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Introduction - Why Restoration
Matters

On 2 December 2OO9, the British Broadcasting Corporation (BBC)'s
Ílagship drive_time radio news proglamme broadcast a report on the
centenary celebrations of what is clairned on its website to be 'the UK's
oldest working cinema'.r The Electric Theatre in Birmingham was for-
merly a newsreel theatre, and a collection of prints of local topicals and
other short films had survived in a rooftop film storage vault until their
discovery by an archive film agency in the 1970s. Cornmenting on a

screening of this material at the centenary event, the cinema's owner,
Tom Lawes, told the BBC's interviewer: 'We've got some amazing archive
film. . . They've managed to put it back onto DVD, digitise it, and it's
pretty good, it's amazing to see the cinema in 1937.' 2

That comment illustrates, in three short phrases, why this book is nec-
essary. To staÍt with, Lawes articulates a fundarnental misconception as
to the relationship between the technological specificity of the media
to which he refers, and its empirical pÍovenance. He talks of 'putting
back' onto DVD content that was origirrated on 35 mm Írlm, as if the act
of making a relatively low-quality digital copy is a straightforward act of
restoration. Secondly, he celebrates the idea of modernising archive film,
opining that digitising is'pretty good' and thereby irnplying that a view-
ing on a medium in which the fihn was originated is somehow second
best. And finally, he expresses a conception of archive film as a surface-
level entertainment spectacle, repeatedly using the adjective 'amazing'
to emphasise the fihn's role as a commodified spectacle for uneducated
consumers rather than an evidentiary artefact to be interrogated and
understood by an informed audience.

As this story on a rnainstream radio news programme/ airned at
a non-specialist audience, indicates, critical and academic interest in,
and attention paid to, our audiovisual heritage has ballooned in the
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Iast 15 years or so. There are a number of reasons for this, of which
t\^/o are of particular note: the emergence of computer-based moving
image technologies and their effect on the cost and quality of distribut-
ing and exhibiting archival content (usually referred to colloquially by
that catch-all word 'digitisation'); and a shift in the political climate in
Europe and North America that has compelled its archive institutions
to becorne far less inward facing and to prioritise access oveÍ all other
activities. These issues will be cliscussed in greater detail in subsequent
chapters.

It will suffice to note for the purposes of this introduction that
the repackaging, remarketing and reinterpretation of archival moving
images for contemporary audiences has, in a relatively short time, grown
from almost nothing into a very big business. The scope of this activity
can be represented by the widespread use, and in some cases misuse,
of a single noun: restoÍation. The three approaches to archival film
articulated in the Birmingham cinema broadcast - a misunderstand-
ing of how the technology works and what it does, and the notions
of modernisation and comrnodification - have, I will argue, dominated
what little systematic debate in the public arena has taken place to this
day on the subject of film restoration. The result has been a widespread
rnisleading of the public as to ho\,v'old' films are communicated to audi-
ences by archive institutions (both taxpayer-funded and private sector),
preservationists and curators.

Although this book is specifically concerned with archival practice,
it is important to note the misunderstanding of the contribution of
technology to the cultural practice of cinema in general terms, and
the way it changed over time in specific ones, is the origin of the
problem. This extends from the production and marketing practices of
mainstream WesteÍn cinema itself to the mainstream critical and jour-
nalistic infrastructures that grew up around them. Furthermore, it is
not iust mainstream journalists who are prepared to broadcast what
I would argue is questionable information to their listeners (or more
accurately in the case of the example cited above, to allow their inter-
viewees to do so unchecked). It is not without justification that the few
serious attempts to understand the role played by technology in shap-
ing the function of moving irnages as cultural artefacts and historical
source rnaterial have noted, to quote one recent exarnple, 'the comrnon
Íesistance expressed by rnany scholars to handle technology matters'.3
Writing in the British Film lnstitute (BFI)'s iournal Sight and Sound in
March 2071, a group of 26 full' professors of film studies in British uni-
versities modestly described themselves as 'the root that has fostered
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and sustained the UK's lively moving inrage culture'.a Their letter was
protesting against the threatened closure of the BFI's reading roorn in
Central London, claiming that this facility was vital to their fulfilling
their self-appointed role as the leaders of public discourse and debate
on the history and culture of the moving image in Britain - as the
government report that proposed the establishment of the BFI in I93Z
modestly put it, 'raising the standard of public appreciation of films,
by criticism and advice addressed to the general public,.s If the pro-
fessors' claim to being the root of British film culture is iustifiable, it
is highly problematic that they have enabled a situation to develop
in which a national news progralnme produced by what its supporters
would claim is an internationally respected broadcaster gave its listen-
ers the impression that a DVD offers a superior viewing experience to
35 mm film.

In 7997 , one of the sigÍlatories to that letter, Professor Laura Mulvey of
Birkbeck College, London, published some criticism and advice aimed
at the general public, also in Sight and Sound, on the contribution of
Sam Warner to the invention of film sound. lt reproduces, uncriti-
cally, the myth that gre\ / up, encouraged by the Warner Bros. publicity
machine itself, that Vitaphone and The lazz Singer (IJSA, I9Z7 , dir. Alan
Crosland) were the defining factors in the conversion to sound and
that the core technologies they embodied became the industry stan-
dard. They v/ere not and they did not. The systern championed by
Sam Warner was, in fact, one of three competing sound technology
packages that emerged during the rnid-1920s. It was by far the least suc-
cessful (if fudged by the criterion of market share) and shortest lived.
The variable area optical recording rnethod developed by the Radio Cor-
poration of America (RCA), which was technically superior to both its
competitors and was dominating studios and post-production facilities
in America and l,urope by the early 1930s, is not even mentioned in
Mulvey's article. Her rationale for lionising Sam Warner was that ,there

should be a place for acknowledging the contingent, almost acciden-
tal factors which affect history such as personal obsession or subjective
choice.'7 Empirical evidence as to how the technology worked, what it
did, how it developed and why would have been more useful.

Another of the signatories to that letter, Professor Sarah Street of the
University of Bristol, between May 2007 and September 2010 undertook
a research proiect she called 'The Negotiation of Innovation', on the use
of colour fihn technologies in British cinema. Her abstract claims that
manufacturers of early colour filrn systems 'often faced fierce opposi-
tion from competitors who had vested interests in preserving the status
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quo'.8 Pre-chromogenic (dye coupler) colour systems were not widely
used for precisely the satne reason that synchronised sound was not used

on any significant scale before the invention of optical sound-on-film
in the late 1920s: colnpared to the de facto monochrome standard they
were less flexible, more expensive, did not work reliably and in some

cases all three. As the Phoebus Cartel demonstrated,e the protection of
revenue by deliberately irnpeding the sale of newer, competing product
lines that are perceived to be superior by their potential customer base

is something that did occasionally happen. But it didn't in this case: the
evidence suggests that as soon as colour film stocks that were almost
fully compatible with equivalent existing black-and-white production
workflows and imposed a negligible cost increase \^/ent on the market,
the global film industry adopted chromogenic colour more or less

wholesale for commercial feature Ítlm production within a few years.10

There has also been some misunderstanding with archival preserva-

tion and restoration, and it is here that the significance lies. In the first
rnajor output frorn her research project on colour, Street claims that 'it is
seldom clear how the "look" of a DVD has been manipulated during the
grading of a new print, or which decisions have been made in the trans-
fer of the print to a digital format.'11 Prints are not graded - interntediate
elements during the film production or preservation workflow are.

Except for showprints and other highly exceptional circurnstances,
release prints are printed 'one light'. Secondly, it wouldn't natter even if
they were graded (i.e. the colour temperature and intensity of the printer
Iight adjusted between shots during the release printing procedure),
because release prints are almost never used in the digital capture pro-
cess from which professionally made DVDs are derived. Being of rnuch
higher contrast than pre-print elements, they lack detail at the extreme
errds of the visible spectrum that can be captured from earlier geÍrera-

tions, and they are also likely to have physical defects from proiection
and handling. Fine grain interpositives are typically used in this pro-
cess, and if they have been graded properly then only minimal (if any)
further alterations to the gamma, contrast or chroma characteristics are

needed in the preparation of DVD versions.
In August 2009, Professor lan Christie of Birkbeck College, London,

\/rote an article on the restoration of The Red Shoes (UK, 1948, dir.
Michael Powell and Emeric Pressburger). He claimed that 'film restora-
tion today inevitably nleans going digital',12 dismissing digital audio
restoration as 'less controversial' than digital image manipulation.
At the time Christie was writing, preservation projects still took place
using entirely or primarily photochemical workflo\^/s on a widespread
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scale. Even at the time this book was written, photochemical restora-
tions were still taking place on a limited scale, though prirnarily in
public sector archives.l3 The issue of The Moving Inage published at
around the same time as the Sight and Sound number in which he made
that claim includes an article discussing the state of the art in photo-
chemical restoration technique.ra The loumal of Fihn Preservation lssue
from April 2009 includes an account of the photochemical restoration
project of Die Niebelungen (Gerrnany, 1924, dir. Fritz Lang) led by Anke
Wilkening and largely carried out by PresTech Laboratories in London.ls

Furthermore, certain practices in remixing audio elements for
re-releases have proven every bit as ethically controversial as any digital
restoration proiect, not least the standard industry practice of creat-
ing digitally synthesised 5.1 audio mixes of films that were originally
distributed in mono final mixes only for DVD and BD publication,
one that is a constant topic of discussion at archivists' conferences and
technical symposia.

There are reasons for the misconceptions I have described. As I will
argue in the concluding chapter, the academic study of moving images
has had trouble dealing with the role of technology almost from its
inception. This is somewhat ironic, given that cinema is virtually unique
among art forms and recording media in the complexity of and extent
to which it depends on the combination of technologies used in the
creation, distribution and exhibition of its core product.

Literary narratives can be created, stored and comrnunicated as

theatrical performance using the human body alone (though the inven-
tion of the written word and subsequently the printed word vastly
increased the scale on which this activity takes place). Drawing, paint-
ing, sculpture, basic forms of monochrome photography and other fine
art practices are possible with chemically sirnple raw materials that d<:

not require any post-lndustrial Revolution technologies, and their recep-
tion requires no technological intervention at all. The sarne applies to
musical composition and performance. Moving images and recorded
sound are distinguished by the fact that they require an extensive com-
bination of complex, post-lndustrial Revolution technologies to create,
store and communicate. These include inorganic chemistry, electric-
ity, semiconductors, mechanical components cast from metal alloys,
plastics, artificial light sources and more recently, microprocessors and
rnathematical algorithms. The cultural and evidential artefacts known
as films and sound recordings require machines to create, and machines
are needed to play them back. Unlike the written word, paintings, still
photographs or music scores, rnoving images and recorded sound are

L



6 FiIn Restoratiorr

not natively 'human readable': they require a mediating technology at

every stage of the way.
The dynamic of the interaction between the creators of the tech-

nology, the users of the technology, and the creation of cultural and

evidential artefacts using the technology that results from this necessity

is something that critics, theorists and historians of film have struggled
to cope with ever since their emergence as a profession. With reference

to sound recordings, the cultural historian Mark Sterne argues that the

technology'does not preserve a pre-existing sonic effect as it happens so

much as it creates and organizes sonic events for the possibility of preser-

vation and repetition'.16 Theorists and philosophers have discussed the
mediating role of technology in creating and reproducing records of
human activity in even more abstract terms. When Marshall Mcluhan
infamously asserted that 'the media is the message', he was arguing that
understanding the characteristics of communications technologies and
how they were used revealed more about humanity than the content
they were used to communicate.lT More recently, Friedrich Kittler has

suggested that the creation and use of media technologies to perform
interactive processes is in itself important evidence of human activity:
in essence, that there is little cultural difference between a novel and
a computer program. Applying this to the cinema, Kittler writes, 'from
film technology to film tricks, knowledge only extracted what it had
invested in the studies of optical illusions since Faraday.'18

The systematic study of cinema, as practised in the humanities depart-
ments of universities and the infamous 'criticism and advice directed at

the general public', tends to take the opposite extreme. lts practitioners
have, since its emergence, tried to treat films in more or less the same

way that classicists and literary scholars have treated books and plays,
historians have treated sources and evidence, theorists have treated cul-
tural phenomena and art critics have treated paintings. One of the
dominant analogies of mainstream film studies is that of the film as

'text', directly comparable, using a series of metaphors, with the written
word. Adapted from techniques in literary theory, notably semiotics,
structuralism and psychoanalysis, the close textual analysis of films, as

the author of one of the most widely published undergraduate introduc-
tory textbooks on the subject put it, is 'the activity of testing a film or
group of films for specific, pertinent language-system codes.. . the cau-
tious, semiotic labour of explaining just how a f,lm makes meaning'.1e
The ernpirical development and use of technology in a film's creation
and communication to the viev/er is by definition not considered a part
of how it makes that meaning.

Introduction 7

For the first 70 years or so of the profession's existence, film schol-
ars WeÍe able to make a pretty convincing case for all but ignoring
technology: indeed, a number of institutional and ideological factors
positively encouraged them to do so. The cinema began life as a low-
brow cultural form, integrated, both technologically and ideologically,
with other working class entertainment practices, notably the fair-
ground and music hall. At this point the medium and the message
were completely intertwined: the filrn pioneers such as Edison, Pathé,
Hepworth and Messter both manufactured the technology and made
the films to exploit it with. The two roles diverged between approx-
imately 1900 and 1920, with the creation of the technology and the
creation of the films separated, but the lowbrow cultural associations
remained. By the emergence of what Bordwell and Thompson termed
'classical' Hollywood in the 1920s, the dominant form of cinerna had
become firmly established as a potent combination of big business and
low culture. Exceptions to that rule - Soviet agit-prop, German expres-
sion and the British documentary movement - were cast as explicit
rejections of the Hollywood norm, and the 'serious' film criticism in
which academic film studies has its roots \ /as very much one of those
exceptions. The first generation of frlm critics and historians, exem-
plified by Paul Rotha and Roger Manvell in Britain, or Iris Barry and
Terry Ramsaye in the USA, saw their task as convincing a sceptical
intelligentsia that frlm v/as more than just an ephemeral form of pop-
ular culture. The analysis oÍ technique played an important role in this
effort, but the analysis of technology did not. Rotha's The Film Till Now,
for example, originally published in 1930 and generally acknowledged
as the first significant monograph on film history to be published
in Britain, organises the bulk of its coverage by country (USA, USSR,
Germany, France and UK). Within these chapters, Rotha emphasises
the ways in which American cinema pursued the mass audience, while
European cinema 'discovered its aesthetic qualities',20 attributing them
primarily to the influence of contemporary fine and performance art
movements. Manvell's Filn, initially published as a 'Penguin speciaf in
1944 is divided into sections entitled 'The Film as a New Art Form',
'The Influence of the Film on Present-Day Society' and 'The Film Today'.
In neither book is the role of technology really considered to be a source
of that art or influence. Auteurism, the Marxism-inspired film theory
of the 1960s and 1970s, the film and history lnovement in the 1980s
and 1990s and the influence of postmodernism and media philosophy
on film studies in the 1990s and 2000s all either consciously over-
looked or failed to engage with the central function of technology in

_\.-
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the creation and comlnunication of moving images and their associated
audio recordings. The few who have tended to be economic and institu-
tional historians, rather than researchers for v/hom the analysis of actual
films forms the focus of their research. Notable examples are Douglas
Gomery's research on the conversion to sound and John Belton's on
widescreen.

There have been a small number of honourable exceptions to this
paradox in which the overwhelming bulk of efforts by academics to
understand the function and significance of a technologically depen-
dent culture have either ignored or misunderstood the technology itself.
Barry Salt's monograph Film Style and Technology: History and Analysis,
originally published in 1983 and extensively revised in 1993 and2009,
provides the definitive exposition of an idea Salt originally proposed in
1974:21 that of 'statistical style analysis', the object of which, in Salt's
words, is 'that the form of films noticeably differ from one to another,
and that the variables used to study this should be based on the con-
cepts that film-makers actually use'.22 In other words, Salt set out to
show how the empirical circumstances of production determined what
filmmakers did or didn't do, to which end the capabilities and limita-
tions of the technology involved - cameras, film stocks, lighting - sound
recording and rnixing equipment - vr'ere carefully researched and exam-
ined alongside his 'textual' analysis of actual films. The developrnent
of this approach led Salt to become arguably the most trenchant critic
of humanities-based film studies in print. The detailed and extensive
attack on orthodox frlm theory which opens his book concludes with
the assertion that knowledge of how the perception of the representa-
tional part of the film medium works will be produced 'by scientists,
and not "theorists" sitting in arrnchairs in the humanities departments
of universities'.23 David Bordwell's work in On the History of FiIm Style
followed in a similar vein, seeking to integrate the influence of technol-
ogy with that of other cultural factors on the aesthetics of mainstream
cinema.

This emergence of humanities-based film studies took place during a
relatively settled period in the development of moving image technolo-
gies thernselves. It could be argued that between the mid-1960s (when
the conversion to colour and widescreen was more or less complete)
and the early 1990s (when computer-generated imagery - CGI - made
its first appearance), there were no fundamental technological changes
that had an immediate or prirnary impact on the viewer's experience of
the medium, comparable to the invention of cinema itself, the conver-
sion to sound in the late 1920s or the earliest mainstrearn exhibition
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of photographic three-colour fihns in the following decade. Technical
standards developed and'behind the scenes' evolution changed indus-
trial practices (e.g. the introduction of polyester film base and the stereo

variable area soundtrack in the 1980s). But none of these new tech-
nologies entered the public consciousness as technological phenomena
and forced a widespread, mainstrearn debate that encroached on the

academics' turf.
With the introduction of digital moving image technologies and

the impending obsolescence of fikn-based ones in all but a few niche
applications, that debate has now materialised. It has very significant
implications, both for film scholarship and for more mainstream critical
practice. Furthermore, it is a debate that those scholars and critics are

ill-equipped to participate in, coming as they do from an almost exclu-
sively humanities background. Yet, arguably for the first time since the
transition to sound, its effect on filmmakers and the cinema-going pub-
lic is so profound and imrnediately visible that the academic and critical
establishment will lose all credibility if they fail to engage with it. The
result is, as we have seen above, the assertions that all film restoration
is now carried out digitally and colour grading only takes place at the
DVD mastering stage.

The film studies establishment's tesponse to the emergence of digital
moving imaging technologies took a similar approach to the one it had
used to marginalise and dismiss the role of technology in creating the
cinema a generation earlier, only this time couched in the language of
change and the new. It consisted primarily of identifying literary and/or
ideological rnetaphors with which to argue for differences. Writing in
the millennial issue of the journal which had been at the vanguard
of the growth of film theory itr the \97Os, Screen, Sean Cubitt down-
plays 'the distinctiveness of digital criticistn', asserting that 'to some
extent it is simply a call to expand existing paradigms in Fihn and Tele-

vision Studies.'The difference, he argued, will come in understanding
'the semantic worlds in which the producers of digital texts operate'.2a

In another article in the same issue, Yvonne Spielmann proposes 'the
reinforced concept of digital space', elaborated with sorne metaphors
that quite simply defy ernpirical reality. For example, Spielmann argues

that analogue cinematography consists of 'the automatic registration
of light rays onto an image surface', whereas the digital image relies
on 'calculation processes'.2s Light focused onto a CCD by a lens is 'the
automatic registration of light rays onto an image surface' in exactly the
same way that light focused onto a photochemical emulsion by a lens is,
and if the resulting data is stored uncompressed (which, in rnany high

\
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end studio carneras, it is, or at least can be), no calculation takes place
at the recording stage.

There were occasional lone voices in the wilderness, though it is
indicative that, looking through some back issues of Sight atd Sound,

they are to be found in the letters pages rather than the editorial fea-

tures. In July 1998, shortly after the first DVD video titles \/ent on
sale in the UK, a correspondent from Newcastle upon Tyne encouraged
the magazine's editors to engage with what he predicted would be a
profound shift in our film culture. Inadvertently, he articulated, once
again, the extent to which the critical and intellectual efforts to under-
stand and curate the signiÍicance of moving images by academics to
the broader public ignored the role of technology. 'l'm not suggesting
Sight and Sound develop a trainspotter's fetish for technical knowledge',
he prefaced his call, before lamenting that 'in order to find out more
about the advent of DVD, I had to buy a laddish, technophile mag-
azine whose reviewer nted lumanji [USA, 1995, dir. Joe Johnston] a

better film than Vertigo [USA, 1957, dir. Alfred Hitchcock].'2 ln the
following issue, the iournal's editorial, mentioning DVDs in passing
while lamenting the decline of repertory cinemas, reproduced a widely
believed eťror as to what the initials stood for.27 The implication here
is clear: that people interested in and engaged with audiovisual culture
can be divided into two, mutually exclusive camps. On the one side
we have 'trainspotters', interested in and knowledgeable about mov-
ing image technologies, and in some cases operating and maintaining
those technologies for a living; who, it is implied, are incapable of high
level critical judgement and thus are likely to consider lumanji a 'better'
film than Vertigo. On the other, there are critics and theorists who are
capable of discovering cultural meaning and significance within cinema
and presenting that agenda to a broader, interested public, and whose
approaches and methodologies draw them to the conclusionthatVertigo
is the masterpiece; but who either consider the role of technology in the
creation of that rneaning and significance to be non-existent or who
have profoundly misunderstood it.

A response to this letter in the following issue offers a rare flash of
insight, and a quite surprisingly accurate prediction of what would be
the state of play in a decade or so. Another Sight and Sound correspon-
dent argued that the launch of the DVD 'brings one step closer a digital
theatrical medium, which has implications for the preservation of films.
Digital technology offers the possibility of the relegation of film to the
level of an origination medium, and ultirnately, its demise.'28

Introductiotr 1 1

The academy struggled through the 2000s to make sense of the scale

and extent of the technological revolution that swept through cinema.
Indicative of this is a book published in 2oo9 , ín which Nicholas Rombes
complained that 'the digital era inaugurates a nev/ form of invisibility.'
A film print, he notes, is 'linked to perceived reality by its materially
identiflable and recognisable existence'. Moving images in the form
of digital data, he claims, is 'unknown and invisible, a complex code
known only to programmers and engineers'.2e One could equally claim
that the emulsion on a film print is a cornplex concoction known only
to industrial chemists and photographers. And as for physical obiects,
DCPs (Digital Cinena Packages: the collection of files that are read by a

digital cinema server and passed in decrypted form to a d-cinema pro-

iector) are usually transported to theatres on a hard disc drive inside
a transit case, by the very same deliveÍy drivers who previously carried
35 mm film prints. Rombes claims that'in the past, they [moving images
in analogue form] needed to be stored or archived',3o thereby claiming
that digital data does not have to be recorded on a non-volatile storage
medium somewhere. In reality it does: the fact that this medium is phys-
ically separated from the end user/ e.g. by the Internet, does not mean
that it doesn't exist. There is a breakdown of logic in Rombes's claims.
A film print, he claims, is materially identifiable: the audience never sees

it (the print is kept out of sight of the viewer by the wall separating the
auditorium from the projection booth), but yet he accepts that it exists.
But he does not accept that digital data has to be stored on a'materi-
ally identifiable' physical carrier at all, a claim that quite simply defies

objective reality.
I have concentrated on the impact of digital moving image tech-

nologies on the academy in a general sense thus fa1 because this is a
necessary context in which to cite the rationale for the remainder of
this monograph. This is to address the emergence of film restoration
in particular, and draw some conclusions as to the implications of this
practice for everyone who rnakes, consumes and studies moving images
intended for theatrical exhibition.

Film restoration is nothing ne\ /. Stripped to its basic essentials, film
restoration lneans finding some way of reproducing the experience of
viewing a film in the context and empirical conditions of its original
production and/or reception, in circumstances when the film no longer
exists in its original form, the viewing conditions no longer exist or
both. 'Original' is a highly problematic adjective, referring to a com-
plex and elaborate series of historiographical debates and issues, ones
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which will be discussed in depth in subsequent chapters. Suffice as to
say for present purposes that the technical principles involved have been
applied for a very long time, and, true to form, largely ignored by the
acaderny. The actual work of fllm restoration consists of either or both of
two activities: modifying the technical characteristics of surviving film
elements of the content undergoing restoration, usually in the process of
copying; or assembling content from multiple source elements in which
the sequence of content as originally assembled is known (or at least,
can be estimated to a fair degree of accuracy), but does not survive in
any surviving element in isolation.

Arguably the earliest sustained examples of technical reformatting
\Mere not undertaken with restoration in rnind, but rather with re-selling.
Possibly the first was the widespread reprinting and distribution of
35 mm-originated mainstream feature films on 16 mm prints by the
allied armed forces during the Second World War, an infrastructure that
had been well established by Britain, Canada and the USA by the middle
of 1942.31 By the end of the following decade, the sale of back cata-
logue t'eature films to broadcasters for TV transmission had become an
established business.32 Signifrcantly, this process frequently necessitated
cropping of the broadcast image ('panning and scanning') in the case
of films originated as widescreen productions, a practice that elicited
widespread condemnation among technical purists at the time33 and
which studios would use to their advantage in marketing'restored' (to
their original aspect ratios) home video versions when the 16:9 ratio
superseded 4:3 as the consumer television standard in the early 2000s,
half a century later. Consumer video recordings, both for rental and
outright sale, created yet another new market for archived films frorn
the late 1970s onwards, one which the rights owners sought to regen-
erate with each new consunler and theatrical technology to materialise
in the last three decades: digital sound for theatrical prolection in 1992,
the DVD in 1998, digital theatrical projection in the mid-2000s and the
BD in 2007.

Alterations to the content sequence also go back a very long way, but
again, do not have their origins in the practice of restoration. Quite
the opposite, in fact: such alterations are frequently deemed to have
caused the problem the restorers perceive themselves trying to solve.
As early as 1912, the producers of newsreels covering the Tifarrlc disas-
ter, faced with the fact that hardly any footage of the actual Titanic had,
ever been shot before its infamous argument with the iceberg, canni-
balised footage from earlier actuality films of another ship built a year
earlier and to an almost identical design, the Olyrnpic, and passed it off
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to audiences as showing the Titanic immediately prior to its first and
last revenue-earning voyage.3a Several researchers and archivists (not to
mention an army of arnateur Titanic fans) have devoted hefty chunks
of their careers to working out exactly what these filmmakers did and
where their footage came frorn. A number of feature films that are now
celebrated by scholars and critics as cultural masterpieces do not survive
in their 'original' form, re-edited either because they were received as

mediocre failures by the prevailing critical establishrnents in operation
at the time of their initial releases, or because the studios that financed
them did so to enhance their earning porver, or because they were sub-

sequently re-edited to fit television broadcast slots or the limitations of
consumer media. Two of the most widely discussed films for which sig-
nifrcant footage is still known to be missing are Greed (USA, 1924, dir.
Erich vorr Stroheim)3s and The Magnificent Ambersons (USA, 1992, dir.
Orson Welles).3

Arguably the most extensively publicised, debated and seen subiect of
reconstructive restoÍation in western cinema history is that oÍ Metropo-

/is (Gernrany, 7927, dir. Fritz Lang). This is principally because it was

celebrated by a succession of prominent writers and academics, from
Iris Barry and Siegfried Kracauer onwards, as a defining example of
the Weimar expressionist aesthetic and an icon of the German cultural
achievements s\ /ept away by the Nazis; yet at the sarne time, the fihn
v as cut substantially almost as soon as its Berlin premiere \ /as over
(withirr six morrths, a signiÍicantly shorter version was on gerreral release
in Germany), and has ahnost certainly never been seen in precisely
that forrn since. Major reincarnations of the film appeared in 1984,
1985, 2OO2,2005 and 2010, the foremost provoking an intense ethical
controversy for its replacement of the original intertitles vi/ith subtitles
and a modern music score featuring the perfortnances of prominent
1980s rock and pop stars. The most recent edition incorporated footage
from a 16 mm element of the film that turned up in a museum in
Argentina in 2008. News of the discovery \i/as stage-managed by the
German newspaper Die Zeit, which devoted an entire colour supple-
ment to the story, characterising the rediscovery of 'the rnost important
silent frlm in German history' as 'a worldwide sensation'.37 Two promi-
nent German archivists who had worked on previous restorations of
Metropolis, Enno Patalas arrd Martin Koerber, told Die Zelť's iournalists
that the Argentinian material included virtually all the footage believed
to have been included in the 1927 BerIin premiere version but which
had been rnissing ever since. This was probably the most dramatic, but
by no means the only 'rediscovery of a masterpiece' narrative to be used
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in the publicity for maior restoration proiects, and the prominence of
this narrative raises sorne important questions as to the extent to which
the archivists' agenda is set by the critical and academic establishrnent.
Writing on the email discussion list operated by the Association of Mov-
ing Image Archivists (AMIA), a German film archivist working in the
Netherlands sparked an intense controversy by questioning the value of
yet another Metropolis restoration, even if the volume of new footage
involved was substantial. He wrote:

Metropolis is probably the most researched and best-documented
(visually and written-down) film out there and I doubt that the new
scenes will add any fundamentally new insight to the available (and
I dare to say, vast) knowledge about Metropolls. I mean, the film is
already on UNESCO's cultural heritage list. Isn't it time to move on?
There is so much more to take care of.38

It is important, therefore, to realise that the issues raised by the practice
of film restoration are not confined to the purely technological, even
if the nature and extent of the misunderstanding of technical issues
that surrounds the overall debate is a major impediment to address-
ing the wider questions meaningfully. These will be discussed further
in subsequent chapters.

And these ethical and cultural debates have taken place. As I shall
argue, a major problem is that they have mainly taken the form of
an internal conversation among archivists and film preservation pro-
fessionals surrounding the techniques, practices, aims and ethics of the
practice of film restoration, both from the point ofview of safeguarding
original content and reformatting it for communication to the public
using whatever is the dominant access technology of the day. They have
not, on any meaningful or systematic scale, broadened out to incor-
porate the academic elements of film studies or media history, despite
major early links between the two fields.

The frlm archiving movement as a sustained cultural force has its
origins in the intellectual film culture of Europe in the 1920s, and
materialised as actual institutions and collections during the following
decade. Following the discovery in 1941 by the pioneer preservationist
Harold Brown that cellulose nitrate film base decomposes over time,3e
thereby threatening the integrity of frlms in storage, the importance
of preservation, and in some cases the deemed necessity of restora-
tion, became one of the defining issues of that entire establishment
and profession. The t\/o largest representative bodies in the freld, the
International Federation of Fihn Archives (known generally by the
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initials of its name in French, FIAF), and AMIA, both started peer-

reviewed journals dedicated, at least in part, to advancing the science
and technique of film preservation and restoration: FIAF's lournal of
Film Preservation, f,rst published in 1993, and AMllťs The Moving, Image

in 2001.
In a foreword to the inaugural issue of the latter, AMIA's then presi-

dent, Sam Kula, wrote that 'the level of discourse affiotrg moving image

archivists on such topics as the ethics of restoration.. . have reached a

point where a forum for the exchange of considered (and peer-reviewed)
views was not a luxury but a necessity' (my emphasis).4o Although
changes in editorial direction towards the end of the decade increas-
ingly drew the academic community into that debate, it remains to this
day rooted primarily within the archiving profession, and conducted
at a level that requires substantial technical and curatorial knowl-
edge to participate in. Arguably the only rnonograph-length work on
the wider implications of the profession, Ray Edmondson's Philosophy

of Attdiovixnl Archiving, originally published in 1998 and extensively
revised in 2004, is in effect a 'how to' manual for the evolution and
implementation of ethically informed practices within the archiving
profession.al No similar work exists aimed at engaging humanities
academics and the broader public into this debate in the way that an
extensive body of literature covers the wider cultural implications of
conservation and restoration practices in other areas of cultural activity,
notably restoration practices in art history and the period performance
movement in classical music.

It is the aim of this book to make a start in doing that, and it is now
vitally important that this be done. The prediction of Slglzf and Sound's
correspondent in 1998 has, 13 years later, been proven largely correct:

the process of relegating fllm to the level of an origination medium
is ahnost complete. At the time of writing, the major Hollywood
distributors have all announced plans to cease theatÍical distribution
on 35 mm film, starting from the spring of 20L3. As I shall argue in
subsequent chapters, the practice of film restoration has existed since
long before digital moving image technologies. But the emergence of
those technologies makes it possible on a hitherto unprecedented scale,
and furtherrnore risks creating confusion as to and misunderstanding of
what its techniques and obiects actually are.

Arthur Asa Berger wrote that 'Films are what might be called "finished
texts". Once they are completed to the satisfaction of those making
them, they cannot be modified without seriously affecting them.'42 Fihn
restoration is that modification, and it is very much open to question
whether a lot of modification done in the name of restoration is actually
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restoring anything, or modifying it to different ends. The emergence of
digital imaging technologies enable that modification to take place on
a far larger scale, in a far more diverse range of settings, with far less

money and wittr far less curatorial and technological expertise and with
far more of a commercial motive than was ever the case while the prac-
tice used exclusively photochemical technologies. The implications of
this for the cultural status of 'restored' fllms and how they can be under-
stood by the academy and beyond is too important to be left to either of
two scenarios that have dorninated thus far. On the one hand, we have
Vertigo being celebrated as a creative masterpiece in cornparison with a

film such as lumanji, but discussion of its restoration dismissed by an
acclaimed film theorist as inconsequential 'quibbling about the remix-
ing of the soundtrack and grading of the print'.ar On the other, we have
research that embodies fundamental errors as to \ /hat that remixing and
grading actually involves.

The tendency for mainstream, public discourse that focuses on the
art and culture of cinema to dismiss the role of technology has not
gone away, despite the technological revolution of the first decade of
the 21st century and the effect it had on the production, distribution
and consumption of films. On 28 February ZOLI, as they had done
14 months previously, BBC radio's journalists once again demonstrated
their belief that these issues are unworthy of significant discussion. That
morning, the BBC's flagship current affairs programme, Today, broad-
cast a four-minute repoÍt on the previous night's Oscars ceremony,
almost the entirety oť which was devoted to the four awards wonby The
King's Speech (UK, 2010, dir. Tom Hooper), for Best Picture, Best Original
Screenplay, Best Actor and Best Director. The piece concluded, almost
as an afterthought: 'The science-fiction frIm Inception [USA, 2010, dir.
Christopher Nolanl also won four awards, but these were mainly in tech-
nical categories.'aa The message is clear: Oscars in'creative'categories are
considered of greater cultural significance than those in technical ones,
despite the creativity being dependant on the technology for its very
existence, and despite the fundamental changes in the core technolo-
gies used to create, distribute exhibit and preserve moving images in the
rnainstream. It is not the aim of this book to persuade readers to adopt
a mindset that might 1ttdge Jumanji to be a betteÍ frlm than Vertigo, but
hopefully to persuade them to engage \ /ith how both filrns were initially
products of the technologies of their time, but which are usually seen
today through very different ones.

Why Do Films Need to Be Restored?

Introduction - Articulating the original

Film restoration is a controversial practice. And it isn't. In May 2010, the
British national ne\/spaper the Daily Mail carried a report of the broad-
cast of an archive-based historical TV documentary series on the Second
World War, claiming that'Germans have been able to \/atch the war
that changed their world forever in full colour', and that 'film footage
and photographs restored and colourised using the very latest technol-
ogy. . . allow people novi to see the \^/ar as people then did'.1 A year
earlier and in a similar vein, another press report stated that recently
discovered amateur fllm of Churchill and Eisenhower would be ,trans-

formed into high deÍinition footage using a state_of-the-art digital film
format.'2 In both cases, the archival footage being repurposed for con-
tempoÍary access \^/as processed in such a way as to add significant irnage
information that was not captured at the original point of photography.
Nowhere was it implied that this practice was curatorially problematic or
ethically debatable as a general rule: it was mentioned towards the end
of the former article that the producers of Der Kieg had refrained from
colourising footage of Holocaust atrocities on the grounds that doing
so would have been 'tasteless',3 but the tone of the article was that in
overall terms, the practice enhances the Írlm's perceived authenticity as
opposed to cornpromising it.

This raises a complex series of issues. Firstly, issues of authenticity
and provenance in the physically recorded moving image and audio
records that comprise a fikn have never been subject to the same scale
of methodological and ethical debates in cinema criticism and schol-
arship as they are in most other cultural forms based on permanent
records. If an art conservator had colourised Leonardo daYinci's Virgin
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and Chil(1 with St. Anne and St. Iohn the Baptist, would its mainstream

reception have been as uncritical as that of the colourised footage in

a television documentary? Why do film critics arld historians not lou-

tinely refer to the 1958 Vertig,o compared to the 1997 Vertigo in a similar

'way to that in which classicists have conducted extensive debates as

to the respective rnerits of William Melmoth's translation of Pliny the

Younger's letters compared to that of Betty Radice? And why is there no

established vein of scholarship on frlmmakers whose works were subject

to extensive alterations and revisions in the same way that for the last

four decades, musicologists have debated what Deryck Cooke termed

the 'Bruckner problem'?a Almost all the commercially published record-

ings of Bruckner's eighth symphony (for example) state prominently
which of the five published versions of the score has been used for the

performance, and many will be packaged with extensive essays by the

conductor or a musical scholar iustifying the choice through an anal-

ysis of the competing claims to authenticity rnade for each of them.

Yet how many consumer video publications oÍ Kittg Kong (USA, 1933'

dir. Merian C. Cooper and Ernest B. Schoedsack) incorporate compara-

ble discussions of the multiple versions that were released in different
territories and in different time periods since the initial screenings?

The object of film restoration means different things to different peo-

ple. As I have argued in the introduction to this book, attempts have

been made to define the combination of technical and historical speci-

Íicity of the moving image medium by which it can be regarded as a

discrete document, but these attempts have largely been confined to

the archiving profession, with secondary input from historians. Central
to this is the notion of originality, and implicit in that is the belief or

assumption that there is such a thing as the 'original version' of any
given film: in other words, a definitive form of the film from which
others can be considered deviations and which, if it is not known
to exist, it is the restorer's aim to recreate. The problem is that no-

one is really clear what 'original' means. The International Federation

of Fihn Archives' (FIAF) code of ethics requires its adherents to 'not
seek to distort or change the nature of the original material',s while
the AMIA charges its members 'to testore and preserve artefacts with-
out altering original materials, wherever possible'.6 Neither of these

codes defines what is original and what isn't, and nor, to any useful
level of obiectivity, does the only monographJength work on the sub-

ject, Ray Edmondson's Philosophy of Attdiovixnl Archiving. The closest

Edrnondson gets is in proposing two, mutually contradictory, defini-
tions. The first is in a glancing reference in his proposed definition of
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a record: 'lasting evidence of transactions, decisions, commitments or
process, ollen in the forrn of unique original docurnents'.7 The second
is 'a film negative or master recording'.8

The silent period: lncorporating exhibition

Defining 'original' as a combination of content-based and temporal (i.e.
immediately following a fihn's initial production), to varying levels of
specificity, is problematic. Early and ntature silent cinema presents a
particular challenge because, to adapt Edmondson,s phrase, a maior
part of the 'transactions, decisions, commitments or process, this form
embodies - the audio - is not contained within the ,unique original doc-
uments'; or at least, not in the same one and in the same way as the
picture. That uniqueness is not self-contained and textual in the sense
that it is ernbodied entirely within the audio-visual artefact itself. It was
a common practice in early cinema exhibition in multi-purpose enter-
tainment venues, notably fairgrounds and music halls, for a showman or
lecturer to accompany the projection of a film, often explaining a Írlmic
narrative with the aid of notes or a crib sheet supplied with the film print
itself. During the period in which the techniques of continuity edit-
ing were still undergoing basic development and evolution, these notes
provided elements of the narrative that \^/ere not understandable from
the actual moving images, as in the case of A Daring Daylight Burglary
(UK, 1905, dir. Frank Mottershaw), during the projection of which the
audience was told that a telephone call had been made to arrange for
a criminal's arrest.e The film makes no sense without this information,
yet when it is screened today it is usually with a musical accompani-
ment and without any commentary. A claim could possibly be made to
originality in respect of the sequence of film images in isolation, but not
to the authenticity of the viewing experience.

Bet\i'/een approxintately 1908 and 1915, a primitive version of what
might now be called a music video emerged, in which films were made
of a performer lip-synching to a pre-existing, commercially published
music recording, and then exhibited using a proprietary rnethod (there
were several, each with their own branding, e.g. Cinephone, Vivaphone)
of interlocking and synchronising an acoustic gramophone to a film
proiector.lo In many cases the fllms survive but the audio recordings
do not (or vice-versa), and today the filrns are sometimes screened with
contemporary live musical performances of surviving scores. To what
extent can this be regarded as original or authentic, especially if the
situation is further complicated by the fact that upon such a film,s
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initial release, it may well have been screened with either recorded or

live music, depending on the equipment and pelsonnel available in the

theatre?
After ttre cornbination of live musical performance and mechanically

generated sound effects became the dominant forrn of accompaniment

for mature silent cinema in North America and other countries that were

significantly influenced by Holll..wood's business and cultural practices

(approximately from 1915 until the late L92Os), a number of variables

iniormed how this took place. In sorne cases studios would provide

scores, to varying degrees of specificity (i.e. ranging from a complete

score to a loose framework that enabled significant improvisation by

theatre musicians) and complexity, from a piano score to full-scale

orchestral parts.rl one school of thought among the archiving profes-

sion believes that 'a tour of important silent films without the original

score [...] carries the message that half a restoration is good enough'

No-one would accept this in the art world, [sicl why should it be accept-

able in the world of early fihn?'r2 But 'the original score', if defined as

an authenticated form of accompaniment dating frorn the fllm's ini-

tial screenings, meant something very different in a large, city centle

theatre than it did in a small, rural one; a fact that needs to be borne in
mind when considering the response to Anderson's iniunction, offered

by restorers such as Kevin Brownlow and Carl Davis, of synchronising

high-quality recordings of full-scale symphony orchestras to the final

release versions of their proiects.
And furthermore, surviving evidence of the culture of film exhibition

during this period is that it was a far more volatile and anarchic envi-

ronurent. For example, a comic record published in Britain in 1926,

Mrs.'iggins at the Picture House, portrays a noisy proiector, an out-of-

tune hannoniurn, a customer who noisily reads out the frlm's intertitles,

disinfectant being sprayed in the auditorium and a myriad of other dis-

tractions that created an exhibition context very different from the one

in which the end result of archival restoration proiects are typically seen

today.13

The sound period: Multiple texts

Defining originality in the case of a sound film (and a silent one if the

scope of coverage is restricted to the moving image component) would

superficially appear to be easier, as there was usually a lot less inherent

variation in the historical reception context. However, the definitions of

originality comrnonly used by archivists have the potential to be every
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bit as problematic as they do with silent films, both in evidential terms
and in terms of the specificity of the frlm medium. Unique documents
are often not 'original' in the sense of being an unmediated record of
their content, e.g. if they are the end result of censorship, re-editing for
commercial reasons or other alterations; and a filrn negative can often
be two generations removed from the one exposed in a camera and
incorporate substantial modification to the camera original's content
during the post-production process. It rnay be the nearest (in genera-
tional terms) surviving element to that camera original, but be missing
content that is present in other copies that are removed by further gen-
erations. In other words, a given physical element of a given fihn can be
'original' according to some definitions and in some contexts, but not
others. As the historiographer Arthur Marwick points out, ,certain mate-
rials do not fit neatly into the categorisation as primary and secondary
sources. Some are primary sources from one point of view, but secondary
from another.'14 The same health warning applies to the notion of orig-
inality in film. For example, the 1938 re-release of King Kong, in which
scenes believed by censors to portray unacceptable levels of sexual vio-
lence were cut,ls is'original'in the sense of being a record of the effects
of the Production Code half a decade after its introduction, but not of
King Kong as it was initially distributed in most of the USA shortly after
its production was completed in 1933. Or the British Film Institute,s
'restoration' of A Colour Box (UK, 1935, dir. Len Lye) is original in the
sense of revealing the aesthetic detail of its maker's hand painting onto
film, but not of the subjective impression of seeing the film in the 1930s,
as the t\ /o versions used entirely different colour reproduction systems
and the theatre proiectors in widespread use now use a different light
source/ \ /ith a slightly lower colour temperature, to those of the 1930s. tb

Arriving at a definition is in fact easier said than done, the princi-
pal reason being that (with the arguable exception of home movies
shot on reversal stock), audiences never in fact see an 'original' film,
if one defines original as being the physical artefact that is exposed in
the camera, i.e. on which the recording is actually created. Like the
mass distribution of the written word, moving image media depend
entirely on their ability to be copied. Indeed, it was the ability to cre-
ate multiple physical copies from a single film element exposed in the
camera that made the cinerna a viable commercial enterprise: it is always
worth remetnbering that the Lumiěres' Cinématogr phe, one of the earli_
est mass-produced piece of film industry hardware, was a machine that
combined three functions in one: a camera, a printer and a proiector.
In other words, it embodied the three sectors of what would later form
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the vertically integrated structure that enabled Holl)'woocl's economic

dominance: production, distribution and exhibition. The creation of

multiple copies can be done at comparatively littte cost (relative to that

of the initial production, or the 'negative cost' in film industry parlance)

and with little if any perceived loss of technical image quality by the lay

viewer.
And furthernrore, that copying is almost neveÍ a content_neutral pro-

cess and is often integral to the creative one. In 2008, the inventor

of a film scanner designed for archival use published a press release

claiming that the machine offered 'non-judgmental preservation" by

which he meant that it extracted image and audio information from

the element being scanned and represented it in digital form without

altering its subiectively perceived aesthetic or sonic properties.rT The

implication, of course, is that conventional film copying processes do

incorporate some form of iudgement' as to what the duplicate should

look and sound like, which isn't necessarily the salne as the source. The

change can be deliberate, for example optical printing to incorporate

dissolves, mattes or other special visual effects, or the incorporation

of computer generated imagery (CGI) within a digital post-production

workflow. In such cases/ a ,non-iudgmental' copy of the original camera

negative will bear little if any resemblance to the finished product the

filmmaker intended audiences to see on the screen, and in some restora-

tion scenarios it may be deemed necessary to, in effect, recreate original

post-production steps. A very simple example would be the practice of

tinting and toning using coloured dyes. These colours v ere not captured

at the point of photography, yet wele routinely added in the processing

of the final release prints. Some restorations incorporate colour tints and

tones, either produced by authentic methods or simulations using coÍr-

temporary technologies, whilst others have not, with the restored film

being screened in black-and-white. Claims to originality could be made

for either output.
Exhibition technologies in use following a frlm's initial release are

likely to have been very different from the ones in mainstream use when

it is subsequently restored, thereby raising further questions as to the

nature of authenticity and originality. Technicolor is an obvious case

in point: throughout the period in which it was a mainstream technol-

ogy, the dye transfer printing method used to produce the copies shown

in theatres was incapable of reproducing the definition or tonal lange

captured by the beam-splitting camera; so much so that many release

prints dating from a three-strip production's initial release'do not pro-

vide a true idea of the fidelity that the system was capable of [recording]

at the time'.18 The dye-transfer printing system was notoriously resistant
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to quality control, producing release prints that varied from those that
rival modern chromogenic ones to copies in which colour fringing,
poor saturation and other defects resulted in them being treated as 'fly-
over state' (USA) or 'north of Watford' (UK) prints, i.e. distributed to
second-run theatres that charged lower admission prices. In some cases,
Technicolor's technical characteristics were deliberately manipulated for
artistic effect, effects that cannot easily or accurately be reproduced
with alternative technologies in current use.le The frnal aesthetic vari-
able that needs to be thrown into this mix is that during the period in
which Technicolor dye transfer printing was a mainstream technology,
the light source in most theatrical cinema projectors was the carbon
arc lamp, which produces a colour temperature of about 5,000 kelvin.
Between the late 1950s and early 1970s, carbon arcs were largely super-
seded by the xenon arc lamp, with a colour temperature of 4,000 to
4,500 kelvin (i.e. rnore towards the red end of the visible spectrum).
Viewing a 1930s or 1940s Technicolor release print using modern equip-
ment, therefore, will give a signifrcantly misleading impression of what
the cinematographer and grading technicians were trying to achieve.

