophysicist

BUR STING AT THE SEAMS

Some three thousand years ago, the creation of the universe was 
succinctly summarized by the authors of Genesis as, “And God said, 
‘Let there be light’: and there was light.” Fast-forward a few thousand 
years, and we are finally able to add an astonishing amount of detail 
to this sentence, as we aspire to measure the echoes of spacetime 
bending under the strain of quantum fluctuations when it was only 
0.000 000 000 000 000 000 000 000 000 000 001 seconds 
old. Yet, even though the various physical processes acting in the 
newborn universe are remarkably well understood, the most basic 
and fundamental questions remain as mysterious and unapproach-
able as they did thousands of years ago: what are physical laws, and 
why does the universe obey them?
 For all practical purposes, scientific physical cosmology started 
with Einstein’s Theory of General Relativity (GR), published in 1916. 
This theory can be summarized in the iconic Einstein field equation,

where the left-hand side describes the geometry of space, and the 
right-hand side describes the matter contents of space (stars, galaxies, 
dark matter and energy). In the words of Professor John Archibald 
Wheeler, this equation states that “space tells matter how to move; 
matter tells space how to curve”, and it applies equally well to apples 
falling from trees and the Earth moving around the sun, as to the 
universe as a whole.
 When applied to the universe, however, this equation makes 
a dramatic prediction: it doesn’t allow for stable, static solutions. 
Things have to move and evolve. If one tries to set up an initially 
static universe in which no galaxy moves with respect to others, then 
gravity will make things implode, much like an apple will fall to the 
ground if left alone. The only way to avoid this implosion is if space 
itself expands, such that all galaxies on average move away from all 
others. The American astronomer Edwin Hubble discovered such 
expansion in 1929, forever changing our view of the universe.
 Universal expansion has several profound consequences. For 
instance, if the observable universe will be larger tomorrow than it 
is today, it must have been smaller yesterday. And even smaller the 
day before that. In fact, if one keeps going backward in time, one will 
find that at some point the entire observable universe was contained 
within a very small volume indeed – a billiard ball, a marble, or even 
the nucleus of an atom. And according to GR and the most recent 
cosmological measurements, that happened 13.8 billion years ago, 
with an uncertainty of 50 million years.
 However, it is well known that if one compresses a gas into a 
smaller volume, it heats up. To experience this in daily life, simply 
inflate a bicycle tyre with a hand-driven air pump; the pump becomes 
warm from the increased air pressure. The same happened in the 
early universe. As we go back in time, matter density increases, and 
therefore the pressure and temperature also increases. Indeed, if one 
looks far enough into the past, temperatures reach such heights as 
to burn everything to pieces. The extreme photon intensity rips all 
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01 Cosmic Microwave Background intensity: 
baby picture of the early universe, as measured  
by Planck, a European-funded ESA satellite mission.  
The red and blue spots indicate regions that hap-
pened to be slightly warmer or colder than average 
when the universe was 380 000 years old. Galaxies 
later formed most easily in the blue regions.
02  Galactic dust polarization: amplitude of polar-
ized light from vibrating dust grains in the Milky Way
03  The measurement of the polarized Cosmic 
Microwave Background sky as observed by Planck.
04  Scalar simulation: a perfect simulation 
including only scalar (normal density) variations.
05  Tensor simulation: a perfect simulation 
including only tensor (inflationary gravity wave) 
variations.
06  A polarization of galactic dust.

02

03–06

Big Bang universeOrigin rhythm directiOn
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64 Hamid Ismailov, writer

A C ORP SE

Let him who gives me a shadow not hold me.
You know the breadth of a star
is not equal to the embrace of the ray.

Let me go, blue holy light,
my shadow is in torment on the black earth.
Am I drunk, or is my road drunk?

The snow flows, the earth is white and black.
The word ‘I’ is a wanderer like I, 
you are eternal as an icy, cracked puddle.

Did we trip over our shadow
or did the mirage melt in the icy pupil — 
a roof, holding up a lamp,  

when the house moved.

