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ABSTRACT

W were the first-ever 'Artists in Residence' at the Royal G eenw ch
observatory, producing a series of hol ographic artworks based on our artistic
'researches' there during 1987 and 1988. For the purposes of art we appropriated
vi sual fragments fromold optical experinments, including some by Sir |saac

Newt on, which we recreated in our studio with a | aser. W explain how our
experience exhibiting in nmuseuns and art galleries since 1984 has influenced the
way we make and di spl ay hol ograns.

1. | NTRODUCTI ON

The position of Artist in Residence at the Royal Greenwich Qbservatory was
advertised in the UK national press at the end of 1986. It offered the
opportunity to live and work for one year in Britain's ol dest scientific
research institution (founded 1675), with a stipend and accommodati on
Applications were invited fromartists working with technol ogy, and one visua
artist and one nusician were to be appointed at the sane tine. W jointly
applied for the post of visual artist and were eventually successful

During our residency, the Royal G eenwi ch Cbservatory was | ocated at

Her st nonceux Castle, Sussex, a restored 15th-century building, as well as in
nmodern | aboratories nearby. This environment contai ned remmants of the
institution's past -- busts of scientists, old scientific instrunents -- as well
as all the necessary tools and equi pnent for contenporary astronony.

As artists, we were to seek ideas and inspiration for our work, and to share
this process as far as possible with the scientific and other enpl oyees of the
Cbservatory. A sharing of the two know edges or traditions of art and science
was to take place, artist and scientist witnessing the progress in each other's
work. For this purpose we secured a suitable artists' garret and studi o above
the castle drawbridge, where we could set up displays and invite the staff to
visit (fig. 1). Wth the freedomof the Cbservatory, we were able to visit
astrononmers in their offices, |laboratories, tel escope dones, workshops and
conmputer roons, to | earn about what they in turn were doing.

We have been naki ng hol ogranms together since 1983 and built a studio at

CGol dsmiths' College, London in 1979, when we had found it necessary to nake nuch
of our optical equiprment. Fromthis experience we felt that rmuch of our day-to-
day | abours were nore like old craft skills than the kinds of instant processes
peopl e often associate with "technol ogy". Because we realised that simlar
concerns were also inportant in the early history of astronony, we started

| ooking into the Cbservatory's rare-book archive which contained an inpressive
collection of early and first-edition scientific books and personal papers from
all the fornmer Astronomers Royal. This contact with the problens and
practicalities of early astronomers proved to be a
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Fig 1. Artists' studio Herstnmonceux Castle. Showi ng Newton's
Ri ngs (1987) with projected photograph.

useful source of both witten and visual information. |In the 17th and 18th
centuries presentations of scientific ideas and reports often contai ned hand
drawi ngs by the authors.

W were able to examine an original first-edition copy of Sir |Isaac Newton's
Opticks, presented to the Cbservatory at the time of its publication. W found
that his experinents were often open-ended, w thout specific conclusions,
sonmetines sinply an account of way in which he saw light falling in particular
patterns onto a screen, as he chose to guide it. Witings such as these reveal ed
a searching thought-process of exploring and trying to understand |ight which --
despite the intervening centuries -- seemed to have sonething in common with the
practice of the nmodern hol ographic artist, where practical experinment, objective
observations and i magi nati ve specul ati ons are often fused together. The early

hi story of astronony and optics seenmed to provide us with a conmon ground where
we coul d seek connections with our own work i n hol ography and expl ore ideas that
related our nediumto discoveries in the history of science.

From our readings in the Cbservatory archives we chose three optical phenonena
as the basis for works which are naned after them 'Newton's Rings';; an

experinent by Newton that he referred to as ' The Fringes of the Shadows of the
Knives',; and 'Airy's Discs',.
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2. THREE HOLOGRAMS PRODUCED AT THE OBSERVATORY
DI SPLAY AND | LLUM NATI ON TECHNI QUES

2.1 Newton's Rings

Newt on observed this interference effect when he placed a convex | ens on a gl ass
sheet 1, although now the termis often used to describe any interference from

gl ass surfaces in close contact. W recreated such patterns by passing the
expanded beam froma 25-nilliwatt heliumneon | aser through two gl ass microscope
slides clanped together and inserted in the beamjust after its expansion by a
m croscope objective and spatial filter. For our hologram the inage was present
both as a projection of the pattern onto a ground gl ass screen -- the 'subject
of the recording -- and by using the pattern in the reference beam