A restored version can often reveal detail recorded at the initial point
of photography that, due to shortcomings in post-production, print-
ing and/or proiection technologies used thereafter, were lost from the
frlm's early screenings. Survivíng release prints can provide evidence of
this (subfect to the health warning on illumination sources), thereby
presenting the restorer with an ethical dilemma: does he try to recreate
the 'original' exhibition experience, retaining what are now perceived
as technical drawbacks, or does he use contemporary technology to cor-
rect them? When, in the 1980s and early 1990s, the former Technicolor
employee Paul de Burgh was commissioned by the British Film Institute
to undertake a series of restorations of three-strip titles held in (what
was then called) the National Film Archive, critical responses to his work
frequently pointed out that compared with surviving dye transfer prints
from the initial releases, many of the restored versions offered substan-
tially greater definition, contrast and saturation.2o In crude, subjective
terms, they'looked better'.

And finally, individual textual elements can incorporate visual or
sonic elements that v/ere not created at the point of initial produc-
tion, often because those original components either do not survive
or are regarded as compromised in some way, and thus are perceived
by the restorer to need replacing. An indicative example would be the
audio cornponents of lawrence of Arabic (UK/USA, 1962, dir. David Lean)
that were iunked as the result of cuts made to the fihn following its
initial screenings. For the 1988 restoration, mernbers of the original
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cast re-performed parts of the dialogue in a ne\ii/ studio two and a half
decades 1ater.21 The film's restorer, Robert Harris, defended his actions

on the grounds of fidelity to the director's 'original' vision, and indeed

the result was endorsed by Lean himself. But the 1988 version of the filrn

incorporates material that simply cannot be defined as 'original' by any

evidential criterion: these recordinss were simply not paÍt of the film as

screened following its initial completion, and because those that were

no longer exist, it will never be possible to form even a subiective view

of how accurately they reproduce the film as it vťas seen by a very small

number of people before the distributor started to edit it down for more

widespread distribution. Nevertheless, this has not prevented the 1988

Lawrence from being distributed in new 70 mm prints and published on

consumer video media with claims of fidelity to the technical integrity

of 'the original'.22
A minority of practitioners simply don't care whether the end result

of their work is focused on the originality of the technical attributes of

the surviving physical artefact or the authenticity of its initial exhibi-

tion context at all, e.g. the producers of Der Krieg, for whom their source

footage was simply a starting point in an attempt to evoke their imagi-

nation of what its subject (as distinct from a reproduction of the original
media) in wartime might have looked like. Howevel they tend to be the

exception. The majority of archives and restoration practitioners both

seek to validate their activity and to articulate as its goal the recovery

of something lost, that something being related, to varying degrees, to

the concept of originality. They rarely get as far as defining precisely

what they mean by that, and as we have seen, there is a wide range of

definitions, and combinations of definition, on offer.

The rernainder of this chapter will detail the principal scenarios, the

perceived existence of which has led to the decision that an 'original'
fílm does not survive and that restoration activity is warranted. These

can broadly be placed into two categories that I will term the physical
and the political - or in other words, loss of the original caused by the

shortcomings of the medium itself, and those caused by human activ-

ity, both accidental and deliberate, conscious acts and those of neglect.

Of course, the two categories frequently overlap, often in the forrn of

one invoking the other.

Physical loss 1: Chemical decomposition of the film base

Nitrocellulose and cellulose acetate-base photographic film, which
account for all but an insignificant fraction of moving irnages originated
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on film, is an inherently unstable medium. Its chernical composition is

such that it is slowly destroying itself from the rnoment of its manufac-

ture. When combined with human neglect, the result is loss by default.

Stored in unregulated ternperature and humidity conditions, these f,lm
bases will decompose to the point at which the image and audio infor-
mation on them can no longer be recovered within roughly 20 to 100

years, depending on the climate and other variables.
Cellulose film bases have been mass-manufactured since 1889. The

basic procedure is to dissolve wood pulp in acid (either nitric or acetic),

and process the resulting brew into the solid material offering the
three vital properties needed of rnotion picture film: flexibility, a high
tensile strength capable of withstanding extreme mechanical stress

and transparency.23 Or at least, it offers them in the short term, and
therein lies the problem. Film was originally conceived as an ephemeral
medium, and no systematic, institutionalised thought was given to pre-

serving moving images, either as commercial intellectual property or
as public records, until the 1930s. Formal preservation activity did not
take place on any significant scale until the 1960s, and the chemical
processes that cause nitrate and acetate film decomposition - and thus,
how to manage and inhibit them - were not fully understood until
the early 1990s. Even today, substantial debate and disagreement exists
within the archiving profession over the optimum preservation strate-
gies for different sorts of fihn element in different circumstances, and
the fact that the scientific principles which inform that debate were not
accepted as being fundamentally definitive until film had been in use
for alrnost a century indicates the extent of loss and damage due to film
decomposition that has taken place during this period.

Nitrocellulose filtn base, more colnmonly referred to as nitrate, was
the industry's mainstay from its invention in the late 1880s until the
middle of the 20th century. During this period, the primary emphasis
of its use and rnanagement \/as on short-term health and safety, not
long-terrn preservation. One thing that was irnmediately understood by
almost everyone who worked with nitrate ftlm was that, with the possi-
ble exception of liquid fuel, it was arguably one of the most dangerous
chemical products to be used routinely in the presence of the pub-
lic. Nitrate was highly flammable, impossible to extinguish once alight
(because the combustion process geÍrerates oxygen as a by-productZa)
and produced highly and acutely toxic gases during combustion. As the
author of one of the first histories of the film industry, published in
1926, put it, 'public arrd ofÍicial opiniorr holds a most positive opin-
ion that motion picture film is a deadly explosive. The reputation of
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nitro-glycerin is trivial beside it.'2s The period in which nitrate film was

in widespread use was punctuated by a series of highly publicised fires,

costly both in lives and money.26 Nevertheless, the cost of the safety

precautions needed to keep the risk within what were regarded as accept-

able limits was exceeded by that of using the less flammable alternatives

that were available at the time.z7 An article written in 1939 noted that
,nitrate film is used by theatrical picture producers because when used

promptly after development it is less expensive and better able to with-

stand the heat and mechanical wear of theatrical proiection than is

acetate fihn.'28
What was a lot less well understood was the process of nitrate film

decomposition. In crude terms, the chemical action of the nitric acid

during the manufacturing process does not cease when it is complete:

it continues to attack and weaken the polymeric structure of the base

thereafter. The first visible symptom is shrinkage, followed by moisture

leaching from the film base, dissolving of the emulsion (the coating

on the base of the ftlm that actually carries the photographic image),

adhesion betlveen layers and eventually wholesale decomposition of the

film into a highly volatile solid with similar properties to gunpowder.2e

A review of the technical literature produced by the frlm industry before

the emergence of the film archiving movement in the rnid-1930s reveals

no significant evidence that this phenomenon had been observed, doc-

umented or commented on. By the end of the decade' evidence of
a\/areness of the problem begins to emerge: for example, the observa-

tion that 'the life of nitrate film is not definitely known; but even when

correctly stored, it is thought not to retain the best of condition more

than thirty or forty years' in 1939.30 But the earliest systematic descrip-

tions of the stages of nitrate decomposition that I have been able to find
in print date from the early 1950s, i'e. well after the British archivist
Harold Brown is generally credited with having discovered the phe-

nomenon in 1942. Even then, the discussion was focused either purely
or primarily on the discovery that in the later stages of decomposition,
nitrate becomes even more volatile (i.e. easier to ignlte and prone to
explosion) than when it is rnechanically intact, with the consequent

safety issues, rather than the implications for the long-terIn preservation

of content originated on the mediutn.3l
The commercial launch of cellulose triacetate fihn base in 194832 was

not only celebrated by the film industry as a low-cost replacement for
nitrate that took the fire problem off its hands, but also by archivists
who believed that it took the decomposition problem off theirs. This
resulted in an almost dominant and universal preservation strategy
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being adopted by the world's film archives from the 1950s until the
1990s, that which is encapsulated in the title of Anthony Slide's 1992
book Nitrate Won't Wait.33 This consisted of making copies of nitrate
elements onto triacetate base stock, to varying levels of technical qual-
ity, depending on the laboratory infrastructuÍe, expertise and money
at their disposal. Disposal of the nitrate originals after copying was
commonplace during this period, as it tvas believed that they would
inevitably decompose beyond the point of recovery \ /ithin a relatively
short tirnescale, and therefore that there was no point in spending
money on their continued storage.3a Unfortunately, it quickly became
apparent that triacetate film decomposed in rnuch the same \/ay as
nitrate, the only difference being the absence of the nitrate-specific
frre and explosion risk. Acetate film decomposition is widely claimed
to have been first observed in India at some point during the 1950s,3s
due to the high ambient temperature and humidity there, and in north-
ern hemisphere archives from the mid-1970s. 'Vinegar syndrome', as it
was quickly termed by archivists due to the strong acetic acid smell of
stock in an advanced state of decomposition, worked, in the words of
a scientist researching its effects, by 'a mechanism which involves the
acid catalysed hydrolytic deacetylation and degradation of the polymer
structure.'36 In other words, the acid used in manufacturing the film
base attacked other components of it lust as it does in nitrate, causing
the overall breakdown of its molecular structure. Once again, the film
industry had chosen its mainstay production medium with short-term
operating costs in mind, not long-term preservation.

From the early 1980s, most release printing and some intermedi-
ate stocks began to be manufactured on a polyethylene terephthalate
(polyester) base. Being a synthetic as distinct from an organic com-
pound, it is widely believed to be unaffected by decomposition.3T
However, its very high tensile strength has resulted in polyester being
considered unsuitable for camera and some intermediate use, due to
the equipment damage that would result from a film jam or other
mechanical failure (acetate film would simply break). And so the sorts
of film element that from a preservation standpoint are most desirable
to be originated on polyester base stock - calnera negatives and fine-
grain interpositives printed from them - are still normally originated on
acetate. Another development during the 1980s was the discovery by
researchers, principally at New York's hnage Permanence Institute and
Manchester Metropolitan University in the UK, that the decomposition
of nitrate and acetate-based films can be inhibited to a large extent by
storage in atmospherically controlled vaults maintained at a constant
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and significantly lower temperature and humidity level than is usually
found in the normal atmosphere.3s This presents the modern archive
with the same dilemma as it responded to in the 1970s by copying and
then disposing of nitrate holdings: original (or the closest surviving gen-

eration to original) film elements that they have been caught in the early
stages of decomposition can be preserved for an extremely long time
(accelerated aging tests indicate a useful lifespan of several centuries
in optimal conditions), but at relatively high cost. Although the most
recent generation of archival science has identified effective methods of
best practice, they do not come cheap and in any case, chenlical decom-
position has already had a major impact on a significant proportion of
the world's overall frlm heritage.

Film base decomposition can be ludged to necessitate restoration
activity when it has resulted in the total or partial loss of the original,
or closest surviving generation to original, element of a given title. This
is most likely to have happened in cases where a rediscovered film ele-

ment has been stored in sub-optimal atrnospheric conditions, either in
private ownership for a substantial period prior to its acquisition by an
archive or in archival storage since significantly before the importance
of temperature and humidity control to preservation v/as fully under-
stood. A chemical test, developed by the Image Permanence Institute,
exists to predict the rate of future decomposition in acetate film (the use

of acid-detection strips3e), though for nitrate collections visual inspec-
tion is necessary. Many archives do not have the workforce or budget
needed to monitor their collections as closely as is needed to catch
the decomposition process before the point of no return, i.e. when it
has caused a signiflcant impact on the image and sound information
embodied within a film reel, such that at the very least, remedial treat-

ment is necessary. One archivist, interviewed in 1983, recalled opening a

reel of nitrate to discover that 'there weren't more than two frames that
had an image left. You have to iunk the film outright. There is powder,
gel, but no film.'ao

In such cases, where the original or best (defined in this context as

the generationally closest to the original) surviving element has been
totally lost due to decomposition, the essential response is the sane one
as in the case of total loss for other reasons: lower quality elements have
to be used to create the restoration Inaster, possibly with more exten-
sive treatment to address the generational loss of image quality than
would have been the case had the calnera negative and/or other ele-

ments that embody the definition of originality the restorer is trying
to achieve been available. Restoration activity can also be necessitated
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by partial loss due to decornposition. Shrinkage is a common aspect of
both nitrate and acetate decomposition, resulting in unsteadiness of the
prolected picture; as is discolouration of nitrate and lateral deformation
('buckling') of acetate. Both photochemical and digital methods exist of
copying the content from affected elements, to varying perceived qual-
ity of result according to the individual scenario. A restorer has to ludge
whether to use a decomposed best surviving elernent or one that may be

further generations rernoved but in physically better shape as the basis

for a restoralion tnaster.

Chernical decomposition of physical rnedia is not a problem unique to
the preservation and restoration of Íilms. The deconrposition of paper,

made from wood pulp, caused by acids used in the manufacturing
process has been systernatically described, understood and managed
by document archivists and librarians since the mid-1930s - within
a decade of the discovery of nitrate film base decomposition.ar The
process quickly acquired a nickname as ubiquitous in the document
archiving field as vinegar syndrome is to fihn archiving: the 'slow fire',

a phenornenon which inspired a documentary film, Slow Fires: On the

Preservation of the Human Record, made in 1987.42 However, there are

some important differences between the way the problem has been per-

ceived in the two professions, ones which shed important light on the
reasons why factors are deemed to exist that necessitate film restoration.
Like cinema, the printed word depends on copying for dissemination.
Analogous to the \ /ay in which an uncut roll of original camera neg-
ative represents the raw material frorn which the (or in some cases a)

final version of a film is prepared in the form of an intermediate gen-

eration for mass-duplication, so an author's manuscript is the initial
input into an editing and production process, the end result of which
is a paperback on the library shelf. However, loss of information in
the (analogue) copying process is usually not considered as signifi-
cant an issue when dealing v/ith document conservation as it is with
film, and therefore any method of copying that preserves the legibil-
ity of the written word, including simple photocopying onto acid-free
paper, is considered sufficient for the maiority of preservation purposes
affecting slow-fire-affected printed documents. Facsimile editions using
high-quality photography are sometirnes produced in the case of docu-
ments when the aesthetic properties of the original artefact are regarded
as sigrrificant primary souÍce material in their own right, for example
in the case of the conservation, photographing and rebinding of the
Domesday Book in 1984-198 .13 But such prolects are the exception
that proves the general rule of document archiving: that preserving
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the content is usually moÍe important than the form. With fllm, the

distinction between the two is made a lot more complex due to the

inherently analogue nature of the photographic image and the loss

of image information that results from copying it; hence one facet of

the 'originality fetishism' that drives many decisions first to undertake

restoration projects, and then within them, is the emphasis within mod-

ern frlm archiving of saving best surviving (defined as generationally
closest to original) elements frorn decomposition.

Physical loss 2: Physical damage to the film base or emulsion

This category of damage is distinct from chemical decomposition of the

base itself in referring to man-made, physical damage to the film. It can

be subdivided into abrasion (scratches), failed splices, perforation dam-

age, edge damage, foreign bodies and foreign agents on the fihn base or
emulsion surface. While laboratory processes to minimise such damage

to pre-print elements during the post-production process existed by the
late 1920s,aa such damage was generally regarded as routine, unavoid-
able wear and tear in the case of release prints. Research carried out by
a Kodak scientist in 1948 indicated that a typical nitrate print had a

lifespan oÍ 644 projections before mechanical failure.as In cases where
pre-print elements are not known to survive, therefore, the decision to
undertake restoration work based on significantly damaged release print
elements may be made. A number of factors can inform the choice of
elements used (where a choice exists), as some forms of damage can

be mitigated more effectively than others. Physical damage that com-
promises film transport through a copying device such as a printer or
scanner, principally perforation damage and failed splices, can often be

repaired without leaving any visible trace on the duplicate. The same

applies to dirt and abrasion on the base side of the film, though on
the emulsion side, where abrasion has actually removed some of the
image information, there are limits to what can be achieved, both with
photochemical and digital techniques.

In some cases such artefacts have been created, allowed to accumulate
or even digitally simulated deliberately, either as part of an artistic state-

ment embodied in the film,a6 or as a visual device intended to convey an
impression to the audience that the footage is 'old'.47 The mere existence
of this convention presents the restorer with a dilemma. In strict techni-
cal terms, film footage should not be scratched or dirty, however old it is:
that damage can only have been caused by incompetent film handling
practices, and/or running the film through a poorly maintained or faulty
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mechanism. However, the standard of fihn handling and equipment
maintenance required to keep film elements totally clean is very high.
It is least likely to be maintained in the case of release prints, because

cinema projection booths by their very nature are very unforgiving envi-
ronments for film. In such an environment the film is repeatedly wound
at high speed, subjected to high levels of heat and run on equipment
with fast moving parts and sharp edges. Projection booths are habitu-
ally the dirtiest and dustiest parts of a theatre building, as they are one
of the few parts to which the public is not admitted.

A heavily used release print, therefore, is likely to contain a lot of
physical damage, much of which can be mitigated, either by remedial
treatment to the element itself or in the copying process. Yet it is a com-
mon and widespread misconception among those who know little about
moving image technology that such visual artefacts are an inevitable
symptom of film's aging process and that their absence indicates the
film to have been made relatively recently; so much so that restoration
projects that painstakingly remove thern have resulted in complaints
that the restored film looks too clean, and thus lacks authenticity. Occa-
sionally, archives decide to leave evidence of physical damage in place in
copies of ftlms intended for public access, either because no restoration
technology in current use can effect a satisfactory mitigation, because
it could be done but the archive cannot afford it or even as a curatorial
statement. A notable example would be a DVD compilation of class-
room sex education films published by the British Film Institute (BFI) in
2009, in which several of the titles are transferred from actual 16 mm
release prints that had previously been in distribution before their acqui-
sition by the BFI.48 Deep emulsion scratches and heary dirt is visible
in some passages, typical of the damage caused by the poor operation
and maintenance of the portable 16 mm projectors used extensively in
schools and other non-theatrical settings from the 1930s to the 1980s.
The principal reason for the decision to leave the visible defects in was
financial: the budget \ryas not available to carry out full-scale restoration
work on these titles in preparation for their inclusion on the DVD.'te
Correction of colour dye fading was carried out during the transfer pro-
cess, however, as it could be done at veÍy little extra cost. So although in
one respect the restoration process was inconsistent (one form of dam-
age \ivas mitigated, but another was not), a strong argument could be
made that the resulting digital copy gives viewers a more subiectively
authentic irnpression of the experience of viewing a 16 mm classroom
film in its original context than would have been the case if the vis-
ible artefacts frorn physical damage had been removed (because the
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Íilnr,s initial classroorn audiences would have seen dirt and scratches

resulting from mishandling but not the dye fading, which takes several

decades to become visible). ln the case of restoration proiects involving
affected elements, such decision-making should be an integral part of
the process.

Physical loss 3: Loss of colouť information

As with physical damage, colour information in film also falls essentially

into tv/o categories: that which is captured and reproduced photograph-
ically, and that which is introduced independently of the photographic
process. The end product is the same in both cases: a visible dye

contained within the film's emulsion. There are a number of scenarios
in which the colour information found in surviving elements used for

a restoration project differs substantively from that which would have

been seen by audiences in the past.

Until the 1930s, the dominant form of colour in the cinema was tint-
ing and toning. Tinting involved applying a uniform colour dye to the
entire image, either by applying it to the film base before the photo-
sensitive emulsion is coated onto it or by immersing it in a tinting
bath after exposure and processing. A toning dye was absorbed by the
silver image only, meaning that in a monochrome image the 'black'
became another colour, but the '\ /hite' was unaffected. Tinting and ton-
ing could be carried out to varying degrees of complexity, ranging from
a single tint applied to an entire release print, to different colour combi-
nations of tints and tones, changing between scenes or even individual
shots. Different combinations of tinting and toning were achieved by
compiling all the shots to be given a specific tint and/or tone into a

single reel of negative, which v/ere then printed, processed and dyed.
Each release print, therefore, had to be assembled individually from the
processed and dyed teels, meaning that this rnethod of colouring fihns
was potentially a very labour-intensive one. The tints and tones used

were often not identical in all the release prints rrrade of a given title:
Paul Read notes that 'there is anecdotal evidence that sonre distributors
used rnany colours for a few show prints, but the rnaiority of prints had
fewer and cheaper colours, or vr'ere simply black-and-white.'so The tech-
nique could be used to create higlrly elaborate and time-speciÍic effects,
as in Áf the Villa Rose (UK, L921, dit. Maurice Elvey) in which tints and
tones were 'used for precisely timed effects such as the switching on
of a light, and in another scene a combination of blue toning with a
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pink tint was used to indicate the last flush of a rosy sunset as night
descends'.s1

The diversity of tinting and toning practice that took place requires
a restorer to decide the extent to which they should attempt to repro-
duce it and what sources of information they should use in order to
determine what to reproduce. If evidence exists that the same film was
shown in prints ranging frorn black-and-white to the elaborate and pre-
cise tinting and toning found in a surviving initial release ptint oÍ At the
Villa Rose, what should be the end result of a restoration? A case could be
made for the authenticity of a number of different approaches. In prac-
tice, the tints applied to surviving release prints are often used to guide
restoration strategies, though in cases where only uncoloured elements
survive, Íestorations are sometimes tinted and toned on the basis of
written evidence found elsewhere. In a restoration of Die Niebelungen
(Germany, 1924, dir. Fritz Lang) carried out in 2006-2008, evidence from
the surviving elements suggested that most of the prints shown outside
Germany were tinted orange almost throughout, and that the German
domestic prints were coloured rather more elaborately, One release print
discovered in Uruguay was black-and-white.s2

Other non-photographic colour systems were used throughout the
silent period, notably hand colouring and stencil colouring (and its
semi-automated variant, the Handschiegl process), though all of them
on a far smaller scale. In many cases the colour information present on
release prints screened contemporaneously with the frlm's initial dis-
tribution does not survive in preservation material held by archives.
Various techniques are available to recreate them or simulate their
appearance in the Írnal output of a restoration project. Which, iÍ any,
to use will be determined by the aspects of originality and authenticity
that determine the objectives of a restoration, as well as more pragrnatic
factors, notably financial and the limitations of what current restoration
technology can achieve.

Photographic colour systems - those in which the recording of colour
information is integral to the process of creating the photograph, as dis-
tinct from being added later in a separate process - can give rise to the
need for restoration. This is usually judged to be the case in either or
both of two scenarios: when a system, or a significant component of
it, is obsolete (i.e. the equipment, consumables or services needed to
make it work are no longer cornmercially available), or if the colour
dyes cannot be reproduced accurately without substantive technical
intervention in a copying process, either because of incompatibilities

tr-

\



34 Filn Restoratiott

between surviving elements and equipment cufiently in mainstream

use, or chemical decomposition affecting colour dyes.

An example of the former would be the short-lived Kodacolor pro-

cess, a lenticular system marketed for amateur fihnmaking between 1928

and 1935. It was necessary to attach filter glasses to both the camera

and projector, and these interacted with the embossed lenticules on the

film base to record and reproduce the three primary colours.s3 Neither

the embossed panchromatic frlm stock nor the filters are in production

anymore, and therefore the only viable way of recovering the colour

information from surviving elements is to use a modiÍjed filtering sys-

tem on an optical printeÍ or digital capture (datacine) device. This can

be considered an active restoration, as distinct from preservation, as a

significant technical intervention is needed to retlieve the colour infor-
mation. Simply ensuring that the surviving elements are maintained in
the condition that an archive received them (preservation) will not in
itself enable the colour content to be viewed.

The vast malority of photographic colour systems that pre-date

chromogenic dye-coupler technologies present the obsolescence issue

to varying degrees, mainly because the colour information recorded on
the films as shot and processed is not visible to the naked eye without
an additional process taking place either in the production of release

prints, or in proiection itself. Gaumont Chronochrome, Kinemacolor
and Technicolor are all maior examples. The latter pÍesents an especially

complex challenge for the restorer. on the one hand, the fílm elements

created during the production process are generally acknowledged to be

the most chemically stable of any colour system that was in mainstream

use. Yet on the other, the colour information is very difficult to repro-

duce as part of the copying process for preservation and access. As a

prominent preservation scientist noted, 'Technicolor is often charac-

terised by a colour saturation that is difflcult to reproduce using modern
fihn stock, let alone electronic media.'sa In approaching the restoration

of surviving Technicolor elements (either three-strip negatives or dye-

transfer release prints), therefore, the restorer has to iudge the extent

to which the contrast, gamma and colour balance should be manipu-
lated in the copying process, sometimes based on a mainly subiective

conception of the original viewing experience.
The biggest problem with substantive dye-coupler technologies is

colour dye fading. Throughout the first half of the 20th century, the

clevelopment of photographic colour processes had as its commercial
objective the perfection of a system that added little if any cost to pro-

dr.rction in black-and-white, and specifically no requirement for special
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equipment, processes or services to nrake the system work. The technol-
ogy that eventually enabled this involved, in crude terms, three layers
of photosensitive emulsion on the raw stock, each sensitised to one
of the three primary colours. After exposure, chemical 'couplers' were
activated in processing, which turned the latent irnage into a vísible
dye of the corresponding colour (or its subtractive negative). The earli-
est viable mass-production system was the German Agfacolor, initially
launched in 1936 and exported extensively following the Allied occupa-
tion at the end of the Second World War.ss But it was the launch In 1952
of a negative-positive coupler process by Eastman Kodak that enabled
colour cinematography in the mainstream film industry to become the
norm and, within a decade and a half, black-and-white the exception.
Eastmancolor stock required no modification to equipment in either
the studio or theatre: the only infrastructural investment needed was
in the laboratory. As \^/ith nitrate and acetate decomposition, the draw-
back with this technology v/as only recognised and understood a quarter
of a century after it ended widespread commercial use: the first genera-
tion of coupler stocks was prone to dye fading, to the extent that much
of the colour information in surviving elements has been lost. A high-
profile campaign in the late 1970ss6 led to the introduction of a 'low
fade' coupler stock range by Eastman Kodak in 1982, and research later
discovered that as with cellulose esteÍ írlm bases, storage in cool and
dry conditions substantially inhibited the fading process.sT But many
surviving elements of films made from the 1950s to the 1970s have
already suffered significant dye fading. There are a number of ways in
which restorers can attempt to mitigate these, which will be discussed
in subsequent chapters.

Physical loss 4: Format obsolescence

A related problem to that of some obsolete photographic colour pro-
cesses, fonnat obsolescence occurs when image and sound inforrnation
has not been lost from surviving fihn elements, but the hardware needed
to reproduce them is no longer being manufactured or in mainstream
use, and therefore the f,lm cannot be shown in its 'original' form.
This can be as fundamental as the film gauge itself, as in the case of
28 mrn and 9.5 mtn. Films shot using short-lived widescreen systems
that necessitated the use of bespoke hardware, e.g. Fox Grandeurss and
VistaVisionse can now only be screened (apart from in a very small num-
ber of museums and cinematheques that may operate restored original
equipment, as with the Cinerama installation in the National Media
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Museum at Bradford, uK) after the content has been copied to what the

restorer judges to be an equivalent nledium, but which is currently sup-

ported and in widespread use. The sarne applies to sound-on-disc audio

iysterns, and even some sound processes that failed relatively recently,

e.g. Kodak's Cinema Digital Sound (CDS) in the early 1990s'60 Where

,yit.-r, formats and processes have been used in a film's initial produc-

tion that ale no\^/ obsolete, a Íestoler is faced \^/ith having to decide how

best to reproduce the aesthetic impression of the obsolete technology

using modern rePlacelnents.

Political loss 1,: Lost films

Human activity, or inactivity, can often result in the total or partial loss

of a fihn. It goes without saying that as long as the film, or part of it,

remains lost, no restoration is possible. The issue is what happens when

rediscovery occurs: thus, the phenomenon Darragh O'Donoghue called
,the lure of the lost frlm',is a relevant one in considering how the agenda

for restoration activity is set. r ln many cases the loss of a fihn is caused

by the interaction of a physical and a political factor, namely chemical

decomposition and the 'erratic archiving that saw material lost due to

pool storage.'62 This will be explored in gfeateť depth in the following
ihapter, which considers the role of institutions and prominent indi-

viduals within the film archiving movernent in setting the agendas that

drive film restoration. It will suffice to note here that a canon of lost

films has emerged, on which researchers and archivists have devoted

significant resources to rediscovering, almost all of them the work of

critically celebrated and/or commercially successful directors or staÍs,

e.g. The Mountain Eagle (IJK, 1926, d:l.. Alfred Hitchcock) or London Afrer

Midnight (USA, t927, dir. Tod Browning). Others sutvive only in incom-

plete form, e.g. Greed (IJSA, L924, dir. Erich von Stroheim) or The Mag-

nificent Ambersons (IJSA, 7942, dir. Orson Welles)' As ttre former curator

of Britain,s National Fihn and Television Archive put it, 'another legend

(this one beloved of journalists) says that there are dozens of lost and

neglected films lying in dusty vaults or attics waiting to be rediscovered -
a Greed here, a Griffith there, the Hitchcock that never was.'63

In the occasional cases when rediscoveries occur, the lost film myth

can, in sorne circurnstances ensure that they go straight to the front

of the queue for restoration work. Two prorninent examples deserve a

mention in this context' Beyond the Rocks (tJsA, 79zz' dir' Sarn wood)' a

release print of which was deposited with the Nederlands Filmmuseum
following the death of a private collector in 2001, was probably the first
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all-digital restoratiorl by a rnalor European archive. The project received
extensive publicity, partly on account of this and partly because the frIm
featured two maior and well-rernernbered Hollywood stars (Rudolph
Valentino and Gloria Swanson). Mainstream media reports emphasised
Valentino, Swanson and the nature of the film's rediscovery.Óa In archiv_
ing and cultural circles the project cemented the reputation of the
'innovative spirit' of the Nederlands Filmmuseutn,6s, positioning it at
the leading edge of curatorial (the decision for a Dutch publicly funded
cultural institution to invest rnajor financial and political capital in an
American film) and technological practice, and established its leader,
Giovanna Fossati, as a 'starchivist' film restoration practitioner. Sub-
sequent restorations of other rediscovered early Hollywood features
from the same collection, e.g. The Floctr Below (rJSA, 1918, dir. Clarence
Badger) in 2007 , have passed virtually unnoticed.

The Life Story of David Lloyd George (UK, 1 9 18, dir. Maurice Elvey) illus-
trates another set of circumstances through which lost film mythology
can inform the agenda as to which films warrant immediate and exten-
sive restoration work and which do not. Once again, a combination of
unique factors combined to make the prolect especially newsworthy.
The film's subject was a highly controversial political figure, its produc-
tion was abandoned during the editing stage (it is hypothesised due to
political intervention), it was rediscovered in the form of unedited cam-
era negative rolls, in very good condition, in Lloyd George's grandson's
attic (thereby enabling both a 'resurrection' narrative in the mainstream
media coverage, and restoration to a high technical quality), and it was
the first, and so far only, high-profile restoration project undertaken
by a small and previously little-known archive institution. There were
both political and acadernic factors in play, too. Researching the film's
mysterious production circurnstances was ideally suited to the empiri-
cal research methods that had been established and developed by the
media and history movement in the 1980s and early 1990s,66 and, for a
lay audience, 'will always bring an added frisson to the images', as a press
release for the DVD put it.67 The director of David Lloyd George, Maurice
Elvey, had a well-established reputation among film scholars as a prolific
but minor talent: as Charles Barr notes, his output has been 'disrnissed as
negligible' by biographers of his contemporary, Alfred Hitchcock.6s But
David Lloyd George prompted a re-evaluation of this view with its epic
structure, special effects ahead of their time and convincing, large-scale
crowd scenes. The restoration process itself was groundbreaking, consist-
ing in effect of recreating post-production techniques from the 1910s.
And finally, the re-released film was marketed as a cultural symbol of
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Welsh national identity at the precise molnent this was becorning a sig-

nificant political issue (the referendum to establish the welsh Assembly

took place in 1998, while the roadshow re-release was taking place), and

prornoted extensively as a calling card for the archive that undertook

the project.

Political loss 2: Poor quality or orphaned
surviving elements

A related problem to outright loss is the known survival only of ele-

ments considered to be of compromised technical quality, and thus

where restoration work is deemed necessary to reproduce an impression

of prints produced in a conventional post-production workflow. Gen-

erally accepted best practice among the archiving profession dictates

that original calnera negatives, or the closest generation of element to

them that is known to survive, be used as the Ía\^/ material for restora-

tion. But it will be recalled that the technological feature on which the

commercial viability of cinema depends is the ability to create multiple
copies of a completed f,lm. These release prints are considered inferior

for preservation and restoration purposes, because they are usually at

least three generations removed from the camera negative: as Kevin

Brownlow somewhat brutally put it, 'in the silent days, film stock was

sharp and clear, but the moment you copied it the sharpness and clar-

ity vanished.'6e But they are also the category of element that is most

likely to survive, for the simple reason that a lot more of them existed

to start with. This scenario falls into the category of political (i.e. caused

by human activity) loss, because in many cases production-generation

elements were lost either through neglect or deliberate destruction.

until the advent of television and home video created a significant
aftermarket for mainstream feature films, studios and production com-

panies were notoriously reluctant to preserve their own master material,

and sometimes even destroyed it as an anti-piracy measure. Universal
destroyed a large proportion of their camera negative holdings from the

silent period in 1948,70 and many of the other studios had done like-

wise in the preceding decades. Neither was the problem restricted to the

studios. A series of maior nitrate fires in both private and public sec-

tor repositories have destroyed preservation master material, from the

Cinémathěque Frangaise in 1959 to Universal Studios in 2008. Almost
all can be attributed to inadequate fire prevention measures, although
in fairness it should be noted that it has nevet been proven conclusively
whether or not nitrate is capable of spontaneous ignition.
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This scenario is a lot less likely to generate headlines and thus provide
the catalyst for major restoration activity in itself, and it also presents
the restorer with two dilemmas. The further removed, generationally,
a surviving element is from the camera original, the greateÍ the scale
of the technical intervention (and hence cost) needed is likely to be,
and the lower the subjective quality of the restoration output. The sec-
ond is principally a political issue. As a result of studios' and production
cornpanies' reluctance to preserve their own output in the past, many
surviving elements are likely to be in the hands of public sector archives,
or other bodies that do not ov/n or control the copyright to the content
embodied therein. The inability to exploit or provide access to a restora-
tion output without paying substantial royalties to a third party can act
as a major disincentive: Beyond the Rocks would probably not have been
chosen for a high-profile restoration project if it had not lapsed into the
public domain as the result of Paramount failing to rene\ / its copyright
registration (on the assumption that the filrn was lost and would stay
lost, and hence that there was no point).71

Political loss 3: lncomplete surviving elements

There are a number of reasons why the complete form of a filrn, in which
it is known or believed to have once existed, does not survive in any
one surviving element, but may be possible to reconstruct from multi-
ple sources. The two most common are when shots or scenes have been
cut from a film for commercial reasons (of which Lawrence of Arabia, dis-
cussed above, is a prime example), or when censorship or other political
issues have resulted in significant cuts being made. As with the redis-
covery of a lost film, a reconstruction proiect, even if it is not predicated
on a single rediscovery, can attract headlines, cultural kudos, TV licens-
ing and home video sales on the back of a 'labour of love' narrative
using an archaeological metaphor for recovering something previously
thought lost to philistinism.

Robin Hardy, director of The Wicker Man (UK, 1973), cornmented
in an interview that he thought it unlikely that the film would have
acquired the status of a popular cultural icon if close to a quarter of
the film's initial cut had not been excised from its eventual theatrical
release and the negative deliberately sent to landfill as an act of spite
following a change of rnanagemellt at the fihn's production company.
This prornpted prolonged speculation among enthusiasts for over two
decades as to whethel or not the rnissing footage survived in any Íorm.72
When it \/as eventually discovered in the forrn of a 1 inch videotape
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transfer, a reconstÍuction was undeltaken' incorporating footage from

the tape with the existing film version onto a new video master, and sub-

t"qu..rtty published on DVD in ZOO2.73 Despite the aesthetic misnlatch

between the two sources, the reconstruction was considered iustified by

the iconic status of the content. The same rationale was applied to the

latest restoration of Metropolis, in which the decision \/as consciously

made not to use any type of image manipulation technology to attempt

to disguise the aesthetic differences between footage from the existing,

preserved 35 mm version and the missing material recovered from the

tO *nl negative in Argentina. The restorer, Martin Koerber, justified

this decision both on the grounds of inherent limitations in the source

material and the ethical belief that viewers should be aware of the fihn's

disparate provenance.Ta
Arguably the most widely celebrated reconstruction proiect of all, that

oÍ Napoléon (France, 1927, dir. Abel Gance) was started in 1955 and

resulted in the screening of a series of progressively extended versions

from 1969 to 2000. Again, the story has all the elements guaranteed

to grab the public imagination . Napoléon frrst came to the attention of

its restorer, Kevin Brownlow, as a teenager, who devoted a large part of

his career to its rediscovery. The film and its director had been largely

forgotten, the latter retired and living in obscurity. As a result of its

extended length (almost five hours) and largely indifferent reception

on initial release, heavily cut versions were produced for a number of

markets, ranging fiom arthouse theatres in the USA to domestic con-

sumer sale and rental on 9.5 mm fihn prints. Brownlow would become

the world,s first ,starchivist' film restorer on the back of his four-decade

quest both to reconstruct Napoléon and to promote the cultural signif-

icance of European silent cinema, working largely independently and

raising lnoney as he went. Primarily in recognition of his work on his

'most farnous and long-gestating rescue" Brownlow was awarded an

honorary Oscar in 2O1O.7s

The existence of incomplete films, therefore, and the selection or

rejection of them for restoration, is rnore significantly a cultural and

political process than it is a technically led one. It is defined by the con-

ception of authenticity and originality a restoler aims to recreate, and

the restoÍation of incomplete films is often foregrounded as arr archival
practice as a result in changes of cultural attitude shifting the commer-

cial boundaries, e.g. the poor box office performance of Mettopolis in
7927 compared with its status as a widely acknowledged tnasterpiece

today.
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Political loss 4: Modernisation

The cultural perception of a filrn or filmmaker can change over tirne:

indeed, this fact is one of the rnain reasons for fihn restoration being

iudged necessary and/or desirable. The cultural perception of restora-

tion itself (and, by extension, archival and curatorial practice in more
general terms) can also change, and cases frequently occur in which a

re-released version of a film at some point in the past is now consid-
ered unacceptable, and further technical intervention carried out. The
UCLA Film and Television Archive's restoration pioneer, Robert Gitt,
argues that'there is preservation, there is restoration and then there is
modernisation.'76 The distinction between the latter two is that whereas
restoration aims to recreate, at least implicitly, the sublective experience
of a film's technical and aesthetic properties in a condition for which
claims of originality and/or authenticity are rnade, modernisation does
not necessarily invoke such claims: the object of the exercise is sirnply to
make the content acceptable to a contemporary, mainstrearn audience.
The cornpeting cultural imperatives of the commercial media indus-
tries and ethically led archiving practice frequently lead to a situation
in which an act of rnodernisation in the past is held to be no longer
desirable and appropriate, and restoration is deemed necessary. In such
cases, the act of restoration may consist of little more than the re-release
of an earlier, preserved version of the same film.

Arguably the most widespread modernisation practice is the refor-
matting of filrn images in cases where their original aspect ratio is
incompatible with that of a contemporary release mediutn. This practice
is known as panning and scanning, and involves cropping the original
image so that the remainder fits the modern display device. It has been
embroiled in an'art versus comrnerce'controversy almost since its emer-
gence in the late 1950s, when television broadcasters started to purchase
the rights to films that had been shot and released using one of a num-
ber of emerging widescreen fotrnats.TT The process has also been carried
out in reverse: one of the most infamous examples was the re-release, in
1967, of Gone With the Wind (USA, 1939, dir. Victor Flerning et al.) in
which the 1:1.38 image was cropped to I:2.2O and optically enlarged for
distribution on 70 mm prints. The resulting re-release was cornmercially
very successful, and the loss of image inforrnation resulting on the refor-
matting process elicited hardly any negative comntent at the tirne. Four
decades later, the decision to modernise the film in this way is routinely
condemned by critics, historians and lay enthusiasts as an act of cultural
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vandalism and indefensible. Performing a Google search on'Gone With
the Wind' and'70 rnrn' at the time of writing, the top two hits were

articles on relatively knowledgeable fan sites condemning the 'bone
head idea to blow tp Gone With The Wind to 70 mm and screw around
with the sound'78 and'that tnonstrous 70 mm abortion'.7e When the
film's current owners, Warnets, carried out a Íestoration based largely
on contemporary archiving ethical principles and re-released the result,
in the original aspect ratio, in 2004, the mainstream critical response

was essentially to congratulate them on correcting a mistake. Interest-

ingly, the panning and scanning of 1:1.38 (4:3 television equivalent)
into the 16:9 widescreen television ratio that replaced it as the broadcast
standard in most of the developed world during the early 2000s, is grad-

ually becoming more widespread, though more in the case of actuality
footage used in documentaries than in fictional feature films, which are

usually broadcast in their original ratio with an area of the widescreen
display'windowboxed' out of use. When one of the best known and pio-
neering archive footage-based historical documentary series, The Wotld
atWar (UK, 1973-1974,pc. Tharnes Television, prod.Jerenty lssacs), was

re-released on BD in 2010, its publicity website claimed that'each frame
has been painstakingly restored' into a 'new widescreen presentation'.80

If one accepts Gitt's distinction between restoration and modernisation,
then this is certainly not the former, as all of the original 4:3 content has

been vertically panned and scanned into 16:9. But iust as the practice
passed without signifrcant comment when it was initially used in a pre-

vious generation of technologies, so it has again when done in reverse

following the emergence of 16:9 as the new television standard.
Colourisation, remixing mono audio tracks into multi-channel ones,

and more recently, the reformatting of conventional footage into 3-D
using digital processes that simulate the Pulfrich effect, have all fol-
lowed a similar pattern of initial acceptance followed by rejection
on cultural grounds as the result of a combination of legal disputes,
a better educated mainstream audience and the emergence of ethi-
cal frameworks within the archiving profession. Returning to that old
favourite, Metropolis, in 1984, the rock musician and film composer
Giorgio Moroder acquired the US rights and 'restored' it, principally by
replacing the intertitles with subtitles and adding a music score consist-
ing mainly of 1980s pop staples. At the time of its release, the Moroder
Metropolis elicited both support and condemnation,sl but the weight of
cultural, legal and archival opinion has not come down on its side in the
quaÍter of a century since: a prominent intellectual property academic
pronounced it 'a questionable work from the point of view of aesthetics
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and ethics',82 and the Moroder Metropolis joined the 70 mm Gone With
the Wind in the history books and the Internet as object lessons in how
not to do film restoration.

Where a film is only known to exist, therefore, at least in widespread
dissemination, in a previously modernised form, the justification for
which is now largely rejected, this can form the grounds for the decision
to restore.

Conclusion

In L992, the British Film Institute published a book entitled Missing,
Believed Losf, intended to draw attention to the issue of lost films.
It consists rnainly of descriptive accounts of 100 fictional feature films
made between 1914 and 1945,83 which at the time of publication vr'ere

not known to survive in any form in any established archive or doc-
umented collection. The overwhelming maiority are 'quota quickies'
produced during the early and mid-1930s: very low budget comedies
and melodramas that were made purely to satisfy a pÍotectionist legal
requirement introduced in 1927 for British cinemas to show a set pÍo_
portion of British films.8a Most made hardly any critical or commercial
impression upon their initial release, and have since disappeared with-
out either physical or cultural trace. Fifteen of those films have since
been rediscovered and preserved, though some of them in incomplete
form,ss and although preservation work has taken place, none has been
given as high profile a restoration project as Metropolis or Beyond the
Rocks. It is interesting to note that those which have rediscovered more
or less intact tended to have been those in which a widely celebrated
actor or director was involved, e.g. The Constant Nymph (UK, 1928, dir.
Adrian Brunel) and Hls Lordship (UK, 1932, dir. Michael Powell).

As I have argued above, the total loss of a film is simply the endgame
of a process which in many cases doesn't get that far, and which in its
intermediate stages gives rise to the perceived desire and justification
for fllm restoration. That process starts v ith the absence of any legal
requirement or commercial imperative to preserve, and is catalysed by
the perception that a frlrn is of little cultural quality or significance. The
restorer is then faced with defining the object of the exercise. Is it is orig-
inality, based in an ernpirical conception of what the fihn once looked
and sounded like? Is it authenticity, e.g. to the director's personal vision,
even if that is at odds with originality? Or is the activity modernisation
as distinct from restoration? Political and cultural factors also play a

major role: a rediscovered apprentice piece by a celebrated auteur oÍ staÍ

V
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vehicle, or a film that has major political and cultural significance is

rnore likely to be restored than a routine melodrama made by a studio
full of what historians and film scholars have since iudged to be minor
talents.

The following chapter will consider the organisations and individuals
who carry out filrn restoration work, and their contribution to its form
and identity as a cultural practice.

2
Where Are Films Restored, Where
Do They Come From and Who
Restores Them?

Very rnany of these films are frankly amusing, and would find
no place in a national historical repository.l

Introduction

The production, distribution and exhibition of cinema films is a rela-
tively young set of practices - they have taken place on a systematic scale
for little over a century - and the preservation and restoration of thern
even younger. The question could legitirnately be asked why, therefore,
film restoration is necessary at all. As we saw in the preceding chapter,
the perceived necessity is due to a unique cornbination of technological,
economic and cultural factors. The medium is fragile, prone to chemi-
cal decornposition and colour dye facling, and for the Írrst half-century
of its existence, highly inflammable. Systerns and processes that require
the integration of specific film and hardware conlponents (e.g. lentic-
ular Kodacolor or VistaVision) often do not survive in their original
form; either one may have survived in isolation, but not both together.
Until the arrival of television in the 1950s, the producers of commercial
films had no econornic motive to preserve them, as their perceived cash
value was negligible after their initial release and distribution, so much
so that some studios operated a policy of recalling and destroying as
many extant release prints as they could in order to prevent piracy.2 And
finally, cinerna was regarded by the political establishrnents in the devel-
oped world as lowbrow, epherneral and a threat to be managed rather
than an emerging forrn of cultural memory to be preserved. Indicative of
this is the fact tlrat when governments Íirst started to interact with the
film industries under their lurisdiction, it was to restrict and regulate.
In Britain, for example, the first systematic intervention was the 1909
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Cinematograph Act, which brought the exhibition under the regulatory

iurisdiction of local authorities in the same vi/ay as other mass leisure

activities (e.g. sports events, theatres and pubs) and established the legal

basis for censorshiP.3
The history of systematic moving image preservation is essentially

one of the transition from a fringe activity, undertaken largely in iso-

lation from both the commercial industries that made most films and

the state-sanctioned organisations that preserve archival documents as

a public record, to one that has become fully integrated into both
commercial business models and public policy. The tirne taken for this
transition to mature is largely responsible for the fact that the emer-

gence of film restoration as a distinct element of archival practice did
not take place on any significant scale until the 1960s, and could not
really be said to represent a professional methodology, related to but
distinct from other technical archive operations, until the 1980s. It is

a history of the institutions (both public and private), prominent indi-
viduals, technologies and processes that have shaped the practice as it
is now understood - and in some quarters, ignored, overlooked and/or
profoundly misunderstood.

The suggestion that films should be archived was rnade almost as soon
as the first fihns had been. Historians of the film archiving movement
repeatedly cite an article written by a Polish érnigré cinematographer
working in Paris, Boleslaw Matuszewski,a as being the earliest proposal
in print for the establishment of a moving image archive. In 1912, the
German cinema o\ /ner Franz Goerke published an article calling for the
establishment of a state-funded national film archive with legal deposit
po\/ers (Just as publishers are required by law to send a copy of each
of their publications to the KÓnigliche Bib1iothek'), basing his argu-

ment on the cultural significance of moving images as historical source

material.s Similar calls were made by prominent film industry and cul-
tural figures throughout the first three decades of the cinema's existence,
almost all of which had one important aspect in common: the argument
for the establishment of hlm archives emphasised the risk of political
loss (as defrned in Chapter 1), but in most cases did not even mention
physical loss.6 Arguably the closest the pre-1930s literature gets to mak-
ing the case for film preservation on the grounds of technical integrity
can be found in anotheÍ essay publishedin 7912, the British author of
which acknowledges the likelihood that incomplete surviving elements
might eventually become a problern ('Films for showing are frequently
cut down; for instance, the Durbar took about 8,000 feet of film, but this
is rarely shown complete.'),7 and describes a preservation regime not
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dissimilar to the passive conservation approaches in use today, based

essentially on cool and dry long-term storage.s
But apart from acknowledging the fire risk presented by nitrate, there

is no evidence that the chemistry of filrn decomposition was formally
investigated or understood in any meaningful way until the first gen-

eration of moving image archives established in the 1930s began to
observe symptoms within their collections towards the end of that
decade. Before that point there was no perceived need for restoration,
or even scientifrcally informed preservation practices: the emphasis was
simply on the prevention of loss or destruction, both deliberate and
through neglect.