01 Threaded Interface. MDF, 
elastic cord, custom software, 
computer, video projectors, video 
cameras, 2012. 
02 Nervous Structure 5.  
Site-specific interactive installation, 
spandex, video projector, video camera, 
computer, custom software, 2011.

Cuppetelli • Mendoza, artists

VARIOUS INTERFERENCES

01–02

eternal mirage shadOw wAve interference
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78 Michael Berry, physicist

THE ELLIP TIC IN TEGRAL 
IN THE SKY

The light of the day sky is sunshine scattered by air. It is blue because the 
blue waves in the spectrum from the sun are shorter than the red waves, 
so an air molecule appears bigger to arriving blue waves and scatters 
them more strongly. But there is more to daylight than the brightness 
and colour that we see. There is a hidden property – polarization – that 
we can scarcely perceive (though some creatures – for example bees – 
can). Polarization is the sideways vibration of the electric and magnetic 
fields comprising light. In the sky is a secret pattern of polarization, built 
from four fingerprint structures.
 The starting-point for understanding this is that light arriving 
from the sun is a random assembly of transverse vibrations in all direc-
tions – not polarized at all. But the act of scattering induces polarization. 
Each molecule is a tiny aerial, set into vibration by incoming light and 
re-radiating it in all directions. Different incoming polarizations are 
scattered differently, in a way that appears strongest at right angles to 
the sun, and weakest in the direction of the sun and opposite to the sun 
(the “anti-sun”, visible for a while before sunrise and after sunset). This 
can be seen by looking at the sky through a polarizing sheet, such as a 
lens from polaroid sunglasses, and rotating it. The brightness varies, 
more powerfully at 90° from the sun and hardly at all near the sun and 
the anti-sun. 

In this theory, based on the sunlight being scattered once, the polariza-
tion pattern of daylight would be structured around the two unpolarized 
antipodal points in the sky: the sun and the anti-sun. But the reality is 
different. Already in the early 19th century – and long before the scat-
tering of polarized light was understood – three unpolarized points were 
observed in the sky: above and below the sun, and above the anti-sun. A 
fourth was predicted, below the anti-sun, and it was observed in 2002, 

01

pOlarizatiOn fingerprints patterns sky scattering

yellOw sun navigatiOn



87
86 different wavelengths (colours) and irradiances on their eyes. Using 

a microelectrode placed on the outer surface of the eye or just below 
the cornea, I can record an electrophysiological response called an 
electroretinogram (ERG), which varies in size depending on how 
sensitive the eye is to that particular colour. In addition to the light 
source, my electrophysiological rig consists of a microelectrode 

amplifier to amplify the microvolt signals, an electromagnetic shutter 
under computer control to vary the duration of the flash, a Faraday 
cage to block out extraneous noise that might be picked up by the 
very sensitive microelectrodes, a refrigerated water bath, so I can 
keep the animals at their ambient temperatures of 4° to 7o°C, and a 
data acquisition system [04]. It’s always best to conduct physiological 
work on fresh animals, so I bring my electrophysiological rig out to 
sea with me. Research cruises are usually filled with a number of 
researchers working on different projects, and since I can’t expect 
them all to work in the dark just because my animals need to be kept 
dark, I usually end up making a dark room [05] over the Faraday cage, 
constructed of an ocean-going scientist’s favourite accessories – duct 
tape, black plastic sheeting and PVC pipe. In order to determine the 
spectral sensitivity of various species, I record a criterion response at 
5 nm wavelength intervals from 350 to 650 nm. I adjust the irradiance 
at each wavelength using the neutral-density wheel until I get a 50 µV 
criterion at each wavelength tested. The idea behind this process is 
that, if the species has a blue-sensitive visual pigment, it will take 
less light at the blue wavelengths to generate the 50 µV criterion than 
at the violet, yellow, etc wavelengths. I try to get spectral sensitivity 
curves from at least five individuals of the same species, and in order 
to combine these data into one average curve, as shown in [06], I 
normalize the data. This means that, for one individual, I divide 
all the data by the highest value (maximum sensitivity), so that the 
values now range from 0 to 1. This gives a much better average curve 
than trying to combine the raw data. The normalized data are fitted 
to a visual pigment nomogram, and this then tells me where the 
peak sensitivity lies. All the species that I have studied to date have 
the anticipated single blue visual pigment, with a relative spectral 