In the final white-light reflection hologramyou see a field of rings projecting
in front of the glass holographic plate as well as apparently receding into the
space behi nd. The hol ographi c plate was exposed twi ce, once on each side, to
produce each of these real and virtual images. The pictorial result is something
Ii ke an abstract |andscape of ringed patterns. This piece was nade in 1987, the
300t h anni versary of the publication of Principia, the book where Newton used
his gravitational theory to account for the elliptical orbits of planets --

anot her ki nd of Newtonian ring.
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Fig. 2. Newton's Rings, fromOpticks (1704)

Wth all our observatory work we used techni ques we had devel oped prior to this
project and we will mention these within our accounts of individual works.

Newt on's Rings consists of three separate reflection hol ograms, each 300 x 400
mllimetres. These hol ograms have been franed together to forma piece 300 x
1200 nm We call these "triple-plate holograns', a devel opment from our

"doubl e-pl ate" works we have made since 1983. Each plate was exposed to a
separate reference beam and the conposite hologramrequires three lights for

di spl ay, one above each plate. Since viewers nove around a gallery on foot in a
hori zontal plane, the extension of the image horizontally seenms to offer a
greater enhancenment to the sense of inmage space than an increase in hol ogram

hei ght. Miltipl e-plate hol ograns enable us to overcone sone of the linitations
in the manufacturer's standard product sizes and shapes. The line between pl ates
does not seemto be visually distracting in our inmagery and sonetines acts like
the join in a traditional tile design or stained-glass w ndow i mage

We use | ow vol tage tungsten-hal ogen spotlights fitted with 75-watt 12-volt | anps
with integral dichroic-coated faceted reflectors (designation: EYF). Such | anps
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are 50 mmin dianeter, the effective source size of the bare |anmp. W designed
a snoot 150 mmlong for use with a standard fitting produced by a UK
manuf act urer (Candela Ltd). At the end of this nmetal snoot is a 35-mmdianeter
aperture at the 'crossover point where light fromthe [anp/reflector is
concentrated. This reduces the apparent source size and frames the beam givi ng
an even, circular spot that illum nates the hologramwi th a small amount of
spill light.

U traviolet output fromthese | anps can be high, due perhaps to direct radiation
inall directions fromthe guartz filament capsule rather than reflection from
the dichroic coating. W insert a one-millimeter-thick filter of polycarbonate
plastic at the snoot aperture to block at |east some of these wavelengths. [If a
wi der beanspread or smaller apparent source size is required we place a negative
lens at this aperture. W need wi der beamspreads when the throw fromthe
spotlight is too short in an installation. A snaller apparent source size can

i ncrease angul ar resolution of the hologramimage if it is not already dom nated
by chromatic blurring, but the price is paid in reconstruction brightness
because the beamis nore spread out. |In practice the standard EYF | anp wi t hout
lens is adequate in nearly all circumstances. One manufacturer (General Electric
Conpany, USA) has announced plans to introduce a 100-watt version of this |anmp
in 1990.

Fig. 3. Lowvoltage spotlight fitting

12-volt, 75-watt reflector lanmp 'EYF
support ring/lanphol der

snoot

out put aperture, 35 nm di aneter
ultraviolet filter or negative |lens
toroidal transformer, 75 VA rating

coubwNE

The three hol ograms of Newton's Rings are to be seen as one inmage. Wth such an
abstract image, auxiliary images created by the light spilt fromany of the
three Iights onto an adjoining hologramnerely repeats the chosen pattern, at a
different angle displaced horizontally to right or left. W can exploit this
effect in widening the effective view ng zone of the whol e pi ece because the
extra i mages appear either side of the main imge. Aware of this effect in
advance, we design imagery either to tolerate it or, better still, to make use
of this multiplying effect. 1In any case, an understanding of spill-1light
effects is now part of the way we plan and nmake nultipl e-pl ate hol ograrns.