The film archives: Public sector

Shunned by both the commercial film industry and the political estab-
lishment (early articles calling for the establishment of film archives
such as the one cited above are notable for their infrequency), there-
fore, the origins of organised film archiving can be found primarily in
the alternative film culture of 1920s Europe. This catch-all term has
been used to refer to a large number of filmmakers, studios, movements,
critics and writers: Soviet agit-prop, Weimar'expressionism', the French
avant-garde, the emergence of the British Documentary Movement and
activist filmmakers on the political left being but five examples.e The
strand that links them all is oppositionality, and to two things. Firstly,
they were in opposition to what their participants perceived to be the
dominant political regirnes, and in particular the extensive political cen-
sorship of films (throughout Western Europe, but especially in Britain
and Germany). Writing in the alternative film culture's Switzerland-
based house journal, Close lJp, the leftist filmmaker and activist Ralph
Bond attacked the authorities' repeated refusal to allow the screening of
Soviet films irnported by the London Workers' Film Society during the
late 1920s,r0 one of many such skirmishes to illustrate the movement's
belief that the establishment sought to suppress culturally important
films, and especially European ones.

Secondly, the alternative film culture opposed the perceived cultural
hegemony of the emerging classical Hollywood cinema resulting frorn
the surge in American film exports to Europe, which from the early
1920s they accused of forcing indigenous cinema off the screen. This
reaction is not to be confused with the nationalism-inspired moral
panic that the internationalist expansion of Hollywood precipitated
and which has been documented extensively elsewhere.ll Rather than
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a 'trade follows the film'-based argument, which resulted in protection-
ist legislation throughout the continent being enacted at various points
between the two world wars, the alternative film movements believed

that the imposition of an export-led and rapidly standardising set of film
forms and aesthetics (later to be dubbed 'classical' cinema by Bordwell
and Thompson) developed in Hollywood threatened to drown out the

indigenous film cultures in countries that received the full force of the

American imports. It was partly in response to this that the first gen-

eration of European frhn archivists were motivated to establish their
nascent ínstitutions, as a means of preserving the output of minor_

ity filrn cultures they believed were under threat. By the same token
they also emphasised the acquisition and preservation of pre-Hollywood
American films, interest in which can be seen in the space devoted to

early American cinema in the first generation of critical literature on
film to emerge from Europe, most notably Paul Rotha's The Fihn Till
Now, published in 1930.

The alternative film culture was understood both at the time and by
historians since as being divorced, both socially and intellectually, from
mainstream, popular cultural cinema, both Holly'wood and indigenous.
The author of a l93Z book on the impact of the conversion to sound

characterises the 'highbrows' as

inoffensive enough. They form a little coterie, they think it is shock-

ing to have something else to do on Sundays than attend the Film
Society's shows, they use the handy, though alien, word tnontage

when they mean editing or cutting, and they wear black hats.12

To sum up, the two camps that had hitherto resisted calls to establish

film archives - European national Sovernments and the Hollywood-led
commercial film industry - \ r'ere the same ones that the alternative film
cultures, broadly speaking, regarded themselves as being in opposition
to. They also saw film archiving as an act of resistance to what they
regarded as cultural philistinism, and to a more limited extent, political
censorship.

The birth of the modern film archiving tnovement is generally under-
stood to have taken place in the mid-1930s, with the formation of
four public sector institutions: Britain's National Film Library (NFL;

now, after many changes of name later, known as the BFI National
Archive), the Cinémathěque Frangaise in Paris, the filrn department at

the Museum of Modern Art (MoMA) in New York and Nazi Germany's
Reichsfilmarchiv (dissolved at the end of the Second World War). These

Where Are Fihtrs Restored, Where Do They Come Frorn atrd Who Restores Thenr? 49

institutions were in turn the founder members of the International
Federation of Film Archives (known by the acronym formed by its
initials in French, FIAF), in 1938.13

The three that still exist were shaped by and closely associated with
their founding curators, all of whom, to varying degrees, were products
of the inter-war European minority film culture. It is worth considering
their background and motivations in some depth, as between them they
established the ethos, cultural priorities and principles of moving image
archiving, which persist intact to a large extent today: indeed, one of
the most notable aspects of the introduction of digital technology into
film preservation is the extent to which the leaders of world,s major
public sector archives today have emphasised the application of the
movement's founding principles to what is arguably the most profound
evolution in moving image technology since organised film archiving
began.

It is also worth noting the widespread and often-repeated misconcep-
tion that the emergence of the public sector film archive movement
took place in isolation from any established film culture at all, and was
motivated by political factors, principally nationalisrn. Although it has
popped up regularly in histories of British cinema and film archiving
over the years, probably the most recent example is in Caroline Frick,s
book. She begins by asserting that the establishment of the BFI and the
archive under its jurisdiction was inspired by 'the United Kingdom,s
global imperial role, and its corresponding concerns',ra lustifying this
with out-of-context quotes fuomThe Film in National Llp (bringing civil-
isation to backward races and so on - see below), which had virtually no
bearing on the policies or priorities pursued by the organisation founded
as a result of its publication.

The evidence suggests the exact opposite: that the BFI and the archive
founded under its umbrella were noted more for their links to the
European oppositional and art film cultures, and to Holly'wood, than
to anything related to the British Empire. Less than a year after the
BFI had come into existence, it was criticised in a widely circulated
pamphlet for modelling itself on the national cinemas of Germany,
Italy and the Soviet Union,ls and also of subordinating itself to (largely
Hollywood-controlled) commercial interests.tb

Furtherrnore, Frick does not acknowledge the fact that at the tirne the
BFI was founded, Britain's global imperial role was in rapid and terminal
decline, that the UK itself was in the depths of the most severe econornic
depression in its history and that even its fihn industry was in the grip of
a boom-and-bust cycle - factors that have been explored thoroughly in

\-
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a huge volume of literature dealing with the period (Ronald Blythe's The

Age of IUttsion or Piers Brendon's The Dark Valley being but two exam-

ples), and survey monographs on Britain's film industry and culture in
order to place the inception of the BFI into a broader and more accu-

rate cultural context (e.g. Kenton Bamford's Distorted Images or Jeffrey
Richards's The Age of the Dream Palace). The impetus to establish film
preservation (and later, Iestoration) as Íirst and foremost a public sectoI,

taxpayer-funded, activity was rooted far more in the oppositional and

alternative frlm cultures of the 1920s, the fleeting popularity of Soviet

and European art cinema and the desire of the political left (which,

under the 1,929-193I Labour and 1931-1937 National governlnents/

had a meaningful voice in government for the first time) to establish a

media presence through projects such as the BBC and the Documentary
Movement, than in anything to do with nationalism or imperialism.

Frick asserts that the inception of the NFL was inspired princi-

pally by nationalist, imperialist dogma, thereby implying that Ernest

Lindgren was to a significant extent informed by the anti-American sen-

timent and accusations of cultural imperialismlT that inspired tl.le 1927

cinematograph Films Act and all that followed.rs This position could be

challenged by the fact that, between its inception and Lindgren's death

in'!.974, the organisation he founded preserved over 2,000 Hollywood
feature films, on the grounds that their distribution in the UK made

them a part of British cultural history; one dramatic example being that,

following the destruction of the original camera negative in a laboratory
fire in NewJersey in 1972, almost all the film prints and DVDs of Cit-

izen Kane (USA, 1941, dir. Orson Welles) now in circulation worldwide

derive ultimately from a fine grain positive that Lindgren acquired (see

below).1e When the NFL was created, the principal criterion for acqui-

sition adopted by the BFI's board of governors was that films should be
,notable either for some outstanding excellence or for their influence on
tlre development of the cinema'.20 As early as 1950, Lindgren cltedThe
Birth of a Nation (USA, 1915, dir. D.W. Griffith) and Battleship Potemkin

(USSR, 1925, dir. Sergei Eisenstein) as indicative examples of the cinema
that his organisation preserved and made available - hardly artefacts of
British cultural imperialisml2t

Frick claims that, in effect, Britain tried to colonise the world
with Lindgren's model of film archiving. She refers to FIAF as 'his'
(Lindgren's), claiming, with no supporting evidence (and despite claim-
ing later in the book that it lvas initially Olwen Vaughan, not Lindgren,
who was the British protagonist involved in founding FIAF2z), that he

single-handedly determined FIAF's policies and priorities throughout his
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later career, and by implication that his emphasis on preservation over
access had a generally negative effect on the development of the pro-
fession by impeding relations between the public and private sectors.
Frick's articulation of this narrative is not helpful in trying to under-
stand how institutional histories and cultures inform the contemporary
practice of film restoration, for which a more evidence-based approach
is needed.

Lindgren \^/as an English literature graduate, initially employed in
1934 as a librarian by the nascent BFI, a publicly funded advocacy body
established by Royal Charter t\^/o years earlier following the publication
of the report that had proposed its creation by a group of educational-
ists (none of whom had anything to do with Britain's film industry and
culture in the long term, as Frick implies), The FiIm in National Life,23
Though he was not directly involved in the inter-war minority film
culture and comparatively little is known about him (unlike his coun-
terparts in France and the USA, no monograph or biography has been
devoted to Lindgren's career), surviving accounts of his work emphasise
his affinity with it: Lindgren's successor, David Francis, recalls that 'he
believed the art of the cinema was vested in the great European film
directors of the silent cinema',2a while the author of a survey of the BFI's
activities published in 7971notes that while a student, Lindgren 'had
been a frequent visitor to the specialised cinemas in the West End, find-
ing there a type of film excitingly different from the family houses he
had so far known'.2s His reputation was largely that of the civil servant
or bureaucrat of the pioneer archivists. The NFL under Lindgren's
leadership established a reputation for emphasising the importance
of selective acquisition and preservation over access and curatorship,
and has attracted sustained criticism for this stance. Characterised as

'Fortress Archive' in what many have corne to regard as the standard
history of the film archive movernent,z Lindgren's regime is gener-
ally remembered today for the rigid implementation of two policies: a
strict preservation policy in which access to films was frequently refused
until full-scale copy-to-preseíve photochemical duplication had been
carried out,27 and the infamously idiosyncratic nature of the NFL's selec-
tion committee, which, stripped to its bare essentials, evolved a modus
operandi of making highly subjective value iudgments as to what was
worth saving and what was not.28 Here the influence of the European
alternative cinema tradition v/as very rnuch in evidence: for example,
Penelope Houston (a former mernber of the Selection Committee) recalls
that meetings consisted of 'arguing about whether the new Íilm by
Godard and Buiiuel should be elevated to category A', and that the one

\
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and only fihn, a print of which was actually purchased for preservation,

\/as Les Dames du Bois de Bottlogne (France, 1946, dir. Robert Bresson).2e

The Cinérnathěque Frangaise under its founding cutator, Henri

Langlois, shared the same ernphasis on the cultural importance of

European art cinema, but set about promoting it in an entirely differ-

ent v/ay. Langlois believed that the most effective rneans of preserving

films was to screen them, as prominently and as often as possible,30 and

bitterly opposed Lindgren's position (and that of the NFL',s preservation

offrcer, Harold Brown, of whom rnore below) that fihn elements desig-

nated as preservation illasters must not be run through any machine

except a printer for the purpose of copying, due to the risk of acciden-

tal damage in viewing, and that preservation should be given priority

over access for funding and resources. As Karel Reisz recalled, Lindgren

and Langlois were ,totally opposed in character and methods. Lindgren

never \ /anted to show his fihns except when he was absolutely forced

at gunpoint. .. Langlois's policy was to show everything"3l Their opposi-

tional stances on this have been dubbed'the Lindgren-Langlois debate"

one which continues to inform discussions of the ethical relationship

between preservation and access in fihn archives to this day. In the

same \^/ay that Lindgren's selection committee was informed by the

canonisation of inter-war European art cinema, so was Langlois's exten-

sive screening programmes in Paris, the most loyal attendees of which
were the group of filmmakers and critics who founded the magazine

Cahiers du Cinéma in 1951 and who would 80 on to celnent the artistic

supremacy of the director and the centrality of the alternative film cul-

tures both within academic writing and archival policy,32 a process that

informs decision-making as to which films the public sector archives

choose to restore and promote to this day.

The British archivist Iris Barry rnade her initial reputation as a film
critic in 1920s London, rnost notably for the Daily Mail between 1925

and 1930. She emigrated to the USA in 1930, and in 1934 founded a

fitm library at MoMA in New York. As with Lindgren and Langlois, the

archive Barry founded was, in the words of its biographer, 'not ideolog-

ically neutral'.33 Barry's approach to archived films was as museological
artefacts. Lindgren believed that it v/as not his iob to second-guess

who the future audience for his archive would be, Langlois used his

archive to train a future generation of filmmakers, whereas Barry used

hers to train a future generation of critics and aesthetes: in her own

words, her objective v/as to 'study the growth, technique, aesthetics

and sociological content of the rnost popular and liveliest of arts'.34 Her

screenings at MoMA were characterised by scholarly essays handed out
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as programme notes, an insistence on high technical presentation stan-
dards (one that MoMA maintains to this day: it will refuse to lend its
prints to screening venues that, for example, cannot reproduce the cor-
rect speed or aspect ratio) and a curatorial approach that emphasised
the study of the evolution and development of film style and technique.
As with Lindgren, Barry prioritised preservation: but whereas Lindgren
was essentially concerned with the'historical value'3s (i.e. cinema as pri-
mary source material) of the films in his care, Barry sought to preserve
their technical integrity as works of art.

There are two notable exceptions to this general rule that emerged in
the 1930s, of not_for_proÍit archivists establishing their institutions as
an act of resistance to Hollywood hegemony and local political repres-
sion: the Department of Film at London's lmperial War Museum (lWM),
and the state film archive established in Nazi Germany. The IWM's col-
lection, established in 1920, came into existence because the British
government had engaged in frlm production for the first time on any
systematic scale during the final years of the First World War. Given
that the frlm output of the first Ministry of Information had the de facto
status of a public record, the founders of the IWM regarded it as their
task to preserve them along with all the other evidential documents
of arrned conflict that fell within their remit. As a subsequent curator
pointed out, the IWM's operation began 'some fifteen years before the
date normally recognised for the birth of the film archive movernent',36
and throughout the nine decades of its existence has emphasised the
importance of ethical curatorship in the preservation of and access pro-
vision to its holdings, many of which constitute evidence of war crimes
and atrocities.

The Nazi Reichsfilmarchig founded in Berlin in 1934, was the last of
the four founding mernber institutions of FIAF, and the only one that
does not survive as it was originally constituted (for somewhat obvi-
ous reasons). Created as the result of initiatives both by the national
censorship office and the films division of the propaganda ministry, it
was intended as a national collection that would both preserve officially
sanctioned material as a public record, and banned material for use
in training Nazi ofÍicials.3/ Little is known about the operation of the
Reichsfrlmarchiv and its curator throughout all but the first few rnonths
of its existence, Frank Hensel; indeed, Rolf Aurich's article represents
about the only serious research on him to have been published. One
complicating issue is that Hensel was, from all accounts, an ideolog-
ically comrnitted member of the Nazi party since the mid-1920s; yet
he and Langlois are widely believed to have collaborated to ensure the
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preseryation of 'degenerate' films (i.e. primarily those rnade by Jewish

ictors and directors) that the Nazis ordered to be destroyed, as a result

of which much of what is now regarded as the canon of weimar cinema

ended up in the Cinérnathěque Frangaise.38 Given the political sensitiv-

ities in researching the collaboration between a Nazi official and some-

one who has come to be regarded as an icon of French cultural history,

it is hardly surprising that very little work has been done in this area,

especially by European Írlm historians.39 At the end of the Second World

war, the Reichsfilmarchiv's Berlin premises fell under Soviet control, and

much of the archive's holdings were seized by the Russians and taken to

Moscow, Describing the search for missing Metropolis footage during the

multiple attempts at reconstructive restoration that took place from the

1g60s to the 1980s, the head of the East German state film archives

at the time, wolfgang Klaue, recalls protracted and sensitive negotia-

tions with the Russians for the repatriation of elements that had been

seized from the Reichsfilmarchiv at the end of the war.ao Therefore, even

though the Nazi film archive v as a state-sanctioned institution in the

way that the other three FIAF founder institutions wele not (or at least,

they were only at arm,s length), and Hensel certainly did not influence

the profession personally in the way that Lindgren, Langlois and Barry

did, its history illustrates in a different way the contribution made by

the early history of the movement to the contemporary fllm restoration

landscape. In a nutshell, this is an emphasis on European art cinema

and alternative, oppositional traditions, diverging culatorship models

but sharing a public service imperative in cornmon, and a legacy of frlms

cropping up in unexPected Places.
Á.'a tne'. attributes were embodied in the constitution of FIAF itself.

From its inception in 1938 until the formation of the Federation of

comrnercial Audiovisual Libraries (FocAL) in 1986 and the Associa-

tion of Moving Image Archivists (AMIA) in 1990, it remained the only
professional and representative body concerned with moving image

preservation and restoration. From its outset, FIAF saw its goals as

twofold: to facilitate the transfer of materials bet"veen member archives

for preservation and access purposes, and to set standards of professional

p.u.ti.. for archivists and ethical methods for archive operations.4l Its

house journal, initially the Fitm Bulletin and subsequently the loumal of
Film Preseryation, has in the four decades of its existence published arti-

cles on individual preservation and restoration proiects, as well as lnore

polernical pieces and proposals for standards and codes of conduct.a2

FIAF was from its outset, and remains, militantly public sector and

non-profit. Its core mission and principles are enshrined in its code of
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ethics, a linchpin of which is that member archives 'must not rnake any
commercial use of their fihns'a3 (employees of these institutions working
on FIAF commissions and proiects are not allowed to continue doing so
if they change jobs to one in the for-profit sector). FIAF embodies the
founding principles of the four archives that established it: the preser-
vation of Íilm as a public service, the status of archives as independent
'honest brokers' with the comrnercial sector, lacking any vested inter-
est in the commercial exploitation of material in their custody, and a

curatorial approach that treats fihn as art, a source of record or both.
The number of publicly funded national film archives around the

world grew significantly during the three decades following the end of
the Second World War. FIAF grew to 35 member institutions by 1970
and 83 by 2008. The next major moving image archives to open in the
USA after MoMA did so during this period: the Motion Picture Divi-
sion of the Library of Congress in 1946, George Eastntan House in 1949,
and the University of California at Los Angeles (UCLA) - the frrst of the
major university-based film archives - in 1965.

The public sector and the origins of preservation science
and education

As has been discussed in Chapter 1, surviving written eviclence suggests
that there was a general awareness before the rnid-1930s that the shelf
life of nitrate film could be optimised by storage in cool and dry
temperatures, but that it was not indefinite. But it was not until the
establishment of the film archive movement that systematic research
began to take place into the chemical processes of film decomposi-
tion, the subsequent development of storage conditions to inhibit them
and the techniques and equipment for preservation copying. As early
as 1.920, the newly established IWM approached Eastman Kodak for
advice on long-term preservation of master status tilm elements, and
in reply were warned that they would shrink and become brittle with
age if not stored in a cool and dry environment.aa Interestingly, the
authors of The Filn in Ngtional Life appeated to be unaÝvale even of
this rudimentary principle, declaring that 'the difference [between stor-
ing film and other forrns of archival recordl is only one of degree,
except in so far as the inflammable nature of the fllm makes spe-
cial precaution necessary.'as Immediately following the establishment
of the BFI, Lindgren approached the British Kinematograph Society
(BKS, later the British Kinematograph, Sound and Television Society),
a recently formed technical standards body, which made a detailed set
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of recolnrneÍrdations for film storage, notably that 'upon the occurrence

of signs of deterioration, the Íilms should be copied by photography

and tlre copy stored in place of the original.'a6 The BKS report aÍticu-

lates the essential principles that were later researched and understood

in far greater depth and to far greater precision by the Image Perma-

nence Institute and others in the 1980s: that 'the vapours it [nitratel
gives off' was the principal cause of base decomposition, that black-

and-white emulsions were relatively stable compared to nitrate base,

that regular inspection of archived fihns should be undertaken and that

master status materials.should not be used for access.a/

The BFI's founding head of preservation from its inception until
his retirement in 1984 was Harold Brown, an instrumental flgure in
the developmerrt of Írlm archive technical operations. Described by a

subsequent curator of the BFI as 'the most important and enduringly

influential technical film archivist of his era',a8 Brown's achievements

included designing and constructing some of the earliest printers for

damaged and partially decomposed elernents, establishing a systematic

storage and inspection regime and standardising the technique of filrn

inspection and repair. The technical manual he wrote in 1990 for FIAF,

physical characteristics of Early Films as Aids to ldentification, was the cul-

mination of ahnost three decades of film conservation work, much of it

as the head of FIAF's preservation commission/ and remains in print and

a standard reference work today. He is also widely credited with having
invented the phrase 'vinegar syndrome' to describe the deacetylation of
cellulose triacetate film.ae

Sirnilar technical pioneers'"r/ere to be found in the other public sector

archives worldwide. In the USA, for example, Robert Gitt at UCLA devel-

oped standardised procedures for preservation copying,so while Kemp

Niver invented and refined a technique for copying the paper print col-

lections (copies of 35 mm negatives duplicated onto paper for copyright
registration purposes) in the Library of Congress during the 1960s.s1

And it was also frorn within the public sector Írlm archiving move-

ment that the formal education of moving image archivists began.

In Britain, the emergence of the public sector film archive movernent
took place lnore or less in parallel with the emergence of film studies

as an academic discipline in universities' The flrst academic post in film
at a UK higher education institution was created in 1960, and, along
with the network of regional moving image archives, the first genera-

tion of undergraduate and mastets' degree programmes in the subiect

were launched in the early to mid-1970s.s2 It is hardly surprising, there-

fore, that the first formal programme of education for film archivists to
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Figure 2.1 An atmospherically controlled vault at the British Film lnstitute's
conservation centre near London. AiÍ that has been treated to aclrieve a

consistent temperature and humidity is pumpcd into the space through the
one-way membrane mounted on the ceiling above the fluorescent lights. The
BFI's Harold Brown discovered that cool and dry storage inhibits the decompo-
sition of nitrate and acetate film base, and dye-coupler colour film emulsions,
thereby enablíng tlreir lor-rg-term storage in a passive conservation approach.

be offered should seek to bridge those two f,elds. It was launched at the
University of East Anglia (UEA) in the 1990-1991 academic year, with a

syllabus that combined elernents of the MA degree in British cinema that
had existed since 1978 with vocational training in the technical, cura-

torial and administrative operations of a moving image archive. This
included basic film handling and examination, identification of tech-
nical characteristics and provenance, physical repair of fihn elernents,
storage, duplication, acquisition and legal deposit, approaches to access,

copyright law, n.ranagement, adtninistration and fundraising. Interest-
ingly, the inaugural syllabus is said to have included 'the practice and

Y
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ethics of film restoration',s3 even though at the time, the literature on

the subject was virtually non-existent (the loumal of Film Preservation

was in its infancy and The Movittg Image and the first book-length work

on the subject - Read and Meyer's - would not be published for another
decade). The UEA course, which ran until 2011, was the only one of

its kind in the world for over a decade, until UCLA established a sim-

ilar programme in 2002: like UEA, UCLA hosted a maior film studies

department and an archival collection within its organisation, and usecl

the resources of both to teach its film archiving students. By the end of
the first decade of the 21st century, postgraduate education programmes

devoted in whole or part to film archiving had also been established at

the universities of New York, Amsterdam and the George Eastman House

Inuseum in Rochester, New York. Graduates from these progÍammes

have formed the bulk of new entrants into the professional ranks of non-
profit archives in North America and Europe, and this second generation

of film archivists is in many ways the most visible manifestation of a
field making the transition from the pioneering establishment of basic

knowledge, principles and procedures undertaken by archivists such as

Harold Brown and Robert Gitt, to the structured application, regulation
and refinement of that body of skills and expertise that is the defining
characteristic of a mature profession.

The public sector - Conclusion

It was from within the FlAF-affiliated public sector archives that the

set of practices that would now be recognised as the activity of filrn
restoration effectively emerged, though the formal distinction between
preservation and restoration would not be made in any systematic way

and on any significant scale in terms of the institutionalised working
practices of archives until the 1980s. Indeed, Roger Smither (writing in
2000) notes that Foxen-Cooper's work in establishing the IWM's archive
was 'alien to the current emphasis on restoration'.sa However, preserva-

tion and restoration both involve the same core activities, principally
the examination and assessment of the technical characteristics of sur-

viving film elements, followed by their duplication to produce copies
that, for one or more of a number of reasons, are regarded as more
suitable for long-term storage and/or access purposes. The earliest pub-
lished work I have been able to find that makes a sustained attempt to
articulate an objective, conceptual framework for what fihn 'restoration'
actually is and is not was published in 1986,ss and a widespread pro-
fessional dialogue in this area \^/as not in evidence until a decade later.
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It is therefore necessary to look at the cultural and technological legacy
of the public sector film archive movement in more general terms in
order to understand how it informed film restoration once it did become
widely understood as a discrete activity in its own right.

The two essential points to take from this history is that public sec-

tor film archiving grew directly from the inter-war intellectual/minority
film culture, and that the basic technical practices that constitute what
ÝVe now understand as being film restoration evolved within this rnove-
ment. As with John Reith and the BBC, the pioneer film archivists were

ideologically antipathetic to the popular cultural mainstream, a mind-
set that influenced both what they preserved and how they preserved
it. As Haidee Wasson puts it in her biography of lris Barry, 'old films
and foreign films were seen as appealing alternatives to unsatisfying,
undistinguished, banal, or objectionable film programming."o To a cer-

tain extent this mindset was engendered by a problematic relationship
between Lindgren's generation and the commercial film industry, which
viewed the emerging archives as an irrelevance at best and a threat
to their intellectual property at \/orst. It was further entrenched by
the avowedly non-profit stance of FIAF's initial constitution, which has

been maintained to the present day. Although a significant amount of
preservation and restoration work now takes place in the private/for-
profit sector, commercial archives and their employees remain barred
from membership of FIAR and the organisation regularly takes stances
that oppose any commercialisation of any aspect of film archiving. For

example, in the body's 'Declaration of Fair Use and Access', published
in 2OO7, affiliate archives 'declare their right to engage in.. . exhibition
[of their holdings] on their premises' and 'use in their own publi-
cations and prornotional activities', even where this is in breach of
copyright legislation.sT Added to this, FIAF's 'non-restrictive definition
of national heritage's8 has encouraged its member archives to develop
unique and culturally informed definitions of their collecting remits,
which in turn came to inform decisions to lvhat films are worth restoring
and what not.

From a technical perspective, the pioneer archivists also saw them-
selves as fighting a rearguard action against industry philistinism. It is
certainly true that the essential problem they faced - and still face
today - is that the basic technologies of cinema were invented and
developed for short-term use, not long-term preservation; the most fun-
damental one being film base itself. The essential problem was one of
preserving a ra\/ material that is inherently very fragile (i.e. handling
in normal use will inflict significant physical damage), and chemically
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volatile in long-term storage. The economies of scale of film archiving
never permitted the reseaÍch and development needed to produce tech_

nologies that were specifically designed for the needs of preservation/

and where rnedia have been developed that have proven stable and

durable (e.g. the Kodachrome ernulsion and polyester film base), this
was the result of luck rather than intent.

Caroline Frick argues that Houston's 1994 history of the public sector

frlm archive movement/ Keepers of the Frame, 'narratlvizes the field by
celebrating the "victories" of nonprofit or government archives against
significant obstacles'se Both Houston's articulation of this dichotomy
and Frick's essential validation of it oversimplifies the inherent paradox

whereby these collecting institutions, both public and private, apply a

set of practices that is in effect a cornbination of public records man-

agement and museum curatorship to the custodianship of material,
the majority of which was conceived to be commercial and ephemeral.
There is no simple either/or headline to distinguish public and private
sector archiving practice: both have influenced each other in subtle and
complex ways.

The film archives: Private sector

As with film restoration itself as a recognised and discrete process within
the field, the archiving of moving images either as a profit-making activ-
ity in its own right, or as a back end function to support the business
activity of a larger for-profit concern, was not in any viay systematic or
widespread until the 1980s. The one maior exception was the newsreel
industry. Unlike in virtually every other sector of the film industry,
newsfllm had a resale value after its initial release in its production
companies' own reels, both as stock footage for use in feature Íilrns
and for use in later issues that covered further developments in an
ongoing story, hence the commercial incentive to preserve it. By the
mid-1940s, Fox Movietone in the USA had already antassed a collection
of 42 million feet, which, like those of its competitors, 14/as maintained
primarily in order to generate footage sales revenue. 0 Little if any preser-

vatioÍr work was carried out, but unlike in the case of rnany feature filrn
production studios before the advent of television, there was a commer-
cial incentive for meeting the cost of storage space. When television
news began, it drew on the footage gathering infrastructure that the
cinerna newsreel industry had already developed, and their working
collections for stock footage.ol Many of the television ne\r's agencies
based in the USA and UK that would eventually form a maior source
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of actuality footage for broadcasters worldwide gre\.r/ out of the newsreel
companies' library collections.62

The emergence of television brought with it a need for content, and
the consequent creatiotl of an aftermarket for studio feature Írlrns. As the
author of an essay on the introduction of home video notes, 'until the
1950s, there was only one variable the domestic distributor needed to be

concerned with: the theatrical run.'63 After that theatrical run was com-
plete, the market for a feature film was virtually non-existent. Although
most of the Hollywood studios and production cornpanies elsewhere in
the developed world did not intentionally destroy the master elements
(usually the cut camera negative and flnal mix sound negative), except
in a rninority of cases where this was required by contractual arrange-
ments with a writer or star, neither did they invest substantially in their
preservation, as, before the arrival of television, there \ r'as no prospect
of making any return on their investment. There is evidence that in the
pre-television era the Hollywood studios themselves regarded preserva-
tion as a job for the public sector, and not an overhead that they should
be saddled with, on the grounds that it is the job of private industry to
create commercial value, not preserve cultural value. Iris Barry's succes-
sor at MoMA, Richard Griffith, stated in 1955 that 'Holl)'wood feels -
and with some logic, it seems to me - that preservation work should be
carried on by some publicly supported institution.'64

One significant source of tension between public and private sector
film preservationists is that, many years after the event, private sector
studios and distributors can and do assert their intellectual property
rights, even in the case of titles that have been physically preserved
by public sector archives, following the emergence of aftennarkets that
have added commercial value to films that the public sector had pre-
served on cultural grounds. One frequently cited case in this ongoing
controversy is that of Citizen Kane, the cut camera negative of which
was destroyed in a commercial laboratory fire in the 1970s. Thereafter,
subsequent restoration work undertaken during the 1990s and 2000s by
the copyright o\i neÍ used as its principal source a frne grain interpositive
exported to the UK frorn which the original British release prints were
derived, and which was eventually deposited and preserved in the BFI.6s

Yet the BFI itself is restricted by copyright law in its provision of access
to this tnaterial, even though the copyright owneÍ failed to preserve it.
This situation has manifested itself in a number of ways, one of which
is FIAF's militantly anti-commercial constitution. Another is that if we
accept Frick's position, that the history of film archiving in general has
tended to be written in a way that privileges the role of the public
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sector, then the studios' role (or lnore accuÍately, lack of one) in the

years before they developed full-scale preservation operations is charac-

terised by 'contemporary film preservation histories that pit early film
archívists against studios'.66 A third, as we shall see in the following
chapters, is that the studios apply what is in many cases a radically dif-

ferent approach to restoration practice than that of the public sector

archives.
The television broadcast of 'old' feature films began to take place on

a systematic basis in the late 1950s. Progress was initially curtailed by
resistance and restrictive practices orr the part of íllm industry bodies,67

but a combination of the convergence of ownership in cinerna and

broadcasting in post-Paramount Case Hollywood and the fact that the

film industry was about the only major source of back catalogue to
occupy the many hours of off-peak content needed by an industry that
had not been producing its own content for long enough to fill the gaps

with repeats, ensured that this did not last long. Warner Brothers was

a pioneer in the sale of back catalogue films to broadcasters, establish-

ing a regular programme of licensing between 1952 and 1960 alongside
the development of new drama productions speciÍically for TV with the

o\ /ners of the other ma jor Hollywood collections following suit shortly
afterwards.6s Other, smaller but significant aftermarkets emerged during
the 1960s and 1970s, notably specialist cable television channels, the

exhibition of films on airliners,6e the growth of the film society move-

ment and the emergence of formal film study in universities, creating
an audience for non-theatrical screenings on campuses.

Home videotape enhanced the value of studios' back catalogues even
further. In its first phase, from approximately the late 1970s to the
mid-1980s, the industry concentrated on marketing neq mainstrearn
titles for rental through high street retail outlets and minority interest
titles, e.g. horror, pornography and special interest non-fiction mate-

rial, through specialist outlets. Frorn the mid-1980s onwards the home
video market entered a phase of consolidation: competition between
incornpatible consumer systems \/as over, with VHS as the dominant
format, and sales of equipment and media had grown to the point at

which the potential customer base supported the publication of archive
titles. In response to this the video publication arms of the maior studios
developed a two_tier pricing stÍuctule, whereby recently released main-
strearn features continued to be distributed on a rental basis, but legacy
titles began to be marketed for outright sale to consumers in much the
same \ /ay and at a similar price to music albums and paperback books.70

The launch of the DVD, in different parts of the world between 1996 and
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1999, grew this market significantly further. Frorn the late 2000s, the sale
of digitised archival films to consumers for direct Internet download was
in its embryonic phase, and is at the time of writing undergoing rapid
growth.

By the turn of the century, therefore, 'the ability to resell established
properties, whether classic or contemporary, [...] is an essential eco-
nomic strategy for the studios',7l with the result that they nor'rr invest
heavily in the preservation and restoration of their back catalogue. Most
have now built atmospherically controlled vault facilities and carry out
full-scale conservation and restoration operations in-house. Few would
argue that this process is more commercially led than in the case of pub-
lic sector archives, and the legacy of the 20th century - of private-sector
rights owners being reluctant to foot the bill for preservation until a

market for their archival collections became available, and then subse-
quently of marketing them aggressively - has created a certain amount
of tension between the maior public and private sector collecting insti-
tutions. But the pťivate sector is no\^/ a significant player in the frlm
preservation landscape.

Private film collectors

Private film collectors have traditionally formed an important route by
which titles have passed into the collections of public sector (and, far
less often, studio) archives, and elements held privately have frequently
formed the basis of restoration proiects. The role of Íilm collectors in
preservation and restoration overall is difficult to quantify, because, with
a relatively small number of exceptions (principally the small quantities
of 8 mm and 16 mm prints that were manufactured for outright sale to
consulners for domestic viewing), their activity was and still is techni-
cally illegal. The ernergence of the classical Hollywood economic model
brought with it a system whereby prints of feature filrns were not sold
to theatres, but supplied on a rental basis along with a licence that spec-
ified the terms of exhibition. When the run \ r'as complete, the print was
supposed to be either returned to the distributor or 'crossed over' direct
to another theatre, and remained the legal property of the distributor at
all times.

By the mid-1920s, this systern of distribution had become virtually
universal in the developed world. However, given the sheer nurnber
of prints in circulation' it was not Ývatertight, and prints could and
did escape from it in a number of ways. Firstly, they were stolen from
the distribution chain by pirates, often to be exported and screened
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commercially in countries in which the studio or distributor did not

have a significant presence, and/or with ineffective or non-existent
copyright law.72 Secondly, prints intended for non-theatrical use (e.g.

screening in schools, prisons or on airliners) fell into unauthorised
hands through lax security procedures, and passed from there into pri-

vate collections. ln the late 1940s, for example, organised criminal gangs

were alleged to be screening 16 mm feature fllm prints commercially
in non-theatrical venues throughout Britain that had originally been

supplied to the arrny and had, in the words of a private investigator
testifying at the trial of one of the illegal exhibitors In 1946,'iust van-

ished, like so many of the forces' stores did'./3 Thirdly, prints could be

abandoned at the end of their commercial lifespan and subsequently fall
into pÍivate hands. Probably the most widely celebrated instance of this
was the discovery in 1978 of 533 reels of release prints made between

1913 and '1,929 In a former swimming pool in Dawson City, near the

border between Canada and Alaska. Being a remote and isolated loca-

tion, it received films at the very end of their commercial distribution
chain (usually between t\ /o to three years after their initial release), and

neither their distributoÍs nor the town's theatre o\^/ner was willing to
pay the cost of return shipping.Ta As a result they were dumped in a

disused swimming pool and left there until their accidental rediscovery

and archival accession nearly half a century later.

Many of the prints that escaped from the distribution system through
these routes ended up in the hands of private collectors, who over

time have proven an important, though problematic, group of partic-

ipants in the preservation process. Most do not have any commercial
rnotivation. Before the advent of mass-market consumer media for-
rnats, film prints were the only media on which copies of feature films
could be owned at all. Many collectors saw themselves as the custodi-

ans of material, especially the more minor and lesser-known examples

of Hollywood's output, that they regarded their owners as having
abandoned. Furthermore collectors saw the public sector archives, with
their emphasis on European art fihns and reputation for making access

difficult (as late as 2001, these were characterised in one film studies
journal as'specialised spaces into which only certain people are allowed
to venture'7s), as being antipathetic to such material. After consumer
video technology became widely available in the 1980s, the private
film collector survived, though more as an enthusiast of the legacy
technology than motivated by content.

As a general rule, studios and other rights owners have tolerated the
existence of private film collectors, because they hardly ever attempt

Where Are Filnrs Restored, l4rhere Do They Cone From and Who Restores Then? 65

to exploit their prints commercially and they have formed an impor-
tant source of rediscoveries. But there have been times when concerted
attempts have been made by law enforcement agencies to curtail the
practice, most intensively in the late 1970s when the emergence of
home video precipitated fears that privately held film prints might be
used as the source rnaterial for pirate videotapes. Legal action against
collectors was usually predicated on the fact that 16 mm and 35 mm
prints were almost never sold outright to consumers, and therefore that
anybody collecting thern had to be in possession of stolen goods. In the
1977 prosecution of a man accused of selling 35 mm prints of The Exor-
clsť (USA, 1973, dit. William Friedkin) to collectors, ,the government
made no attempt to establish the source from which the prints had been
acquired, but relied on testimony frorn studio executives that no prints
had ever been sold.'T Although, writing in 2006, a prominent American
film historian asserted that 'the FBI gave up prosecuting film collec-
tors two decades ago' (though without citing any substantive source),77
memories of the period in which they were regarded essentially as crimi-
nals by copyright owners and the authorities remain a significant part of
the reason why film collectors tend to regard themselves as a subculture,
and the transition of rnaterial from their care into legitimate archives for
preservation and restoration is often a protracted and tortuous process.

Another complicating factor in the relationship between collectors
and archives is that the latter are usually keen to take custodianship
of the former's films as quickly as possible, conscious that the collec-
tor probably does not have atmospherically controlled storage facilities,
and due to the institutional nature of their operation, to observe
copyright restrictions scrupulously thereafter.Ts Nevertheless, there have
been committed amateur film collectors who, throughout the last cen-
tury, \/ere instrumental in rediscovering titles that neither the public
sector archives nor the studios had previously been able to acquire and
preserve.

The service sector

Just as the transition from early to classical cinema saw the change from
a business model in which release prints were sold outright to exhibitors
to a rental system, so the manufacture of hardware and consumables
used by the industry shifted frorn being integrated to fragmented. Pio-
neer filmmakers such as the Lumiěres in France, Hepworth and Paul
in Britain, Messter in Germany and Edison in the USA manufactured
equipment and made films. Within a decade of the first commercial film
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scteenings, however, the two activities weÍe starting to undergo an insti_

tutional split. About the one original player in the industry that stuck

exclusively to the manufacture of a commodity and did not attempt to

diversify into film production - Eastman Kodak - rapidly emerged as its

most economically successful. The failure of the last significant attempt

to vertically integrate the production of the technology with the produc-

tion of the films, that of the Motion Picture Patents Company In 1917,

effectively enshrined that separation to the present day.7e Manufacturers

of cameras (Bell and Howell, Mitchell and Arri), fihn stock (Kodak, Fuji

and Agfa), sound technology (RCA, Western Electric, DTS and Dolby),

theatre projectors (Christie, Cinemeccanica) or digital imaging systems

(Sony, Birco and Red) all compete to supply producers, distributors and

exhibitors of fi1ms, but these t\^/o areas of business activity do not, as a

general rule, overlaP.
Film preservationists, therefore, purchase products and services from

this sector in the salne way that the mainstream film industry does.

Until the closing period of the 20th century, technical archivists were

conscious that the products they had to work with were designed with

short-term performance in mind, not longevity - nitlate film being the

classic example. The emphasis of their research and development work,

therefore, was in adapting what was on the market, and had been put

there for a customer base with fundamentally different needs, to the

requirements of frlm preservation and restoration; hence the research

that established the effect of low temperature and humidity storage in

retarding the decomposition process of cellulose frlm bases describecl in

the previous chaPter.
The emergence of products and services designed specifically for the

archival market in many ways mirrors the emergence of for-profit film

archives themselves. When the size of the market Sre"r to the point

at which the development of specialist products and services became

cornmercially viable, they started to emerge. Before then, adaptation

\.^/as necessafy. In archival duplication, for example, the Debrie Matipo
contact step printer, launched in its original form as early as 1913,

became highly sought after by archivists from the 1950s onwards due

to a unique feature that most laboratory printers used in loutine post-

production operations lacked: the ability to remove registration pins

from the film path, thereby enabling the duplication of significantly
shrunken originals without causing perforation damage.80 Duplication

as part of the preservation and restoration process had to be done using

Írlm stocks designed for feature film and television post-production,
not archiving. Most camera negative stocks remain unavailable on a
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polyester base. Despite the fact that cellulose triacetate is more chemi-
cally volatile in long-term storage, its use in film production is necessary
because polyester cannot be cut and spliced without leaving a visible
mark in the frame area, and will cause serious damage to a camera in
the event of a frlm jarn. The potential volume of sales of these emul-
sions on a polyester base for archival use is insuff,cient to lustify their
manufacture. In fact, Eastman Kodak did not develop and market a film
emulsion that was specifically and exclusively for archival use until the
launch of its separation master stock, type 5238, in 1992.81 In the mean-
time, archivists had to battle on with products intended for mainstream
production use. When it became clear in the rnid-1970s that the type
of colour film stock that had superseded three-strip Technicolor two
decades earlier was prone to catastrophic dye fading, Kodak (its principal
manufacturer) was accused by the protagonists of a carnpaign launched
in April 1980 and spearheaded by the American, then independent,
filmmaker Martin Scorsese of being disinterested in the problem, and in
effect of not caring what happened to its products after their initial use.
one of the campaigneťs even argued that a solution 'doesn't belong to
private enterprise. It's a cultural heritage. I think the government should
provide funds.'82 With the possible exception of state-owned broadcast-
ers, there has never been an instance of the public sector funding the
research and development of new media technologies directly, and it
is therefore unsurprising that this suggestion fell on deaf ears. In the
event, more fade-resistant colour stocks were on the market within a
few years, but this was largely because the business case for them had
been made, not the cultural case.

The 1990s and 2000s also saw the commercial emergence of frlm
laboratories geared (or re-geared) mainly or exclusively to provide dupli-
cation services for archival preservatiorr. PresTech in Britain, HagheÍrlm
in The Netherlands and the Film Technology Company in the USA are
prominent examples. These businesses take on specialist work sub-
contracted frorn the major archives, both public and private sector, that
it would be uneconomic for archives to maintain the expertise and
infrastructure to undertake in-house.

The withdrawal from production and sale of obsolete products also
poses a major problem for preservationists. Equipment and consum-
ables that \/ere a crucial part of the production and post-production
plocesses used in filrns that are no\^/ undergoing restoÍation are no\^,/

no longer available, forcing archivists to seek alternatives that simulate
their aesthetic properties. When the last London laboratory serving the
production sector ceased to make 16 rnm release prints, the decision
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prompted an article by a Berlin-based artist/filmmaker predicting it

woutá become impossible to preserve examples of the genre in which

she worked.83 Thougtr her article contains errors and misconceptionssa

(not least in its headline - she was 60 years too late to 'save celluloid"

which had ceased to be sold in the UK as a moving image film base

in 19518s), it raises an ethical issue that archivists will have to face

on a far larger scale before much longer, when the conversion pro-

cess to digital cinema exhibition is complete and film stock for release

printing is no longer manufactured as a result of its core market

disappearing.

The archivist as auteur

The final major constituency frorn which film restoration activity origi-

nates is that of the prominent individual, or, to put it in somewhat crude

terms, the celebrity archivist, or 'staÍchivist'. As a profession, moving

image archiving is both young and small in comparative terms' At the

close of 2009, its principal professional representative body, the AMIA,

Itad962 members worldwide.sb AS has been noted above, no fonnal edu-

cation programme existed for new entrants into the profession until

1990, and the pioneering work of the first generation of fílm archivists

in establishing the basic knowledge and techniques of film preservation

and restoration (some of whom, at the time of writing, are still alive)

is still fresh in the memory of the curlent one. It is therefore hardly

surprising that the influence and recognition of the field's professional

leaders is profound and significant, and as the film industry itself is

very much a public-facing one, that prominent archivists should play

a major part in the re-launch and promotion of major film restorations.

Sotne have spent their caÍeers as the employees (and in sonre cases, the

founders) of rnajor archive institutions, while others have operated on a

self-ernployed basis, working on individual projects to commission frotn

archives, studios and broadcasters.
Arguably the first such individual to achieve signifrcant nanre Íecog-

nition beyond fihn archiving and related academic circles is that of the

historian and curator Kevin Brownlow (b. 1938), who initially estab-

lished a reputation as an independent filmmaker and prominent private

film collector in 1960s London before publishing what was arguably

the first cultural history of rnainstream western silent cinema writ-

ten from a post-classical perspective, The Parade's Gone By, in 1968'

lt is for his reconstruction of Napoléon (France, 1927, dír. Abel Gance),

that Brownlow becarne an internationally recognised authority on filrrl
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restoration. The story of the proiect has been heavily nrythologised,
not least by Brownlow hirnself. He began it as an enthusiastic teenager,
was motivated by an antagonistic relationship with the BFI (Brownlow
recalls that Ernest Lindgren 'detested' private film collectors, and regards
the BFI as having overly canonised European high art cinemasT), his
search for elements of rnissing footage took decades and extensive inter-
national travel, he was constantly struggling to raise money and the

lustification for the project in itself v/as one of proving a sceptical
establishrnent wrong/ as exernplifiedby Napoléon's dismissal in Rotha's
The Film TiIl Now. Brownlow himself stated that his motivation to
work on Napoléon gre\^/ out of a desire to rehabilitate the work of a

filmmaker who 'suffered in France as Erich von Stroheim suffered in
America'.88 The wider curatorship projects with which Brownlow fol-
lowed the Napoléon restoration, the 'Thames Silents' series of (mainly
1920s Hollywood) features prepared for the London Film Festival and
subsequent television broadcast with specially commissioned orchestral
scores, launched in 1980,8e and the documentary series Cinema Europe:
The Other Hollywood, broadcast in 1995,e0 established hirn as arguably
Europe's leading authority in the rnainstream cinema between the end
of the First World War and the conversion to sound, and in recreating
the authenticity of the exhibition context of these fihns.