03 Diagram of monochromatic light stimulus.
04 Electrophysiological set-up on shipboard. 
05 Electrophysiological set-up in foreground 
with darkroom built over Faraday cage in background. 
06 Average spectral sensitivity curve for a spec-
ies with a single visual pigment. Bars are standard 
errors. Solid line is visual pigment nomogram fit to the 
electrophysiological data, showing a peak sensitivity 
of 490 nm for this species.
07–09  Oplophorid shrimp with dual visual pigments. 
07 Systellaspis debilis. 
08 Oplophorus spinosus. 

04–05

06
07–08

03
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8 our material culture any more than over the span 
of our own lives. 
 While working on many faded and degraded 
textiles as a conservator, the artist in me has 
become aware of the immediate, arresting beauty 
and the metaphorical potential of scarring created 
by light damage. When examining the colour vari-
ations within the folds of a Victorian curtain or the 
lining of a Renaissance tapestry, one becomes 
aware of new patterns in these fading objects 
created by the slow exposure to light. Exposure 
can take anything from a few weeks to several 
hundred years. In addition to bearing witness to 
the specifics of passing time, the damage often 
exposes previously invisible physical structures 
that tell a totally new and unexpected story, one, 
which, as a conservator, I must be very careful to 
eke out and present according to strict ethical 
rules and factual evidence. 
 As an artist, however, I am under no such 
constraints, I can tell whatever story I choose. 
It may seem that my work as an artist and as a 
conservator are in direct opposition, but to me 
they appear rather as two strands of dealing 
with the same fact as glaringly obvious as it is 
ungraspable: nothing stays the same. 

 BRAZIL
 Our choice of Brazilwood-dye for this project 
came about as a result of its known high suscep-
tibility to light damage. The dye derived from 
Brazilwood shares its name with the South 
American country. It would be logical to assume 
that the tree and the dye are named after the 
land whence it came, but the truth is exactly the 
reverse. The word Brazil is derived from the medi-
eval Latin lignum brasilium (or brisilium), (“red 
like an ember”, from the medieval Latin brasa, 
“ember” or old French brese and Germanic brasa), 
referring to the reddish / orange colour obtained 
from European redwood trees harvested and 
used for colouring purposes since the middle 
ages. The country gets the name by which it 
is now known from 16th-century Portuguese 
arrivals who turned the abundant forests they 
found there into one of the first massive-scale 
colonial exports. The story of Brazilwood is a 
story of discovery, commerce and trade. It is also 
the story of conquest, enslavement and environ-
mental destruction. The trade continues still, 
though it may soon become illegal due to the 
near extinction of the Brazilian redwood forests. 
The very quality that is considered a weakness 
in conservation became a strength in this art 
project, where we rely on the bleaching of colour 
to produce an image. 

THE EXPERIMENT

Aim: To find out what colours can be obtained with 
Brazilwood using different additives during dying 
(acid vs alkali).

To produce the dye extract: Boil 100 g of Brazilwood 
powder in 1600 ml of water. This should leave you 
with 1.5 l dye.
To prepare the fabric: Pre-boil 500 g of habutai silk 
to remove any industrial finish, which might prevent 
uptake of colour.

 Alkali batch:
1 Mordant* 250 g of silk with 5 g of alum.
2 Add 1.5 g of cream of tartar to mordant for each  
 50 g of fabric.
3 Place 250 g in 250 ml of dye extract with approx.  
 4 g of potassium carbonate in 2 l of water.
4 Bring to the boil. Continue for 30 min. 

Result: Silk became a deep-pink colour. 

 Acid batch: 
– Mordant 250 g of silk with 5 g of alum
– Add 1.5 g cream of tartar to mordant for each  
 50 g of fabric
– Place 250 g in 250 ml of dye extract with 2 tbsp  
 of lemon juice followed halfway through the  
 cycle with a pinch of powdered chalk.
– Bring to the boil. Continue for 30 min. 