Qur three display spotlights are attached by 'adapters' to the same |ength of
light track, in front of the hologramand running parallel to it on the ceiling.
The track is longer than the total hol ogramw dth, which allows the |ights to be
moved slightly to the left or right of the center of each plate. W use this to
establish a fine degree of control oyer the precise |ocation of the view ng zone
of each
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plate. For example, nmoving a light along the track to the right -- whilst

mai ntaining it pointing at its corresponding plate -- throws the view ng zone
for that plate to the left. W make sure the viewi ng zones of all three plates
coincide usually along the center axis of the niddle plate, or the collective
vi ewi ng zone can be directed to one side to account for the viewer's approach
fromdifferent directions. 1In certain cases we nount extra |lights at extrene
right or left locations to generate a new vi ewi ng zone or zones at an oblique
angl es.

We display Newton's Rings in front of an image froma projected bl ack-and-white

slide. In this case, the slide shows a wall of books in the Cbservatory
library. Since a holographic image is made of light, it seened very natural to
us to conbine it with another sort of '"light' inmage in this way. These back

projections are part of the entire artwork. For this hologramwe are able to
show a context for the hologramimge of the rings, by choosing an i mage of the
library where we |ocated our source of inspiration. Mre generally, such
installations of hol ographic imagery and slide imagery have enabled us to create
works on a scale suitable for exhibition in large public museuns and galleries.
A hologramis often better displayed in a |arge space: wal ki ng past a hol ogram
at a distance of ten neters or nore is quite a different perceptual experience
to viewing it fromshort range or in a restricted space where free novenent is
less likely. Wien inmagery is projected sone distance in front of a hologram the
scal e of the display's surroundings can encourage the viewer to stand away,
where the image | ooks better. Qur installations with | arge-scal e photographic
back- proj ections have a simlar effect.

2.2 The Fringes of The Shadows of The Knives

This hologramis based on a nore obscure experiment of Newton's 5 described in
oticks, It seenms that Newton hinmself could draw no particular conclusion from

the experinent and it has not come to have any special significance in "text-
book physics". Newton nmade his own pencil drawing to docunent the experinent
(fig.4). He allowed sunlight, entering through a 1/32-inch pinhole in a 'paste
board' in front of a wi ndow, to pass between two sharpened knife bl ades, held
nearly parallel in an acute-angled 'V -fornmation

Fig. 4. Newton's drawing of diffraction fromknives. AC and BC
are the geonetric shadows of the bl ade edges.

The pattern is intrinsically very beautiful, an organic-looking structure forned
by the overlap of two distinct types of diffraction pattern. Before we recreated
this experiment we had doubted that Newton could have seen such a conpl ex
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formati on fromsuch a sinple arrangenment. W believe that the two sets of
fringe patterns may correspond to what we now call Fresnel and Fraunhofer
reginmes of diffraction, the gap between the narrow ng bl ades crossing the
transition between the two as it converges towards the point of contact.

In our recreation we placed two razor blades in the same V' -formation in the
expanded beam beyond a spatial filter. W selected a mddle section of the
diffraction pattern to produce a white-light reflection hologram The pattern
was present in the reference beam creating one inmage exposed directly onto the
enmul sion, while simultaneously the same pattern (froma second spatial filter
and knife-bl ade arrangenent) was projected as 'subject’ onto a ground gl ass
screen. W made two exposures of this conbined reference beam and subject on
each plate, the first exposure with the patterns ained at the left half, and the
second with themainmed to the right. For each exposure we soaked the plate in a
solution of triethanolamne to swell the emulsion by a given amobunt and produce
a particular color change, s.

Fig. 5. The Fringes of the Shadows of The
Kni ves, Wenyon & Ganble, 1988,

300 x 1200 nm hol ogram on easel,

wi t h phot o- proj ecti on background.

The color of the inage in the final triple-plate piece shifts fromred at one
end to deep blue at the other, followi ng the spectrumin another reference to
Newton's work (fig. 5). The representation of the spectrumas bright vertica
lines of color resenbles an astronom cal spectrograph, used to reveal which
wavel engt hs are present in the light froma star, its chemical conposition and
red-shifts. Finally, the repeated pattern al so suggests the type of decorative
stripes popular in Europe during the | 7th-century. Thus we see the work as
bringi ng together different |layers of meaning. Wen we exhibit this hol ogram
t he back-projected i mage shows the sky.