Since Brownlow set this precedent, prominent individuals in the field
tend to be distinguished by expertise either in a specific genre of cinema,
the output of individual filmmakers, restoration involving specific obso-
lete technologies or the curatorial missions of collecting institutions
with whom they are associated over a long career (often their founders).
Lindgren, Langlois and Barry are obvious examples of the latter, as are

James Card at George Eastman House and Roger Srnither at the IWM.
Focus on specific technologies or technological challenges has been the
career emphasis of a signiÍicarrt proportion of rnany of the sector's lead-
ing professionals. ln a recent interview, the independent film restorer
Robert Harris (himself a specialist in recreating obsolete large film
formats) acknowledged the expertise of David Shepard in reconstruct-
ing silent fihn intertitles, and Robert Gitt in working with three-strip
Technicolor and early sound.gl Joáo de Oliveira's work at the BFI and
subsequently at the commercial film laboratory he founded in 2OO4,
Prestech, has concentrated on irnproving the quality of sensitornetry
and densitornetry in duplication, and recreating original formulations of
tinting and toning dyes used in early cinema.e2 More recently Giovanna
Fossati at the Nederlands Filmmuseum has pioneered the use of digi-
tal post-production technology in treating visual defects on surviving
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elemerrts, most prominently in her 2006 restolation of Beyond the Rocks

(VSA,I9ZZ, dir. Sam Wood).

Conclusion

The practice of film restoration evolved, and is carried out within a rel-

atively srnall group of institutions and individuals. As a distinct activity

\/ith its own techniques, nethods and ethos, it has only really existed

for three decades. The political, cultural and commercial shape of these

groupings, therefore, has had a profound effect on how film restora-

tion is carried out, with what aims and for what audiences; of which

more in the following chapters. Although the technical, professional

and academic literature related to the field of fllm archiving has grown

exponentially since around the turn of the 21st centuÍy, when its two

principal journals, lournal of Film Preservation and The Moving Image,

were established, it was very small before then, and that nucleus has

had a profound impact on the way the field is understood. In particu-

lar, Anthony Slide's NlÍrafe Won',t Wait (1992) and Penelope Houston's

Keepers of the Frame (I994) have become established as canonical texts

that feature prominently on the reading lists of the postgraduate film

archiving programmes, and far beyond. This initial canon of literature

and a generation of subsequent authors, notably Caroline Frick, who

have accepted its narrative largely uncritically, have enshrined a char-

acterisation of the profession that pits custodians of public heritage

against commercially philistine studios and technology manufacturers,

emphasised the irnportance of European minority film cultures and the

dedication of amateur enthusiasts such as film collectors, and celebrated

the achievements of early technical archivists such as Harold Brown in

developing the basic scientific principles of preservation and restoration.

The following chapters will consider what the process actually involves.

e Technique of Film Restoration

Introduction - Defining the original

The restoration of audiovisual records is a relatively young set of
practices, compared to those used to restore comparable cultural
artefacts, notably archival written documents, works of fine art, sculp-
tures, museological artefacts and buildings. Its proponents also claim
that it is a fundarnentally unique one. A 'charter on Írlm restoration'
endorsed by FIAF in 2011 claims that it is

different from all restoration in other Íields, where a tradition is
already established. Whereas those traditions typically imply work
on an original artefact, film restoration implies duplication and/or
reconstruction.l

In fact the issue isn't as simple as that, as the process usually involves
work on an original artefact and duplication. What is certainly true is
that the restoration of moving images and sound recordings is distin-
guished from rnost other cultural restoration practices apart from print
media (e.g. the publication of facsirnile editions of historically signifi-
cant manuscripts or editions), in that access to the end result does not
involve direct contact with the original artefact: the output is always a
duplicate oÍ Sulrogate'

However, this is simply the reflection of a basic technological principle
on which cinema itself depends for its cultural and economic viabil-
ity, namely the ability to produce rnultiple copies from a single film
element exposed in the camera. A significant proportion of film restora-
tion activity is in fact the recreation of steps undertaken in the initial

3
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post-production process, as the Íesult of the outputs frorn those pro-

cess having been lost or otherwise comprornised for one or more of the

Íeasons discussed in Chapter 1.

But the fact that there is no 'original' fihn that can be defined using

comparable oblective criteria to those used to define originalitiz in

a rnuseological artefact makes deterrnining this definition a crucially

ilnpoÍtant step to be undertaken at the outset of any film restoration

proiect. In the case of the former, producing this definition is gener-

ally regarded as straightforward and unproblematic. In the introduction
to his book on museological conservation, for example, Andrew Oddy

discusses the case study of abronze statue in the Roman baths museum

at Bath Spa, UK in relation to what he calls 'non-original restoration',

usually carried out due to 'changes in fashion, taste or politics'.2 The

statue is currently on display in the conserved state in which it was

recovered by archaeologists, with gold leaf gilding worn a\ ay and cor-

roded in places. oddy notes the existence of evidence to susgest that the

piece had been regilded at least six times during the Roman period, pre-

sumably due to wear and tear. That raises the methodological question

as to what the obiect of any restorative activity should be - to display

the piece in the preserved aesthetic condition that it was discovered by

the modern curator, or to recreate the physical maintenance and exhibi-

tion context of the piece that we have evidence to suggest was intended

by its creators?
In some ways this scenario is comparable to the practice of film 'mod-

ernisation' discussed in Chapter 1. Empirical knowledge exists as to

the condition in which a cultural obiect was seen and experienced in
the irnrnediate wake of its original creation, and a deliberate decision
has been made not to recreate that in the curation of access to this

object two centuries later. By the same token, anyone who sets out

to colourise Citizen Kane or add a soundtrack of 1980s rock music to

Metropolis knows full well that they are creating something not envis-

aged by the cÍeatols of the source material and not experienced by those

who saw the film immediately following its completion. As with pre-

serving a Roman statue in a state of comparative disrepair, the only
rational lustification for doing that can be in relation to the cultural
expectatioÍrs of a contemporary audience, not the experience of the

contemporaneous one.
But in the case of the Roman statue, the decision-making required is

limited to the nature and extent of physical work carried out on the one

object and the setting in which it is displayed. The latter is inrpoÍtant'
as the curator has cornplete control over the physical environment in
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which it is displayed (there is only one) and in which access takes place.
In contrast, def,ning the oblect of film restoration consists of aiming at

several, moving targets. Certain factors lie within the restorer's control:
the sequence of images (and, if applicable, synchronised audio record-
ings) being restored, if any, what technologies are used to reproduce
image characteristics that were originally created using now obsolete
ones, what steps are taken to reverse the aesthetic evidence of physical
damage or decomposition, if image and sound information recorded at

the point of initial creation but not published in the original release

is to be included in the restored output (an example would be the
stereo recording of the music score Íor Vertigo, heard for the frrst time
in Robert Harris's 1996 restoration3) and whether the final output is
photochemical, digital or both.

But others are not, most importantly the technical and cultural envi-
ronment in which the end result will be exhibited. Most fihn viewing
now takes place in the home: as Barbara Klinger puts it, 'America's film
past is preserved in the realm of domestic leisure',4 despite the fact that
most filmmakers working before the 1950s would not have irnagined or
conceived that their work would be seen in any setting other than the
communal one of a theatre. And not only is the social context of recep-
tion fundamentally different from that of the film's initial reception, but
so is the technology: photochemical in the case of a frlm produced and
initially screened theatrically before the turn of the 21st century, and
televisual and/or digital when screened in the home. Archival purists
argue that the reformatting process involved in reproducing the former
by means of the latter (i.e. the telecine or data/cine process) affects such
a fundamental change to the aesthetic experience of reception that this
in itself compromises any attention to provenance that rnight inform
a restoration itself. Their detÍactors would point out that such objectiv-
ity is fundamentally impossible, given the extent of the evolution that
has taken place in photochemical imaging technologies during the 20th
century, and that copying is and always v/as an integral part of all flhn
distribution, for whatever market.

Paolo Cherchi Usai has gone as far as to declare the term 'restoration'
fundamentally misleading, suggesting that 'simulation' is a far more
accurate description of what the archivists who produce new versions
of old fihns are actually doing.s And furthermore, in the case of many,
if not rnost, mainstream feature filns produced since the mid-1970s,
domestic viewing was paft of the original business plan and cultural
experience: as the author of the standard history of the consumer VCR
as a distribution medium notes, theatrical and home video distribution
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\.vere considered to be of equal importance in the production planning
of many 1980s blockbusters,o and therefore reception contexts of equal

cultural significance for the viewer.

Ultimately, however, iust as the restorers of our Roman statue can

only work on the obiect itself, so fihn restorers can only work on v/hat

literary theorists and critics, and those who adapt the metaphor for use

in academic film studies, would call the text. This has led one writer to

suggest that essentially, the role of the archivist/restorer (who works orl

the frlm itself) should be regarded as a fundamentally separate role from
that of the curator, who determines the conditions of its reception. He

writes:

The archivist does not need to know how to interpret what he keeps

in the archives and the programmer does not need to have knowl-
edge of a film's origin. The curator, on the other hand, interprets the
collection to the audience and staff of the institution. To curate at

film museums is to translate and interpret, says HorI /ath.7

His opening statement * that an archivist does not need to know how
to interpret what he keeps in the archives - is surely a problematic one,

given that without a certain degree of interpretation, he (or she) will be

unable to arrive at a definition of originaliry or at least of the physical
condition in which a frlm previously existed and which is the goal of
the restoration. But this idea does propose a useful distinction: that ulti-
mately, the restorer has little if any control over the circumstances of
reception, either in the past or in the present. An archivist working on a
1930s Busby Berkeley musical cannot rebuild 2,000 seat picture palaces

in every major town in the developed world, which is where most peo-

ple would have seen it in the immediate aftermath of its production, or

do anything nuch about the fact that most people will see the result
of his or her work on a 42-inch scÍeen in the company of tv/o or three
other people at most. Therefore, the two chapters in this book that cover
the techniques and technologies of film restoration divide the issue into
two halves: work on the films themselves in this chapter, and on their
exhibition and reception in the next.

Initiating the proiect

A restoration ploiect will usually start in one of three ways. The Ítrst

is when an unexpected discovery of major commercial and/or cultural
signiÍicance occurs' prompting the immediate decision to undertake
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whatever restoration work is necessary to enable accessibility. An indica-
tive example would be the Mitchell and Kenyon films in Britain, a

collection of some 800 reels of actuality footage from the 1900s to early
1910s, which had been abandoned by its production company in the
basement of its former premises and rediscovered by chance when the
building was beirrg refurbished almost a centuÍy later. The route by
which these elements eventually arrived in the care of the BFI was, in
the words of the curator who oversaw the proiect, 'a complex interaction
of individual and institutional behaviour with pure luck'.8 Once there,
the cultural case for full-scale restoration work was immediately estab-
lished to be urgent and compelling. No other regional, non-fiction early
cinema collection so extensive or complete was known to survive or be
archived an)'where in the world, many of the elements \ /ere actively
decomposing and there \/as no guarantee that the technical or curato-
rial expertise or the money needed to restore and interpret the collection
would continue to be available in the long term.

Other instances of rediscovery-led restoration include The Life Story of
David Lloyd George (UK, 1918, dir. Maurice Elvey) by the National Screen
and Sound Archive of Wales in 1995-1996,9 and Beyond ťhe.Rocks (USA,

L922, dir. Sam Wood) by the Nederlands Filmmuseum in 2004-2006.10
Such proiects traditionally attract the rnost prominent headlines and
favourable publicity for an archive undertaking them, informed in part
by lost film mythology (see Chapter 1) and the consequent perception
that the rediscovery is of major significance - the embryonic work of a

later-to_be prominent director, or a controversial Írlrn lost to censorship,
for example.

As a result archive institutions tend to give such discoveries high
priority, and in the opinion of this author can be tempted to make
exaggerated claims for their cultural importance' Beyond the Rocks, Íor
example, received indifferent reviews and performed relatively poorly at
the box office upon its initial release, and from a viewing of the restora-
tion it does not require a leap of the imagination to understand why.
A satirical and prescient comment on this tendency can be found in a

spoof television docurnentary made in New Zealanď, Forgotten Si/ver (dir.
Peter Jackson and Costa Botes, tx. 29 October 1995), in which Jackson
claimed to have rnade the chance discovery, in a garden shed, of the
entire output of a forgotten pioneer of the nation's cinema. The pro-
gramme followed the Íestoration and curatorship of material frorn the
collection, satirising both early cinema (intentionally) and archivists'
obsession \ /ith 'back from the dead' rediscoveries (probably uninten-
tionally) as it went. While rnost of the critical reaction and debate
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elicited by the broadcast concentrated on questions of cultufal and

national identity in relation to New Zealand's history,ll it also raises

some pertinent questions about the ways in which archives tend to
celebrate and emphasise rediscoveries by prioritising them for extensive

restoration work.
The second catalyst for filrn restoÍation activity is what might be

terrned film search initiatives. This is when an individual or organi-

sation searches, often in the form of public appeals, for films that are

outright lost, or for missing or higher quality elements relating to a spe-

cific title. As Ray Edmondson notes, these initiatives, as with 'back from

the dead' rediscoveries, act as important shop windows for the archive

institutions that conduct them. The Australian National Film Archive's

'Last Film Search'proiect in the early 1980s'garnered immense free pub-

licity in the press, and on television news and chat shows. It ultimately
yielded two one-hour television documentaries.'12 Another Australian

example was the search conducted in the early part of the last decade

for high quality pre-print elements of the controversial and critically
acclaimed 1971 horror frlm Wake in Fright (dir' Ted Kotchef|. While
poor quality release prints and video transfers circulated to limited audi-

ences throughout the 1980s and 1990s, the film's editor spent almost

a decade searching for the cut camera negatives, which were not for-

mally archived following the completion of the original post-production
work. He eventually found them in the USA in 2004, shortly before

the commercial storage facility in which they were housed would have

destroyed them. Even though Wake in Frtght was not a lost film in the

sense that, say, David Lloyd George was, its rediscovery, restoration and

eventual re-release was greeted in the press as a 'great find', and 'for
cinema historians, like winning the Melbourne cup.'13

The final way in which restoration work is initiated is when the

planned decision is made to restore a film that is already extant and

archivally preserved in some form, but which it is believed does not

communicate the cultural integrity of the original (however this is

defined). This is usually triggered by the availability of new elements,

knowledge, technologies andlot money providing a realistic prospect

of further work on the Írlm resulting in an output that is judged to
be significantly closer to an archivist's vision of the original's cultural
integrity, or sometimes for primarily cornmercial reasons. Unlike in the

case of back-from-the-dead jobs in which claims are often made for the

cultural significance of discovered material, the distinguishing feature of
a planned restoration is that it is not triggered by the discovery of new

material, but by a ne\ r' reason for working on extant material. Of course,
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no discussion of this category of restoration prolect can pass without yet
another mention of Metropolis (Germany, 1927, dir. Fritz Lang), which,
as stated in the introduction, has a strong claim to being the world's
most frequently and extensively restored film (or as a colleague of mine
put it somev hat more colloquially, 'restored up the ass'), with at least
five full-scale projects having been carried out on the basis of surviving
material since the 1970s.

The example of Metropolls, though an extreme one, illustrates an
important point, namely that the subiects of what one might call revi-
sionist restorations tend to be films that have become canonised, either
critically (e.g. by the writing and teaching of film studies academics),
commercially (the phenomenon of 'cult films') or both. Canonisation
is an ideologically charged process, characterised by what Janet Staiger
terms 'the politics of adrnission' and 'the politics of selection'.14 Because
the public film archive movement grew to a great extent out of what
might be termed 'highbrow' cultural activity (see Chapter 2), the criti-
cal canon has informed all aspects of moving image archiving, and not
just restoration. It is hardly any coincidence, for example, that only
one of the 58 feature films directed by Alfred Hitchcock is considered
lost (Tfue Mountain Eagle, 1926), which incidentally, the BFI launched an
'international campaign' film search to frnd in 1997;t5 whereas most of
those directed by his early contemporaries, notably Graham Cutts and
Maurice Elvey, are not known to survive, a fact that is rarely mentioned
in any national nev/spaper.

Another notable example of revisionist restoration is that of The Red

Shoes (UK, 1948, dir. Michael Powell and Emeric Pressburger). Preserva-
tion and restoration of this film was originally carried out by the BFI in
the late 1980s, as part of a major project to preserve the entire sur-
viving collection of British Technicolor features. The work, carried out
mainly by a former Technicolor employee subsequently ernployed by
the BFI as a colour expert, Paul de Burgh, 'undoubtedly played a major
part in the rehabilitation of [Michael] Powell's reputation', according
to the BFI's biographer.16 A literature review would certainly support
Houston's clairn that the BFI's decision to, in effect, begin the canonisa-
tion of Powell and Pressburger thernselves, provided the catalyst for that
process's ultimate conclusion: the first monograph length study of their
frlms was published in November 1985,17 seven years after the BFI's flrst
Powell and Pressburger restoration (The Life and Death of Colonel Blimp
in 1978) was premiered. Over a dozen have followed it.

The BFI's restoration of The Red Shoes was prepared during the 1980s,
using entirely photochernical techniques. At the tirne, this and the other
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Powell and Pressburger Technicolor restorations \/ere hailed as having,
in Christie'swords, enabled the films'to age into the condition of art''rB

It is worth keeping in mind that, as with Wake in Fright, these frlms were

not lost. Furthermore, no archival master rnaterials were even consid-

ered missing: these elements were already in the care of a FlAF-affiliated
archive institution at the time the restorations took place. Rather, the

decision to undertake the 1980s restoration was informed by the belief
that the filmmakers who produced The Red Shoes were important cul-

tural flgures, and the resulting effect of its screenings \ /as to create the

impetus for the 2009 restoration to take place. At the time of its comple-

tion, the BFI's restoration was considered to have achieved its technical
objective, namely to create preservation master elements and release

prints of the film that effectively communicated its original technical
integrity.

The essential reason why the 2009 restoration took place was the

enthusiasm for The Red Shoes of the director Martin Scorsese, inspired
by his friendship with Powell's widow, the campaign he led against
colour dye fading in the early 1980s and his consequent belief that the
BFI restoration had not restored the Rlm to the extent that digital meth-
ods, which had emerged during the intervening two decades, could now
achieve. 1e It should be noted that this was the second, large-scale and
highly budgeted restoration proiect to be done on a film which had
already received substantial work and which was in no danger of out-
right loss. It therefore demonstrates that critical canonisation is a crucial
factor in determining which films are selected for restoration activity,
especially of films that are not essentially rediscoveries; and in some

cases/ even of repeat restorations.

The workflo\,v - Photochemical, digital or both?

Until approximately the turn of the 21st century, film restoration con-
sisted essentially of three activities, all of them taking place in the
photochemical and analogue domain. These were physical conserva-
tion and repair work on surviving Írlm elements, the assembly of those
elements into a sequence of shots that amounts to a version of the 'orig-
inal' film, however that is defined (if applicable), and the duplication of
the prepared elements to create the element (usually a negative or fine
grain positive) that will become the preservation masteÍ element of tlre
restoration, frorn which access copies are made. In short, the technical
pÍocesses in use were essentially the same ones as were being done cont-
mercially as part of everyday post-production work in laboratories and
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facilities houses, \/ith slight adaptations for the specific requirements of
preservation and restoration work.

The emergence of computer-based technologies for storing and
manipulating rnoving images originated on film enabled the develop-
ment of digital film restoration. These technologies began to appear
in the early 1990s, designed principally for the creation of CGI, and
the integration of photographic and CGI elements within the same
filmic irnage. Two mainstream feature Íilms that featured, and were
prominently marketed on what at the time was considered the ground-
breaking use of CGI were Tenninator 2: ludgntent Day (USA, 1991, dir.

James Cameron) and lurassic Park (USA, 1993, dir. Steven Spielberg).
It was not long before the manufacturers of these systems realised
that they could also be used to carry out equivalent irnage enhance-
ment techniques in the digital domain that archivists \^/ere using in
film restoration as part of the photochemical duplication process, and,
potentially, to do them more effectively and more cheaply.

The first malor fully integrated digltal post-production system,
Kodak's Cineon, was first marketed tn 1992 and was used to carry out
what was possibly the first full-scale digital restoration project on a

feature film, that oÍ Snow White and the Seven Dwarfs (USA, 1937, dir.
David Hand) the following year.2o By the middle of the 1990s, digital
restoÍation was being widely discussed as an alternative to photochemi-
cal methods, but the cost of using the technology was beyond the reach
of all routine archival work. Writing ln 1996, the independent expert
Paul Read noted that 'the price of using the present equipment and
service is quite unacceptable' for all but a tiny fraction of restoration
projects (he gave the typical usage cost of a digital scanning and editing
system charged by a post house as being 1650 per hour).2r Discussing the
restoration of Vert$o in 1996, Robert Harris expressed the belief that he
could have achieved better results with certain shots and sections of the
fihn using a fully digital workfloq but was unable to do so on account
of the cost'22 The following year, a Íepresentative of the FIAF Technical
Commission noted that a major factor driving the cost of digital restora-
tion beyond what public sector archives could afford was the relatively
slow speed at which the then current generation of scanners and lm
recorders operated (and thus the volume of film they could process in a
given time) - about 20 seconds per frame * relative to their cost.2:r

A decade later, by the middle of the 2000s, the cost of digital restora-
tion had reduced to the point at which the technique was accessible for
non-profit archival use, albeit restricted to prestigious projects or work
for which photochemical methods were judged to be a significantly
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inferior option. The hardware v as being produced by a range of third
party rnanufacturers, software designed specifically for restoration appli-
cations had entered the marketplace (much of which ran on standard
Windows PCs or Macs with only minor hardware additions) and larger
archives had the realistic choice of outsourcing digital restoration work
to post houses or carrying it out in-house.2a At the time of writing,
hybrid photochemical and digital workflows for film restoration were

also in widespread use.
By the start of the present decade, the commercial use of film as an

imaging medium was in rapid and probably terminal decline. The use

of digital cameras for high resolution image capture began in the late
1990s, gathered steam throughout the following decade, extended to
independent Írlmmakers following the launch of low-cost cameras suclr
as the Red One in 2007 (which was priced at a comparable level to that of
professional 16 mm cameras during the format's heyday and was aimed
at an equivalent market), and becatne almost universal following the
emergence of D-SLR cinematography at the close of the decade. By this
stage film had also disappeared almost entirely from television produc-
tion workflows, with HDV digital camcorders replacing Super 16 mm for
high-end origination.

By 2008, fears were being expressed that the conversion to digital pro-

iection in theatres, a process that by this stage was well underway, would
force independent cinemas that could not afford the new equipment
out of business.2s These concerns vr'ere largely addressed by the emer-
gence of the Virtual Print Fee (VPF) model at around the same time,
whereby the up-front cost of digital prolection equiprnent is borne by
a third party (usually an equiprnent manufacturer, film distributor or
venture capitalist) and then repaid by the exhibitor over a number of
yeaÍs as a proportion of the box office gross.26 By April 2oÍI, tlire Los
Angeles Times reported that at least one maior Hollywood distributor \ r'as

planning to discontinue the supply of feature films on 35 mm release
prints altogether, meaning that theatres would be required to screen
DCPs.27 At the time of writing, rumours were circulating that Eastman
Kodak, the manufacturer of most of the world's film stock, was on the
verge of bankruptcy following a failed attempt to restructure the busi-
ness in order to focus on consumer inkiet printing technologies.2s On 9
November 201 1, the distribution arm of 20th Century-Fox sent a letter
to all exhibitors in the USA on its books that had not installed digital
projection, to 'remind you that the date is fast approaching when TCF
and Fox Searchlight will adopt the digital format as the only format in
which it will theatricallv distribute its films'.2q
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It is probable, therefore, that in the foreseeable future a Íjlm restora_
tion workflow based on photochemical duplication and a final output to
film will simply no longer be possible, because neither new, unexposed
film stock, nor the laboratory services needed to print or process it, will
be comrnercially available anymore. Leaving aside debates as to the via-
bility of economies of scale needed to maintain the availability of film as
a niche product, and ethical questions related to film restoration using
digital methods (which will be addressed in the concluding chapter), it
is sufficient to note for the purposes of this chapter that at the time of
writing, photochemical, digital and combined methods are potentially
available to the archivist embarking on a film restoration project.

In making the decision as to which to use, the restorer has to address
a number of factors. These are, in essence:

1. Whether both routes are realistically possible at all. A non-standard
film format, for example, may not be supported by any photochemi-
cal printer or digital scanner with the other features needed in the
duplication processes required by the project. In some cases it is
detennined that technical characteristics in the source elements that
are considered to be defects are so serious that either they can only
be corrected using digital methods, or that the relative cost of the
two methods effectively makes the decision. Colour dye fading is a
common example,3o as is the shrinkage of nitrate and acetate stock
beyond the tolerances of any photochemical printer available.

2. The comparative cost of digital versus photochernical workflows.
3. The timescale of the project, e.g. a completion deadline imposed by a

prominent anniversary (for example, of the film's original premiere),
film festival, broadcast or other event to publicise the project.

4. The equipment, infrastructure and expertise available to the organi-
sation and individual(s) carrying out the restoration.

5. The technical characteristics and condition of the source element(s)
frorn which the restoration master will derive. For example, a film
element with extensive perforation damage can be passed through a
sprocketless scanner as is, whereas to print it extensive (and expen-
sive, in terms of staff tirne) physical repair and preparation will be
necessary first.

6. Ethical considerations. Sometimes less (objectively) efficient dupli-
cation and processing technologies will be used if it is believed
that doing so will result in a more (subiectively) accurate aesthetic
impression of the original viewing and/or listening experience in the
copy. Writingin ZOO2, a leading archival film sound expert described

i*
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himself as 'possibly the last person on this planet to re-record using
a variable density sound camera',31 using what is regarded by today's

film industry as obsolete equipment in the restoration process in
order to preserve the impression of sonic authenticity.

An evaluation of these factors may lead to the decision to use photo-

chemical technologies for some components of the workfloq but digital
for others. For example, the restoration of a silent film may be carried

out by \i/et-gate printing of the surviving source elements to produce a

ne\ / master negative or interpositive for preservation. However, it may

then be decided to produce only digital surÍogates for access with tinting
and toning colours applied in the digital domain, perhaps to circumvent
the cost of chemically tinting and toning a 35 mm release print, or to
be able to synchronise a recorded music scote and eliminate the difficult
and expensive technical challenges in proiecting a 35 mm silent print
in the correct aspect ratio and at the correct speed in a typical modern
theatre installation.

The restoration process

Technical selection
Regardless of whether photochemical or digital copying techniques are

to be used, the first practical stage in a restoration prolect - and in some

cases, the one that determines whether the proiect is considered viable
at all - is technical selection. This consists of identifying and examin-
ing all the extant elements of the film to be restored in order to decide

which will be duplicated (i.e. will be used as the source material) in
order to form the master element of the restored film. The nature and

extent of this initial phase of the prolect can range from non-existent to
large scale. If, as in the cases oÍ The Life Story of David Lloyd George and
Beyond the Rocks (restored 2005-2006), only one element of the footage
is known to exist, then that will be the element from which the restora-

tion derives, without any technical selection being needed. At the other
end of the scale, some proiects begin with multiple elements of the same

footage, ranging from the camera negative to release prints, with only
unreliable provenance information available for some of those elements,
if any (as was the case with Vertigo) (Fig 3.1).

Each generation of photochemical duplication, even contact printing,
changes the aesthetic properties of the photographic image. Some would
characterise this as degrading it, though once again it must be borne in
rnind that a film's audience never saw the camera original projected:
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Figure 3.1 A fi1m examination bench used for technical selection. It enables up
to four 35 mm film elements to be wound in synchronisation viith each other
(the motors being controlled by the pedals, leaving the operator's hands free to
handle the film and make notes) while being examined above the light box in
the middle. The meter unit at the top (indicating here that both elements are
positioned 2,911 frarnes from the start of the reel) allows the operator to record
accurately the position of film sections being compared.

multiple generations of duplication \^/ere part and parcel of the 'origi-
nal' production process, and should not always be considered a threat
to authenticity. Nevertheless, the restorer will, as a general rule and as a
starting point, try to use either the camera negative or the closest genera-
tion to it as possible. Pragmatic as well as ethical factors can work against
that baseline. When Robert Harris began work on The Godfather (USA,
197L, dir. Francis Ford Coppola) in 2006, for example, he discovered
that the cut camera negative was 'filthy and riddled with scratches, rips
and tears, some of which broke into the image area; in some sections,
parts of the image had actually been torn away.'3z In such a situation,
where the closest generation extant to the camera original (in this case,
the original itself) has extensive and irreparable (the image torn away)
physical damage, a higher quality restoration master can be obtained
by using another element, even though this will be at least one gen-
eration rernoved. In other cases, the camera original is not an accurate
representation of what the filmmaker intended to be seen, as significant
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image manipulation took place in subsequent post-production, which
has to be recreated in the production of the restoration rnaster. one
dramatic (though unusual) demonstration of this can be found in Bill
Douglas's debut feature My Childhood (1972). The fllmmaker's intention
had been to shoot in black-and-white, but he was overruled by a funding

body because black-and-white was 'allegedly redundant'.33 The camera

negative was therefore in colour, but Douglas was able to impose his

artistic preferences in post-production and the initial release prints were

ntade on black-and-white stock. This decision has been interpreted as

culturally significant by critics, one of whom \ r'rote, for example, that it

resulted in Douglas's early work being 'linked to the tradition of British
realism'.3a It would therefore be impossible to restore the frlm (at least,

according to the director's vision and in the form it was screened upon
its initial release) by straightforward duplication of the camera negative.

In sonre scenarios, curatorial and technical considerations can be

interdependent. For example, until the introduction of intermediate
duplicating stocks in the 1920s, it \ryas common practice within the

Hollywood studios to shoot each scene in the studio or on location

with two cailteras simultaneously. The 'better' angle shot was typically
used for the domestic (US) release prints, with the inferior negative

being assembled to print the overseas version.3s If the cut camera nega-

tive of the foreign version survives in relatively good condition but the

US version is only available in a poor contrast/ second generation dupe

negative, which should be used for the restoration? The former is prefer-

able when iudged by the criterion of technical quality alone, whereas

the latter is a closer content representation of the viewing experience

intended for the film's primary audience.

Physical repair of film elements

One of the aims of technical selection is to identify film elements

in the best possible physical condition for duplication. It is generally

accepted best practice that the need for technical intervention designed

to remove the visible appearance of decay or damage should be avoided,

which in turn mandates the selection of elements that have not decayed

or been damaged, if available. However, that imperative can sometimes

conflict with others, and in technical selection the restorer rnay have to

decide between, for example, a heavily vr'orn camera negative and a first

generation/ fine grain dupe in near perfect condition. In other words,

which irnperative is the more important - sticking as close as possible

to the original element that \^/as exposed in the camera, or avoiding the
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need for remedial treatments? There is no deflnitive ans\ r'er, and in prac-
tice a number of factors will have to be evaluated in order to arrive at
a decision. Is the gain in image information offered by the camera neg-
ative sufficient to iustify the cost and risk of repair? Would that repair
necessitate known to be or potentially irreversible treatments that might
compromise the effectiveness of duplication technologies that may
become available in the future? Would the cost and speed gain from
using the dupe enable higher quality work to be performed in other
aspects of the project, e.g. the soundtrack?

Once the need for repair processes to be undertaken has been invoked
by the technical selection of film elements that require thern in order
to achieve optimum results in duplication, the procedures necessary
can be subdivided into two categories: repairs that are necessary for the
element to withstand the mechanical strain of being passed through a
plinter or scanneÍ/ and those intended to improve the quality of the
printed or digitally captured image. The former consists essentially of
the reconstruction of damaged splices and perforations, and repairs to
teaÍs tlrat encroach into the picture area. The adhesives used in both
cement and tape splices (the tv/o methods of joining nitrate and acetate
film) degrade over time and eventually fail, even under optirnum stoÍage
conditions. They are repaired by manually scraping away the adhe-
sive residue and remaking the splice. Perforations that have become
deformed and/or torn away at one or more edges are normally repaired
by the application of pre-perforated adhesive tape. The approach taken
in photochemical and digital workflows varies significantly at this stage.
An analogue printer will transport the film using sprocket teeth that
engage the film's perforations, in the same \/ay that a carnera or pro-
jector will. Those perforations therefore need to be intact, to enable the
film to be transported through the printer without iamming or other
mechanical failure. The latest generation of digital film scanners, how-
ever, include models that are totally sprocketless. The film is in effect
dragged through the mechanism by the take-up reel, with only mild
tension being applied in the gate area where an even surface is neces-
sary. Film elements with significant perforation damage, therefore, can
be scanned without the need for physical repairs first. Furthermore,
in the event of a film break or other transport failure, the elernent
can simply be rethreaded and scanning resumed from the break point,
without spoiling any of the expensive raw film stock receiving the dupli-
cate image in an analogue printer. The inventor of one such scanner
clairns that it enables 'non-judgmental preseÍvation', in that avoiding
the labour cost and in some cases the irreversible treatments associated
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Figure 3.2 A section of 35 mm nitrate negative, in which a lateral tear across four

frames has been repaired with adhesive tape.

with full-scale frlm repair prevents the need for archives to make a cost-

based judgement as to what is worth saving and what is not before

materials are lost to decomposition (Fig 3.2).36

Image enhancement repairs can be further subdivided into tv/o cate-

gories: the mitigation of scratches, and the rernoval of dirt and artefacts.

while both scratching and dirt/artefacts exhibit similar visual charac-

teristics in the projected moving image - they rnanifest themselves as

visible image information that \ as not recorded at the point of pho-

tography and was not intended to be present by the filmmaker - there

are tv/o crucial differences between them which determine how they are

dealt v,/ith by restorers. Firstly, the visual presence of dirt and artefacts

will be largely random: for example, fingerprints caused by film poor

handling or contamination with proiector oil are unlikely to affect the

same place in a sequence of frames. Scratching, by contrast, is likely
to be the result of rnechanically inflicted damage and thus will follow

a consistent pattern from tiame to frame' For example, arguably the

most comrlon form of scratching is the so-called 'tramline', which is

applied by passing the surface of a fílm in contact with an abrasive

object, perhaps the flange of a roller as the result of incorrect thread-

ing in a proiector. The resulting lateral scratch will be visible in the

IepÍoduced moving image as a continuous vertical line over successive
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frames. Secondly and as a general rule, dirt and artefacts can usually be
removed from the fllm's surface by means of a cleaning process, whereas
visible evidence of scratching can only be obscured during the photo-
chemical copying process (i.e. it cannot be removed from the original
element) or by digital manipulation of the image after scanning. And if
the scratching is on the emulsion side of the film, then part of the image
information itself will have been scraped away: the missing part cannot
actually be 'restored' at all, only its loss concealed.

Film cleaning

Film cleaning is almost certainly the oldest technique to which the term
'restoration' has been applied. As early as 1915 the technical column
of Britain's leading film industry trade paper, The llioscope, noted that
a proliferation of chemical products were already being marketed for
the removal of surface contaminants and as preventative treatments to
make film 'less liable to be scratched and, in the case of cleaned films,
with a view to pÍevent dirt from again collecting in scratclres'.37 These
included'a pad of cotton wool dipped in Benzoline and worked over the
film, one side at a time' - in other words, the use of an organic solvent
to lift contaminants from the surface, and the automated application
of a proprietary substance that was designed to leave a permanent, pro-
tective residue on either or both sides of the film element.3s The Clairal
process/ introduced in 1,919, consisted of a proprietary solvent that \ ias
applied to both surfaces of a release print in the film path of a projector.
Its promoter clairned that'the action of the fluid on the film is such as to
render any badly scratched subject equivalent to new when it appears on
the screen',3e presumably through a similar action to modern \iet-gate
printing. Systems for coating release prints with a proprietary cleaning
solution (usually an organic solvent with a variety of additives) immedi-
ately before proiection have remained in continuous use to the present
day, with products such as FilmGuard, Renovex, Filmrenew and Solvon
all being on the market, in variants for both manual and automated
application, at the tirne of writing.

In 1923 the Henderson process was launched, and its initial success
financed the establishment of the film laboratory in South London
of the sarne name, that eventually became one of the world's leading
archival preservation facilities until its closure in 2004. This was one
of the earliest systems intended not only to maintain or enhance the
quality of release print projection, but also to remove and prevent
visible defects in pre-print elements in preparation for duplicatiorr

Lr
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('negatives are reconditioned without interference \/ith contact v/hen
printing').40

Restorers today tend to regard these treatrnents as problematic, as

their reversibility and long-term effects are often unknown, or in sorne

cases, are now known to cause irreversible damage themselves. Probably
the most widely reported example of this is the 3M Photogard process'

rnarketed from 1978 (and renamed Scotchgard in 1993), in which a per-

manent lacquer is applied to both sides of the film surface. Photogard

worked by'filling in'abrasions in the film base with a substance that had

an almost identical refractive index to the film itself, thereby rendering
them invisible in prolection or duplication, and leaving a permanent
coating that was significantly moÍe resistant to further damage than the

untreated film. Claimed by its manufacturer to be 'a permanent protec-

tion that will not crack, yellow, delaminate or fade with age',4r it has

nonetheless proven problematic after long-term storage in many cases,

notably when the cellulose triacetate fllm base underneath it has shrunk
after application, thereby causing mechanical deformation. Removal is

often impossible.a2
If the principle of doing nothing that is or could be irreversible to

original film elements is to be maintained, therefore, the application of
proprietary chemical treatments (i.e. ones for which a full formula is

not published by the manufacturer) is ruled out. While their use is often

considered acceptable on duplicate Íilm elements that are replaceable

and/or not intended for long-term preservation (e.g. release prints or the
internegatives from which they are struck), the widely accepted ethical
best practice dictates that only chemicals that are known for certain
to leave no trace or peÍmanent effect (apart from aiding the removal

of contaminants) on the film after use rnay be applied to irreplaceable,
one-of-a-kind elements.

For this reason, restorers today will generally use either or both of two
non-invasive treatlnents to clean unique elements in addition or as an
alternative to cleaning by the application (manual, using a non-abrasive
cloth, or automated, in a fihn transport mechanism of some description)
of a chemical solvent.

Ultrasonic fihn cleaning dates from 1979, when a patent was granted
for'an ultrasonic liquid Íilm cleaning device having means for rnoving
a film strip at high speeds between a pair of oppositely rnoving cleaning
strips'.a3 The film is immersed in a heated chlorinated solvent as it passes

through the rnachine, which in turn is agitated by ultrasonic energy.

Cleaning is achieved through a dual action, with the ultrasonic-induced
agitation of the solvent separating contaminants from the film's surface,

and the circulating reservoir of solvent then suspending or dissolving
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them. Like so many technologies used in the archival pÍesefvation and
restoration of motion picture film, ultrasonic cleaning v'/as not invented
or developed specifically for this application: rather, it was initially
marketed to laboratories and post-production facilities for use in the ini-
tial production process, for cleaning fihn elements imrnediately before
printing or telecine transfer, primarily in order to maximise the num-
ber of release prints that could be produced from a single internegative
without significant loss of irnage quality.aa It was soon discovered that
the technical characteristics of the process made it ideal for archival
use, both practically and ethically. The mechanical process by which
contaminants are separated frorn the surface of the fikn is significantly
more efÍicient than that of any hand-cleaning process used previously
(in crude terms, it gets more crud off). It is also less dangerous to the
film than hand or basic mechanical cleaning, because the film is not
passing in direct contact with a surface that could already be contami-
nated by sharp objects that had been lifted from the film previously. Ancl
crucially, the solvent evaporates totally from the surface of the film dur-
ing the drying process that follows ultrasonic cleaning: it does not leave
any residue and is not capable of being absorbed by the film emulsion. as

Except in a small nurnber of cases in which ultrasonic cleaning can dam-
age attributes it is desired to leave intact (e.g. some types of magnetic
stripe soundtrack and tinting dye), the ultrasonic process thus conforms
to the ethical principle of doing nothing that is or risks being irreversible
(see below).

The major drawback of ultrasonic cleaning is environmental. As an
executive of the world's largest manufacturer of these machines
elegantly put it, 'the history of film cleaning seems to be so much a

history of the use of rather nasty chemicals'.a6 The solvent of choice
for use in many pre-ultrasonic, mechanised film cleaners was carbon
tetrachloride from the 1950s until the mid-1970s, was discovered to
be a cause of several serious diseases in humans (in fact it is probably
one of the most potent poisons ever devised, discounting nerve gases),

damaging to the ozone layer and a greenhouse gas. The first genera-
tion of ultrasonic cleaners used 1,1,1 Trichloroethane, which, by the
late 1980s, was recognised as being similarly dangerous. The use of both
solvents was phased out by the Montreal Protocol of 1989, an inter-
national agreement to withdraw environmentally destructive chemicals
from mainstream industrial and consumer technologies.aT Since the
1990s, tetracholoethylene, known colloquially as perchloroethylene, or
'perc' (and rnore widely used in the dry cleaning of clothing), became
the standard. Although it is not as destructive as its predecessors, perc
still has significant environmental and health dangers. A number of
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alternatives have emerged since the early 2000s, ranging from the use

of distilled water to proprietary solvents.as But it is generally accepted
among archivists that none are as effective for film cleaning as the
earlier, more dangerous chlorinated solvents. The inescapable rule of
thumb is that the more dangerous to hurnan health and the environ-
ment the chemical is, the better it is at cleaning film. This problem
is cited by advocates of digital restoration (including technology ven-
dors) as evidence for its preferability, given the ability to scan dirty
film and then remove the appearance of artefacts in the digital domain
(Fig 3.3).
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The other non-invasive technology widely used in film cleaning is
the particle transfer roller (PTR). As with ultrasonic cleaning, it was not
developed specifically for archival use. The PTR consists of a cylindri-
cal roller coated with a mildly adhesive, polyurethane-based substance.
A number of rollers are placed in a film path, usually between the feed
reel and the point at which an image is read in a projector, printer,
telecine or scanner. At least two are needed (one for each side of the
fihn), although in some configurations, multiple sets of rollers are used.
The surface of the roller is formulated to be adhesive enough to transfer
contaminants from the film surface to that of the roller, but not sticky
enough to impede the film's motion over the surface. After each pass

of a given reel, the rollers are removed and cleaned, often using noth-
ing more than tap water. The PTR was developed by Eastrnan Kodak
and first sold in 1989. It achieved rapid success in the cinema exhibi-
tion sector, where is proved effective at keeping relatively new prints
clean in repeated daily projection over an extended time period.ae From
an archival perspective, the PTR, like ultrasonic cleaning, has the eth-
ical advantage of being non-invasive. It is also more environmentally
friendly than any cleaning method that involves the use of chemical
solvents, and requires no special health and safety precautions to pÍo-
tect the technicians operating them. However, the PTR's cleaning action
is nowhere near as effective as that of chemical-based methods, and is
generally regarded as a method or prevention rather than cure as far as

dirty film is concerned (Fig 3.4).

Scratch ťeduction

The cleaning methods described above will only remove foreign objects
and substances that are present on, and in some cases have adhered
to, either or both of the surfaces of a film element. Once removed,
the image information on the emulsion underneath is revealed and
can be reproduced in photochemical reproduction or digital scanning.
Cleaning cannot repair damage caused by abrasions, indentations or the
complete loss of the film base or emulsion itself (referred to as scratching
here for the sake of brevity); in other words, the complete loss of image
information (damage to the emulsion side) or damage that introduces
unwanted artefacts into the visible reproduction (damage to the base

side). Several techniques exist to address this problern in the preparation
of elements for copying and in the copying process itself.

Relatively light scratches in the emulsion side of a film can to a lim-
ited extent be 'healed'by a process known as rewashing. In essence, thisFigure 3.3 An ultrasonic film cleaning machine.
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Figure 3.1 Particle transfer rollers (PTRs) in the film path of a contact printer.
One roller passes in contact with the base side of the film, and the other v/ith
the emulsion. While PTRs are not considered as effective as solvent-based filrrt
cleaning, they are often used to augment it by being positioned irnrnediately
before the gate (imaging device) in printers, scanners and proiectors to keep the
surfaces of the film free from dirt and other contaminants.

consists of repeating the procedure that v/ashes the residual chemistry
out of the film emulsion afteÍ it is initially processed. The moisture
content introduced into the emulsion causes it to swell slightly, reduc-
ing the gap left where emulsion has been scraped away by abrasion.
Repeated fe\^/aslring may cause peÍmanent changes to the dyes present
in the emulsion, and so is not entirely risk-free. Eastman Kodak has

developed a codified rewashing procedure, the RW-1 process/ which is

designed to minimise this risk.so
Relatively light scratches in the base side of nitrate and acetate

film can be treated by polishing. In this procedure the frlm is passed
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over a rotating glass wheel while imrnersed in a reservoir of acetone.
The bufÍing action of the wheel removes a minute layer of the film
base, such that a light scratch no longer forms a visually reproducible
indentation.sr The particles of fllnt base removed by the polishing action
are suspended in the acetone. While polishing can be an effective \^/ay

of removing multiple, relatively shallow base scratches, environrnen-
tal concerns around the use of acetone remain (like the chemicals
used in ultrasonic cleaning, it is also an organic solvent). It is also
unsuitable for use with polyester film base, which is so thin that
the polishing process would cause deformation of the film itself, and
can only be done once on nitrate and acetate elements for the same
reason.

These are the only mainstream methods of scratch diminution that
attempt to reduce or reverse the darnage itse]f to the Íilrn's surface.
The other techniques used to remove evidence of scratching from the
restored image take a different approach, that of duplicating the film
in a way that leaves the physical damage in place, but does not copy
the visible evidence of it. These will be discussed below in the section
on duplication. It is also important to note that scratch diminution
treatments involving direct physical intervention can only be used if
the element that is actually scratched is available to be worked on.
A duplicate of a scratched element that has retained an image of the
scratch frorn its source does not itself have any of the damage that these
treatments are designed to mitigate (these will be visible as transparent
artefacts when reproduced in a negative-positive process), and therefore
will not be affected by them. The only way duplicated scratches can be
addressed is in the digital domain, through software-based approaches
after scanning.

Master element assembly

Like the technical selection process, this stage in the restoration can be
insignifrcant, extensive or anywhere in between. The technical obiect
of a restoration is either or both of two processes: to restore the order
or sequence of shots and images that \ /ere known to exist once but do
not in any extant element in the form that it is currently preserved, or
to enhance the aesthetic characteristics of the image itself. If the main
reason for doing a restoration project in the flrst place is the former (e.g.

to reverse cuts made to a film as the result of censorship) and the source
footage is in relatively good condition, then this stage can form the bulk
of the work on the overall proiect.
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ln a photochemical workflow, master element assembly consists of

physically loining sections of different film elements together, from
which the restoration master element will be created by printing after

assembly. As has been stated above, an important principle in film
archival practice is to do nothing that is known to be or risks being
irreversible if it can possibly be avoided.s2 Therefore (and to put it sotne-

what crudely), cannibalising different elements of a film to produce one

'good' one is a potentially controversial practice, not least because the

act of physically cutting a piece of film, which may be necessary (or

at least desirable, if the alternative is printing a section and thereby

incurring another generation of analogue image loss) in the assembly

of a restoration master, is itself an irreversible act. For this reason, the

cutting of preservation master source elements is considered undesir-

able, and current archival best practice mandates that in most situations
where cutting is necessary for the creation of sectlons, these should be

duplicated Írrst and the copy edited.
If a photochemical workflow is to be used throughout, it is necessary

to ensure that all the footage components within the assembled mas-

ter element are of common polarity, i.e. either a positive or a negative

image. Three stages of duplication are typically used in the traditional,
photochemical post-production process. When editing is complete and

the camera negative has been 'conformed' (i.e' cut to match the editor's

workprint), a fine grain positive is printed from it, often incorporat-
ing analogue special and optical effects into the pÍocess. From that
interpositive/ one or more duplicating negatives are printed, and it is
frorn those that the high contrast positive release prints for proiection
and low contrast prints for broadcast and video mastering are typically
printed.s3

In some cases, restorations can draw on sections of footage from dif-
ferent generations. In order to integrate sections of, for example, an

interpositive and dupe negative into a single reel of restoration master,

it will be necessary to duplicate one or the other first in order to reverse

its polarity to conform to that of the rest of the reel. Of course, doing so

introduces yet another generation of irnage degradation into the footage

involved, and therefore the decision as to whether or not to use it has

to take this factor into account. Further duplication might be needed to

avoid having to cut sections of original (or the closest surviving to orig-
inal) element, with the duplicate then being cut to incorporate sections
into the new master reel. Intermediate duplication stages are also nec-

essary if footage from different gauges or formats is to be cotnbined, for

example, when newly rediscovered footage from Metropolis that existed
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only on 16 mm was cut into the 35 mm version that had already been
preserved.