Result: The fabric became a very bright yellow colour 
as a result of the acid in the lemon juice. A pinch 
of powdered chalk (alkali) brought the colour back 
slightly towards the blue end of the spectrum, produc-
ing a salmon-pink colour. 

*Mordant: from French “to bite”. A chemical substance 
used to set (attach) dye onto the fabric by boiling 
fabric with the mordant substance, in this instance 
alum, before starting the dye cycle.

EXPOSURE TO LIGHT

Aim: To ascertain how quickly habutai silk fabric dyed 
with a traditional brazilwood recipe succumbs to the 
effects of light. 

Small rectangular samples of dyed silk from the two 
batches described above were exposed to synthetic 
light from a 70 W 580 lumen halogen bulb for five 
weeks, followed by three weeks of exposure to natural 
light through a plate-glass window without a UV filter.

Result: Fading was the same for both batches.

Artwork: Using the recipe which produced a more 
salmon- coloured sample, I cut the silk in the shape 
of a dress, leaving a section exposed to represent 
the scar-like Rio Grande do Norte tributary in Brazil 
where brazilwood was originally harvested. As both 
colour samples faded at the same rate during the 
first phase of the experiment the choice of shade was 
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Jaap Blonk, sound poet

READING LIGHT
FOR RAOUL HAUSMANN

Huang Xiaoliang, photographer

 NEW MIRACLE NO.16 /  
OUTSKIRTS 

 

Pigment print on fibre paper, 50 × 75cm, 2009
Pigment print on fibre paper, 90 × 150cm, 2008–09

sHAdowplAy sHAde

spArk rHytHm elucidAtion intuitive
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Ruxandra Mitache, artist

UNTITLED GARDEN

windows with big, coloured panes. 
Space here begins to be suspend-
ed. What you have absentminded-
ly noticed each day on the ground 
doesn’t seem to matter any more. You 
tread lightly now, floating on air, filled 
with colours. And from now on the 
space to be discovered grows more 
and more sophisticated. 
 The route continues between 
two very high, bare walls of a narrow 
corridor with no ceiling. You can see 
the distant sky, but by the time any 
light gets to the bottom of that well it 
is tired and obscure, worn out by the 
innumerable reflections, refractions 
and interruptions on the way down.
 Perhaps the ordeal of sudden 
darkness is followed by a return to a 
new possible measure of existence, 
perhaps to a new possible idea of free-
dom. Now that the senses are attuned 
to more sensitive channels, they may 
perhaps have a fresh, profound con-
scious ness of freedom. 

Next, you pass through a very large 
square hall with a marble floor. The hall 
is closed, illuminated by gigantic win-
dows with gratings that inject billions 
of grains of light into the darkness, 
suspended like seaweed drifting in 
dark water. 
 At last you come on to the pol-
ished pavement of the immense, open 
courtyard, with its very high walls 
enclosing in total silence a vast cube 
of light without directions or colour. A 
cube of grey, faded light, as abstract 
as thought, a limbo-light with nei-
ther reflections nor shadows. Where 
things become simply thought, where 
thoughts at last unfold like childish 
paper flowers in the slow geometries 
of consciousness. 

 NOTE
Qala’un (or Qalawun) was a sultan of Egypt (1279–90). 
The eponymous complex contains a mosque, tomb and
hospital.

I created a small garden of light using photo paper, which was exposed to natural light 
filtered by a painted transparent material and then edited digitally.

exposure HypnoticplAy gArden AtmospHeric encHAntment trAnspArency
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6 When the ditch is filled with birdsong in 
a silver seam —  
Where are you moon?
Where have you gone without me?

The astronaut went into space  
 with the hold of his craft wide open 
like a whale with his baleen plates  
 trawling the Atlantic Ocean  
but he never caught her. 


	Findings_on_Light_Cover
	Findings_on_Light_Book_FINAL_Selectie_Spreads