2.3 Airy's Discs

Sir George Airy was the Astronomer Royal at the Cbservatory from 1835 to 1881
He denonstrated mathematically that diffraction causes the inmage of a star
formed through a perfect telescope to be a disc surrounded by concentric rings.
The significance of the observation was that it permtted a rational criterion
for the theoretical ability of a telescope to distinguish between two adj acent
stars.

In our hologramthe image of a disc comes fromdiffraction by a hole we nmade
with a pinin alumnumfoil. W placed this pinhole just beyond the focus of a
| ow- power (x5) mcroscope objective. The resulting Airy's Disc was projected by
the spreading |laser light onto a ground glass screen. Qur finished piece Airy's
Discs is three
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300mm x 400mm pl ates, each exposed twice to forma real and virtual inage of the
disc. Each plate was soaked in two different solutions of triethanolomne to
give a total of six colors (red and blue, orange and turquoise, yellow and
green). Although in making this piece we recorded each disc the sane size and at
the same position, the resulting holograns display a variation in disc heights
and size due to the magnification and shift in angle inherent in reconstructing
a hologram at different wavel engths.

Illuminating the three plates with three lights, the effect of spill Iight
creates additional Airy's Discs either side of our nain inmages, an exanple of
how the 'natural' phenonena of the hol ographic nmedi umcan work. W present
Airy's Disc in front of an inmage of the tel escope domes at the Ohservatory.

These three conpleted triple-plates and back-projections were linked finally by
a 30-channel conputerised lighting control-board and di mers produced by CELCO
Ltd (UK) which allowed us to continuously control the brightness of the lights

and the slide projectors, pernmitting i mages to gradual ly appear or fade away.
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Fig. 6. Wenyon & Ganble exhibition at the Musée des Augustins, Toul ouse, France (Cctober
1988), Airy's Discs (1988) left, Newton's Rings (1987) right.

3. CONCLUSI ON

Whereas 17th-century artists denonstrated their appreciation of a scientist' s
wor k by producing an i mage of the scientist in the formof a bust or painted
portrait, 20th-century artists are able to work with the science itself as
subj ect matter.

The production of each of these pieces spanned a period of about one nonth. For
exanple, in The Fringes of the Shadows of the Knives, we experinented first with
the laser and various knife blades, exploring the optical effects possible. W
used drawings to try out different ways of constructing an inmage with these
patterns. W nmade test strips exploring the effect of different patterns,
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different locations and i mage projections as well as nore nundane technica
factors as exposure and color. Each test strip takes as |long to make and process
as a full-size plate, one half to one whol e day dependi ng on the nunber of

col ors and/ or exposures necessary.

These works were shown as a group to the Qbservatory astrononers in February
1988. The first public exhibition was in Cctober 1988 at the Misée des
Augustins, Toul ouse, France, part of the city's bi-annual FAUST festival of art
usi ng new technology (fig. 6). W would like to exhibit these works together
again with the original docunents that inspired them in an exhibition at a
science nmuseum or simlar venue.

We have continued to use optical phenonena as imagery in artworks made since our
project at the Qobservatory. W are al so continuing to devel op our use of
multiple plates and lighting techniques. A recent work consists of five 500mm x
600mm pl ates (Agfa Gevaert 8E75HD stock from 1983) displayed edge to edge and
showi ng a very sinple space with a 'floor' of optical caustic patterns. As fine
artists, research and experinmentation with the illum nation and di splay of

hol ography is as inportant as devel opnent of hol ographic recordi ng techniques
and offers us as many new possibilities. New lighting techni ques can do nore
than sinply enhance the technical quality of a hologram and nay create nove
effects in their own right. The lighting and installation of a hol ogram can
becone an inherent part of the work itself.

Public nuseuns and art galleries seek high standards of display, and unti
museum t echni cians are trained to |ight hol ography the artist nmust often be
prepared to provide their work as well as the practical skills to display it if
they wish to exhibit in such venues.

Low vol t age spotlights are now beconi ng nore comon and | ess expensive. Many new
museuns are already specifying these light fittings, making the display of

hol ographic artworks nmore likely. Further devel opnents in the design and
production of new | anps and even di ode | asers suitable for hol ographic display
will offer new possibilities to arti sts.
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