Generally accepted ethical best practice is for the restorer to take
extensive notes and create a full record of all decisions taken during
the master element assembly, in order to record all the information nec-
essary for the individual source elements to be returned to the state in
which they existed before the project began, should this prove necessary
or desirable.sa For example, if an assembled reel in otherwise good con-
dition contains a few sections of triacetate base footage that are known
to be in a relatively advanced stage of deacetylation, it makes sense to
remove these sections from the assembled master element immediately
after duplication and to store them separately, to prevent the offgases
from the decomposing sections from damaging the other, good footage
in the reel.

An alternative scenario might be if, following a restoration proiect,
subsequent research established that decisions made as to the original
order of the shots in a film were incorrect or are in some v/ay other than
definitive, original or in accordance with the aims of the restoration,
thereby necessitating a new one. In order for the new project to take
place, it is necessary to know precisely what was done on the earlier
one, and why.

Arguably the most famous and widely discussed example of this issue
can be fourrd in The Life of an Ameican Firernan (USA, 1903, dir. Edwin
S. Porter). A version of unknown provenance was acquired by MoMA in
New York In 1944, ss which for several decades afterwards was hailed by
acadernics as evidence that the film's directoÍ was a pioneer in the devel-
opment of editing technique, and years ahead of his time in terms of the
evolution of film language.s6 In particular, the use of cross-cutting to
create parallel narratives was widely contpared to another, better known
Porter film from the same year, The Great Train Robbery, in this respect.

As Charles Musser concludes, 'much fihn history was written' using
this analysis,sT until, in the mid-l960s, the discovery of another, very
different version at the Library of Congress. This lacked most of the
cross-cutting evident in the MoMA version, with the shots arranged in
a linear sequence that was more typical of the embryonic form of nar-
rative cinema widespread at the time. No deflnitive ernpirical evidence
is known to survive as to how and why the final edit of either version
was created, leading to a situation, as Musser puts it, in which 'leading
frlm historians could not establish which version was the correct one.'sB
To this day, the conclusions reached by those historians as to what the
sequence of shots was that Porter himself edited and in what fonn(s) the
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Íilrrr was widely distributed are essentially the result of informed (albeit
scholarly and meticulously researched) speculation, for the simple rea-

son that this is all that is available to base them on. It is to avoid a

repeat of situations like this that the utmost importance is now placed
on record keeping by film archivists carrying out restoration projects.

In a digital workflow, the assembly of a master element for printing,
conforming for polarity and the intermediate duplication of elements
of differing gauges and formats are all unnecessary. The discrete source
elements that would need to be physically assembled for photochemi-
cal printing can be scanned individually, without any cutting or splicing
needed, and the assembly of shots and sequences carried out as a soft-
ware function afterwards. Likewise, the polarity of a scanned element
can be reversed without loss of irnage information (calculating the sub-
tractive or additive inverse of a given cornbination of luminance and
chrominance characteristics can be achieved as a mathematical, lossless
function), and scans from varying frame sizes upscaled or downscaled
as required.

The duplication process - Photochemical

As was noted in the introduction, the restoration of films differs fun-
darnentally from that of almost all other cultural artefacts, in that its
end result, which the viewing public will experience, is a copy or repro-
duction of the source materials that are worked on. The duplication
process itself, therefore, is of crucial technical and ethical importance
in determining the characteristics of that result. It is also the primary
focus of the 'analogue versus digital' debate, schism, transition or sea

change in archival practice, because of all the constituent stages in the
restoration process, this is the one that has the greatest effect on the
aesthetic characteristics of the photographic irnage which the audience
will eventually see.

In a wholly or primarily photochemical restoration proiect, the main
duplication stage begins when technical selection, cleaning and scratch
diminution treatments and master element assembly have been com-
pleted, and the assembled reels exist with the order of shots as they are
to appear in the restored film. The duplication is carried out using a

printer, which creates a copy of the assembled master elernent, in sorne
circumstances changing its visual characteristics in the process.

A printer is a device that re-photographs the image on an existing,
processed film elernent onto unexposed, new f,lm stock. As with most
other technology used in archival film restoration, no rnodel of printer
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in mass-production was designed from the ground up for this pur-
pose. Most were designed for use in the post-production and release
printing of newly made films, and subsequently modified by archivists
for the specifrc requirements of restoration printing.se The optical and
mechanical actions of a motion picture film printer both fall into tv/o
subcategories.

Optical action
ln a contact printer, the source and destination film elements are placed
into physical contact with each other and exposed to an artificial light
source of a controlled power output, colour temperature and duration.
This creates a higher quality duplicate than optical printing, as there are
no glass elements to distort the image. But contact printing cannot be
used to copy between different film formats, or if the source element is
significantly shrunk (Fig 3.5).

ln an optical printer, an image of the source element is projected
through a lens onto the emulsion of the destination stock, without any
physical contact between the two. The focal distance and aperture (and
thus the depth of field) of the lens can be varied, lust like it can on any
other camera or proiector, which enables duplication between formats
(for example, enlarging from a 16 mm source to a 35 mm dupe) and the
copying of shrunken film. The trade-off is a significant loss in contrast,
definition and (if applicable) colour saturation in the duplicated irnage.

Mechanical action
ln a contirurcus motion printer, both the source and destination film ele-
ments rnove continuously past the illurninated aperture through which
the exposure is made. This enables faster duplication, but often at the
expense of image stability, and in the case of a continuous contact
printer, without the ability to mitigate even slight shrinkage. Contin-
uous contact printing is used primarily for the creation of release prints,
and many such printers are able to print both picture and optical sound
negatives onto a cornbined print stock element in a single pass (see
Fig 3.6).

In a step printer, the source and destination film elements move inter-
mittently past the aperture/ with each frame being duplicated as a
discrete exposure. The printing process takes longer, but step print-
ing enables the luminance output, the colour temperature of the light
source (in some printers) and the duration of the exposure to be varied
between shots, or even individual frames.

b{
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Figure 3.5 A tsHP 77OO HD continuous motion contact printer, designed
primarily for high-speed relcase prir:rting. The source film carrying an optical
soundtrack is threaded bottom right, and the picture negative bottom left. The
raw stock onto which the image and sound will be printed is fed from the centťe

right spindle, threaded through both printing heads.

Printers can use different conlbinations of these t\^/o sets of actions.
For exarnple, continuous contact printers are generally used for the mass

duplication of theatrical release prints, because the ability to print a large

quantity of footage quickly is important, and no adiustment of the expo-
sure characteristics will be necessary during the print run (this will have

been done in the printing of the source internegative). An optical step

printer would be used to duplicate a shrunken original camera negative
to a restoration rnaster interpositive, as the difference in frame dimen-
sions between the source and destination stocks make contact printing
irnpossible, and the ability to manipulate the exposure characteristics
is essential when duplicating ungraded camera originals. Contact step

printers are used when the ability to manipulate the exposure char-
acteristics is needed, but the ability to copy between differing frame
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Figure 3.6 The Debrie Matipo contact step printer. It is the only printer ever
produced that can duplicate seriously shrunk source elements without either
optical printing or the risk of perforation damage, and is therefore a mainstay
of film archives and commercial laboratories that specialise in restoration work
worldwide.

dimensions is not. Continuous optical printers were used primarily to
copy optical soundtracks between formats, a function that has now been
almost entirely superseded by digital processes.

In film restoration, the printing process is almost never a 'straight'
or non-interventional one. It can incorporate a number of techniques
intended to change the aesthetic properties of the image on the destina-
tion film stock Íelative to those on the source. These are apptied in order
to reverse the perceived effects of physical damage or chemical decom-
position to the source element which cannot be removed or mitigated
by working directly on the filrn itself, e.g.by ultrasonic cleaning, rewash-
ing or polishing. The principal forms of defect that can be mitigated or
corrected in printing are as follo\ /s.



100 Fihn Restoration

Shrinkage of the film base. As has been mentioned in passing above,

nitrate and acetate flhn base will shrink over time, as the result of the

gradual moistule loss that occuÍs when the stock is in long-term stor-

age. The rate of shrinkage can be retarded almost to the point of being

arrested in atmospherically controlled archival storage, but very few

soulce elernents used for Íestoration printing are likely to have been

stored that way for even the maiority of their shelf life prior to a restora-

tion project taking place' This has been a known problem for over half a

century,60 and in the case of elements that are processed quickly in high

temperature chemistry, shrinkage of up to half a per cent can occur even

during initial processing.6l This has two effects: the dimensions of each

individual photographic image, ot frame, can change, and the dimen-

sions of, and distance bet\/een each perforation will also reduce. Given

that the sprocket teeth in a film transport mechanism are of a fixed size

and pitch, damage to the perforations in the source element and insta-

bility in the duplicated frames when they are reproduced as a nlotion
picture will result if a source element that has shrunk beyond a certaill

point is copied using a printer that has not been modified to cope with

a shrunken source. Restorers therefore use printers that are designed

in such a v/ay as to be easily modifiable to print shrunken source ele-

ments without causing perforation damage, and to minimise instability

in the duplicate. These modifications consist essentially of minimising
the number of sprocket teeth in the film path, replacing sprocketed

film transport components with ones in which the size and pitch of

the sprocket teeth are reduced to accomnrodate shrinkage, and the use

of gate assemblies that Ílatten laterally deformed film base' The Debrie

Matipo step contact printer, manufactured in France between 1922 and

the late 1960s,62 remains a highly sought after machine by archives and

labs specialising in restoration work, over half a century after it went

out of production. It has two functions that make it ideally suited to

printing shrunken elements: the ability to lemove its registration pins

entirely, thereby preventing perforation damage, and a design of Sate
that flattens lateral deforrnation very effectively (Fig 3.7). 3

Severe scratching. As has been covered above, base and emulsion

scratching can be mitigated to a certain extent by remedial treatment of

the source element before printing. These processes (ultrasonic cleaning,

rewashing and polishing) can go so far but no further, beyond which an

alternative approach has to be taken: that of duplicating the element

in such a rvay that an image of the scratch is not present in the copy'

The technique that is used to achieve this in photochemical duplication
is known as wet gate printing. This involves exposing the image of the
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Figure 3.7 Detail of the Matipo's gate. The registration pins are of a specially
reduced pitch in order to duplicate shrunken stock without damaging its
pelforations. As the pins are used purely for registration and not for film
transport, they can be removed altogether if necessary, to duplicate severely
shrunken source clcrncrrts.

source element while it is immersed in a liquid that has an almost iden-
tical refractive index (the way in which it changes the light that passes
through it) to the film base itself, thereby 'f,lling in' the scratch tem-
porarily and making it invisible in the copy. The liquid used is usually
perchlorethylene - the sarne as is used in ultrasonic cleaning. In con-
tact pdnting this is achieved by irnmersing the entire printer head (the
mechanism in which the source and destination film elements are held
in contact) in a reservoir of liquid. In optical step prínting, the wet gate
consists of a liquid-filled glass container through which the source ele-
ment passes, with the glass also helping to filter out the image of the
scratches. The destination stock remains dry throughout the fihn path.6a
Although wet gates are used primarily in photochemical printing, they
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\^/efe also used on a significant scale in ple-digital telecine technology,

and are used on a limited scale as an alternative to soft\ /are-based image

cleaning in digital scanning.
Gracling, sensitometry and densitoffietry. As part of a film's initial post-

production process, the contrast, brightness and gamma characteristics

are altered and manipulated during the duplication staSes that take

place between the exposure of the catnera original and the striking of

ihe release print or broadcast master. The most fundamental technique

to achieve this is grading. If either the cinematographer has made minor

errors in the exposure of the camera original, or if it has deliberately

been exposed in a different way to that which is desired in the fin-

ished film (e.g. in the case of so-called 'day for night' shots' in which

a scene is shot in daylight and then printed to look as if it takes place

at night), the image characteristics of the duplicate can be changed by

varying either the intensity of the light source used to make the expo-

sure in a continuous printer, or the duration of each frame's exposule

in a step printer (hence the alternative term 'timins', used more com-

monly in the uSA, for this procedure). This presents two significant

problems in film restoration. Firstly, whether or not these changes have

teen effected in the source element used for the restoration will depend

on which generation of element is in use. A catnera negative will not

be graded, but a dupe negative used for making release prints will be'

If sections from both are spliced into an assembled master reel, this has

to be taken into account when grading the complete reel for printing.

ln some cases, evidence of grading decisions made during the original

production process survives, and can used by the restorer to lecfeate

ih. b'lght''ess, contrast and (ií applicable) colour characteristics embod-

ied in prints from the film's initial release. This evidence usually takes

the form of punched paper tapes used to automate the adiustrnent of

a printer's light source between shots, which were simply left in the

cans of cut negative on completion of the production.65 But in many

projects no suctr evidence exists, and the restoler is essentially faced

with repeating the grading process that took place during the fllm's

original post-production, making similarly subiective value iudgments
along the way.

objective methods of quality control are a fundamental and inte-

gral part of modern photochemical laboratory practice, and are used

to ensure consistency in the technical characteristics of the duplicated

and/or manipulated image' There are two main ways of doing this'

Sensitometry takes place primarily in the manufacture of film stock,

and involves the measurement of the time taken for the emulsion to
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record the exposure frorn a light source of a given intensity, duration
and colour temperature. lt is irnportant that this remains consistent
between different batches of the same stock type. If it isn't, then a
printer operator cannot rely on a given exposure achieving the same
image characteristics with the same stock type every time. Each stock
type has a published set of densitometric data, or 'curve', which is
taken into account by restorers and laboratory technicians in deterrnin-
ing printing exposures. Densitometry measures the opacity (how much
light a given surface transmits) of processed Írlm, and is done in order
to ensure that the light source in a printer is working properly and that
the action of the processing chemistry is calibrated accurately.

In the modern laboratory, sensitometric and densitometric quality
control is fundamentally oblective and carried out to a high level of
accuÍacy. For lestoration printing these techniques can be used to take
account of different types of source element and printing rnethods -
for example, as Brian Pritchard puts it, 'the density seen by an opti-
cal printer will be different from the density seen by a contact printer.'66
But as with the survival or otherwise of grading data, this was not always
the case. Although the principles of densitometry Ývere understood by
the late 19th century,6T the first mass-produced densitometers were not
sold until 'around 7,920',68 systematic quality control only became the
norm in most motion pich;re laboratories after the conversion to sound
necessitated it. This was due to the need to ensure the consistent den-
sity of optical soundtracks to much lower tolerance levels than had
been the case with silent picture footage, because of fluctuations in the
reproduced volume level that would result from even rninute incon-
sistencies. Gradual developments in laboratory technology, especially
in the high speed, mass-duplication of release prints, enabled a consis-
tency of output by the turn of the 21st century that would have been
science fiction a few decades earlier.6e For example, a survey account of
British íilm production practices in the early part of the 20th century
reveals that objective quality control methods of any description were
virtually non-existent, recalling that 'the [printer] operator watched the
illumination of the gate of the printer as the negative passed through
it and adjusted the light intensity according to his "snap judgment" of
the density'.70 This creates a real problem for the restorer, if he or she is
dealing with a film, the original post-production of which involved rudi-
mentary quality control at best. In cases where multiple release prints
from the initial distribution of a film survive in archives, the visual char-
acteristics of each shot often differ enormously between thern. Which
'look', therefore, is authentic?
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Colour dye fading. As has been noted in Chapter 1, the dyes used in
a number of mainstream colour film emulsions produced between the

late 1940s and early 1980s are notoriously prone to fading in long-

term storage.Tl In a substantive, three-colour coupler emulsion such as

Eastnrancolor, three dye layers will be present on the Íilm after pÍocess-

ing. On a colour positive they will represent the three primary colours -
red, green and blue * and on a negative, their subtractive opposites,
yellow, cyan and magenta. Put very crudely, these dyes fade at differ-

ent rates over time, such that an affected positive will typically have a

visible reddish pink hue in proiection, and lose density in the greens

and blues. There are t\/o ways in which the colour balance can be

restored in photochemical restoration. The first is to expose three sepa-

rate strips of black-and-white frlm with the primary colour record from
the source element, by exposing it through filtered light in the printer,

in an adaptation of the technique used in the original Technicolor pro-

cess. Black-and-white emulsion is known to be chemically stable and

not prone to fading, and therefore these records were previously consid-
ered a reliable way of safeguarding the integrity of the restored image.

By taking densitornetric measurements from each of the separations
after processing, they can be graded such that when printed in multi-
ple passes onto a single element of colour stock afterwards, something
approximating the original colour balance can be restored.

The director Martin Scorsese was notably enthusiastic about the use of
separation elements, and called for their routine creation during initial-
post production as an insurance policy against fading.7z But it was later

discovered that differential shrinkage - an acknowledged problem even
in Technicolor production in the early 20th centuryT3 - caused signifi-
cant fringing artefacts when the image was recornbined' For this reason/

the fact that colour stocks produced since the early 1980s have proven
a lot more resistant to dye fading and the fact that for restoration pur-
poses, a digital workÍlow can now produce much better results at far

lower cost, the printing of colour separations is now rarely done. If a

photochemical approach is still desired, the most cornmon technique is

the use of so-called 'light valves' within the lamphouses of printers, in
order to vary the colour temperature of the light source used in pdnting
to compensate for the shift in the colour balance of the dye combinatiotl
in the source elernent.Ta In 2011, a system was launched that enabled
all three separation irnages to be recorded on a single strip of black-and-
\ďhite film stock along with digital metadata encoded optically to enable
theiÍ accurate recombination, though at the time of writing it has not
achieved widespread sales.Ts
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The duplication process - Digital

In a photochemical workflow the fundamental technique of duplica-
tion is a one-time act of copying, during which the visual characteristics

in the source elernent can be selectively preserved or manipulated in
the duplicate to varying degrees of effect and accuracy, depending on
the condition of the source element, the efficacy of the technology in
use, the skill of the operator and the budget available. A digital workflow
consists/ in essence, of capturing a digital representation of the source

image, manipulating it using software within a computer, and when
these functions have been completed to the restorer's satisfaction, out-
putting the result onto whatever media formats are desired for access to
the restored film.

The first stage in the process is the creation of the initial repre-

sentation, which is done using a motion picture film scanner. This
is a machine similar to an optical printer, except that the imaging
device is not a reel of unexposed, new film stock, but instead an elec-

tronic imaging device. The most commonly used is the charge-coupled
device (CCD),76 which generates an electrical signal that varies in po\/er
according to its exposure to light. The CCDs used in film scanning are

essentially the same technology that is used in consumeÍ and profes-
sional digital cameras. The intensity of the signal output from the CCD
can be measured and represented as digital data, from which the image is
constructed. Some higher end scanners will contain three discrete CCDs'
one for each of the primary colours, and thus record a digital equivalent
of the colour separation elernents described above. An alternative is to
use tv/o: one for the lurninance (light and dark) and the other with a

Bayer rnask (a mosaic of colour Íllters placed between the CCD sensol
and the light source) for chrominance (colour) information. An advan-
tage to this approach is that black-and-white film can be scanned using
the lunrinance sensor only, thus avoiding the need to relnove colour
'noise' as a software function after scanning. Single, Bayer-masked CCD
machines, are also produced.

A significant drawback to the use of early scanners was their speed of
operation. In the late 1990s, machines that cost in the region of half
a million dollars each to buy would typically scan at a rate of between
one and four frames per second.77 For a routine feature fihn restoration
project, up to a month with a scanner running Z4l7 could be required
simply to scaÍr tlre source elements. At tlre tinre of writing, models
are available for a sirnilar price that will scan up to 4K resolution in
real time. The bottleneck in scanning speed is the computer processing
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pov'/er needed to convert the electrical signals produced by the CCD
into image data of the required format and then store it for future use,

one that is being constantly alleviated by developments in computer
technology more generally. The determining factor at work is what has

become known h the information technology industry as Moore's Law,

named after an article written by an American computer scientist in
1965, in which he predicted that the amount of cornputing power avail-
able for a given price would double, approximately every two years.78

Moore's prediction has proven remarkably accurate over the decades

that followed, hence its colloquial status as a law and has clearly applied
in the case of technology related to the digital scanning of photographic
image and their subsequent manipulation by computer. At the time of
writing, scanners are available that \/ill process film at lower resolutions
than are needed for restoration at speeds of up to 33 times real time,Te

and it is likely that the technology to create the scans needed for restora-
tion at many multiples of real time will be available for mainstream use

within a few years (Figs 3.8 and 3.9).
The modern motion picture film scanner has a vastly simplified fihn

transport mechanism compared to that of its equivalent photochemical
printer, and many will enable the scanning of film elements with phys-
ical defects that in most cases would require time-consuming repairs
(e.g. the reconstruction of darnaged perforations) and in some cases

would make photochemical duplication impossible without noticeable
defects in the copy (e.g. shrinkage beyond approximately 2 per cent).
Some scanners that are designed speciÍically for archival use, e.g. those
rnade by Kinetta and MWA-Nova, feature continuous motion and have
no sprocket teeth in the film path whatsoever: the film is simply pulled
through the mechanism by the take-up motor. Individual shots do not
have to be scanned in the order that they are to appeaÍ in the finished
restoration, as non-linear editing can be done on a software timeline
after scanning and post-processing, just as it would be in an initial digi-
tal production workflow. Therefore, most physical Írlm repair and mastel
element assembly that is undertaken in preparation for photochemical
duplication is simply unnecessary in a digital workflow. The source ele-

ments from which the restored film will be constructed can be scanned
separately.

Film cleaning is a more complex issue. The removal of visible artefacts
caused by dirt and scratching on the fllm surface can also be accom-
plished as a software function after scanning. However, as with \ et gate
printing, the quality of the result which can be achieved is variable,
and depends on a range of factors including the q/pe of damage, its
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Figure 3.8 An Arriscan 4K film scanner with v/et gate in use.

severity and how effective the software available to the restorer is at mit-
igating it. As is the widely established practice in audio restoration, the
removal of artefacts before scanning is generally considered preferable
to having to deal with them in the digital domain afterwards, on both
pragmatic grounds (it's usually cheaper and achieves a better result) and
ethical ones (keeping the amount of digital image manipulation needed
to a minimum). Therefore, ultrasonic cleaning, rewashing and polish-
ing are still often done as part of the preparation of source elements for
scanning. The difference is that software-based cleaning of the scanned
image is now usually able to achieve more, subiectively speaking, than
optical and/or v et gate printing in photochemical duplication.

The variables within the scanning process itself are essentially
twofold: the resolution and colour depth at which the frames (indi-
vidual images) will be scanned, and whether any grading or colour
correction will be undertaken during the actual scanning or as a soft-
ware function afterwards. The decisions made will depend largely on the
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Figure 3.9 The graphical user interface of the Arriscan capture software, seen
lrere duríng the scanrring of a reel of source element Íron The Epic of Everest
(UK, 1924, dir. J.B.t,. Noel). The contÍast, brightness, gamma and colour balance
attributes can be manipulatccl before the capture of each frarne, equivalent to thc
grading process in photochemical duplication.

relative capabilities of the scanner, the restoration softv/are being used
to work on the files it produces afterv/ards, and the speed of the hard-
ware it is running on. The scanning resolution is a trade-off between
the detail of image information captured (and thus the perceived qual-
ity of the end result) and the volume of data that will need to be stored,
and the computing pov/er needed to process it, and thus the overall
cost of the project. At ttre time of writing, two resolution standards are

widely used in mainstream digital cinerna: '2K', with a width of 2,O48
pixels, and '4K', with a width of 4,096.80 As a general rule of thumb,
2K is generally considered sufficient for scanning film frame sizes up to
16 mm and for digital cinema proiection on smaller scÍeens/ whereas 4K
is regarded as the norm for 35 rnm film and projection on larger screens.
6K and 8K resolution standards also exist, but at the tirne of writing
their use is limited to scanning large format (e.g. 65/70 rnm and special
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venue frlm formats such as Imax) source elements. The equivalence of
film emulsions when expressed as digital resolutions has provoked sig-

nifrcant debate in archival circles, with some arguing that scanning at

a higher resolution than the visible emulsion granularity is pointless
(Read and Meyer, for example, state that 4K is the approximate equiva-
lent to the maximum resolution of modern 35 mm colour negative film
at the tirne their book was written8l), while others believe that encoding
multiple pixels per grain of visible emulsion enables more accurate soft-
v/are image rnanipulation. In the short term, it seems likely that Moore's
Law will bring scanning at resolutions in excess of 4K within affordable
Íeach witlrin a generation oI tv/o of technology.

While incandescent Írlarrrent bulbs are still used in sotne film scan-
ners/ lnore recent models are increasingly using an aÍray of light-
emitting diodes (LEDs), a light source that has two maior advantages
for archival applications: a LED generates almost no heat, making it
relatively safe for use with nitrate stock, and an arÍay can be ad|usted
to produce almost any colour temperature within the visible spectrum,
thereby enabling dye-faded source elements to be scanned with inbuilt
colour correction. In some models, software control of the scanner itself
enables a reel of film to be graded, with the intensity and colour tem-
perature of the light source changed between shots during the actual
scanning pass, comparable to the use of punch tapes to make light
adjustment in a printer. But if the sensitivity of the imaging device is
sufficiently wide, a 'one light' scan followed by software grading can
save time without sacrificing image quality.

The software stage in digital film restoration is conceptually the same
thing as a digital interrnediate (DI) post-production workflow in the
making of new films. In the case of original production, it consists of
scanning the rolls of processed negative as they were shot in the camera
and without having been cut, editing the images using a timeline-type
interface similar to the ones found in consumer and broadcast video
editing packages such as Avid, Prerniere or Final Cut Pro (FCP, which
with some bespoke plugins can be used as the principal software package
in a restoration project), grading the image and applying visual effects
and incorporating CGI digitally, and then rendering the final output to
whatever media formats are required for distribution. Pleasantuille (USA,
1998, dir. Gary Ross) is often cited as the earliest Hollywood feature filrn
in which DI technology was used to achieve a consistent aesthetic over
the ma jority of the footage, and Oh, Brother, Where Art Thou? (USA, 2OOO,

dir. Joel and Ettran Coen) as the first in which an entire film that did
not involve the extensive use of special visual effects was post-produced
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digitally.s2 Both were shot on film, scanned and then post-produced in
ZK, and significantly, both were historical melodramas.

In the case of a restoration, exactly the same stages are undertaken,
except that the film elements being scanned are those resulting from the
technical selection to form the sources for the overall restoration prolect
(and thus are not necessarily all reels of camera negative), and the visual
effects applied are ones that are designed specifically to correct defects
in the source element that were not and/or could not be corrected bv
cleaning or light corrections in the scan.

At the time of writing, most software used in digital film restoration is
available on versions that will run on one or more of the operating sys-
tems used in consumer personal computers (PCt - Microsoft Windows,
Apple Mac OS or Linux. The processor and memory capacity found in
the higher end PCs on sale in 2OIZ is sufficient for 4K image manipu-
lation processes in a realistic timescale, although additional hard disc
storage capacity, which dedicated facilities will often provide through
server infrastructure of some description, is generally needed to cope
with the volume of data files generated during a digital restoration
project. For a 4K restoration of a full-length feature working on uncolr-
pressed images, this can easily amount to dozens of terabytes. A number
of off-the-shelf digital restoration packages have established themselves
in the marketplace during the 2000s, notably the Austrian HS-Art
Diamant package, the British PFClean and the American DaVinci Revival
system. In addition, some archives, laboratories and post-production
companies have developed their own proprietary software for image and
audio restoration functions (either in the form of standalone applica-
tions or plug-ins for other packages), which are used as part of a bespoke
workllow for niche applications and thus are not sold or licensed to
third parties. It is also worth noting that some video editing software
sold in the consumer, semi-professional and broadcast markets includes
image manipulation functions that could be considered to enable rudi-
mentary digital film restoration. For example, the current versions of
Avid, Lightworks, FCP and Adobe Premiere all enable manipulation of
the colour balance in the captured or imported footage, such that colour
correction from a dye-faded source is possible. Whether the use of such
a package could be considered Íestoration, especially if the source being
worked on is only standard definition, is really an ethical question as
distinct from a technical one. But as with the effect of Moore's Law on
scanning resolutions, it seems likely that many of the functions that at
the time of writing can only be found in dedicated and relatively expen-
sive restoration packages will eventually be offered as commonplace
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features in mainstream editing software, especially once the patents on
the current generation of restoration algorithrns begin to expire.83

A decision that the restorer will need to make at the scanning stage

is the choice of file format in which the scannecl fiames will be saved

and subsequently worked on. In conjunction with the resolution chosen
(tlpically ZKor 4K at the time of writing), this is, once again, a trade-

off between the image quality desired, the capabilities of the scanner in
use, capabilities of the restoration software in use, the capabilities of the
computer hardware in use and the budget available. The forrnat most
commonly used in professional restoration applications at the tirne of
writing is Digital Picture Exchange (DPX), a specification that began life
as the proprietary format for the Kodak Cineon system and was then
later adopted and developed further by other scanner and software man-
ufacturers. It has several features that were designed specifrcally with
restoration in mind, notably the ability to encode the specifrc sensito-
metric characteristics of the film emulsion being scanned (gamma), and
the incorporation of a 'lookup table'- calibration data that is used to
ensure that the colour space in the scanned film looks consistent in all
the display devices used in the workflow, including the rnonitors used
in the restoration workstations, film prints that are burnt out at the end
of the process, digital cinema, broadcast and consumer digital outputs.
The DPX format also enables the creation and storage of information
about the file (e.g. the name of the film, an archive's record number
of the film reel it derives from and the name of the scanner opera-
tor), known as metadata, within the file itself, for proiect management
purposes.sa

Another decision that will need to be made by the restorer is whether
to use automated software tools, manual ones or a cornbination of
the two. It will have become appaÍent by now that film restoration
is a labour-intensive business. The examination and technical selec-

tion of source elements, physical cleaning and repair and the creation
of duplicates, either through photochemical printing and digital scan-
ning, requires a lot of relatively highly skilled personnel to accomplish.
The highest component of a typical Írlm archive's operating cost is that
of its workforce. Furthermore, the weight and bulk of motion picture
film, the added safety-related costs of shipping nitrate and the risk of
damage to irreplaceable film elements in transit all mitigate against spe-
cialised restoration work being undertaken away from the premises of a

collecting institution.
The use of automated restoration tools is, therefore, an economically

attractive one. These tools will look for similar defects in rnultiple frames
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of scanned fihn frames and, as their name applies, apply a fix auto-

rrratically when they Íind thern. Tlris approach has the advantage that

the software can be left to get on with it, without human supervision.

The drawback is that the sequence of rules, or algorithrn, applied by the

software to identify defects is not infallible. The difference between a

black vertical line in the photographed image and a 'tramline' scratch,

for example, can be detected with almost 100 per cent accuracy by the

trained human eye. But programmers have yet to find a way of repre-

senting that intuition within the coding of an algorithm with anything

close to the accuracy of human intuition. If that tramline is against the

image of a clear blue sky, the viewer will identify it instantly. But if it
is against the background of a city street at night, the viewer will have

to look more carefully, comparing the image of the line with the photo-
graphic information on either side of it. Automated restoration tools do

the same thing, but at the time of writing are significantly less accurate

in determining what forms part of the photographic image and what is
a defect. ln other words, there is only so much care with which they can

look. Automated restoration software works by comparing the suspect

artefact being analysed with information about known types of defect

and the photographic information surrounding it. One analogy would
be with the spelling check function available in most wordprocessing

software. A student whose essay on Nazi propaganda cinema I once

marked made the memorable claim that filmmakers in the Third Reich

'had to have their proiects vetoed by Gobbles in advance'. As the cog-

nitive function of the software is limited to comparing the words typed

with the ones saved in its dictionary - it can't analyse context - there

\ /as no way for the program to realise that 'vetoed' should have been

'vetted', and that the name of Hitler's propaganda minister had been

misspelt. Both of the mistyped words were in the dictionary, and there-

fore their use v'/as not identified as erroneous' And as any regular user of
wordprocessing software will know, most proper nouns, the odd phrase

in a foreign language and terminology specific to a body of professional

knowledge (e.g. the names of obscure chemicals) will all be identiÍred

incorrectly as spelling errors.
Likewise, the so-called automated 'dustbusting' function in rnost dig-

ital restoration software in use at the time of writing will fail to spot

defects in a sequence of frames with high speed motion and/or where

the contÍast between the defect and the legitimate photographic infor'
mation surrounding it is very low, and Senerate a certain number of false

positives. Possibly the most celebrated example of the latter in recent
years occurÍed irr the digital lestolation of Beyond the Rocks (vSA, 1922,
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dir. Sam Wood) by Giovanna Fossati in 2005. In one scene, a dog run-
ning out of a house and into the street outside was partially erased from
the shot by Diamant's dustbusting filter, and required manual inter-
vention to correct.ss While the accuracy of automated restoration tools
increases with every ne\/ generation of software and hardware and their
use is an attractive from an economic standpoint (restoration prolects
are done more quickly and cheaply), the use of digital tools individually
and interactively by the restorer generally achieves a higher quality of
result, due to the combination this offers of human intuition in identi-
fying what visible artefacts are defects and what are not, the abitity to
preview digital repairs and then reverse them if they are judged to be
unsatisfactory and the ability to experiment v/ith different types of cor-
rection. The drawback is that the restorer has to look at up to a quarter
of a million scanned fiames individually.

Software-based image restoration tools fall into seven broad functions.
Polarity correction is the simplest digital repair. If the source elements

identified through technical selection contain a mix of negatives and
positives, they must all be changed to a common polarity for editing,
restoration and the final output. If a colour mask is used in the base
of negative stock being scanned, this is also removed at this stage, as a
'one-click' software function.

Mitigation of dirt is the removal of artefacts that are caused by for-
eign objects adhering to either or both surfaces of the film as it is being
scanned, which either could not be or were not removed by cleaning
of the film element before the scanning took place. The definition of
dirt includes dust, contamiÍlants irrtroduced during previous use of the
film element (e.g. stains from projector oil) and biological contaminants
such as rnould. This is one of the easier and more accurate types of iden-
tification and repair for automated restoration software, as most dirt
contamination takes the form of so-called 'one-frame defects', i.e. the
precise pattern of contamination is not repeated identically through suc-
cessive frames. Therefore, a one-frame defect can be identified to a high
degree of accuracy by comparing the content of a frame to its proceeding
and succeeding one, especially if they are during a continuous shot with
little movernent of the camera or subject.8 The repair is accomplished
by 'filling in' the artefact by, in crude terms, making a guess at what
photographic inforrnation lies underneath the contaminant if it was not
present, by analysing the photographic information that surrounds it.

Mitigation of scratching is the removal of artefacts that are caused by
mechanical abrasion which has scraped or gouged av/ay part of the
film base and/or entulsion. The identifrcation of these artefacts is more
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difficult to encode as a softvi/are algorithm, because the damage is more

likely to be consistent, and in the same place, in successive frames. Prob-

ably the rnost widely encountered type of scratch is the one caused

by a sharp obiect making contact with the fílnr surface while it is in
motion (for example, an abrasive piece of debris lodged in the gate trap

of a projector), which will result in a continuous vertical line, known

as a 'tramline' in proiectionists' slang, visible in the reproduced mov-

ing irnage over a signiflcant duration of time' Identifying it digitally
requires two functions: deterrnining its presence in the first place, and

then tracking what happens to it across multiple frames. The former

is substantively the same process as with dirt, and the latter consists

of 'tracking' the image of the scratch across successive scanned fiames.

Getting rid of it is once again achieved by filling in the affected area

using the image information surrounding it.87

Adjttstment for consistency of stability and illumination. It will be remem-

bered from the section on photochemical duplication that nitrate and

acetate film that has shrunk with age and/or storage in hostile atmo-

spheric conditions can be copied, but that in the case of severely

shrunken elements, the use of optical printing will be needed, with a

consequent impact on irnage quality. Even on the most inherently tol-

erant and heavily modifred printers, shrinkage will be visible in the

duplicate to a certain extent, in the form of vertical and horizontal
instability ('wobble' or 'jitter') in the reproduced moving image. Digi-
tal restoration enables this defect to be corrected to a far higher degree

of accuracy, especially if the source element has been scanned on a

sprocketless machine that is able to detect individual frame bound-
aries in determining the area to be scanned. Each frame can then be

conformed to identical dimensions after scanning. Another consistency

issue is that during the silent period when cameras and proiectors were

hand-cranked, the exposure of each frame was often inconsistent, as

the duration of each exposure was determined by the speed of cranking.

Inconsistency in projection speed also caused variable heat damage to

the frames in release prints.88 Light leakage in wooden cameras and lab-

oratory processing equipment could cause fogging in part of the frame

area, tnost of which can no\.'v be corrected digitally. These 'intensity
instabilities' could not be addressed by photochernical printing, which
only enables exposure adiustrnents over an entire frame.se

Brightness, contrast and colour correction. This is sirnply the process of
doing as a software function what grading, the creation of separation
negatives and/or printing through coloured light is designed to achieve
in photochemical duplication: grading the irnage to recreate its'original'
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(however that is deflned) brightness, contrast and colour balance, and if
necessary reversing the effects of colour dye fading. The digital tools
used to do this are to all intents and purposes the same ones used
by colourists in grading new films in post-production, in sorne cases
customised to address the specific problerns encountered in a restora-
tion proiect/ Eastmancolor-type dye fading being the main one. Indeed,
the use of digital image manipulation software to correct dye fading in
scanned still images from film has been available at least since the frrst
version of Adobe Photoshop was marketed in 1990.e0

Recreation of origitral post-production effects. The source elements
scanned in a restoration may not incorporate dissolves, fades, process
shots, opticals, titles or special effects in the forrn that they are seen in
the finished film. If this is the case, then they will need to be recreated
digitally (as they would need to be recreated photochemically, if an ana-
logue workflow were used), in more or less the same v ay as they were
during the filrn's initial post-production phase. If the amount of work
required is significant, e.g. if a cut carnera negative is being used as the
principal source element, this is potentially another aÍgument in favour
of digital, as at the time of writing, the software tools available have
reached the point at which their use will usually be cheaper and achieve
better results than their photochernical predecessors. Where possible,
reference will be made to evidence from the initial production (e.g. a
surviving release print) to ensure authenticity.

Achieving consistency in the overall aesthetic.lf a range of elements from
multiple generations has been scanned following technical selection,
perhaps encompassing everything from sections of camera negative to
release print, the grain and definition characteristics will differ between
them. In order to give the viewer the impression that they are seeing
a unihed film, and not an edited montage of sections from disparate
sources, digital restoration software can apply image sharpening and
grain reduction filters where necessary to achieve a consistency in the
overall, subjectively perceived aesthetic. This can be an especially impor-
tant issue where the object of a restoration is primarily reconstruction
as distinct from image enhancement. Once again, arguably the rnost
celebrated case from recent years is Metropolis, and in particular the
recent rediscovery of rnissing (from the version as premiered in Berlin)
footage in the form of a very poor quality 16 mm dupe (from a release
print, and thus very high contrast) negative. The restorer in this case
was faced with the decision as to whether or not to attempt digital
enhancement of this footage in order to make it look consistent with
the rest of the film. He eventually decided not to, both for pragmatic
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arrd ethical Íeasons: pragmatic/ because the damage (nost of which had

been photochernically reproduced from the source element and thus

could not be mitigated by any physical intervention) was so severe, and

the irnage inforrnation so thin, that even today's digital enhancement
software could not achieve a satisfactory result; and ethical, because the
provenance of ttre missing footage was considered to be a part of the

frlm's history and thus should not be hidden from the viewer.el Even

though that is an extreme example, a frequently raised obiection to dig-
ital restoration is that the software tools used, and in particular film
grain reduction, change the overall subiective aesthetic of the viewing
experience from that of an analogue image to that of a digital one.

Audio restoration

The discussion thus far has only covered the image component of a film.
Almost all Íilnrs made since tlre late 1920s also include a synchlonised
audio recording, the restoration of which will usually form a maior part

of an overall project. As with the picture, what this involves will depend
primarily on the source elements available and the goals of the proiect.

In the initial production process, the picture and audio will alrnost
always be recorded and post-produced on physically separate media,
with the t\^/o components being cornbined only on the final release

prints.e2 There are some exceptions to this general rule, notably newsreel
footage recorded using 'single system' equipment (in which both the
image and an optical sound negative are exposed in the same camera
and onto the same strip of Íilm) and distribution systems in which
separate media are played back in synchronisation in the theatre, e.g.

Vitaphone and Imax. But as a general rule it holds, and consequently the
image and audio components of a film are usually restored as separate

operations. Partly as a result of this, the restoration of film soundtracks
is a distinct area of expertise in itself, with archivists such as Robert
Gitt and Bob Heiber developing specialisms in the area, and companies
such as Chace Audio in Hollywood and Martin Sarnyer Sound Services

in London taking audio work on an outsourced basis from studios and
archives undertaking the restoration of high profíle titles.

The history of audio technology used in coniunction with moving
irnage technology in the developed world falls roughly into three
periods: before sound-on-frlm (before the late 1920s), analogue sound-
on-film (the late 1920s to the early 1990s) and digital (since then).
The sound-on-film period can be turther subdivided into the peri-
ods in which original recording was mainly on optical (photographic)

The Technique of Fihn Restoration 1I7

soundtracks (the late 1920s to the early 1950s) and magnetic (the
early 1950s until the early 1990s). This framework obviously refers to
the periods in which these technologies were in mainstrearn use. For
the purpose of this discussion it ignores the exceptions, most notably
the use of experimental technologies ahead of their time and the use of
obsolete ones for artistic or cultural reasons.

Sottnd films made before and during tlrc mainstream conversion in the late
1920s, l.e. before sound-on-fi1rn, consist of mute picture footage and
an analogue audio recording, usually on a phonograph (UK English -
gramophone) disc or cylinder. With this type of recording reconstruc-
tion isn't an issue, because no editing of the sound recording in
post-production was possible and therefore no incomplete audio ele-
ments v/ere ever created. Its restoration, therefore, is purely a case of
copying the audio content, enhancing the quality of the signal if nec-
essary or desirable, and then re-recording it in a way that enables its
reproduction in sync with the restored image. This involves playing
the recording on a turntable or cylinder player designed specifically
for archival use. The use of original equipment, even in as-new con-
dition, is not considered desirable, because the stylus pitch and tracking
force used would cause significant damage to the source element being
played. For example, the Warner Brothers Vitaphone system used a
softer shellac compound than was typically used to press records for
sale to consumers, in order to reduce surface noise. The drawback was
that the records quickly wore out: as a contemporary technical article
put it/ they 'were injured after just a few playings' on the systern,s orig-
inal turntables and pickups.e3 Whereas at the time of a Vitaphone film,s
initial release, replacement discs were readily available frorn the distrib-
utor, the copy of a disc being used as the source element in a restoration
proiect today will possibly be the only survivor, and therefore the use
of lightweight pickups and less abrasive styli (diamond or sapphire, as
distinct from the steel needles used in original equipment) to prevent
damage is essential.

Although the reconstruction of a soundtrack from multiple disc
elements will not be needed, the synchronisation of the re-recorded
soundtrack to the restored picture can be a significant challenge. When
sound-on-disc systems were in mainstream use, most (including the
most widely used, Vitaphone) used some form of mechanical interlock-
ing of the projector and turntable. If any footage in the frlm print was
darnaged in handling or projection, it had to be cut out and replaced
with the precise same length of opaque spacing, or else synchronisation
would be lost because the corresponding section cannot be cut frorn the
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grooves of a phonograph disc. Likewise, if the surviving image footage

f a sou.d-on-disc film is incomplete, the tlack either has to be edited

after re-recording to conform to the image, or an equivalent section of

black ímage inserted if it is desired to letain the audio'

opticalšound-on-fihn was the standard recording medium used in film

proáuction and post-production frorn the early 1930s unti1 the early

io mid-1950s, and for reproduction in theatres to the present day (and

probably until film proiection in theatres is completely obsolete and

ihe conversion to digital complete). This technology works by con-

verting the electrical signal produced by a microphone into a light

,orr..", which is then exposed onto ra\ / film stock, thereby creating

a permanent record. In reproduction, a light source is shone through

the processed film and onto a photoelectric (i'e' converts light into an

elecirical signal) surface, the signal from which is then amplifred and

reproduced through loudspeakers. There aÍe t\^/o methods of optical

sound recording: variable area, which is produced by shining a light

soulce of constant intensity through an apeÍtule that adjusts in size
according to the characteristics of the input signal as the unexposed

film passes in front of it; and variable density, in which the aperture is

of a Áxed size, but the intensity of the light source is varied'ga

The sound record, therefore' is a photographic image on film, iust as

the picture is. It can thus be degraded by exactly the sarne problerns

as the picture footage can: film base decomposition, shrinkage, scratch-

ing, diit and dye fading. These artefacts will all be audible as defects

in reproduction, and many can also be mitigated using the same phys-

ical iepair and cleaning techniques as are used in the preparation of

image elements for printing or scanning. In determining how much of

th. áu.nug. to repair physically before duplication and how much to

repair by modifying the audio information during or after the copying

plocess, the criteria a restoreÍ will apply are the same ones as with the

i-ug"' what is more effective, what is cheaper and what is more in line

with the ethical goals of the proiect?

As was the case with Technicolor separation elements in the 1930s,

differential shrinkage of the image and optical sound elements caused

by laboratory processing was a known problem even in the initial

post-production stage. As early as 1938, Bell and Howell marketed a

iprocketless, continuous contact printeÍ designed to magnify the image

of a track negative very slightly, by wrapping both the source and des-

tination stock around a convex aperture during exposure' es From a

restoration perspective, this is the equivalent problem to that of rnissing

foota'e in á sound-on-disc image element. If, for example, over several
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decades in storage, a reel of original camera negative has shrunk frorn
1,000 feet to 990, but its corresponding final mix optical track nega-
tive has shrunk to 97O, then any attempt to create a combined print
from the two using conventional methods will result in the gradual loss
of synchronisation during reproduction. Likewise, if the track negative
is re-recorded at the standard speed of lt/z feet per second in contin-
uous motion, the resulting copy will have a shorter overall running
time than its corresponding picture footage reproduced intermittently
at the equivalent speed of 24 frames per second, because the intermit-
tent action of the reproducing mechanism will measure the fllm in units
of the distance between each perforation, not absolute length.

The duplication of optical sound elements can be accomplished in
one of three ways: photographic printing, the conversion of a digital
image of the soundtrack into a digital audio signal as a software function
and re-recording. Once the playback is complete, re-recording and the
signal processing incorporated into that process involves doing rnore
or less the same thing regardless of the source element, and therefore
will be discussed in a separate section below. Photographic printing is
the oldest method of duplicating optical soundtracks. ln the absence
of defects in the source elernent that cannot be removed physically, it
is still considered the preferable technique in restoration under some
circumstances, because the signal degradation resulting from analogue
photochemical duplication is not as severe as that caused by ,reading,

the signal electronically and then outputting it again to another ana-
logue carrier. In other words, you are only adding one generation of
audio 'noise' rather than two. There are, however, drawbacks. As pho-
tochemical duplication becomes moÍe expensive and eventually the
specialist film stocks for creating optical sound negative masters drop
off the market, it is likely to become a lnore expensive option than
digital re-recording, fustifiable only for high-budget projects on ethical
grounds. More significantly, the chances of defects in the source ele-
ment that cannot be mitigated in photochemical duplication are high -
as Martin Sawyer points out, almost all the possible audio problems in a
source element can be identified and addressed in re-recording.e

What might be termed the digital photographic approach to Íepro_
ducing optical film soundtracks for restoration is, at the time of writirrg,
rapidly gaining acceptance within archival practice.eT This consists of
oeating a digital, pictorial image of the optical soundtrack in scan-
ning, and then using software to analyse it and turn it into a digital
audio recording. In other words, the restoration software is not working
on a digital representation of the audio created by analogue to digital
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conversion of an electrical signal created by conventional reproduction
of the soundtrack, but rathef on a visual image of the optical track itself,

thus potentially preventing the creation of unwanted artefacts in the

conventional reproduction process. Arguably the leading irnplementa-

tion of this technique for restoration purposes is the Swedish GoldenEye
scanner, advertising material for which points out another advantage,

namely that it permits the capture of optical soundtracks at speeds

much higher than real time, thereby potentially reducing the costs of

restoration.es After scanning, software algorithms can be used to iden-

tify and correct defects in optical tracks applyin8 veÍy similar techniques
to the ones used to restore photographic images digitally.ee

Magnetic souncl-on-film entered mainstream use in the early 1950s,

largely because it was more flexible than optical. It involved coating raw

film base with a magnetic oxide and recording on it using what was to all

intents and purposes the same technology that is found in analogue tape

recorders. Its crucial advantage over optical was that a magnetic track

did not need to be processed and printed after recording, and thus was

cheaper and could be played back instantly. Film elements could also

be 'striped', or coated with magnetic oxide to record a combined track

after the image had been exposed and processed.lm Magnetic tracks also

can and do suffer from the same base decomposition-related defects as

optical ones, to which can be added mould growth, oxide shedding (loss

of the coating that carries the magnetic signal from the film base) and

damage to the recorded signal from electro-uragnetic interference.
Sound-on-film, both optical and magnetic/ \^/on out over phonograph-

based systems for a number of reasons, an important one of which
was the ease of mixing and editing. Because the film stock used was

of the same physical dimensions and ran at the same linear speed

as the image footage, it could be edited in the same wat by cutting
and joining sections of the audio track while being run on a play-

back machine in synchronisation with the irnage. Re-recording during
the post-production process was also possible, with the result that the

restorer will often have a choice of elernents from which to duplicate.
Typically, dialogue recorded on a studio set or location synchronously in

the picture will be integrated into a final mix together with sound effects

and music in post-production. Depending on what audio elements sur-

vive and in what condition, the restorer may have to recreate the film's
final rnix using the original components, in the same vi/ay that it will be

necessary to recreate fades and dissolves if the image is being duplicated
from the original camera negative. If only the final mix (e.g. a release
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print) is being used as the restoration source, this will obviously not be

an issue.
As with the restoration of the image, a decision needs to be taken

as to whether the duplication of the audio signal will be to analogue
or digital rnedia. In this case and by the time of writing, however, it is
usually a far less contentious one. An analogue workflow would typi-
cally involve re-recording the signal from the playback of the original
element onto magnetic tape, and, as with the photochemical duplica-
tion of the image, doing so in such a way as to enhance its audible
characteristics. The resulting tape would then serve as the new master
soundtrack element frorn which the required media would be made for
synchronisation with the image, e.g. a new optical sound negative or
the audio channels on a broadcast master videotape. However, the use of
analogue magnetic tape recording is now completely obsolete for profes-
sional audio applications, and no major company backed by significant
capital manufactures it anymore. At the time of writing, small, cot-
tage industry type operations attempt to restart production frorn time
to time, but there is no longer any source that can be relied upon to
sustain an ongoing operation. The use of digital audio recording in the
music and radio industries dates from the early 1980s - about a decade
earlier than the widespread use of digital moving images in broadcast
television and fihn industry post-production. By the late 1990s, the
three major rernaining manufacturers of analogue audiotape for pro-
fessional applications on any significant scale, Europe's EMTEC (spun
off frorn the German chemical giant BASF in 1997), the American 3M
and the Japanese Maxell companies, were scaling back their operations
in the face of falling dernand, and had pulled out of the rnarket by
the mid-2000s. In Decernber 2005, the frnal remaining manufacturer,

Quantegy, fíled for bankruptcy protection.l01 Worldwide production has
been small-scale and intermíttent since then.

Except on a small scale, using remaining tape stock and principally for
cultural or ethical reasons, therefore, audio remastering for frlm restora-
tion is now almost exclusively digital. As with frlm scanning, the output
of the playback and capture process will be a digital file that can both be

edited and worked on to change the characteristics of the signal itself.
And again, as with the irnage, the restorer will have to decide if and

how far to attempt to enhance the subiectively perceived quality of
the audio signal during and/or after the capture playback. The factors
informing this decision will be a combination of practical (the capabili-
ties and limitations of the hardware and software available) and ethical
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(what the objective of the restoration proiect is and, if applicable, the
working definition of original in use). There are two essential tech-
nical factors - the amount of audio information being captured and
processed, and the nature and extent of any signal enhancement and/or
noise reduction applied.

In analogue sound processing, engineers use a concept known as the
'power-bandwidth product' to determine how much audio information
is present in a given recording - speciÍically, what range withirr the audio
frequency spectrum is captured and how strong the signal is within
that range.102 Similar techniques can be used on a digitised recording
to establish how much of a signal is present. A very useful source in
establishing the characteristics and specifications of obsolete sound sys-
terns used in film production can be found in the slew of technical
manuals published in the early 1930s, often with a focus on training
projectionists, which describe the technology used to make the record-
ings the restorel is now faced with remastering in sígnificarrt detail.10r

The major variable which determines the subjective quality of a sound
recording is its bandwidth (how much of the audible frequency range
is in use), which for digital audio in turn determines the sampling rate.
Audio bandwidth is measured in Hertz (Hz) and kilohertz (KHz). The
human ear is typically capable of hearing bass sounds as low as 10 Hz,
and high frequencies up to the region of ZO KHz. The early sound sys-
tems in use at the time of the conversion had a far more limited range:
50 Hz to 8 KHz in the case of Vitaphone, for example.loa The frequency
range available gradually improved in systems developed throughout
the second half of the 20th century, to the point at which the final
analogue optical sound system used for release prints on a significant
scale, Dolby SR (Spectral Recording), had a frequency response of ZOHz
to 20KHz.10s Knowledge of the original recording system is therefore
useful to a restorer in determining the frequency range, and thus the
sampling rate, to work with.

A digital signal, unlike an analogue one, cannot in itself change over
time: numbers are discrete units, not an infinitely modulating represen-
tation. In digital audio, therefore, a way is needed of encoding what
to the human ear is a continuous experience as a sequence of num-
bers. This is done by sampling, which involves taking a snapshot of the
sound being produced at any given moment iÍr tirne, and recording its
frequency. The number of samples in a given tirne period corresponds
to the frequency range it is possible to encode. If the sampling rate is
8 KHz, this means that 8,000 individual recordings for each second of
running time are recorded. The higher the sampling rate, the higher
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the quality of the encoded sound, but the more computer power and

data storage capacity is needed. A lower sampling rate reduces the audio

quality, but also saves on processing power and storage space. By the

time of writing, Moore's Law had advanced computing capacity, even

on the consumer market, to the point at which it imposes no effective

limit on the sampling rate available, and therefore the restorer can base

his or her workflow strategy purely on the needs of the recording being
r /orked on.

Noise reduction is the other major technique in audio restoration,
analogous to dirt and scratch removal in the duplication of the image.
All analogue recording and reproduction techniques add 'noise' to a

signal - in other words, unwanted audio information such as phono-
graph surface noise or magnetic tape hiss, which is perceived by the
listener to be a distraction. Various methods exist of rninimising both
the creation of noise in the first place and its duplication when a sound
recording is copied. At any given point in the audio frequency spectrum,
a recording will consist partly of the signal (the part you want to hear,

e.g. speech or music) and noise (the part you don't, e.g. surface noise or
tape hiss). The comparative loudness of the two is known as the signal-
to-noise (S/N) ratio. This will vary between recording systems and the
area of the audible spectrum - it is not uniform across the entire fre-
quency range that is capable of being reproduced by the system. As a
general rule, the higher the frequency, the worse the S/N ratio gets. The
most basic form of noise reduction involves reducing the volurne level of
those areas of the audible range that have a low S/N ratio, and boosting
the level of those where the system's performance is better.

The problem with this is that by reducing the loudness at any given
point in the frequency Íange, you are reducing the level of the signal
along with that of the noise. Overly aggressive noise reduction, there-
fore, will degrade the quality of the overall signal. This is a major ethical
issue for restorers. Market research has shown consistently that many
consumers who are not experts on audio technology regard the presence

of noise as a major defect, and are far more tolerant of a poor qual-
ity signal than they are of the presence of noise. The Vitaphone expert
Robert Gitt commented that 'l've heard some comrnercial releases of
on CD oÍ old jazz recordings which have been excessively altered. The
noise is all gone, but the musicians sound very mechanical and dry and
robotic. They sound like rnechanical men playing.'106 It is possible to
avoid the 'mechanical and dry and robotic' impression by using less
noise reduction, an option that more technologically literate listeners
tend to prefer, and furthermore a closer listening experience to the one
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that audiences to an initial release of a Vitaphone f,lm in the late 1920s

using the system's original playback equipment and auditoria would
have had. But within the overall customer base for a DVD (for example),
these technologically literate consumers tend to be in the minority, and
therefore restorers frequently find themselves under commercial pres-

sure to apply more noise reduction than they would like. This dilemma
also highlights the importance of using good quality source elements
and playback equipment for the initlal capture, as it has long been

understood among audio restorers that audio noise and artefacts can
be removed far more effectively by minimising their creation in the first
place than through digital cleanup in post-production.

As with image restoration, dedicated digital audio restoration soft-

ware is available on the open market, e.g. Sonic Solutions NoNoise and
the software produced by CEDAR (Computer Enhanced Digital Audio
Restoration) Audio, the system developed by the British scientist Saeed

Vaseghi in the late 1980s and later developed by the British Library.
As with image restoration software, audio Íestoration software offers

both manual and automated tools. The latter are more effective at

detecting randomly occurring defects in a recording, for exarnple the
audible 'pop' caused as a splice in an optical sound element is repro-
duced, than at noise reduction. Again, the same health warnings apply
as with images, namely the detection of false positives and the risk of
'missing' noise artefacts.

The final issue that restorers have to address in the case of audio is

that of multi-channel soundtracks. From the early 1950s, the final mix
in many feature films started to consist of more than one individual
soundtrack (channel). Experiments going back to the 1930s, notably by
the British audio engineer Alan Blumlein, established that by making
two audio recordings simultaneously with microphones positioned in
different places in the space being recorded, and then playing thetn
back in synchronisation with the loudspeakers positioned to the left
and right of the listener, it was possible to create a spatial impression for
the listener. Put simply, if a speaker was positioned toward the left of a
room when being recorded, they would also seem to be speaking in the
left of the room when the trvo-channel recording was played back with
appropriately positioned loudspeakers. By the mid-1950s the film indus-
try had taken up this technology, with many of the widescreen systems
launched during this decade also incorporating multi-channel sound
systems to enhance the viewing experience of the new screen dirnen-
sions. Although it was only used on a very limited scale until the 1980s,
when cheap and reliable rnethods became available for multi-channel
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playback in the theatre (principally the Dolby stereo variable area release

print), playback systems consisting of five or seven main channels are

nov comrnonplace in theatres, and increasingly so in consumer audio
hardware in the home.1o7

This creates two issues for restorers. The first is the technical challenge
inherent in recovering rnulti-channel soundtracks from elements cre-

ated using now-obsolete systems and processing and/or re-mixing them
in such to enable their reproduction on today's equipment in a way that
approximates the listening experience of the film's initial release using
authentic equipment.1o8 The second is, as with film grain and audio
noise reduction, the ethical dimension. Multi-channel sound is now
so commonplace in the theatre and home that mainstream audiences
have come to expect it, and in respotrse to this corntnercial pressure

digital processing systems have been used to re-mix dialogue, music and
effects masters in order to create a new, multi-channel final mix. As Ricci
notes, this practice is especially widespread in the case of commercial
restorations and re-releases.10e

It is interesting to note that this practice has not attracted the
widespread criticism that some other ethically contentious practices
have, most notably the 'colourisation' of originally black-and-white
f,lms, which has become almost wholly discredited among the critical
establishment and which was never really accepted by mainstream audi-
ences. The ethical dimension of this debate will be deferred to Chapter 5;

in the meantime, it will suffice to note that the restorer of a feature
film destined for some sort of mainstream release (especially consumer
media) may have to decide whether or not a multi-channel soundtrack
should be created for a film that v/as only released with a mono final
mix in the initial distribution; or, if it was released with a multi-channel
track, only to roadshow screenings that reached a very limited audience.

The final output

The end result of this entire process _ technical selection, masteÍ
element assernbly (if photochemical), cleaning, printing (if photochem-
ical), scanning and software post-production (if digital), and audio
restoration * will be a ne\ / master film element or digital asset, one that
is intended to serve two purposes. The first is to maintain its integrity in
long-term storage. For this purpose, an analogue final output is consid-
ered preferable, as almost half a century of research has now established
with as much certainty as will ever be possible that, stored in appro-
priate atmospheric conditions (i.e. cool and dry), a new polyester base
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film element has a useful lifetime measured in centuries. In the case

of an analogue restoration workflow for the image, the final result will
be either a nev/ negative or fine-grain positive element, depending on
the polarity of the assembled source element being printed. A 'film out'
can also be created from a digital restoration. This is created using a

film recorder, a device which exposes the digital image of each restored
frame onto new negative film stock, which is then processed in the
normal way and serves as the preservation masteÍ for the restoration
project. An optical sound master can also be created in the same way
if desired. Although some early film recorders used a cathode ray tube
as the imaging device, laser fllm recorders, which expose the precisely
desired colour temperature pixel by pixel, are nov/ more common, and
are produced and supported by a number of maior manufacturers for
both 2K and 4K rnastering. Eastman Kodak also markets a number
of film stocks that are formulated specifically for laser film recording
(Fig 3.10).1r0

In the case of a digital restoration, it is likely that an attempt will
be made to preserve the digital assets created during the proiect for

Figure 3.10 An automated film processing machíne' A reel of processed black_
and-white print has just emerged from the lightproof fixing bath (right) into
the Írnal washing bath (with transpafent lids). l'rom there it will proceed to the
drying chamber at the far end.
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the long term. These assets will include the raw scans (i.e. the digital
image created by the scanner before any irnage restoration took place)

and the post-restoration frames. While a number of technologies exist
for doing this, notably a hard disc server array such as a RAID and the
LTO high capacity magnetic data tape, the bottom line is that at the
time of writing, there is no widely accepted 'store and ignore' technol-
ogy in existence for archiving digital data. The options currently on the
market all either take an'always on'approach (i.e. online stoÍage such as

a server), and thus have high running and maintenance costs, or have
a reliable storage lifespan limited to a few years, after which the data
has to be copied to a newer offline storage medium in order to ensure
its survival. Both chemical decornposition and format obsolescence are

contributory factors to the current state of the art, whereby long-term
storage of moving images on film is cheaper and more reliable than
their digital equivalents. The volume of data involved in digital audio
is so much smaller than with film-equivalent digital images that digital
audio master files are typically regarded as preservation masters, though
even then a new final mix optical sound negative of the restoration will
often be made as a safeguard.

The second function of the final output is to serve as the source ele-
ment from which all subsequent access copies are made. As will be seen
in the next chapter, the needs are diverse - potentially, everything from
Imax to YouTubel If the image restoration was photochemical, the final
negative or fine grain positive will itself be scanned, and the resulting
digital version will be used as the source from which to transcode the
versions required for distribution. If the image restoration was digital
this step will not be needed, as the Íinal output will itself be in digital
form. Software available today enables downconversion (reducing the
resolution or other quality characteristics in the act of copying a digital
file), and therefore it makes sense to plan a digital restoÍatioÍr proiect
such that the final output file will be of the highest quality needed
for access, or higher. Upconversion is also possible, but this cannot add
quality, only compatibility. A 2K master upconverted to a 4K copy will
not appear subiectively to the viewer to be of comparable quality to a

film that was scanned in 4K to start with.
The behind-the-scenes work of the restorers is now complete.
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The Presentation of Film
Restoration

lntroduction

As Henri Langlois would have been the first to argue, there is no point
in restoring a film if you're not going to show it. Indeed, as has been
discussed in the previous chapter, many if not most restoration prolects
are initiated, at least in part, by the prospect of a high profrle access out-
put at the end of the process. That is one of the principal distinctions
between frlm preservation and film restoration. Preservation is essen-

tially a passive process. In the case of an archive institution that uses

a passive conservation model, this can consist of little more than the
rudirnentary technical examination of a film element (to determine if
there is any imminent risk of content loss, primarily through decom-
position), and then putting it in a vault with the temperature and
humidity optimised for the long-term storage of that particular filrrt
base and emulsion combination. It is not necessarily anticipated that
there will be any immediate demand for access to that content. In fact,
many of the world's larger frlm archives have a \/aiting list of many
years between the initial accession of an element, intended purely to
safeguard its preservation, and carrying out the further, more Íesoulce-
intensive work that is needed before its content can be considered fully
accessible. This work includes extended technical preservation and/or
restoration, the creation of copies needed for access, the research needed
to obtain the necessary copyright permissions for full access and tbe
curatorial work needed to interpret the significance of a preserved filtrt
to the archive's audience, especially in the case of relatively obscure
material that mainstrearn viewers are unlikely to have heard of.

Restoration, in contrast, either represents the latter stage of that two-
stage process (initial acquisition followed by full-scale work), or its
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conflation following a discovery of major topicality or cultural signiÍr-
cance. Most film restoration proiects are undertaken either by non-profit
institutions anxious to iustify their existence to the taxpayers who fund
them, or by commercial entities anxious to monetise their intellectual
property assets. As was noted in the previous chapter, a restoration
prolect is usually initiated in one of three ways: ,back from the dead'
rediscoveries of lost or incornplete films, film search initiatives and the
decision to restore material that is already held in archival preserva-
tion. Reasons for the latter can vary - they can be curatorJed, prompted
by access requests (e.g. a broadcaster \/ants footage for use in a docu-
mentary and is willing to pay whatever it takes to get the work done
now), prompted by technical factors (e.g. routine periodic vault check-
ing reveals that nitrate decomposition has advanced) or sirnply because
a film reaches the front of the queue for attention by an archive's tech-
nical staff. But the fact is that as a general rule, films are not restored
and then put straight back on a shelf without some sort of initiative to
bring them to the attention of a significant audience.

Who sees a restored fllm, in what cultural context and in what media
forms and technical circumstances will vary enormously from project
to project. Some will only ever be shown in a small circuit of festivals
attended mainly by film archivists and historians. Others will have a the-
atrical release, be distributed on consumer media (DVD, BD and Internet
streamed), andlor broadcast. At this point, it is worth rnaking one gen-
eral observation. This is that the market and potential audience for what
might loosely be termed 'old' Íilms has grown exponentially tiom the
mid-1950s to the present day. Until the emergence of television, there
\ /as no possibility of any commercial exploitation on any significant
scale for films after their initial theatrical release had been completed.
This, David Pierce argues, is a major reason why so many films were
lost in the first placel before there were any non-profit archives to look
after them (which also ernerged on a significant scale from the 1950s
onwards), their custodians were for-profit businesses faced with the
ongoing cost of storing large quantities of a highly hazardous substance,
and no prospect of earning any significant revenue from them.1 The
1930s and 1940s saw the beginning of the film society movement, what
would now be terured 'arthouse' theatres (i.e. ones which programme
content outside the commercial mainstream) and the developrnent of
non-theatrical exhibition, which began to include the screening of older
titles, often from private collections - what a writer in a magazine associ-
ated with Britain's 'highbrow' or'intellectual' film culture in 1946 called
'specialised audiences outside the cinema'.2

12tl
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But the scale of this activity \^/as tiny compared to the market for

archival Íllms that Was created by television. By the mid-1950s, the

newly emerging broadcasters (many of which had institutional links to

the Holly'wood film studios) were raiding what remained of the studios'

back catalogues to filI the hours outside prime time. Two decades later,

consumer video emerged as the 'unexpected saviour' for many collec-

tions, as the author of a book on lost films somewhat dramatically put

it,3 while cable channels dedicated to archival content emerged in the

following decade, This process was accompanied both by what Barbara

Klinger terms 'remetnbrance of films past' - in other words, increas-

ing cultural knowledge of cinema history and a desire to engage with
it on the part of the publica - and the broader cultural impact of two

decades of formal media education in universities, which began in the

late 1960s. The technical quality of consumer media took a quantum
leap with the launch of the Digital Versatile Disc (DVD) in 1'997, and
the development of the Internet and the personal computing devices

connected to it to the point at which it is now commercially viable to

stream digitised film content online with a technical quality compara-

ble to that of offline consumer media has created yet another market for

archival content.
Today's restored films, therefore, have a wide range of avenues

through which to reach the viewing public.

Theatrical proiection - Film

Cinema release prints can be and routinely are made as one of the Íinal

outputs from a restoration proiect, usually continuous contact printed
from a graded internegative. In the case of a photochemical restora-

tion, that print will either be continuous contact printed directly frorn

the assembled restoration master element, or, if necessary, duplicated
through a subsequent generation first. In the case ofa digital restoration,

the print will usually be made photochemically from a laser-recorded

dupe negative. At the time of writing, laser fllm recorders run too slowly
for the direct film-out of release prints to be economically viable itt

most circumstances. Unless the film is silent, an optical soundtrack will
also be needed, the source negative for which will either be produced

by a conventional variable area sound camera (variable density sound
is not generally used for re-recording or release printing in restoration
work, because of the inherently limited frequency range of the process,

the higher densitornetric quality control requirenlents and compatibil-
ity issues with the reproduction equipment typically found in a modern
theatre) or, once again, a laser fllm recorder.
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The major technical challenge in screening restorations on film is that
very few theatres are equipped to screen so-called'legacy'picture and
sound formats in accordance with their original specifications. In fact,
by the time of writing, a rapidly diminishing number of theatres are
equipped to Screen Íilrn at all, with the conversion to digital projection
estimated at 45 per cent of theatres in Europe by the third quarter of
2011.,5 and, as has been noted in Chapter 1, two of the major Hollywood
studios having announced plans to discontinue distribution on film
altogether by the end of 2013. The vast maiority of theatres that still
can show film will only be equipped to screen the image and sound
formats in current mainstream use, both in terms of the hardware and
specialist expertise available.

The aspect ratio (the proportion of width to height in the proiected
image) created by a full-width image and a 'pulldown' of four perfora-
tions on 35 mm fihn is approximately a third wider than it is tall. This
is typically referred to as'full frame','the Academy Ratio', 7:33:7,7:37:1,
and 4:3. These terms have technically precise meanings (please refer to
the relevant entries in the technical glossary at the back of this book for
the full distinctions), but they all describe what is essentially the screen
shape that most readers born before around 1990 will be very familiar
with from the television sets and computer monitors that $rere ubiqui-
tous until the 16:9 widescreen shape of display superseded it in Europe
and North America over about a flve-year period from the late 1990s.
This was also the standard for theatrical feature film projection until a
similar process of conversion to a variety of wider forrnats took place
over about a five year-period from the early 1950s. Some of these for-
mats used anamorphic technologies, while others were created using
conventional, spherical lenses and reducing the height of the frame
and leaving a larger proportion of the fihn's surface area unused. Three
components in the theatre are needed to proiect a given aspect ratio
correctly. A lens of the appropriate focal length is required, that length
being determined by the dimensions of the frame being proiected, the
surface area of the screen and the distance ('throw') from the projector to
the screen. An aperture plate is used in the projector, positioned between
the light source and the gate through which the fllm passes, to mask the
area of the film surface that is not to be prolected. Finally, a masking sys-
tem is fitted in front of the screen itself, consisting of curtains made from
an opaque and non-reflective fabric, which are usually operated by elec-
tric rnotor. The area of the screen surface that is not required to display a
given ratio is covered by the rnasking curtains when that ratio is in use.

Two aspect ratios are commonly used in modern theatres: spheri-
cal 1.85:1 and anamorphic 2:35:1. A typical, first run neighbourhood
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theatre will only have the lenses and aperture plates needed to show

these ratios, and in the case of purpose-built rnainstream theatre audi-

toria from the 1960s on\^/ards (i.e. most multiplexes), the architectural

design of the screening room will also be optimised for widescreen. The

problem for theatres screening restoration prints (or any other archival
film print, for that matter) is that lenses are relatively expensive items

(as are aperture plates, given the arnount of skilled labour required to

cut then), and therefore only those theatres that scÍeen archival arrd

repertory titles regularly are likely to be equipped with the lenses and

plates needed to do so without cropping the image, and with rnask-

ing systems that are fully confrgurable for the entire range of aspect

ratios likely to be encountered when screening archival fihns. A reper-

tory theatre screening a typical range of restored ftlms from the origins
of cinema to the 1980s could require up to ten sets of lenses and plates

per projector, due primarily to the proliferation of ratios that were in use

during a brief widescreen format war in the 1950s and 1960s.7 On the

rare occasions that newly released mainstream films are produced in

the Academy Ratio (or electronic equivalent) or a well-known classic

is re-released in rnainstream theatres, distributors will sometimes pro-

duce so-called 'windowboxed' 35 rnm prints, in which the 4:3 shape

irnage is maintained within a 1.85:1 fllm frarne, by placing an opaque

vertical matte on either side. Recent examples of titles distributed in this
way include The Btair Witch Project (USA, 1999, dir. Daniel Myrick and

Antonio Sánchez) and films rnade by the Danish 'Dogma 95' movement,

the rules of which mandate the use of the Academy Ratio on artistic

grounds. This enables the correct ratio to be screened using a 1.85:1 lens

and plate without cropping, but at the expense of image quality, because

only a small proportion of the overall 35 mm frame is being used. For

this reason and because of the costs of making an extra optically printed
(or laser-recorded) internegative, windowboxed 35 mm prints are not

considered a desirable method for screening most archivally restored

films.
During the silent period there was no universally accepted standard

projection speed (frame rate). A substantive body of research and schol-

arship exists on the shooting and proiection practices in use in the

world's film industries during cinetna's first three decades,8 which has

established that a theatre wishing to screen the restoration of any silent
feature at the projection speed intended by the filmrnakers and/or that

a typical audience would have seen in the initial release (the two were

not always the same) needs to have proiectors capable of any speed

frorn approximately 10 to 30 frames per second. Modifying the 35 mnt
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projectors that were sold on a large scale for first-run and multiplex use
since the 1960s, which will usually be shipped from the factory capable
of running at the standard sound speed of Z4fps only, to add this facil-
ity is once again a procedure that requires expensive parts and skilled
labour, necessitating the replacement of the projector's power supply,
motor and shutter components in most cases.

Other areas of a projection booth's equipment that could require
modification are the optical sound reproducers (which, if optimised for
modern cyan dye soundtracks, will be unsuitable for use with the older
silver redeveloped type that are still produced by many archives, pho-
tochemical printing operations) and the addition and maintenance of
projection equipment for gauges other than 35 mrn, of which 16 mm
and 70 mm are most likely to be encountered (Fig 4.1).e

The frnal hurdle that repertory theatres screening restored films on
film will have to overcome is that archival institutions undertaking

Figure 4.1 A projection booth equipped for dual projector operation, to enable
the projection of a cornplete feature film without having to cut and splice
any footage. This facility is often insisted on by archives as a precondition for
screening tireir prit'rts, anci is only usually found in well-equipped repertory
theatres and cinematheques. A digital e-cinema proiector can be seen at the top
in the foreground.



134 Filtn Restoratiorr

restorations will often demand far higher technical standards of print
handling, preparation, equipment provision and equipment mainte-

nance than can typically be achieved in a mainstream venue. Most
archives require that screening venues comply with an extensive list
of technical requirements, and some even go as far as to carry out

inspections of venues before allowing them to screen material from

their collections.lo One widely imposed condition is that the use of
automated projection systems and labour-saving devices found in most

multiplexes, notably the non-rewind or 'platter' frlm transport device,

is prohibited by many archives in the belief their use inevitably inflicts
damage on film prints that are projected using them. In the professional

opinion of this author (who earned his living as a proiectionist in reper-

tory theatres for over a decade, and also holds a postgraduate degree in
film archiving) this is an oversimplification of a complex problem. Filrn

transport systerns, including, but not limited to, the non-rewind plat-

ter, will damage film if they are not operated and maintained as their
designers intended. The safety or otherwise of an archival film print in
the care of a theatre is determined principally by the skill and experi-
ence of the projectionist handling it: the choice of booth equipment is

a secondary issue.
Looking to the medium-term future, the skills base of proiectionists

and maintenance technicians is likely to become a significant problem.

There are now hardly any proiectionists left in the worKorce with pro-
fessional experience of using most of the obsolete film gauges, aspect

ratios and audio formats involved in contemporary film restorations
when they were still in mainstream cornmercial use. Most projectionists
working in the repertoÍy theatres that screen archival restoration titles at

the time of writing, therefore, will have started their careers and received
their basic training in mainstream houses, and then have developed
their skills and knowledge in film handling and equipment mainte-
nance aftel graduating to the lepertory veÍrues that present a mole
technically challenging environment. At the present rate of conversion,
it is likely that film will have disappeared totally from the mainstream
sector by the middle of the decade, meaning that ne\i/ projectionists
will no longer be entering the profession and receiving that basic train-
ing. And although at present, an infrastructure exists for the supply,
maintenance and repair of the equipment and consumables needed to
run the projection booths of repertory theatres, with companies such
as Boston Light and Sound in the USA and Future Prolections in the
UK specialising in this market, equiprnent manufacturers are likely to
wind down pÍoduction (both of complete proiector mechanisms and
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the replacement spare parts needed to keep them operational) as the
rnainstream industry completes the conversion to digital. This process
is already underway: on 4 January 2012, the last rernaining manufac-
turer of 35 mm film prolector mechanisms in the USA announced that
it was ending production.ll

The theatrical screening of Íestored films on film is considered by
many to be the gold standard, primarily on ethical grounds. But as the
mainstream industry goes increasingly digital, the practical difficulties
involved in doing this will increase to the point at which it is likely that
only a small number of prestigious cinematheques, most of which will
be operated by archive institutions themselves, wilt be in a position to
be able to continue to do so.

Theatrical proiection - Digital

For about a decade before equipment started to be installed in theatres
on any significant scale, debates and negotiations took place between
the Hollywood studios and the rnultinational electronics and IT man-
ufacturers with the objective of determining a comprehensive software
standard for the distribution and exhibition of theatrical feature 'films'
in digital form. In March 2OO2, a consortium of studios formed a
non-profit organization, Digital Cinema Initiatives (DCI), LLC, to pub-
lish, maintain and promote the use of this standard. The first version,
DCI 1.0, was published on 20July 2005. It should be borne in mind that
the DCI specifrcation was conceived and designed v ith contemporuÍy
mainstream releases in mind, not archival titles and restorations. Most
of the text covers encryption and other anti-piracy measures. Despite
intensive lobbying by archive representatives, principally members of
FIAF's Technical Commission,r2 for the incorporation of a futl set of
compatibility features that would enable the projection of archival digi-
tal content with the ability to represent almost any obsolete aspect ratio
and audio format with reasonable accuracy, these were largely absent
from the specification as irnplemented.

Following the creation of the frnal output files from a digital restora-
tion proiect, the files needed for digital cinema projection are produced,
by transcoding, in more or less the same way as they would be for a

newly produced feature íilrn. The first stage is the creation of a Digital
Cinema Distribution Master (DCDM), a digital asset in which each frame
is encoded as an uncompressed, individual file. In the act of transcoding
from there to the Digital Cinema Package (DCP), the set of files covered
by the DCI standard, compression is applied, multiple soundtracks or
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subtitles can be added (for example, an archive screening a restoration

at an overseas fihn festival could add subtitles at this stage to a DCP
that is produced specially for that screening) and, if desired, anti-piracy
encryption and other software-based security devices. The DCP itself is a

series of files that, at the time of writing, is usually delivered physically
to the screening venue on a portable hard disc drive.

The current DCI standard (version 1.2) allows for 2K or 4K resolution,

and frame rates of 24 and 48. Almost any desired proiection speed can

be simulated as divisors of those. DCI only supports two aspect ratios

natively:'scope' (2.39 :1', or 4,O9 6 x 7,1'7 6 pixels in 4K) and'flat' (1'85:1,

or 3,996x2,160 pixels in 4K). The scope ratio is achieved by using an

anarnorphic lens in projection, iust as it is with fi1m.13 The only way

to achieve taller aspect ratios than 1.85:1 is to windowbox the imaging
device, thus decreasing the resolution of the overall proiected image.

For this reason, 4K is considered by most restorers to be essential in
the archival digital proiection of restored fihns that were shot in the

full-frame or Academy ratios.
Two pieces of equipment are used to proiect the DCP in the theatre.

The DCP server decodes, and if necessary decrypts, the individual image

frames and audio, and passes thern to a digital cinema proiector and the
theatre's audio processor. The proiector itself receives the image data

from the processor and represents it using a digital imaging device.
As it began to become clear in the early 2000s that digital theatre
projection was on the verge of becoming a commercial reality, a fre-

quently expressed concern was the limited colour space available from
the LCD imaging chips used in the video and computer display proiec-

tors in use at the time when compared to film, especially in the high
coÍrtrast Ianges. A comrnon complaint was tlrat what should be black
typically appeared as dark grey. A maior step forward was the use of
the Digital Light Processing (DLP) imaging device, originally invented
in 1987 and used on a limited scale in scientific imaging applications
over the following decade. The core of the DLP system is the so-called

'micrornirror array' ,lnwhich the angle of a hinged mirror (one for every
pixel projected) is adjusted in order to refract a light source at the pre-

cise angle needed to pÍoiect a given colour shade, As with the CCDs
in film scanners, cheaper projectors will usually feature a single DLP
chip with a Bayer-type device to reproduce colour irnages, whereas the
higher end ones, including almost all the models used in commercial
theatre projection, will include three separate chips (one for each of
the prirnary colours). Since then alternative display technologies have
also been developed, notably liquid crystal on silicon (LCoS), which
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have also been used in digital cinema projectors. This generation of
electronic imaging devices has been a rnajor part of the reason for the
widespread comrnercial acceptance of digital cinema: for the first time,
a subjective viewing experience became possible that for many viewers
v as compalable to that of Ítlm projection.

It should be noted that the digital projection of consumer media of
archival titles, principally DVDs, in theatres takes place occasionally,14
and that the practice is widespread in non-theatrical venues, especially
universities and film societies. It is considered fundamentally unethi-
cal by most archivists and curators, on for the principal reason that
the irnage quality specifications of these rnedia were designed only with
the dirnensions of domestic television sets in mind, not big-screen pro-
jection. The reason why this happens is primarily economic. Even for
a comrnercial, mainstream theatre, the cost of meeting the technical
standards demanded by many archives is prohibitive, especially for a
high risk title that might only attract a small audience. Even the cost
of shipping a 35 mm print can represent a significant deterrent. When
large-screen video projection based on cathode ray tube (CRT) technol-
ogy emerged as an affordable and reliable option in the 1980s, it \i'/as

quickly adopted for use in university lecture theatres and other educa-
tional screening venues, where it rapidly superseded (mainly 16 mm)
film prolection. As a position statement issued by the Society of Cin-
ema and Media Studies (SCMS) noted in 1991, 'Over the past ten years,
teachers of film courses have come under increasing pressure from
budget-conscious school administrations to use video rather than film in
the classroom.'1s In comparative terms, the cost of video projection has
steadily decreased and the cost of film projection has steadily increased
ever since. At the tirne of writing, a typical DVD player and a digital
proiector designed for classroom or lecture theatre use sold for in the
region of f,10,000, whereas a typical DCP server and 4K d-cinema projec-
tor cost between f,150,000 and f,200,000, depending on options. Most
non-theatrical venues, therefore, are no longer equipped for any forrn
of film proiection at all, and significant economic and technical barriers
remain even for those that are.

Broadcasting

As was noted in the introduction to this chapter, broadcast television
followed by videotapes rented or sold outright to consumers emerged
as the first significant market for archivally preserved and restored fea-
ture films. As with theatrical presentation, two major technical issues
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affecting their representation in standard definition broadcast video
were the aspect ratio and the frame rate for silent films, added to
which is the dramatically lower irnage resolution of a televisual image
compared to a proiected film.

Until the 16:9 standard superseded it in broadcast television, almost
all consumer TV sets had as their display device a CRT in the 4:3

ratio, which was close enough to the proportions of Academy Ratio
film frame to enable its broadcast with no significant image loss. With
the emergence of widescreen, therefore, a \i/ay needed to be found of
reformatting the wider irnage to fit the 4:3 frame. Two methods were

devised, one of which is considered ethically preferable by archivists but
was largely reiected by viewers, while the other was largely accepted as

uncontroversial by most viewers (and was therefore preferred by broad-
casters) but was condemned and vociferously opposed as unethical by
filmmakers, archivists and what one might for want of a better word call
educated viewers.

Panning and scanning is probably second only to colourisation in
the extent of the controversy provoked by the practice. The height of
the film frame is adjusted to match that of the video frame, and then
within each shot, the video aperture is panned horizontally so as to
retain the essential action from the film image, while cropping a\/ay
what are judged by the operator to be unused, or lesser used, areas of
the film frame.l This enables the entire surface area of the televisual
image to be used, but with the loss of a proportion of the original frlmic
image. The ethical opposition to panning and scanning rests on the
contention that, quite simply, the process destroys the cultural integrity
of a widescreen film that is screened in this way. Further objection are

that it depends to a large extent on the skill and ludgment of the oper-
ator, especially when panning and scanning a technically complex shot
in the original film (e.g. one containing fast movement of the action
within the frame, or where the camera itself pans or tracks); and in
some cases is done against the wishes of the fiknmakers. In a classic
'industry versus artistry' showdown of the sort that go right back to
Erich von Stroheim's battles with the Holly',rood moguls in the 1920s,
the director Sydney Pollack (who was also a high profile opponent of
colourisationlT) took a Danish broadcaster to court \n 7997, clairning
that its panning and scanning oÍ Three Days of the Condor (1975) vio-
lated his copyright. The resulting case precipitated a full-scale debate as

to the moral rights of a filmrnaker when his or her work is materially
changed in post-production against his or her wishes, much of which is
potentially relevant to the practice of restoration in general. Pollack lost
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his case, because he had directed the fllm as the paid employee of his
producer, who, under widely accepted international principles of copy-
right, was the actual owner of the intel]ectual pÍoperty embodied in the
film, and was therefore legally entitled to licence it to a broadcaster for
panning and scanning.ls

A complicating factor with panning and scanning is that throughout
the second half of the 20th century, mainstream fihnrnakers understood
that their work would be distributed both theatrically and for broadcast
(and from the late 1970s, horne video) in panned and scanned form.
In many cases, directors and directors of photography actually took part
in the panning and scanning process, by planning the cornposition of
shots on the set such that they could be panned and scanned without
the loss of essential action (e.g. by avoiding rapid movement within
the frame), and by supervising the scanning operator's work in post-
production.le In some cases fllmmakers are even on record as preferring
the panned and scanned 4:3 version over the theatrical widescreen
release, one notable example being Sorcerer (USA, 1978, dir. William
Friedkin).2o Even if the criteria applied are restricted to artistic intent,
therefore, it is often an oversimplification to iust condemn panning and
scanning out of hand.

The alternative method of converting the aspect ratio widescreen
films to ftt a 4:3 video monitor is known as letterboxing. This involves
masking a horizontal area of the frame above and below the action
with a black matte in order to preserve the ratio of the original film
image. As one commentator wryly put it, letterboxing was the method
of televising widescreen movies preferred by 'foreign film and Woody
Allen buffs'21 - in other words, the highbrow or educated viewer, who
is concerned more with preserving the filmmaker's artistic intent than
maximising the size of the displayed image. Before 16:9 replaced 4:3 as

the de facto consumer television standard, letterboxing was only used

on a very limited scale, and then usually for deluxe VHS and laserdisc
publications of titles rnarketed principally to middle class and highly
educated customers.

As with their theatrical presentation, the broadcasting of restorations
of silent frlms was for a long time hampered by speed (frame rate) inflex-
ibilities in analogue television technology. The device used to capture
frlm frames electronically and encode them as an analogue television
signal is known as a telecine. These machines are frequently confused
with the scanners used in digital film restoration, a situation that is not
helped by the fact that during the early 2000s, machines that cornbined
both functions \^/ere produced. The essential difference is that a telecine
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does not capture the film images as discrete (individual, separate) frarnes
in the way that a scanner does: rather, it converts their representation as

a moving image into that of one of the two major methods of broadcast-
ing an analogue television picture, Phase Alternating Line (PAL, used in
most of Europe and miscellaneous countries scattered around the world,
mainly Commonwealth ones) and the US National Television Standards
Committee (NTSC, used mainly in North and South America, Japan and
parts of Asia) system. These work in essence by dividing the picture into
a series of horizontal lines, which are periodically refreshed, or scanned.
Because of the nature of the electronics in use, the scanning rate, and
thus the number of frames per second displayed, is determined by the
alternating curreÍrt mains electricity supply in a given country. PAL runs
at 50H2, or 25 frames per second (two scanning sequences per frarne),
and NTSC at 6OHz or 30 frames per second. These are frxed and can-
not be changed. Methods were developed for enabling the standardised
sound fihn speed of 24fps to be converted into these two standards.
In the case of PAL, the film is typically transferred at 25 and the speed
difference accepted, because it is too small for most viewers to notice
(this is why a typical feature frlm will be 3*5 minutes shorter on PAL
television than in the theatre). The so-called'3:2 pulldown'- in essence,
a method of repeating the broadcast of some frames and scanning
fields in order to pad out the difference between 24 and 30 frames per
second - was devised for NTSC.22 Material shot on frlm but intended
either primarily or exclusively for television broadcast was often shot
either at 25fps (PAL) or 30fps (NTSC) in the Írrst place, to avoid speed
cornpatibility issues.

However, no such systems for converting slower film speeds were ini-
tially devised for frarne rates below 24fps, with the result that until
the emergence of digital consumer technologies, it was very difficult
and very expensive to undertake telecine transfers of silent films at
their correct speed. There v ere a srnall number of telecine machines
on the professional market from the 1970s to the 1990s that could
do this, usually after significant modification and/or the purchase of
aftermarket options. This and the cost of comrníssioning music scores
acted a signiflcant impediment to the televising and consumer video
publication of restored silent films during this period. There were, how-
ever, exceptions. In collaboration with the restorer and historian Kevin
Brownlow, the London broadcaster and production company Thames
Television launched the 'Thames Silents' programtne, which broadcast
a series of Brownlow's film restorations and documentaries inspired by
them between 1979 and 1993, many of which were also published on
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VHS, and later DVD. Brownlow recalls that Thames's investment in what
was for its time advanced telecine and video post-production technol-
ogy, which could reproduce electronically both the full range of silent
frame rates and the irnpression of tinting and toning, was crucial to
the success of the proiect.23 In particular, the Channel Four (UK) broad-
cast of an early versiorr of Brownlow's restoration oÍ Napoléon on 5 and
6 November 1983 attracted signiflcant media attention, and is credited
with stimulating a revival of popular interest in silent cinema.

However, Tharnes Silents and a few isolated broadcasting projects like
it are notable exceptions that proved a rule. The point of this techni-
cal narrative is that until the early 2000s, restrictions inherent in the
technology by whictr archival films reached the consumer for domestic
viewing prevented the object of most technical fihn restoration (as dis-
tinct from reconstruction) frorn being comrnunicated to thern. ln other
words, the recreation of an obsolete widescreen format (as in The Big
Trail, for exarnple) or multi-channel audio system was impossible, given
the broadcast systems in use and the playback technology found in
most homes: the end result would still be a mono soundtrack, silent
frlms shown at the wrong speed and in all probability a panned-and-
scanned picture if the original fihn was widescreen. This situation began
to irnprove gradually from the early 1990s. The rollout of digital stereo
audio television broadcasting took place in most of the developed world
during the 1990s. Before then, the occasional sirnultaneous broadcast
of the video on television and the audio on VHF stereo radio was the
only way a film with multi-channel sound could be broadcast, an event
which happened very rarely. One notable example was the broadcast
of Blue (UK, 1993, dir. DerekJarman) on Channel Four and BBC Radio
Three on 19 Septernber Í993.In 1991, the NICAM (near instantaneously
compacted and expanded audio multiplex) digital audio system was
launched. By the middle of the decade, receivers were commonplace in
consumer TV sets and videocassette Íecorders, thereby enabling stereo
audio with TV and consurner video in the home. Some of the later
Thames Silents broadcasts took advantage of this to showcase newly
commissioned orchestral scores.

In the late 1990s, television worldwide began to shift to the 16:9
widescreen standard (lobbying for this change goes back to an SMPTE
working group that was convened in the late 1970s). Equivalent to a cin-
ema aspect ratio of 1.77:1, it permits the screening of the rnost widely
used cinema ratio worldwide, 1.85:1", with only minimal letterboxing
or oopping. The i6:9 standard quickly gained widespread acceptance,
largely due to support both from consumer electronics manufacturers
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and government agencies. The European Union passed a directive in
July 1993 'to ensure the accelerated development of the rnarket for
advanced television services in the 16:9 format, using 625 or 1,250 lines,
to contribute to the market penetration of television receivers in the
16:9 format', and provided substantial funding for broadcasting pilot
programmes towards the end of the decade.2a Similar initiatives took
place elsewhere in the world, with the result that by the middle of the
2000s, almost all the consurner television receivers being sold in the
developed world had a native aspect ratio of 16:9. The introduction of
digital (picture) broadcasting and consurner video media frorn 1997 also
enabled the native support for widescreen television.2s

This of course invoked the law of unintended consequences as far
as letterboxing is concerned. The conversion to L6:.9 television was
stimulated by the demands of contemporary production, not archival
re-releases and restorations. Just as pre-widescreen television could not
broadcast widescreen films without either horizontal panning and scan-
ning or letterboxing, so widescreen television cannot show the Academy
Ratio without either vertical panning and scanning or what has been
nicknamed 'windowboxing' - screening the 4;3 frame in the centre of
the 16:9 frame with a horizontal black matte on either side. At the
time of writing it appears that vertical panning and scanning has not
become such a widespread practice as horizontal panning and scanning
in the 4:3 TV era, possibly because many consumer TV receivers and
DVD players include the facility to crop a native 4:3 picture (i.e. one
that is broadcast or encoded on a DVD as 4:3) to fit the 16:9 display,
meaning that the content provider can give the end user the choice
as to ho\ / they wish to view it. But there have been occasional high-
profile restorations in which vertical panning and scanning has been
'hard coded' into consumer releases, a notable recent example being
the publication on BD of a restoration of a widely celebrated television
documentary series from I973-L974, The World at War. The decision to
reformat the picture for 16:9 attracted significant criticism, especially
given that rnost of the footage consisted of archival actuality film frorn
the 1940s.26 The vertical panning and scanning of archive mateÍia] for
incorporation into recent television productions with original footage
shot natively in widescreen is commonplace: in fact, the windowboxing
of such footage is very unusual.

Developments in consumer video playback technology from the early
2000s onwards have provided further opportunities for the restoration
of films which were made using technologies that are fundamentally
incornpatible with 2Oth century television to be screened in the home

The Presentation ofFibn Restoration 143

without the need for invasive reforrnatting. From the late 1990s onwards
and essentially in parallel with the shift from 4t3 to 16:9, the LCD began
to supersede the CRT as the display device used in most consumer televi-
sion receivers and personal computer monitors. These do away with the
scanning restrictions of CRT-based television (an LCD display is limited
only by the broadcast signal or video playback format as to what frame
rates it can reproduce), thereby removing another barrier to presenting
silent frlms at their correct speed. In comparison to a consumer mar-
ket CRT-based display at a similar price point, an LCD screen also offers
a significantly larger colour space and a faster response time (i.e. the
time taken for each pixel to change colour compared to the photosen-
sitive phosphors in a consumer-grade CRT).27 Sales of LCD televisions
worldwide exceeded those of CRT-based receivers for the first time in
the fourth quarter of 2OO7,28 and by the time of writing, the manufac-
ture of CRTs for consumer market displays had ceased in the developed
world almost entirely.

Consumer distribution media

Consumer video recording media systems matured significantly over
a three-decade períod from the late 1970s to the late 2000s. From its
launch in 1976 until its obsolescence in the early 2000s, the format
through which off-air and pre-recorded video was seen in a non-
theatrical setting was the vertical helical scan (VHS) magnetic tape.
Before the launch of VHS (and a shorterJived rival consumer video
format with which it cornpeted, Betamax), the only method of home
viewing available \/as on small-gauge film prints. Projectors and prints
(both on a mail-order rental and outright sale basis) were marketed on
a limited scale to wealthy consumers frorn the launch, once again, of
tÝvo competing systems in the early l9Zos (the American Kodascope
16 mrn System and the European Pathéscope 9.5 mm fonnat) until
the mid to late 1980s.2e A notable landmark came in May 1926, when
Eastman Kodak signed an agreement with Warner Brothers to distribute
16 mm prints of its feature films non-theatrically.3o Due to the cost of
film stock and shipping, many titles were abridged into what were in
effect highlights reels. 16 mm, and later Super 8 mm film, was also
used to screen feature films to non-theatrical gathered audiences such
as film societies, schools and on airliners during this period.31 Although
film-based consumeÍ systems \^r'ere never used as release channels for
archival restoration proiects on any significant scale, there have been
occasional instances of non-theatrical and consumer small-gauge prints
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providing source footage for a restoration in cases where no better ele-
ments are known to survive. Once again, the 2009 Metropolis restoration
is an example of this, as is the inclusion of 9.5 mm material in Kevin
Brownlow's Napoléon reconstruction.32

VHS was a technically flawed medium as far as the publication of
restored frhns was concerned. It was tied to the PAL or NTSC broacl-
cast standafds (plus a variant of PAL, Séquentiel couleur á mémoire, or
SeCAM, used primarily in France and the former Soviet Union), and thus
limited to native fiame rates of 25 or 30 and a rrative 4:3 aspect Íatio. ItS
resolution was 625 (PAL) or 525 (NTSC) horizontal lines, widely consid-
ered to be a tiny fraction of the image information captured by even the
fastest and grainiest 35 mm film stocks, and the contrast and gamma
ranges, which were also limited by the CRTs on which most tapes \^/ere

played, were also highly restricted. It was possible to record (analogue)
stereo sound on VHS, but these tracks could only be played by the rnore
expensive VCRs that, as a general rule, were bought by well-heeled hi-fi
enthusiasts - a similar dernographic to small-gauge film users a gen-
eration earlier. The technical limitations of VHS, which was designed
for screening on a 20-30" display, were one of the major reasons why,
when large screen CRT video projectors began to supersede 16 mm in
university lecture theatres, rnuseum displays, corporate training events
and other non-theatrical venues in the early 1990s, a familiar refrain
heard frorn film purists was that video proiection was ethically undesir-
able because it would never match the subjective image quality of even
16 mm filnr projection. This was a largely uncontÍoversial position at
the time, hence the assertion by the curator of a major European archive
that 'lf a fihn scholar relies on VHS video for serious study, there is little
reason to discuss style in great detail.'33

Nevertheless, VHS was an important first step in bringing the results
of archival film restoration to a broader public. Unlike repertory theatre
screenings, the audience v/as not restricted to the larger cities and
cultural centres (e.g. university towns) where the cinemas that are
technically and curatorially equipped to screen these titles tend to be
located, and unlike national broadcasts, it was possible to publish a

niche interest title that might only achieve a few hundred sales, e.g. a

letterboxed edition of a title that \ ias distributed more widely in panned
and scanned form. The physical format itself enabled the inclusion of
supporting curatorial material such as scholarly essays or booklets pack-
aged with the tape cassettes. Furthennore, the relatively low size and
weight of the rnedia perrnitted its distribution through a wide net\ii/ork
of retail and rental outlets, and by mail order. Publishers specialising
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in archival titles, notably Kino Video of New York from 1987 and the
British Film Institute's Connoisseur label from 1990, released a number
of restorations that had been undertaken by the world's maior public
sector archives in the preceding two decades. These started to build the
foundations for the proliferation of titles available on consumer digital
media at the time of writing.

VHS was a widespread format: as Brian Winston notes/ 'no [consumer
electronicsl device has been adopted more quickly', with the number
of machines in use in the USA growing from 1.8 rnillion to 86 million
in the USA between 1980 and 1995.3a In parallel with it, an alterna-
tive consumer format, the laserdisc (also marketed under the trademarks
LaserVision, DiscoVision and CD-Video at various times and by various
manufacturers during the 1980s and 1990s), was also on the market.
Though these 12" optical discs also encoded the video using the PAL and
NTSC broadcast standards, laserdiscs offered a significantly higher def-
inition of picture (425 or 440 lines of horizontal resolution, compared
to Z4O for VHS), rneaning that a letterboxed frame could be shown on a
larger television monitor with less subjective loss of quality. The format
also supported stereo and from the early 1990s surround sound audio
as standard, and in addition to the sale of pre-recorded media to con-
sumers, was used extensively in interactive rnedia applications, notably
museum displays.3s

The principal drawback was that laserdisc was a 'read only' format:
as with the phonograph record, no horne recording was possible and
therefore the owners of players were limited to purchasing pre-recorded
media. Unlike on VHS, they could not record broadcast television off the
air for later 'time shift' viewing or long-term collection. This attribute is
generally credited with having restricted the laserdisc's market appeal to
audio-visual technology and arthouse cinema enthusiasts, who bought
deluxe editions of mainstream titles and high-quality transfers of for-
eign and re-release Íilms (including archival restorations) respectively'
Throughout the format's cornrnercial lifetime (for rnainstream titles pub-
lished by Holly.wood labels, this was from laws i,n 7978 to Bringing Out
the Dead in 2000), the discs retailed for up to five tirnes the price of their
VHS equivalents and were only ever distributed through a small range
of specialist retailers, many of them mail order.36

But the laserdisc did develop the curatorial precedent established by
VHS, in that it entrenched the niche rnarket for sales of archival filrn
restoration projects on consumer media, to which was added the desire
to increase the technical quality of the image and audio and the range of
formats and aspect ratios that could be reproduced in a domestic setting.
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The American Criterion label was one of the first laserdisc publishers
to concentrate on archival titles, beginning its proiects (King Kong and
Citizen Kane) in 1983 and ernphasising the use of high quality source

elements and telecine transfers, together with many of the curatorial
extras that have since become standard features of the consumer media
that followed it: alternative commentary tracks, the 'making-of docu-
rnentary', trailers and other promotional material dating from a film's
initial distribution.3T

Arguably the watershed that transformed horne viewing from a flawed

distribution channel, through which the technical objectives of most
film restorations could not be communicated obiectively, to what is

arguably the prirnary conduit through which the work of archival film
preservationists reaches the bulk of its audience came with the launch
of the DVD in 1997. Like the laserdisc, it is a read-only (ín its initial
form) optical disc.38 However, a number of factors combined that, taken
together, enabled the DVD to succeed VHS as the de facto medium for
the distribution of pre-recorded video content to consumers. In order
to understand how the DVD became such an iÍnportant rnedium in the
dissemination of archival restorations, it is worth considering these.

The DVD being essentially a read-only medium was less of a disad-

vantage than was the case with laserdisc, as VHS continued to be used

by consumers for time-shifting applications in parallel with the DVD
for pre-recorded material.
The manufacturing and distribution costs of the discs themselves
were considerably lower than with laserdiscs, not least because they
are a lot srnaller and lighter.

. The DVD has a common form factor with the audio Compact Disc
(CD), meaning that the same machine could play both types of
media.

o Early consumer acceptance on a significant scale enabled economies
of scale that drove down the cost of players, thereby enabling further
market saturation.

o 'Home Cinema' equiprnent began to be marketed on a significant
scale in the early 2000s. This consisted essentially of large scÍeen
televisions and multi-channel surround sound systems that were in
effect scaled down versions of the ones used in cinemas. The pri-
mary motivation for buying these systems for many consumers was

the ability to view digital television broadcasts, Iisten to CD audio
recordings and other sources. The DVD player was thus an essential
component in this infrastructure, and one which integrated easily
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with other audiovisual equiprnent in the home. This was not the
case during the period in which attempts were being made to market
the laserdisc as a mainstream consumer format, when the additional
equipment needed to take advantage of the higher (relative to VHS)
picture and sound quality was a lot more expensive in real terns,
and required significant technical skill to install and operate (and in
some cases, as Barbara Klinger points out, architectural rnodifications
to your horne3e),
Although still based on a digital Íepresentation of NTSC and PAL (i.e.
standard definition), the DVD enables a widescreen aspect ratio (16;9)
to be supported natively, by varying the pixel aspect ratio, thereby
enabling a more satisfactory reproduction on large-screen televisions
of films that were shot in wide ratios. During the early 2000s, 16:9
television sets superseded 4:3 ones in most developed world markets.
The relatively sophisticated (compared to VHS) anti-piracy technolo-
gies incorporated into the DVD video standard made the medium
attractive to publishers.
The ability to integrate extra content (similar to the functionality
of the laserdisc, but with a more flexible and user friendly front
end) opened up curatorial possibilities that restorers, archivists and
publishers found attractive.

The DVD replaced VHS completely for sales and rental of pre-recorded
video content within a decade of the forrnat's initial marketing: for
example, the los Angeles Times reported that the final pre-recorded VHS
tapes produced by an American manufacturer were shipped to retailers
in October 2008.10 Meanwhile, in June 2006, a format intended to suc-
ceed the DVD, the BluRay Disc (BD) was launched by a consortium of
Japanese electronics manufactuers, which was followed a two-year for-
mat war with another high-definition optical disc format backed by a
single rival (Toshiba), the HD-DVD. Toshiba discontinued the HD-DVD
in February 2008. The BD was the first (and so far the only) widespread
consurner video mediurn that is not based on a standard definition
television system, offering a native resolution (I,9ZO x 1,080) that is
almost equivalent to 2K digital cinema and, like the DVD before it,
multi-channel, multi-soundtrack digital audio. Like the DCP, the BD
enables the accurate reproduction of most of the frame rates used in
silent cinema - the first home viewing medium to do so.

In little over two decades, therefore, consumer video technologies
with significant market saturation had matured from the rare occa-
sion on which a prominent restoration received a network television
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broadcast to a high definition offline rnedium (BD) that, with all other
factors being equal, many would regard as being the subiective equiv-

alent of a typical 35 rnrn Íilrn print. This is in sorne ways a crude

generalisation, and one that does not take into account some of the

nuances of the technologies involved. For example, the DVD and BI)

both rnake use of a technique known as lossy compression, which
reduces the volume of data used to represent a frame (or sequence of

frarnes) of a given resolution by 'losing' visual and aural information,
especially that generated by conÍlating the transition between indi_

vidual frarnes ínto 'groups of pictures' (GoPs), to which the lruman

senses are less receptive.lt Within the technical constraints imposed

by the DVD and BD standards themselves (e.g. a maximurn bandwidth
of approximately 36 mbps for BD and 10 for DVD), the quality of the

encoded media can vary enorrnously, the most important factor being

the level of investment a publisher is willing to commit to a Siven title.

The crucial point is that each successive Seneration of consumer video
technology has enabled the reproduction of archival films to a greater

degree of what their restorers would regard as SIeateI obiective technical
accuracy, and therefore greater subiective ethical acceptability.

At the time of writing it appears likely that the BD will be the last

significant physical, offline mediurn through which pre-recorded video
coÍrtent is delivered for home viewing, and that the streaming of mate-

rial via the Internet, currently in its commercial infancy but already in
widespread illegal use, is likely to supersede physical media. This has

already largely happened in the recorded music industry, and the last

remaining barrier is essentially to wait fot Moore's Law to achieve the

necessaly increase in speed and capacity needed to be able to tÍanspoIt

the required volume of data, quickly and reliably enough, from the sup-

plier to the custorner. In the case of the equivalent to the quality of a

BD, this means up to 50 gigabytes within the running time of a typical
feature film, an infrastructural prerequisite which is only currently pos-

sible for the residents of a relatively small number of conurbations in
developed countries, and even then only at premium prices. And as one

author 1otes, there is likely to be a cultural dimension to this transitioll
as well as a technological and an economic one. As with the archival
institutions that carry out restoration work, much of their audiences

have spent nlany years building a collection of physical obiects, and

there may well turn out to be significant consumer resistance to a new

distribution model that no longer permits this. But the quid pro quo
is that, as he argues, 'retail release acted as a gatekeeper that afforded

certain films a prominence among the thousands of titles in a studio's
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llbrary',42 and that with many of the costs incurred by a physical media
release no longer an issue, a far broader range of archives' restoration
activity can be made available to researchers and the public.

Conclusion

It will have been noted that, as with the chapter on the restoration
process itself, this narrative has documented an industry that is in a
pÍocess of inexorable and largely commercially driven transition frorn
three technologies that, at the time of writing, are entering obsolescence
(film projection, analogue television and magnetic tape-based record-
ing media) to a state of the art, science and economy in which moving
images represented and rnanipulated by computers dominate - 'From
Grain to Pixel', as the title of Giovanna Fossati's book succinctly puts
it. I have argued that in purely pragmatic terrns, these changes have
enabled and encouraged the end result of more archival film restora-
tion to reach a greater viewing public - a claim that would surely be
borne out by a visit to any large video store in comparison to one made
a decade ago. This of course brings with it an ethical debate related to
the desirability or even acceptability of rendering and viewing moving
images that were initially created on analogue media by means of a dig-
ital surrogate. This was addressed in the introductory chapter and will
be developed further in the concluding one.

It will suffice to note for the purpose of this discussion that as tirne
goes on/ the ethical dimension will increasingly be eclipsed by the prag-
matic one. As has been noted above, the manufacture of 35 mm film
projectors ceased in the USA in January 2072. At the time of writing,
only one manufacturer in the world confirmed to the author in a brief
telephone survey that they still rnaintained a production line for 16 mm
projection equipment (Kinoton of Germany). In the afterrnath of Tacita
Dean's campaign against the decline of 16 mm release printing (see
Chapter Z), one of the BFI's archivists observed that the discontinu-
ation of film stock manufacture and laboratory processes 'could have
consequences for archival work'.43 While there have been prominent
calls among some leading archivists and curators to the effect that the
'film experience' should continue to be a crucial objective of any restora-
tion activity - if it was shot on film, it should be shown on film - it
is likely that, even disregarding the ethical complications of this posi-
tion, within a couple of generations, this will be quite simply impossible
in all but a handful of venues. The cessation of film stock manufac-
ture, and especially dye coupler colour emulsions, will be the biggest
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hurdle. As Robert Shanebrook's account of the rnanufactuÍing process at

Eastman Kodak dramatically illustrates, this is an enterprise that requires

literally, billions of dollars of plant and infrastructure, and a concentra-

tion of scientific expertise that is, by the time of writin$, only to be

found in one company left in the world: Shanebrook observes that 'it
\/as very unusual for experienced fihn technical experts to leave Kodak

to work elsewhere in the industry.'aa

One ominous straw in the wind was the discontinuation of
Kodachrome manufacture and processing, culminating in the last

remaining lab ceasing operations in January 201 1 . Various rumours have

circulated around the Internet ever since about various individuals and

groups of enthusiasts who are trying to restart production either of the

stock itself or a processing facility. None of these proiects has thus far

succeeded, because the manufacture of dye coupler colour film emulsion
requires infrastructure, the economies of scale of which simply do not
enable its operation or maintenance as a cottage industry with a cus-

tomer base, the size of which is represented by archival film preservation

and restoration activity worldwide. On 13 Septernber ZOl2, further evi-

dence of this trend emerged when Kodak's only commercial rival in
the manufacture of colour film on any significant scale, Fuji of Japan,
announced the discontinuation of all motion picture film manufac-

ture apart from a black-and-white stock designed for printing separation

negatives for preservation.as
The challenge for archivists and their audiences, therefore, will be to

understand the reception contexts of restored films in a technological
form that predates their restoration. De facto ethical obiections to the
post-restoration form are rapidly becoming irrelevant.

nclusion: The Ethics and Study
Film Restoration

I'lslco
of

Multiple editions destabilise textst

lntroduction

In August 2012, a new word entered the English language: 'wreckstora-
tion'. It was inspired by the work of Cecilia Giménez, an 81-year_old
volunteer churchwarden at the Sanctuario de Misericordia in the vil-
lage of Borja, north_east Spain. Giménez, an amateur, was concerned
that a fresco on one of the church's interior walls had suffered signifi-
cant humidity damage over the century or so since it was painted. This
had caused, among other visible artefacts, pigment fading and the loss
of paint fragments. So she decided, quite simply, to restore Ecce Homo
herself' After Girnénez \^r'as through wíth it, the original image, a por-
trait of Jesus Christ wearing a crown of thorns (inspired by John I9:2)
and painted by the local artist and teacher Elías García Martínez, had
to all intents and purposes been destroyed. In the words of one of the
army of iournalists who reported the event, what was once an image of
Christ 'now resembles a hairy gorilla'.2

With hindsight, it is obvious why this incident grew into an inter-
national media event. Giménez's failed restoration was portrayed as
the work of an unknov/n country bumpkin, in a village in the middle
of nowhere, damaging an obscure and (monetarily) almost worthless
painting, but at the same time attracting the sneering attention of some
of the world's journalists and art critics, who gleefully spun the story as
the archetypal cautionary tale of a little knowledge beíng a dangerous
thing. The'before and after'photographs printed alongside the articles
ensured that their readers did not have to be any sort of an aÍt expert
to understand what had happened, and thus enjoy a joke at Giménez's
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expense. One ioker even created an online web application in which
visitoÍs can attempt their own restoration of ECce Homo, starting witlr
the 'before' illustration and using Photoshop-style paintbrush tools.3

Furthermore, the interpretation and criticism of arts and culture in gen-

eral tends to emphasise and celebrate the role of individual creative
genius (hence the prominence given to authorship theories and the role
of the director in the study of cinerna). Therefore, figures who acquire
a reputation for attempting to punch above their weight and living to
regret it inevitably become the object of public amusement, hence the
infamous careers of Williarn McGonagall, Florence Foster Jenkins and
Ed Wood, to narne but three.

But after the giggling had died down, the question then arose, as

Time's iournalist succinctly put it, of 'what the heck do they do with
the thing now?'a As more reflective commentators began to point out,
professional art restorers have a centuries-long track record of going to
work on paintings, sculptures and other works of fine art using meth-
ods that, obiectively speaking, are not that dissimilar from the approach
taken by Giménez. In 1985, Sarah Walden's seminal book The Ravished
Imagewas published. In it the author, widely acknowledged as one of the
world's foremost art conservators, attacked what she called the'mechan-
ical activism's of restorers, who she argued were trying systematically
to 'impose an inappropriate 1980s conforrnity to the masterworks of
former centuries'6 with little regard to the entpirical context of their
creation or exhibition over their lifetime as a whole. Walden's essential
point was that what might be perceived subjectively as visible imper-
fections by today's audience in fact embody important evidence as to
an artwork's history and cultural impact, and therefore that eliminating
thern using interventional chemical or physical techniques is not nec-
essarily an act of restoration at all. If we accept that, then what Cecilia
Girnénez \^ias trying to achieve could be perceived as coming uncomfort-
ably close to the motivation of Helmut Ruhemann, the controversial
former art restorer at London's National Gallery, who his detractors
accuse of having cleaned the paintings in his care so enthusiastically
that he washed av ay a lot of the original paint along with the dirt he
was trying to get rid of.7

Ruhemann's work, like Giménez's, was motivated by his personal
beliefs as to \/hat the paintings he restored ought to look like. The
only difference between the tv/o of them is that Ruhernann's beliefs
were shaped by a forrnal art education followed by years of professional
development, wlrereas Ginrénez's Were not' Both the old masters tlrat
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Ruhemann worked on and Ecce Ho'l'o as restoled by Giménez thus reflect

certain cultural attitudes about art in the time and place that the work
v as done. Art historians such as Walden would argue that this evidence
is in itself a crucial part of the artwork's overall history, and at the
very least should not be undone without serious thought. It would be

destroyed if, as at the time of writing is being proposed, state-of-the-art
and very expensive techniques are used to undo Giménez's handiwork
and return Ecce Homo to the state it was in before she started. The ques-

tion of what the heck to do with the thing, therefore, has suddenly
become a lot more complicated.

If one had to think of equivalents in cinema, the nearest candidates
are probably Ted Turner's abortive attempt to colourise Citizen Kane in
the mid-1980ss and, of course, the Giorgio Moroder Metropolls. The latter
makes for an interesting comparison. As \^/ith Giménez's work on Ecce

Homo, the initial critical response to the film's release v'Ias one of horri-
fied, ernotionally charged objection.e Admittedly, there are some subtle
differences: the former Ývas an act of deliberate sacrilege (so its critics
would argue), the latter accidental.

But a second wave of critical respoÍrse to the Morodet Metropolis later
emerged. Writing in 2000, Giorgio Bertellini argued that the Moroder
Metropolis demonstÍates that 'there is no stable heritage to preserve',10

and argued that, in effect, it should be regarded as a creative reinter-
pretation of the fihn (comparable, say, to the staging of a Shakespeare
play set in the 20th century) rather than the Girnénez-style wreckstora-
tion that film critics and historians speÍrt almost two decades queuing
up to condemn it as. When it was re-released on DVD and BD in 2011
after over two decades of being almost completely out of distribution,
the publisher stated that 'Rather than substitute digitally enhanced
footage from one of the restorations that have occurred in the 27
years since the release of Moroder's Metropolis, Kino Classics has cho-
sen to present the Íilm exactly as it appeared in 1984, mastered from
an archival 35 mm print.'ll In other words, whether or not this ver-
sion was in accordance with the original fllmmaker's personal vision or
tells us anything significant about how Metropolis was received in 1920s
Germany is irrelevant. The point of returning Moroder's version to cir-
culation was, as the sleeve of the BD states, to enable an audience in the
present decade to understand how in 1984 in America, Moroder'intro-
duced Fritz Lang's classic vision of the future to a nev/ generation'. It is a
part of the film's history whether the critics and historians who objected
to its creation in the first place like it or not.
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Archival ethics and the obiect of restoťation

Flowing from that is the question as to why critics and historians did
object to the creation of the Moroder Metropolis in the first place, and
what those objections tell us about what those who set out to restore
frlms are trying to achieve. There has been signiftcant debate within
the film archiving profession over what does and does not constitute
ethically acceptable practice in fihn preservation and restoration. Both
of its major professional bodies, FIAF and AMIA, have codes of ethics
to which their members are expected to adhere. While there has been
substantive debate over the nuances and details, t\^/o cornerstone prin-
ciples tend to be articulated and embedded deeply within professional
practice, neither of which has been subjected to signifrcant, systematic
scrutiny. The first is that the technical integrity of the physical medium
used to originate the moving image should be respected ('new preser-
vation copies shall be an accurate replica of the source material'12), and
the second privileges the role of the filmmaker (usually the director) in
determining the content to be preserved or restored; in the AMIA code,
for example, members are required 'to make decisions consistent with
the intentions of the creators',13 even if doing so (it is implied) produces
a restoration that is not in accordance with what audiences actually saw
when a film was initially distributed, or which ignores a form in which
a film circulated to a significant audience, and with significant cultural
effect (e.g. the Moroder Meťropolis) since.

These imperatives are expanded in the only monograph-length work
published at the time of writing that is devoted to the ethics of moving
image archiving, which emphasises the importance of preserving obso-
lescent physical media and the technologies needed to reproduce it,la
and 'the work' as a self-contained unit of cultural production, essen-
tially in isolation from its reception context or changes over time.ts The
importance placed on them is a reflection, in turn, of the two formative
influences that have largely shaped the film archiving profession.

The first is that the profession did not grov/ out of mainstrean-r
archival practice. With the notable exception of Eileen Bowsel who
entered the profession with a degree in art history,r6 the pioneers of
the movement - Lindgren, Langlois, Barry, Hensel, Card and Brown, for
example - did not receive their initial education in legal deposit libraries,
preserving illuminated manuscripts or palirnpsests or in any established
branch of document archiving or museology. They were first and fore-
most experts and/or enthusiasts in cinema, and thus were motivated
primarily by their desire to preserve the technology and culture that
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went with it, and informed by their knowledge of that technology and

culture, not by formal methods of historical enquiry, librarianship or

archival science. Their immediate priority was thus to preserve the phys-

ical medium of cinema (i.e. film), especially once the process of nitrate

decomposition began to be understood in the late 1940s. Preservation of

the physical artefact related as closely as possible to the initial creation

of a film (the camera negative, in most cases), together with restoÍation
practices intended to replicate the experience of viewing that film in the

form approved and endorsed by its principal creative force thus became

the guiding principle of orthodox archival practice.
The second is that the study and criticism of cinema itself enshrined

and prioritised the concept of creative authorship. It dates back to 1920s

Europe (the formative milieu of Lindgren, Langlois and Barry), when, in
an attempt to distinguish themselves from the perceived cultural hege-

mony of the rapidly globalising Hollywood, the French and German
film industries in particular promoted and celebrated the idea of the
director as creative force. Although we tend to think oÍ'auteur theory'
as being essentially a concept that was invented in the 1950s, it is worth
noting that the use of the noun auteur in its original French to denote a

film director of significant artistic talent goes back a lot further. In 1930,

for example, an article in the French mainstream press condemned the
practice of 'putting the name of a famous auteur on some miserable

"etsatz" by a third-rate director'.l7 As the editors of an introductory
undergraduate reader in film studies note, the privileging of this idea is
specific to that discipline, observing that'it emerged from cinephilia, a

particularly intense relation to film which has always been the property
of the few (critics/cinephiles) rather than the many (audiences)'.18

Therefore, these two imperatives have shaped the obiectives of Íilm
restoration that are now enshrined in the film archiving profession's
'holy writ', so to speak, namely the FIAF and AMIA codes of ethics, and
Edmondson's monograph. It is not for nothing that academic research

and teaching related to the moving image is usually under the banner of
a discipline known as film studies - film as distinct from cinema, thereby
privileging the creation and interpretation of the film 'text', as the
metaphor invented by 1960s theorists calls it, over the enpirical circum-
stances of its reception and understanding, or how this has changed over
time. The accepted wisdom, therefore, is that what should be restored is
the 'original' film, original being defined in terms of the material char-
acteristics of the production when it was initially made and shown,
and the artistic intent of its principal creative force. Hence, therefore,
John Belton's warning that 'the most important concern about the
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digitization of the cinema is its implications for film preservation',ie and
the complaint of a correspondent to sl3ftť and sound that DCP projec'
tion 'makes it quite difficult to understand what the film was originally
shot on. . . leaving the sterile Í]atness that is so characteristic of digital
filmmaking'.20

Once again, there is no'original'

As Andreas Busche reminds us, cornparisons of film restoration with art
restoration \i/ill take us so far and no further, and for one crucial reason
(one that has been discussed extensively in previous chapters). In the
consumption of a work of fine art, the viewer looks directly at the arte-
fact that was created by the artist (the creator almost always being a

single individual), whereas with a film, the viewer does not.21 Copy-
ing is an integral part of the production process. Cinema depends for
its economic viability on the ability to make unlirnited copies from
a single recording, with little loss of quality and at little extra cost.
It also depends for its creative potential on the ability to manipulate
images aesthetically, combine multiple images and affect other mate-
rial changes during the copying process itself, processes that range from
comparatively simple ones such as creating a dissolve between two
shots, to complex and expensive ones such as integrating CGI with
live action. The definition of 'original' used as a default by the major-
ity of restorers - on the medium it was made, and what the filmmaker
wanted - is in reality just one of a vast array of potential definitions.

The obsolescence of the physical medium on which almost the entire
20th century's cinematic output was initially recorded, photographic
film, is having the effect of dragging the question of what constitutes
originality out of the realm of ethics and into that of pragmatics. The
'within the technical possibilities available' qualifier Edmondson places
on his diktat to archivists to use original media forms for preservation
and restoration copying turned out to be a prophetic one.22 As I noted
in the conclusion to the previous chapter, the manufacture of filtrt
and the infrastructure needed to use it (e.g. processing chemistry) is
rapidly winding down at the time of writing, and it is becoming increas-
ingly clear that within a generation at rnost, Íestorers will probably not
have the option to carry out restoration work based on photochemical
duplication (and in the case of colour film, almost certainly not).

The cornbination of fihn archiving's t\^/in obsessions - the preserva-
tion of physical media forms and the ernphasis on creative authorship -
and the approaching obsolescence of the media form that has
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dominated moving images for a century and a quarter, has inspired a

spate of prophecies of doom in recent years. One of the rnore widely
discussed within the profession has been Paolo Cherchi Usai's 'digital
dark age' thesis, a position articulated through numerous books, articles

and lectures, in which he warns that what he sees as the fundarnen-

tal loss of materiality associated with digital images (i.e. they are not
embodied within a physical carrier in the way that fihnic itnages are -
an identical file can be duplicated without limit and stored on rnultiple
physical carriers) represents a direct threat to our ability to understand
the provenance and significance of a given film.23 As Usai put it in a 2010
lecture, 'the real problern with digital restoration is its false rnessage that
moving images have no history, its delusion of eternity.'24

But why did no-one raise comparable objections to the restoration of
film by duplicating it on to other film? After all, the representation of
colouÍ information using the organic dyes of a Technicolor imbibitions
print involves totally separate chemistry from that of chromomeric dye-
coupler stock. And enthusiasts who have significant experience of seeing

nitrate prints projected frequently and consistently insist that it has a
distinct aesthetic - 'a cettain visual quality to it that is really unique,
because of the silver content. It really has a lot to do with it; it really
looks luminous.'2s Yet despite the fact that this certain visual qualitt if
it objectively exists (a question that is debated endlessly by archivists
and enthusiasts), is lost in the photochemical duplication process from
nitrate to triacetate or polyester base stock, no-one has tried to argue

seriously that filrn restoťation based on such duplication is fundamen-
tally unethical, and/or that it threatens to rob the film of its history, or
has advocated the restoration of pre-1950s frhns by duplicating them on
to new nitrate stock.

The reason why does not require a doctorate in philosophy or
theoretical ethics. It is, quite sirnply, that no nitrate stock is made anymorc,

and therefore the option does not exist to do this. At the time triacetate
superseded nitrate, the film archiving profession was in its infancy and
the conversion process happened so quickly that there was neither tirne
for nor point in ethical hand-wringing, even among the minority who
might have been inclined to do so. By the late 1940s, nitrate was known
principally for rotting and blowing up, the industry was glad to see

the back of it and preservation represented such a tiny sector of that
industry that it had no choice but to cornply with the mainstream. The
only difference with the conversion to digital imaging is that it is taking
place over a signiÍrcantly longer timescale: the first mainstream features
to incorporate a signiÍrcarrt CGI coínponent (Terminator 2 and |urassic
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Park) were released ín 1992, and at the time of writing, two decades
later in 2012, frlm is just about still with us. But in other \ /ays and froln
the perspective of restoration, the two transitions are directly compara-
ble. The subjective visual properties of a 1940s nitrate camera negative
and 1980s triacetate fine grain positive stock onto which an archivist
would typically have duplicated it are significantly different. Unless it
is duplicated by contact printing, evidence as to the provenance of the
source elements (e.g. edge markings and camera apertures) will be lost in
the duplication process, just as they will in the digital scanning process.
And, most crucially, it seems that the rnainstream commercial sector has
decided which way it v/ants to go, leaving taxpayer-funded and other
non-profit preservationists in their wake to squabble over the ethics.

As the post-house colourist who worked on the recent restoration
of Wake in Fright declared, ernphatically, 'traditional restoration gives
you a five out of ten...this is clearly ten. It's a lot better.'Z To bor-
row Tony Blair's infamous declaration in respect of the question as to
whether or not global \ /arming is caused principally by human activity,
the debate is over. Furthermore, it is not just the commercial sector that
is acknowledging and planning for this. In October ZOI2, the British
Film Institute convened an informal 'Future of Film Archiving' group,
consisting of senior technical experts from a number of the world's lead-
ing public sector archives, to identify and address the likely challenges
resulting from the impending commercial obsolescence of photographic
film. Their findings (which have not yet been published at the time of
writing), are that the availability of film stock, consumables, laboratory
services and professional expertise related to photochemical distribu-
tion are all in danger of disappearing in the medium term, and that the
response of archives should effectively be to manage this process with
the aim of preserving objective knowledge and evidence of photochem-
ical processes as completely as possible, even after it becomes impossible
to continue undertaking the processes themselves.2T

So, is there is an alternative to the fatalistic acceptance of the belief
that digital film restoration inevitably destroys evidence of its past, and
that it is therefore a bad thing?

In 1929, the pioneer social historian Lucy Maynard Salmon argued
that 'the world has shrunk through the application of new motive povi-
ers to all forms of transportation; through the invention of new ways
of communicating thought. .. as the material world has contracted, the
relation of man to the world in which he lives has correspondingly and
proportionately expanded.'28 She is arguing implicitly that our experi-
ence of the present forces a shift in perspective in our understanding of
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the past, not least because those new ways of communicating thought
include new Ývays of communicating evidence of human activity in the

past. Giverr that she lvas writing thfee quaÍters of a century ago, it is
striking how relevant that passage is to the archiving profession nov/,

at a transition mornent when the method of communicating thought
that is the primary obiect of a lot of our work is becoming obsolete,

and another is in the process of replacing it. Her essential point is that

Ýve re\^/rite history because v e are constantly discovering new ways in
which, and new evidence with which, to do so. The rewriting of his-

tory does not necessitate its destruction. It does necessitate the analysis
and evaluation of the source material that we discover and use, and
in the case of audio-visual artefacts that includes understanding the
provenance of digital surrogates made from analogue sources.

This point \.,vas not lost on the movement of academics who founded
what might loosely be termed the Film and History movement in the
early 1980s. The origins of this movement are usually linked to the
launch of the International Association of Media and History (IAMHIST)

and its journal Histoical lournal of Film, Radio and Television in March
1981, its airn being to promote the use of 'evidence provided by the
mass media for historians and social scientists, and with the impact of
mass communications on the political and social history of the 20th
century'.2e Unlike the discipline of film studies as it had developed to
that point, the Film and History Movement did not privilege either
auteurism, the internal exclusivity of the 'text' as the body of evidence
under analysis or the sanctity of physical media. Their starting point
was to gather source material related to the production, distribution and
exhibition of films and to use this in order to form arguments as to their
evidentiary potential and lirnitations.

Ahnost two decades later, a group of historians published a manifesto
in which they called for a 'new film history', which they characterised
as an expansion of what this movement had accomplished since the
1980s. This, they assert, should be characterised by the 'the critical
evaluation of primary sources, both filmic and non-filmic . . . expanding
the rang,e of primary sources available for the researcher'.3o However,
I would argue that a more constructive approach to the study and
understanding of restored filrns would be to approach a film's restora-
tion history as one of those sources to be evaluated: and specifically,
the decisions and assumptions rnade by the restorer as to what does
and does not constitute authenticity. The ability to do this demands a

thorough empirical knowledge of the technologies used, the processes
involved and the ability to distinguish between the objective (we know
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that certain footage shov/n in the initial 1933 distribution of King Kong
\ /as relnoved from the 1937 re-release) and the subjective (the belief that
a digital proiection is sterile and Í1at).

The restorers thernselves are laying down this challenge, often carry-
ing out their work using highly subjective and fluid goals and criteria.
One recent example can be found in a 2012 BD re-release of The Devil
Rides Out (UK, 1968, dir. Terence Fisher), an entirely forgettable low-
budget horror film that had been given a digital restoration by its current
rights owner the previous year. In a restoration featurette on the BD,
the daughters of the film's special effects supervisor explained that the
original production had run out of money, and that as a result cer-
tain optical shots'weren't quite finished properly'. So the London post
house cornrnissioned to undertake the restoration finished them: in the
words of the proiect director, 'enhancing that work, but keeping it true
to how it was undertaken'. The colourist who undertook the digital
post-production then talked the viewer through the digital restoration
steps used on these pÍocess shots, noting that his goal was effectively
based on an educated guess as to how they would have looked if the
filmrnakers had not been under budgetary constraints. The end result
was in many v/ays a visually slicker and more polished aesthetic than
had characterised many of the Hammer horror films upon their ini-
tial distribution, with matte lines and other visual artefacts having been
rendered invisible.sl

A viewing of the restored version of The Devil Rides ouť would not
necessarily mislead a researcher concerned with its economic, political
or cultural aspects (in the same way that a viewing of a 1930s feature
on VHS would probably be sutficient for a researcher interested in, say,

írlrn censorship), but it most certainly would mislead someone research-
ing the history of cinematography or special effects technology. The fact
that there are already many frlm restorations taking place with a primary
oblective that is not evidential authenticity (the claim of 'enhancing
that work, but keeping it true to how it was undertaken' is an oxy-
moron, because it was undertaken with the visual properties that are
now being regarded as defects and thus 'enhanced' out of existence)
gives the viewer and scholar a rnajor problem. The 2012 version of The
Devil Rides Out can no more be considered objectively authentic than
Robert Haas's edition of Bruckner's eighth symphony, because in both
cases the restorers tried to second-guess what the original authors of the
work might have done under different circumstances.

As one leading historiographer notes, 'today, as all archivists \^/i11 tes-
tify, students and even established scholars approach sources without
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the necessary methodological skills.'32 As I have demonstrated in the
introduction, this statement applies to a significant proportion of the
film studies establishment. Only in 2OlI, a monograph was published
on the cultural impact of the DVD, subtitled ,The Attainable Text'. How-
evet, the authors give little consideration to how the archival histories
of many of the fihns they discuss contribute to the belief that there is
no single, definitive text.33 In doing this, I suggest that they uninten-
tionally vindicate Leff's point that multiple editions destabilise texts, to
the point of calling into question the fundamental validity of the 'frlm
as text' rnetaphor.

The practice of film restoration, and in particular its transition to
the use of digital technologies, has set critics, scholars and even main-
stream audiences the challenge of asking some fundamental but vital
questions: who did this, when, why, how and for whom? Addressing
them will require engagement with issues of technology, potentially way
beyond the cornfort zone of some humanities scholars, in conjunction
with the use of methods and approaches that have traditionally been
marginalised by film studies, informed as it primarily is by literary criti-
cism, cultural theory and sociology. It remains to be seen how they rise
to that challenge.
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Explanatory note

This glossary is not íust intended to be a quick reference guide for readers
unfamiliar with specific terrninology as they read the main text. Many of the
terms used in moving image technology and in preservation and restoratiot-t
practices and academic research in film studies and history have multiple, impre-
cise and/or ambiguous meanings, and in many cases have come to mean verv
different things in common usage relative to that of their usage in professional
practice. l'he glossar,v, therefore, attempts to identify where these disparities exist
and articulate the difference between those meanings as clearly as possible, irt
order to support tlreir ínevitable shorthand use in certain passages of the main
text. Given that the arguments and conclusions in this book relate to a num-
ber of disoete bodies of applied knowledge and intellectual enquiry, principally
technical operations within moving image archiving, history and film stu<lies,

the glossary also represents an attempt to assist readers who may be famíliar with
some, but not all of the fields covered.

UK English spellings are used in the main text' Wlrere alteÍnative words tend to
be used in US and UK English to mean the same thing in the same context, I have
tried to identiiy and use the word that is in the widest overall use in the English-
speaking world in the main text. Some frequently occurrit-tg examples are:

. Grading (UK) instead of timing (US)

. Phonograph (US) instead of gramophone (UK)

. Theatre (US) instead of cinema (UK)

Where alternative words tend to be used in technically correct and everyday
colloquial speech within professionai practice, I have once again tÍied to usc
the word that is most commonly used in practice in the main text, unless this
is the colloquialism and lts use would risk imprecision atrd/or ambiguity. Some
frequently occurring examples are:

Vinegar syndrome (colloquial) instead of deacetylation (precise)
In the context of film duplication, source (precise) instead of original
(colloquial)
In audio, multi-channel (precise) insteacl of stereo (colloquial)

There appears to be no universally agreed or standardised nofirenclature as tc)

whether to use the uppel or lower casc 'K' , 'M' , "l'' and 'G' for the preÍixes 'kilo-',
'mega-' , 'giga-' and 'tera-'. 'they are used interchangeably within the technical
literature, although the use of lower-case initials in bits-per-second abbreviations
(e.g. mbps for megabits per second) appears to be more widely used. In the
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main text, therefore, upper-case initials have been used except in bits-per-second
abbreviations.

1.o I 2.O / 3.O / 4.O / s.1. I 7 .r

These are shorthand expressions for the number of channels recorded and/or
reproduced in a film soundtrack. They refer to the number of channels in the
final mix, with the 'point one' indicating whether or not a sub-bass channel
(an extra channel with a smaller frequency range than the main ones, used to
improve the quality of the bass) is present. For example, the Dolby SR 35 mm
SVA release print format would be considered 4.0 - left, centre (dialogue), right
and a single channel of surround.

zKl4K/6K/8K

These are shorthand expressions for image resolutions used in digital cinema.

3D

See Stereo or Stereoscopic (moving irnages).

1.080p/ 1 osOi / 7 2op / 57 6i / 48oi

These are shorthand expressions for image resolutions used in broadcast and
consumer digital moving images, and whether or not the encoding and/or dis-
play device is progressive scan (p) or interlaced (í). The frame rate is sometimes
appended to these abbreviations, e.g. 1080p24 indicates an image of 1,080 lines
of horizontal reso1ution, progressive scan and 24 Írames per second'

4:l:1 / 4:2:O / 4:2:2 I 4:4:4

In digital imaging, ratios that specify the amount of lurninance (light) and
chrominance (colour) information that is encoded within a given picture area.
For exarnple, 4:2:2 rneans that a sample area of four by two pixels contains four
sepaťate pieces of chrominance data, plus the luminance samples.

'l'.33:l 
/ 1.37 :7 / L.66:1 / Í.85:l / 2.7:1 / 2.3 5:"L / 2.5 5: 1^ - see also

Aspect ratio

With reference to film-based moving image technologies, aspect ratios are
typically described as proportions of one.

4:3/1,6:9 - see also Aspect ratio

With refercnce to television and digital moving imaging technologies, aspect
ratios are typicaliy described as proportions of integers.
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1, 1, l,,Trichloroethane

An organic solvent that was used extensively in ultrasonic film cleaning during
the 1970s and 1980s, before it was superseded by perchloroethylene. Its molccu-
lar formula is C2HTCL While highly effectivc and safe to the film being treated,
1,1,1 is extremely hazartious to human health and damaging to the Earth's ozont
layer, with the result that its use was regulated almost out of existence by the
Montreal Protocol of 1989.

Academy ratio

The aspect ratio produced by the 35 nlm camera gate aperture dimensions of
0.825 x 0.6 inches, which was proposed by the Academy of Motion Picture
Arts and Sciences in 1932 in order to accommodate a cornbined optical sound-
track on release prints while preserving a the four-perforation pulldown and a

similar screen shape to that of the full-gate silent aperture it superseded. 'l'his

ratio was largely accepted worldwide by the Ítlm industry until the emergence
of widescreen in the 1950s. The actual ratio is 1.375:1, with the result that it
is frequently referred to colloquially as both 'one three seven' and 'one three
eight'. The Academy Ratio's closest expression in integers is 11:8, despite bc'ing
frequently and incorrectly cited as 4:3.

Accession

The procedure carried out by a collecting institution to record the initial acqui-
sition of an obiect or artefact, acknowledging formally and legally that it is
now in the institution's ownership or custodianship. In the case of a mov-
ing image archive, this will typically consist of assigning the element a unique
identifying number, entering basic filmographic information about its content
into a database and performing a basic technical examination to determine its
preservation needs.

Acetate - see Cellulose acetate

Algorithm
In digital film restoration, an algorithm is the articulation of a precisely defined
procedure for carrying out a processing function, as distinct frorn its representa-
tior'r withirr a speciÍrc software programming language.

Analogue

Derived frorn the (ireek noun arnlogos, meaning 'proportionate', tl-ris adjec-
tive can clescribe: (i) an electronic signal, the arnplitude or frequency of which
changes over time, and which can be saved on a recording medium, e.g. magnetic
tape, or (ii) a photographic image createcl chernically. The signal or recording is

analogue in that it is proportionate to, or an analogy of, the original signal. This
is distinct from a digital signal or recording, which is encoded as numerical clata
using a computer. The term is often used colloquially to mean 'inferior to digital',
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though in stÍict techrrical teťms this judgment is sub|ective at best arrd misleading
at \ i orst.

Aperture plate

A small metal plate (usually made from a heat-resistant alloy) that is placed
between the light source and thc gate in a filrn proiector. A hole is cut out
of the plate, corresponding to thc aspect ratio in which the fihn is to be pro-
iected in. Used in conjunction with a lens of an appropriate focal distance for the
desired ratío (which is deternrirrecl by the dirnensions of the screen and the dis_
tance from projector to screen) and screen masking curtains made from a dark
fabric, it ensures that only the area of the frlm frame that is intended to be
visible in projection is shown. The unwanted area of the frame is rnasked by
the plate. All modern projectors are designed such that the aperture plates and
lenses are easily interchangeable, thereby enabling any desired aspect ratio to be
projected.

Archive

A collecting institution with a remit to preserve original works.

Aspect ratio

The proportion of width to height in the dimensions of a moving image. In fihn,
aspect ratios are usually expressed in rnultiples of one, whereas in television and
digital imaging the convention it is conventional to express the proportion as
integers. Thus, the'Academy ratio'in cinema is approximately 1.37:1 (or'one
three seven' in colloquial speech), meaning that the image is a third wider thalr
it is tall, whereas a pre-widescreen computer monitor would be described as 4:3
('four by three').

Audiovisual

A terrn that was in widespread colloquial use before the adjective 'multirnedia'
was devised to describe a combination of still images, moving irnages, sound
recordings and text mediated by computer technologv. It was used to describe
any synchronised cornbination of photographic images (still and moving) and
sound recordings, anrl the equipment used to create and reproduce them. The
phrase 'audiovisual archives' is typically used today to refer to any repositories
that preserve such content, including silent films, synchronised sound films and
standalone audio recordings (e.g. recordings of radio broadcasts or oral history
tapes).

Autuerism/politique des auteurs/auteur theory

In academic fiLn studies, a bcldy of argument and scholarship which proposes
that the director is the primary creative force that determines cultural significance
in a film.
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Bandwidth (audio) - see also Hertz

The proportion of the audible frequency spectrurn that is captured within a sound

recording.

Bandwidth (digital)

The amount of data transmitted or processed within a given time period.

Base
.fhe flexible, transparent SuppoÍt of film, to which the emulsion is applied.

Bayer mask

A series of colour filters that enable the entire visible colour spectrum to be

scanned by a single digital sensor or proiected using a singie imaging device'

Bit rate

The amount of data used to encode the images and/or sounds over time in a

digital media asset. In a consumel DVD vicleo recording, for example, the bitrate

is typically between 3 and 9 megabits per second (Mbps)'

Born digital

An audiovisual work that was originally created on a digital recording medium'

Carbon arc

A form of artificial light used in studio lighting and theatre proiection that was iIr

widespread use from the mid-1920s until the late 1960s. Carbon arc lamps pro-

duce á significarrtly lower colour temperature than the incandescent or xenon arc

lamps thát replaced them, which restorers need to compen'ate for when working

witli release prints that have been graded for carbon arc proiection'

Cathode ray tube (CRT)

The irnaging device used in ahnost all television and personai computer display

devices lifre fiOopnor being about t5e only significant exception) until the emer-

gence of liqui<i ciystal technology for this purpose in the 1990s. CRTs were also

used in teleiine, telerecorcling and high definition Írlm recording systems'

Cellulose acetate

An organic film basc consisting of acetylated cellulose. Early forms of acetate

film, e.g. cellulose diacetate ancl cellulose acetate pÍopionate, Wefe in mainstream
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use for certain niche applications, principally amateur cinematography, from the
early 20th century until the early 1950s. Following the commercial launch of the
cellulose triacetate base in 1948, it rapidly superseded nitrocellulose for profes-
sional motion picture use. Unlike nitrocellulose, it is not usually inflammable,
but like nitrocellulose it is susceptible to chemical decomposition in long-term
storage.

Charge coupled device (CCD)

A CCD is a plrotosensitive surface which creates digítal data in response to beirrg
struck by light; in other words, a digital representation of that light. It can be
considered the digital equivalent of film emulsion, and is the form of imaging
device found in most digital carneras (both still and moving image) and motion
picture fihn scanners.

Chromogenic

A colour fiLn systern in which chemical couplers are used to transform sepa-
rate emulsion layers, sensitised to two or all three of the primary colours, into
corresponding visible dyes in developing.

Cineon

A fully integrated digital post-production system marketed by Eastman Kodak
between 7992 and 1997, Cineon consisted of a 4K filnr scannel intennediate
hardware and software for digitai image rnanipulation and a laser film recorder to
produce the final output. Although it was designed primarily for the creation and
incorporation of visual effects 1n a production environment, what was probably
the first full-scale feature fihn restoration using an entirely digital workflow that
of Snow White and the Seven Dwarves (USA, 1937, dir. David Har.rd) in 1993, was
carried out using Oineon.

Codec

A conÍlatiorr of 'encoder/decoder'. In digital moving images, a codec is the soÍl-
ware standard or algorithm that is used to represent to represent the video and
audio in digital form. Examples include MPEG-2 andH.264.

Colourist

This term is generally used to describe a technician who manipulates the
colour balance in an electronic or digital image, often synonyrnously with
'telecine/datacine operator'. It is not usually used to describe someone who
carries out grading or timing in a photochemical workflow
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Colour space

The way in which the tl-rree primary colours (red, green and blue; are combined to
produce a potentially limitless number of shades. In the disital representatiort of
pl-rotographic images, the teťm is also used colloquially to refer to the limitations
imposed by a given encodlng format.

Colour temperature

How biased a given light source is towards one end of the visible colour spec-
trum or the other. Colour temperature is mcasured in kelvin. For example, the
ycllowish flame produced by burning wood will have a colour temperature of
approximately 1,500K, the xenon arc lamp used in a typical cinema proiectoť
4,.500K and briglrt sunlight 20,000K. The accurate measuÍement of colour tem-
perature is important in film restoration, becausc some imagit-tg devices are morc
sensitive than others in reproducing certain areas of the visible spectrum. Grading
or other colour balancing processes also have to take into account the light source
used in reproduction. For example, a release print graded for proiection using
carbon arc illuminatlon will have a lower colour temperature (i.e. the picture will
appear more yellow) than was intended by the fihnmakers if it is proiected using
a xenon arc.

Colourisation
'fhe practice of adding colour information to moving images that were pho-
tographed in black-and-white with the intention of rnaking the footage look
as if it had been shot in colour (i.e. colour information recorded at the point
of initial photography) in the first place. This technology emerged in the 1980s
and was initially used extensively by broadcasters trying to make their black-
and-white archival holdings more acceptable to mainstream audiences. However,
early colourisation tecirnology produced largely unconvincing results, and the
practice has since been almost totally discredited by critics and archivists <lt-l

ethical grounds.

Compression (digital media)

'fhe use of algorithms which reduce the total volume of data needed to encode a

given audiovisual rnedia asset. loss/ess compression (e.8. the JPH,G2000 format)'
used rnainly in professional media production and post-production workÍlows,
achieves this by reducing the volume of data using mathematical formulae that
pÍeserve the original encoded data intact' The end result is that less stoťage space
or bandwidtlr is needed to handle the nredia asset, but that more conrputer pÍo_

cessing power is needed to encode it and to play it back (and thus potentially
higher hardware and software costs). lo.sst, compression (e.g. the MPEG-2 for-
mat), used mainly in broadcast and consumer digital media, works by discarcling
video and audio information which it is believed the human eye or ear is less

sensitive to, or in some cases cannot cliscern at all. Although the hardware and
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software needed to encode lossy compression formats is relatively sophisticated
and expensive, most are designed to be decoded and played back using relatively
low levels of processing power and simple software, hence their widespread use
in consunrer media applications.

Computer generated imagery (CGI)

The practice of integrating non-photographic and photographic moving images
using cornputer technology, which has been in mainstream use since the early
1990s. While the rnain applicatiorr of CGl is for cÍeating special visual effects, its
underlying techniques - primarily the process of manipulatirrg the properties of
an image that has been scanned from an original carnera negative on film - have
been adapted to form the basis of most software used in digital film restoration.

Contact printer

A device used in photocl.remical film duplication, ir.r which the source and desti-
nation fihn stocks are placed in physical contact with each other as the exposure
is made.

Continuous printer

A device usecl in photochemical film duplication, in which the film transport
mechanism is continuous and each frame is duplicated progressively while the
source and destination film stocks are in motion.

Copyright

A legal framework fclr deÍjning and enforcing the ownerslrip of irrtellectual prop-
erty in movillg images and recorded sourrd. Copyright law is a maior issue ín
film restoration, not least because the duplication of source elements, which is an
essential part of tl-re restoration process, is often an act regulated by the copyright
legislation of the country in which the restoratiotl takes place.

Curation/curator

In film archiving, the role of the curator focuses primarily on the selection and
interpretatiorl of an institution's holdings, educational and outreach work and
determir-ring cultural policies related to its work. Unlike a traditional museum
cuÍator, tlre curators of moving image archives generally do not oversee or carry
out hands-on preservation and restoration work, which is usually devolved to
technical specíaliSts.

D-cinema

This term is used very specifically to describe the origination, post-production
and distribution of digital moving images íntended for tlreatrical proiection. For
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example, the Red C)ne camera or a DCl-compliant DCP would be considered part
of a d_cinema workÍlow, but a DVD or a data proiector intended for classroonr use
would not. The large-screen projection of moving image digital assets intended
for other puÍposes (e.g. consuIner use) is known as e-cinema.

Datacine - see Motion picture film scanner/scanning

Dataset
A related collection of digital assets.

Deacetylation - see Vinegar syndrome

Densitometry
The measurement of the amount of light absorbed by a given surface. In photog-
raphy and the photochemical duplication of film, densitometric measurements
are used to ensuťe consistency in printin8 and processing.

Developing

Developing is the first stage in the processing of photographic film after exposurei
in which the film is immersed in a chemical that converts the latent image into a
dye that is visible to the naked eye. The term is sometimes used colloquially, and
incorrectly, as a shorthand to describe the entire processitrg operation.

Digitisation or Digitalisation

These two words are commonly used interchangeably to describe two different
plocesses. (i) The creation of copies, in digital form, of movíng image and/or
audio recordings that were originally created on analogue recording media;
for example, the dataset that is created by scanning a fihn original. (ii) 'lhc
replacement of analogue technologies with computer-based ones within a given
workflow, e.g. a cinema that replaces 35 mm fiLn proiectors with digital ones.

Digital

Literally 'of numbers'. This widely used adjective refers to the creation and use
of moving images and sound represented ir-r the fclrrn of numerical data that is
processed by computers. The word is increasingly entering colloquial usage as a
noun, to mean, in effect, an audiovisual digital asset.

Digital asset

Any substantive work of intellcctual property embodied within a digital trle,
e.g. a n/ritten document, still image, moving image, audio recording or software
program.
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Digital asset management

The practice of creating, cataloguing, preserving, commercially exploiting, pro-
viding access to and migrating digital assets; sometimes referred to as nedia asset

twfiagement within the audiovisual industries.

Digital cinema

The origination, post-production, distribution and/or theatrical exhibition of
moving images using computer-based technologies.

Digital Cinema Initiatives (DCI)

DCI is a not-for-profit organisation founded in 2OO2 to develop and promote a

set of technical standards related to digital cinema exhibition. The first version
of the DCI standard was published in 2005, and has gone through two revisions
since (DCI 1.2 is current at the time of rvriting). The DCI standard covers the
method of image and audio encoding, content encryption and metadata.

Digital Cinema Distribution Master (DCDM)

The precursor files to a Digital Cinema Package (DCP), produced at the end of
a digital Íestoration workflow. A DCDM cannot be played in a digital cinema
server itself, but is the source from which the DCP files themselves are transcoded.
It can be considered an intermediate stage between the output files from a film
Íestoration project (or the post-production of a new filnr) and the files that are
played in a digital cinema projection.

Digital Cinema Package (DCP)

A collection of files used to project a moving image programme in a theatre.
The package consists of separate files holding the image, audio and metadata
that comprise the programme. Although the term DCP is increasingly entering
comlnon usage to tnean 'a Íilm in digital form' in the generic sense, it was first
used by an industry standards body, Digital Cinema Initiatives, Ll.P (DCI), to
describe a package of Íiles that is compliant with their own digital cinema stan-
dards. In comrnon usage, the term DCP can refer to a package that may or may
not be DCI-compliant.

Digital intermediate (DI)

A stage in a fihn production workflow whereby footage is originated on f,lm,
which is tlren scanned' 'flre resultíng digital dataset is then manipulated in
the post-production stages using computers (e.g. editing, the addition of spe-
cial effects or audio mixing), before a final output on film for distribution and
exhibition.
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Digital light processing (DLP)

An irnaging device used in digital cinema proiectors since 1999, consisting of
a 'micromirroÍ' atray, in which the angle clf arr individual mirror, representing
each pixel in the mirror, is adjusted by a microscopic hinge to refract a light
source prismatically in order tcl form any desired colour temperature within the
visible spectrum when focused through a lens. DLP chips are able to reproduce a

greater contrast range, especially in the darker colours, than the imaging deviccs
that were previously used in electronic projection.

Digital noise - see Noise

Digital picture exchange (DPX)
An uncompressed, bitmap-based digital image file format usecl to encode ancl
manipulate the scanned frames of source film in a digital Íestoration workflow.

Digital print

A term that is sometimes used to describe a file or clataset used for digital prolec-
tion in a theatre; the digital equivalent of a release print on film. In effect it is a
synonyrn for DCP, though perhaps a more accurate description for a digital asset
that is not DCP-compliant.

Digital surrogate

A digital copy of an archival media asset that \/as originally created on an ana-
logue recording medium, used to provide access to its content in order to reduce
the usc of, and thereby safeguard the preservation of, the original.

Digital Video (DV)

'fhis terrn is very widely used generically to refer to any technology for orig-
inating, post-producing and distributing photographic moving irnages using
computing technology. SpeciÍically, it is a trademarked brand name that refers
to a package of hardware and software for recording PAL clr NTSC (starrdard cleť_

inition) ímages, developed principally by Sony and launched in 1995. 'I'he forrn
factor for DV magnetic cassette tapes has also been used for other image encoding
(software) systems launched since, notably High Definition Video (HDV).

Discrete

Literally, 'without continuity'; separate; independent. F-or exarnple, I,lastntancolor
could be described as a discrete technology, because the film stock does not
depend on any specific camera to function. Technicolor is not, because the pro-
prietary film stock and camera could only be used in combination with each
other.
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Downconversion/Do\'vnconvert/Do\ /nrez

The transcoding of a digital moving image to an alternative format in a lower
resolution, c.g. a 2K I)CDM to DVI) video.

Dye transfer or imbibition (IB)

The method of producing release prints used in the three-strip Technicolor sys-
tem, in which dyes are absorbed, or 'imbibed' by gelatine layers applied to the
print stock. As it is not a substantive coupler process and the dyes were inorganic,
IB prints are not affected by colour dye fading, and are therefore considered vaiu-
able prirnary evidence by archivists and restorers as to the colour balance and
timing intentions of the Íilmnraker.

Dye coupler

A colour film technology whereby a latent image is converted into a visible colour
dye during processing. This can be divided itto substa,ttit/e coupler chemistry, in
which thc <lye is present in the emulsion since the film's manufacture and is 'acti-
vated', or made visible, by thc chemical cleveloper; and non-substantive, in which
only the couplers are present, which receive the dye in processing. Kodachrome
was the only non-substantive dye colour systcm to be used on any significant
scale.

E-cinema

A workflow involving the large-screen projection of a digital asset that does not
meet the technical standards necessary to be considcred rl-cinema. The projection
of a DVD in a classroom using an sub-2K LCD projector would be one example.

Empirical

Literally, through experience: in academic research, inquiry based on gather-
ing and analysing information or observations. In historical or historiographical
research, ín crude terms it means findirrg out what happened, when and how.
An empirical approacl-t is generally considered distinct from a theoretical one,
which seeks to identify conceptual models that can be applied to the analysis of
cultural artefacts such as Irovels, plays or films.

Emulsion

Multiple layers of chemicals on the surface of photographic film which carry the
image and, in the case of optical recording, sound information. Before exposure
the ernulsion is photoscnsitive, or 'raw'; after exposure it carries a latettt intage;
and after processirrg it takes the fotm of visible dyes.
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Evidence

In historical research, the result of the analysis of sclurce material.

Film

There are major differences between the common and colloquial uses of this
word, both as a noun and a verb, and the specifically defir-red ones used by tech-
nicians and engineers. As a noun, 'film' is typically used to describe a complete,
post-produced sequence of moving images, regardless of the original recording
medium. ]'he word originally described analogue, photochemical film speciÍi_
cally, and is still used as such by professionals in the audiovisual industries.'l'he
same ambiguity and confusion applies to the word's use as a verb: for example, ít
is commonplace to clescribe 'filmir-rg' an event on a mobile phone camera, ever-r
though no actual film is involved.

Film out, film-out or filmout

The process or end output of creating a copy on film from moving image mate-
rial that was originated and/or manipulated in electronic and/or digital form.
An example would be a preservation internegative or fine-grair-r positive rnade
using a laser film recorder following the digital restoration of a film element that
had been scanned at the start of the project.

Film stock

Unexposed motion picture film as it is sold by the manufacturer.

Film history

A sub-discipline of history within academia. Among academics film history is
considered distinct from film studies and media studies. Its origins are linked
to a specific movement of historians who promoted the analysis of audio-visual
artefacts, adapting existing nrethods of empirical study used to evaluate ot}reť
forms of source material in history and historiography, from the launch of
Historical lourrul of Film, Radio and Televisiort in 1981.

Film studies

A humanities discipline within academia. Among academics film studies is con-
sidered distinct from film history and media studies. Undergraduate courses
began on a significant scale in lluropean and American universities in the latc
1960s, adapting established rnethods and approaches in literary criticism, lin-
guistics and cultural theory to the study of films as 'texts'. Film studies rejects
the analysis of ernpirical souÍces and evidence as practísed by historians and lris-
toriographers in the belief that the communication of meaning between a film
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,text' and its viewer is not necessarily specific to a time or place, and uses social
science-based rnethods less prominently than rnedia studies.

Fixing

Fíxing is the Írnal major stage in tlre processing of photographic fi1m after expo-
sure, in which the fi1m is immersed in a chernical that desensitises the developed
dye to further exposure to light, thereby enabling the film to be viewed.

Form factor

The physical characteristics of an offline cartier or medium, which can be com-
mon to multiple software systems for encoding images and sounds on them. for
example, CinemaScope and VistaVision (35 mm film) and the CID and DVD (8 cm
diameter optical disc) share commor-r form factors.

Format

As a noun, the unique combination of technical characteristics of a given storage
medium, analogue or digital. In computing, the word is also used as a verb to
mean the complete erasure of a rewritable digital storage medium.

Gauge

The width of film, expressed in millimetres, e.g. 9.5 mm or 35 mm.

Grading - see Timing

Grain

The individual units of film emulsion that form a photographic image.

Hertz oÍ Hz - see also Bandwidth (audio)

In strict technical terms, a unit of measurement of frequency in any oscillating
signal. In the restoration of Írlm soundtracks, it is used to measure the frequency
range (bandwidth) of the recorded signal. Human hearing is typically in the range
of 10 to 20,0OO Hz.

High Definition Video (HDV)

This term is often used colloquially to refer to a television image (i.e. not intended
for theatrical proiection), but with a significantly higher resolution than 'stan-
dard deÍrnitíon' PAl' or NTSC' In strict terms, it is actually the tradernarked name
of a software specification developed by a consortium of Japanese electronics
manufacturers and launched in2OO3, for recording high definition images onto
media of tl.re existing (sir.rce 1995) DV video cassette tape form factor. At the time
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of writing HDV is a widespread origitration format for low and medium buclget
high definition television production, including electronic news gathering.

Historiography

Literally, the history of hístory: the study clf methods and approaches userl to
carry out historical inquiry.

Interlaced scan

In television technology, an interlaced display is one that refreshes alternate lines
of resolution, thereby using tr,vo scanning passes per frame displayed. The process
was developed to address the problem of the rapid luminance decay in a CR'l-
clisplay, in order to achieve cven brightness across the picture. Although rnore
recent display technologies such as the liquid crystal display and digital light
processing do not suffer from this problem and have thus renclered interlacirrg
obsolete, standard deÍrnition broadcast television standards encode the broadcast
signal in interlaced fonn, and therefore it continues to be supported in rnanl'
digital imaging technologies. A video recording or broadcast signal in which thc
horizontal lines of the image are not interlaced is known as progressive.

Laserdisc (LD)

A starrdard definition consumer video medium marketed betÝVeen 1978 and 2001,
in which recordings were distributed on optical discs, usually 12 inches in diant-
eter. 'l'he fonnat was read-only, meaning that people who owned players coulcl
only buy pre-recorded media to play on them: the system did not enable home
recording. The system used an analogue, composite video signal, while later ver-
sions of the format also allowed for digital audio. Laserdiscs offered a significantly
higher image and audio quality than the VHS-tape-based systern, and thereíorc
occupied a niche market of middle class arthouse cinema and audiovisual tech-
nology enthusiasts in the trvo decades before it was effectively supersedect by
the DVD. Specialist labels, notably Criterion and Kino, published a number of
archival restoration titles on LD, making it the first consumer format on whíclr
a sustained attempt was nrade to distribute tlre technical enharrcements of Íilm
restoration for viewing in the home.

Latent image

The image information on a photogra phic enulsion which has been exposed, Lrut
not processed. A latent intagc is invisible to the naked eye.

Letterbox

The display of footage originated in a wider aspect ratio than that of the dis-
play device (e.g. a 1:1.85 ratio feature fihn shown on a 4:3 television monitor),
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preserving the origínal aspect ratio using a horizontal matte to mask the unused
part of the display.

Library

A collecting institution without a remit to preserve original works.

Light-emitting diode (LED)

A light source used in some modern motion picture film scanners and cligital
displays. A LED uses very little poweť compared t<l an incandescent filament
bulb, generates almost no heat and can be configured in an array that enables
an infinitely variable colour temperature within the visible spectrum. it is there-
fore ideally suited to archival film scanning applications. At the time of writing
it is not possíble to produce L['D arrays with sufficient power for use in cirrema
projectors, thouglr it is speculated that future geneťations of LED technology nray
enable this.

Liquid crystal display (tCD)

A moving image display device in which liquid crystals are usecl to moclulate
a light source and thus display any colour within the visible spectrum. LCD <lis-
plays gradually replaced thc cRT as the display device used in the manufacture of
computeÍ monitors, televisions and some video proiectors during the first decade
of the 21st century, and at the time of writing the manufacture of CRTs hacl
ceased alrnost completely.

Lookup table (LUT)

In digital image processing for film restoration, a LUT is a clataset that maps
the relative values of the three primary colours as recordecl in the source file, in
order to enable them to be adlusted so that the colour balance appears consistent
on difTerent display devices and output image encoding systems and recording
media that have differing inherent colour reproduction charactcristics.

Lossless compression and lossy compression - see
Compression (digital media)

Lost frlm
In stlict terrrrs, a Írlm tlrat vr'as once known to exist but for which no moving
image elements are known to remain. Although this phrase was originally used
to describe a film that is missing in its entirety (e.g. The Mountain Eagle or London
Alter Midnight), it is also sometlmes used in reference to films that survive, but
only in poor quality copies and/or incomplete form.
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Magnetic sound

A method of sound recording and reproduction in which a coating of magneti-
cally sensitised material, or oxide, is applied to the film base. The polarisation of
the individual oxide particles form the audio information, either as an analogue
or digital signal.

Material exchange format (MXF)

The encoding wrapper used in the audio and video files within a Digital Cinema
Package.

Media studies

A social sciences discipline within academia. Among academics media studies is

considered distinct from film stuclies and film history. It uses methods drawn ancl
adapted from areas such as sociology, economics, politics and cultural studies to
analyse the role and impact of mass-communications media in society. Within
this framework film is not studied in isolation, but considered alongside and in
teťms of its interaction witlr broadcast media, the press and new media'

Metadata

Literally, data about data. The term is commonly used to describe information
that identifies and describes an audiovisual digital asset that is contained within
the asset itself.

Monochrome

l.iteraliy 'one colour', this adiective is commonly used as a synonym for 'black
and white'. A more technically precise de{rnition would be to describe a pho-
tographic emulsion or dye with only one visible shade, to which multiple
non-photographic dyes (e.g. hand colouring, stencil colouring, tinting and/or
toning) can be applied in separate processes.

Motion pictuťe film scanneť/scanning

A device for (noun) or the process of (verb) creating a digital representation of
the images on motion pícture film as individual, discrete frames. Some scanners,
but not all, also capture optical or magnetic audio tracks in the same pass as the
picture. Tlre scanning of source film elements is thc first maioť step in a digital
film restoration workflow. In strict technical terms, motion picture film scannit-tg
is considered distinct from telecine in that in the latter the image is encoded in a

way that is compatible with the scanning requirements of interlaced television,
whereas in the former each frame is encoded as a discrete intage, and usually at a

much higher resolution than is required by SD television. But as the conversiorl
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of consumer broadcast television to <ligital systems in the developed world pro-
gressed in the late 1990s and early 2000s, the words ,telecine', ,scan'and'transfer'
entered interchangeable colloquial use without regard for their techr-rical dis-
tinctions. The situation is further complicated by the fact that sorne models of
machine made during the transitional period (e.g. the philips Shadow, launched
in 2000) could produce both telecine and individual frame outputs. Even more
confusing is the fact that the term 'datacine' was used as a trademark by at least
one equipment vendor in an attempt to distinguish scanning from telecine.

National Television Standards (originally System)
Committee (NTSC)

Formally, a subcommittee of the US government's Federal Communications
Committee. In general usage, N'|SC refers to the colour television broadcasting
standard the committee authorised for use in December 1953. NTSC was used
principally in the USA, Canada, much of South America and Japan from the early
1950s until its replacement by digital terrestrial systems from the early 2000s. It is
considered a standard definition system, roughly equivalent to 480í30 in digital
nomenclature.

Near instantaneously compacted and expanded
audio multiplex (NICAM)

A method of broadcasting two channels of digitai audio alongside PAL and
SECAM television, used extensively in Europe and on a more limited scale in
Asia during the 1990s and early 2000s.

Negative cost

The cost of making a film to the point at which post-production is complete,
i.e. an original, cut camera negative exists. ln othcr words, the cost of actuai
production, excluding distribution and marketing.

New film history

An academic approach to the study of film as evidence of human activity in
the past, distinguíslred by its proponents fronr what they would term 'old' filrn
history by an emplrasis on understanding the use of cinema to ťeflect and infornr
the subjects and issues it covers, as distinct from the history and development of
the medium itself.

Nitrocellulose or cellulose nitrate or nitrate

An organic film base consisting of cellulose and nitric acid. Almost all 35 mrn fiim
manufactured for motior-r picture use from the medium's invention until the early
1950s was on a nitrate base. Nitrate film is highly inflammable and decomposes



780 Appurdix: Techt cal Glossary

over time, thereby creating significant technical problems for archivists charged
with its long-term preservation.

Noise

This term is most frequently used to describe the audible but unwanted compo-
nent of an analogue sound recording, e.g. phonograph surface noise or magnetic
tape hiss. In colloquial use it has becn extended to describe unwanted artefacts in
an audiovisual recording more generally, including scratches on film, dropouts
on a videotape or 'digital noise', consisting of clearly visible pictures in a

comprcssctl digital moving image.

Non-theatrical (distribution and exhibition)
'I'he screening of films to an assembled audience, but Írot in a public theatre
to members of the public who have purchased individual admission tickets.
Examples of non-theatrical exhibition include screenings by film societies ancl
to univeÍsity students. Non-theatrical screenings, often on 16 mm prints, was an
important means of access to archival films before the emergeuce of consumer
video technologies in the late 1970s.

Optical (effect)

An elementary visual effect added to a film during the duplication process in
post-production, e.g. a fade to black or a dissolve between two shots. These will
have to be recreated in restoration if the source elements used do not incoÍpoTate
these effects.

Optical printer

A device used in photochemical film duplication, in which an image of the source
element is projected thtough a lens onto the raw film stock that is receiving
the copy.

Optical sound

An audio recording made as a photographic image on film, either as an analogue
waveform, digital data or a timecode to synchronise an external playback source.

Original
't'he pi-rysical medium on which an initial recording is made, frorn wl'tich all other
elements are copies. In the case of hlm this is the roll that is exposed in the
carnera. ln archiving, 'original' is often used informally to ntean 'best surviving
element', 'best' being defined either as the closest Seneratioll of duplication to the
original, or suffering frorn the least damage or decomposition of all the known
surviving elements.
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Orphan film

A phrase that began to be used by fihn archivists in the late 1980s to describe films
which survive anrl have been preserved, but for which it is impossible to identify
the legal copyright owner or if copyright still subsists. its definition in everyday
speech has since broadened to include any film which has been neglected in
general, is poorly understood and/or overlooked by archivists, historians, critics
and the public.

Panning and scanning

A technique used to facilitate the television broadcast and/or publication of a
film on a consumer video with a narrower aspect ratio than the one in which the
film was originally produced. It uses the entire surface area of the destination ratio
without the need for letterboxing, by cropping the original image selectively from
shot to shot in order to retain as much of tire action as possible in the transferrecl
image. I)anning and scanning was used extensively during the second half of the
20th century, when almost all broadcast television systems used the 4:3 ratio, but
most cinema films were shot in something wider. The conversion to widescreen
(16:9) television front the late 1990s onwards resulted in a dramatic reduction in
the use of par-rning and scanning, and the extent of the cropping needed in cases
where it was still used (usuaily from anamorphic ratios to 16:9). Panning and
scanning was a highly controversiai practice and frequently criticised on ethical
grounds, but preferred to letterboxing by a majority of the viewing public.

Passive conservation

An approaclr to preservíng films that emphasises the long-tcrm survival of orig-
inal or best surviving elements over the creation of copies on newer rnedia that
are considered more resistant to chemical decomposition or format obsolescence.
The most wiclely used form of passive conservation is storage in temperature and
humidity conditions optimised to inhibit the decomposition of film bases and
colour dyes as far as possible. l'he other considerations involved in the long-term
storage of archival documents and media also apply, principally fire protection
and suppression systems, security, and, ideally, the siting of archival film stores
away from aťeas that are at significant risk of natural disasters (e'g. earthquakes
and floods) or man-made ones (e.g. near airports or industrial facilities that use
explosives).

Perchlorethylene or Perc

An organic solvent used ir-r the cleaning and duplication of motion picture
film, known formally as tetraclrloroethylene , its desígrration by the Interna_
tional Union of Pure and Applicd Chemists, and outside film archiving circles
colloquially as 'dry cleaning fluid' due to its more widespread use for the dry
cleaning of clothes and other consurner fabrics. lts molecular forrnula is C2Cla.
Perchloroethylene replaced l,l,l,Tricholoroethane as the most widely used sol-
vent in ultrasonic tilm cleaning during the early 1990s, and is also used in
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\i et gate printers. While it is considered the most effective chemícal currently
available for use in these applications (chemicals that have previously been
used, principally carbon tetrachloride and 1,1,1-trichloroethane, are generally
consídered more efficierrt at cleaning film, but are effective1y outlawed under
international agreements to protect the environment), it is highly toxic and
significant environmental concerns relate to its use.

Phase alternate [or alternating] line (PAL)

A technical standard for colour television broadcasting and videotape record-
ing developed ir-r West Germany. Variants of PAI- were used in many countries
worldwide between the late 1960s and its replacement by digital terrestrial sys-
tems from the late 1990s. lt is considered a standard definition system, roughll'
equivalent to 576i25 in digital nomenclature.

Photochemical

A production, preservation or restoration workflow based on analogue duplica-
tion through successive generations of photographic hlm.

Photogard

A film cleaning treatment sold by the 3M company lrom 1977 (and renarnecl
Scotchgard irr 1993), in which a liquid polymer solution forms a peÍmanent
protective coating on the film surface.

Photosensitive

Literally, sensitive to light: a medium which undergoes a physiological or chem-
ical change in response to being struck by light, e.g. photographic film emulsion
or a CCD.

Piracy

The commercial exploitation of moving ímages in contravention of copyright
law. The most common forms of piracy today are unauthorised copying and dis-
tribution. Before the use of consumer recording media for moving images became
widespread in the 1980s, copyright theft also took the form of illegal theatrical
exhibition, both by screening stolen prints and falsifying sales figures submitted
by exhibitors to distÍibutors.

Polarity

Whether a film element carries a negative or positive photographic image.
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Polyester

A comtnonly used contraction of polyethylene terephthalate. A wholly synthetic
film base initially developed in the 1960s and which entered widespread use for
the production of release print and some intermediate film stocks in the late
1980s. It has now largely superseded cellulose triacetate for this purpose, and is
believed to be immune from decornposition issues of the sort that affect cellulose
acetate and nitrocellulose bases.

Post-production

The processes undertaken between the sllooting of individual scenes and the
distribution of the finished Íilm.

Post house

A business that carries out post-production operations subcontracted by a

filmmaker. 'fhese can include the creation of special effects, negative cutting,
sound mixing, the preparation of titles and telecine transfer. Some post houses
also provide services related to film restoration, ranging from the management
of complete projects to individual processes/ e.g. the examination, cleaning and
repair of film elements prior to duplication at a lab.

Print

As a noun, this can refer to any film element that carries a positive image which
is a copy of another film element (í.e' any positive film except camela reversal
originals). In common usage it is usually synonymous withi release pillÍ, though
there are other specífic types of print used in the photoclremical post_production
pÍocess' e.g. rush prints and workprints.

Printer

A device tlrat duplicates motion pictuÍe film by rephotographirrg the image on
an exposed and processed source element onto new and unexposed destination
stock. See also corttitruous Printer, step prilttert coiltact printer and optical printer.

Preservation

An archiving activity that is generally understood to be distinct from Íestoration,
although the distinction betlveen the tv o is ofter-r blurred in everyday speech
and understood in diffcrent terms among professionals (in other words, there is
no universally agreed definition of the distinction). In broad terms, preservation
refers to the longterm storage of the content of a fihn in the condition that an
archive acquired it, either by conservation of original elements or the creation of
copies that embody as little technical change as possible from the characteristics
of the source.



L84 Appendix: Technical GIossary

Processing

The procedure in which exposed photographic film is immersed
chernical solutions which transforrn the emulsion from a latent
visible dye.

Progressive scan

In television, video and digital imaging technology, a broadcast signal, videcr
recordirrg crr digital file in which the moving image content is not htterlaced (see
above).

Provenance

In very crude terms, where something came from. The study of a film's prove-
nance can include establishing the history of multiple versions, the generational
sources of elements in an archive's collection, a Írlm's release history and preser-
vation or ťestoration work carried out in the past. This knowiedge can be used to
inforrn decision-making in restoration proiects.

Psychoanalysis

In film studies, the application of the ideas and theories of Sigmund Freud to the
interpretation of cinematic narratives and aesthetics.

Public sector

In the context of this book, this UK English term is used to describe a Írlm archive
or nluseum that is a state-mandated agency, funded wholly or malnly from direct
taxation. It is not a direct synonym for a 'non-profit' or '501(c)' in the USA, which
simply means that it does not return a dividend to shareholders: a non-profit can
be privately owned and funrled. The term 'charity' or 'charitable organisation'
is used in the UK to describe an organisation that is not for profit but does not
receive a significant proportion of its fundirrg fronr the taxpayeÍ either.

Pulldown
'fhe number of perforations in a 35 mm, 65 mm or 70 mm film elemcnt that are
advanced by the interrnittent mechanism in a camera, step printer or protector.
The most widely used 35 rnm formats havc a four-perforation pulldown, and fivc
for 65/70.

Private sector

In the context of this book, this UK English term is used to describe a commercial
organisation that undertakes film preservation and/or restoÍation activity. It i5

roughly synonymous with 'for profit' in the USA.
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Real time

Carrying out a teclrnical operation in the same tinre it would take to víew arrd/or
listen to the content being worked on. For example, if a typical 35 mm sound
film was being scanned in real time, the scanner would be running at 24 frames
(or 172 feet) per second.

Release print

One of a large number of identical fihn prints rnade as the final output of the
post-production process/ for projection in theatres.

Remaster

This term, though in widespread common usage, is in strict technical terms an
oxymoÍon. lt is usually ir-rtended to describe the practice of producing a new
copy derived from original, or best surviving elements of a given fihn, incor-
porating significant technical modifications (e.g. the correction of colour dye
fading, or noise reduction on a sout-tdtrack), and from whicir subsequent mass-
production copies are made, on consumer media, theatrical distribution media
or both. of course the verb implies the cÍeation of a new original, which is a

technical impossibility - there can only ever be one original element that passes
through a camera or recording device at the moment of capture.

Restoration

An archiving activity that is generaliy understood to be distinct from preser-
vation, although the distinction betv/een the two is often blurred in everyday
speech and understood in different terms among professionals (in other words,
there is no universally agreed defir-rition of the distinction). In broad terms,
Íestoration refers to one or a combination of processes of technical intervention/
intended to crcate a copy of the content of a film from elements acquired by
an archive, which more closely recreates aesthetic characteristics of that content
which were known to exist at some point ir-r the past, but which are not present
in the surviving elements.

Scanner - see Motion picture film scanner

Scotchgard - see Photogard

Sensitometry
'l'he measurement of how quickly a permalrent record is created on a photo-
graphic emulsion in response to a given intensity, duration atrd c<tlour tempera-
ture of light exposure. Accurate knowledge of the sensitometry characteťistics of
a given hlm stock is essential in order to ensure consistent brightness, contrast
and (if applicablc) coiour balance iIr photochemical duplication.

in a series of
image into a
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Séquentiel couleur á mémoire (SeCAM or SECAM)

A technical standard for colour television broadcasting and videotape recording
developed jointly in France and the Soviet Unicln. It was used in France betv een
1961 and its replacement by digital terrestrial broadcasting betv/een 2005 and
2011, and in the former Soviet Union and some African countries. It is con-
sidered a standard deÍrnition system, rouglrly equivalent to 576i25 in digital
nomenclature.

Server

In digital cinema, a seÍver is a Computel which holds the DCP on a hard disc,
deqypts the image and souncl data (if necessary) and passes it to the digital
cinema proiector and the cinema's sound system. Some servers perform digital-
to-analogue conversion on the audio data internally, while in other systems this
function takes place in a separate integrated audio processor ancl pre_ámplifier.

Single system

The recording of picture and sound on the same strip of film and in the same caln-
era on locatior"r or in the studio. Single system filming was only used extensively
in news filming (optical sound in the 1930s, and 16 mm film with combined
magnetic sound for television news gathering from the 1960s to the 1980s).

Slow fire

In archival document conservation, this term refers to the chernical decompo-
sition of paper caused by acid used in its manufacture. The process is in many
ways comparable to the decomposition of nitrocellulose and cellulose acetate-
based filrn. The term is borrowed frorn the title of a documentary film rnade to
bring the problem to public attention, SIow Fires: On tlrc Preservation of Htuttatr
Record (USA, 1987, dir. 'Ierry Saunders).

Small gauge

Film formats with a width below 35 mm. The teÍm is most commonly used to
refer to 8 mm, 9.5 mm and 16 mrn film. The term 'substandard' (based on the
idea that 35 mm was the universal standard film gauge) was also used before it
acquired negative connotations in everyday spcech.

Society of Motion Picture [and Television] Engineers
(sMI''rE)

A professional body founded in 1916 in Hollywood to represent and promote
the role of technical workers in the film industrt and to establish technical stan-
dards. The 'and Television'was added to the organisation's name in 1950. SMpTE
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standards are used in film restoration, notably in relation to media formats and
timecodes.

Source (film archiving)

The film element from which a duplicate is made in photochemical printing or
digital scanning. The term is frequently, though incorrectly, used interchangeably
víith'original', as the source used ]n a given duplication process is not necessarily
the camera original element or even the closest surviving generation to it.

Source (historical study)

Artefacts or data that are analysed in order to understand the historical event
or issue they relate to. For example, a propaganda Íilm made during the Second
World War could be used as a source for studying the reasons why it was fought.

Standard definition (SD)

A video image of a resolution equivalent to the terrestrial broadcast television
systems in mainstream use untii the second decade of the 21st century, i.e.
NTSC, PAL and SeCAM. in traditional television industry nomenclature these are
referred to as 525-60 (NTSC) and 625-50 (PAL), and in digital video terminology,
480i (NTSC) and 576i (PAL and SeCAM).The initials SD also refer to the secuÍe
Digital flash memory card format, but are not used in this context in this book.

Step printer

A device used in photochemical fllm duplication, in which the film transport
mechanism is intermittent and each frame is duplicated as a discrete image while
the source and destination film stocks aÍe stationaÍy'

Stereo or stereophonic (audio)

From the Greek, literally meaning'firm' or 'solid'. In the context of audio tech-
nology, this word is used primarily as an adiective to describe a consumer audio
(e.g. music) recording that consists of two individual recordings, or 'channels',
that are played together in synchronisation through loudspeakers positioned to
the left and right of the listener (2.0 in digital nomenclature), thereby creating
a sense of space in ttre reproduced sound. In the film industry it has also been
used colloquially to describe soundtracks with three or more channels, so much
so that it can no longer be regarded as a reliable synonym for a2.O recording.

Stereo or stereoscopic (moving images)

A technique whereby trryo separate moving images are photographed in synchro-
nisation using two canleras, and then proiected or displayed in such a way as to
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give the viewer the impression of seeing a three-dimensional picture. 'l'he carn-
eras are positioned in order to approximate the difference in the field of vision of
the left and right human eyes.

Stereo variable area

A variable area optical film soundtrack containing multiple, synchronised,
channels of analogue audio waveforms.

Stripe

A combined magnetic soundtrack that has been applied to the base side of a filrn
element after processing.

Technical selection

Tl're process clf evaluatíng multiple film element copies of the same footage in
order to determine which is to be used in a restoration project.

Telecine

A device for (noun) or the process of (verb) creating an electronic representation
of the images and audio on motion picture film using an SD broadcast viclecr
system (NTSC, I,A[. or SeCAM). in stríct tecl'rrrical terms, telecine is considered
distinct from motion picture film scanning, in that in the former the image is
encoded in a way that is compatible with the scanning requirements of inter-
laced television, whereas in the latter each frame is encoded as a discrete image,
and usually at a much higher resolution than is required by SD television. But as
the conversion of consumer broadcast television to digital systems in the clevel-
oped world progressed in the late 1990s and early 2000s, the worcls 'telecine,,
'scan' and 'transfer' entered interchangeable colloquial use without regard for
their technical distinctions. The situation is further complicated by the fact that
some rnodels of rnachine made during the transitional period (e.g. the philips
Shadow, launched in 2000) could produce both telecine and individuai frarne
outputs. At the time of writing, standalone telecine technology had become
almost obsolete in the developed world.

Text

A metaphoric device often used by cultural theorists in the 1960s and 1970s
and adclpted within fiLn studies, to treat films as works of literature. Methocls
of film analysis such as semiotics, structuralism, Marxism ar-rd psychoanalysis
involve the 'close textual analysis' of individual films or scenes within them, irr
order tcl identify what the practitioner believes is meaning or significance being
communicated between the filmmaker and audience.
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Throw

The distance between the projector's gate and the screen in a theatre. This figure is

significant in that, along with the surface area of the screen in a given aspect ratio,
it detcnnines the focal distance of tl-rc prolection lens that is needed' Theatre
designers tend to ar,oid a short tirrow to a large screen if possible, because this
requires the use of a lens with a very srnall aperture in order to achieve even focus
across the projected irnage (equivalent to depth of field in a carnera)' Conversely,
in a film ploíector, very long throws terrd to magnify the slight vertical and
horizontal v/eave that will be present in even the highest quality and best main-
tainerl mechanisms. In the architectural design of a theatre auditorium intended
to showcase the entire range of aspect ratios, including the legacy ratios used in
restoratiurs, the tirrow needs to be thought through carefully.

Timing

A term used mainly in North America (its UK English equivalent is grading) to
describe thc process of determining the contrast and density of a photochemi-
cally copied or digitally captured film. This was originally accomplished (and in
some cases, still is) by adiusting the' duration of exposure in a step printer, hence
the teÍm'

Tinting

The application of a coloured dye that is absorbed by the emulsion of black-and-
white film, thereby giving the dark areas of the image a uniform colour hue.

Toning

The application of a coloured dye that is absorbecl by the cellulose base of
black-and-white film, thereby giving the lighter areas of the ilnage a uniform
colour hue.

Tramline

The colloquial term for a mechanically inflicted lateral scratch on the surface of
a film element that is visible in reproduction as a vertical line'

Transcoding

Dupticating a digital media file into a different encoding format from that of the
source.

Transfer

A colloquial and imprecise (to the point of being almost technically mcaningless)
term that is often used to describe thc process (verb) of making an electronie
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repťesentation of a motion picture Íilm and/or audio recording, or the resultiIrg
representation itself (noun) - in crude terms, copying between media formats.

Ultrasonic film cleaning

An automated method of cleaning lnotion picture filrn in which it is immersed
irr a chlorirrated solvent and agitated by ultrasonic eneÍgy in clrder to separate
and remove contaminants from the film's surfaces.

Upconversion/upconvert/uprez

The transcoding of a digital moving image to an alternative format in a higher
re'solution, e.g. a 2K DCDM to a 4K DCP.

Variable area

A method of optical sound-on-film recording in which an aperture in front of a
liglrt source of fixed intensity is modulated by the audio sígnal as the unexposecl
film passes it.

Variable density

A method of optical sound-on-film recording in which the intensity of a light
soulce is modulated by the audio sígnai as the urrexposed film passes a fixed-
width aperture in front of it.

Video

Literally, Latin for 'l see'. The word has traditionally been associated with telc-
vision technology, hence terms such as 'video monitor' (a screen that displays
electronic rnoving images, but does not contain a broadcast tuner oť ptayback
device), 'videotape', 'videotape recorder' or simply 'video, as a colloquial short-
hand to refer to a recording or the hardware and/or software associated v/ith its
cťeation and/or playback. In recent years its use lras clept into high definition
digital moving irnagcs as well, with phrases such as ,the video, being used tcr
distinguish the image from the audio component. As v/ith ,filrn,, the colloquial
use oÍ 'video' is l1ow so widespread, in so many contexts that any attempt at a
meaningful and specific technical definition is irnpossible.

Vinegar syndrome

A process, known formally as deacetylation, which causes the decomposition of
cellulose acetate-based film stocks. Acetic acid attacks and clegrades the cellulose
within the film base over tirne, resulting in the film base shrinking, deforming
and becoming brittle, eventually to the point at which affected elcments can no
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longer be proiected or copied. Vir.regar syndrome, named colloquially (by the pio-
neer archivist Harold Brown) as such after the acetic smell of affected elements,
can be inhibíted by storage in a cool and dry atmosphere.

Virtual print fee (VPF)

The business model through which targe numbers of mainly independent the-
atres in the cleveloped world installed d-cinema proiection equipment from
around 2OO7-2008. The initial cost of the equipment is borne by a third party and
effectively supplied to tlre exlribitor on a hire-purchase basis, through Íepaynrents
proportional to box office takings.

Vitaphone

The tradernark rrame of a sound recording and reproduction system for Íilms,
developed by Warner Brothers and used commercially between 7926 an<11931 for
production, and untii the mid-1930s for distribution and exhibition. Vitaphone
is generally regarded as the first film sound system to have been marketed on a

significant scale.

Wet gate printing

The photochemical duplication of film while irnmersed in a liquid with a similar
refractive index to that of the film base itself, usually percl.rlorethylene, in order
to prevent the image of scratches in the source element from being present in
the copy.

Windowbox

The display of footage originated in a narrovr'er aspect ratio than that of the
display rtevice (e.g. an Academy ratio feature film shown on a 16:9 television
monitor), preserving the original aspect Íatio using a vertical matte to nask the
unused part of the display.

Wrapper

In digital moving images, a file format within which a nurnber of different codecs
(the software used actually to replesent tire rnedia content in digital form) rnay
be used. Examples include MXF and Apple's QuickTime.

Xenon arc

The artificial light source used itt used in most theatre proiectors since the late
19 0s. Xenon arc lamps produce a significantly higher colour temperature than
the carbon arc lamps that preceded therrr, which restoreÍs need to compensate for
when grading release prints of restoration proiects of films that were originally
made in the carbon arc era.
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List of Acronyms and Abbreviations Used in the Text

AMIA Association of Moving Lnage Archivists
AMPAS Acaclemy of Motion Picture Arts and Sciences
BBC British Broadcasting Corporation
BD BluRay disc
BIrl British Fihn Institute
BASF Badische Anilin- und Soda-Fabrik
BKS[S] British Kinematograph [, sound and television] Society
CEDAR Computer Enhanced Digital Audio Restoration
(lCD Charge coupled device
CDS Cinema Digital Sound
CGI Computer generated irnagery
CRT Cathode ray tube
DCDM Digital Cinema Distribution Master
DCP Digital Cinema Package
DLP Digital Light Processing
DPX Digital Picture Exchange
FCP Final Cut Pro
FIAF Fédération Internationale des Archives du Film (Internationa]

l'ederation of Filrn Archives)
FIDO irilm Industry Defence Organisation
Dl Digital intermediate
DV Digital video
DVD Digital Versatile Disc
HDV High deÍinition video
IAMHIST Intcrnational Association of Media and History
IB Imbibition (a release print made using the l'echnicolor

dye-transfer process)
IEEE Institute of Electrical and l,lectronic Engineers
EMTEC EuropeanMecliaTechnologies
HD-DVD High definiti<tn - Digital versatile disc
IP Interpositive or intellectual property
iWM Imperial War Museum
Kbps Kilobits per second
LoC l.ibrary of Congress
LCD l,iquid crystal display
LD Laserdisc
LED Light-emitting diode
i,TO Linear tape-open
LUT Lookup table
Mbps Megabits per second
MOD 'Making-of'documentary
MoMA The Museum of Modern Art
MXF Material exchange forrnat
NFI- National 'ilm Library (the name of the British Fihn Institute,s

film archive from its inception in 1935 until it was renamed the
National Film Archive in 1955).

NICAM Neaf Instantalreously Compacted arrd Expanded Audio Multíplex

T
I

I

NTSC
PAL
PVR
RAID
RCA
SCMS
SD
Se(lAM
SMPE
SMPTE
S/N
UCI,A
UEA
UHF
VCR
VHF
VHS

VTR
VPF
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National ]'elevision Standards Committee
Plrase alternate [or alternatÍng| line
Personal video recorder
Redundant array of independent discs
Radio (lorporation of Amcrica
Society of Cinema and Media Studies
Standard definitior.r
Séquelrtiel couleur á mémclire
Society of Motion Picture Engineers
Society of Motion Picture and Television Engineers
Signal-to-noise [ratio]
University of California, Los Angeles
University of East Anglia
Ultra high frequency
Videocassette recorder
Very high frequency
Vertical helican scan (correct) or Video home system (often
claimed, incorrectly).
Videotape recorder
Virtual print fee
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see also Rcdiscovery
De Burgh, I>ati,23,77
De Oliveira, ]oáo, 69
Dean, 1'acita (b. 1965), 67-8,I49
Debrie Matipo pfinteÍ, 66,99_701

(including illustťation5)
Decomposition of fiLn base

deacetylation of cellulose triacetate,
27,29, 56,162,790-1

decomposition of nitrate, 14, 25,
26-9 , 35, 47 , 55-6, 57
(illustration), 66, 100, I29,I55,
157, 779-80

Denmark, 132, 138
Densitometry, 103
Diamant (software), 110
Dígital Cinema Distributíon Master

(DCDM), 13s, 171
Dígital Cinema Initiatives, LLC (DCD,

135
DCI standard, 135-6, L77

Digítal Cinema Package (DCP)' 11, 80,
135-7, 147, 156, 770, 17r, 1,72,

1,86,790, 192
Digital Picture Exchange (DPX), 111,

772
Digital Theater Systems (DTS, sound

system), 66
Digital Versatile Disc (DVD), I,3, 4, 5,

9, 10, 12,31,62-3,124, L29-30,
737, 741,, 1,42, 746-8, \61, 166,
1,70,773,775,776,792

Digitisation
of audio, 4-5, 73, 716, 727-5,

see also Sound recording,
digital

of moving images originated on
f,lm, 1-2, 4-5, 9, 1.0-17, 16, 77,
22, 31, , 34, 36-7 , 49 , 63, 69 ,

78-82, 90, 105-16, 126-7, 153,
156-9, 160-1, 164, 167, 170,
177, 778-9
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Documentary films and television
programmes

in general, 20, 75

'makir-rg-of' documentaries (MODs),
746,760

use of archive footage in, 17-18, 42,
69,129,142

Documentary Movement (VK), 7, 47,
50

Dogma 95,132
Dolby (sound systems), 66,722, 125,

163
Donresday Book,'Ihe (1086), 29
Douglas, Bill (1934-1991), 84
Dufaycolor, 21
Duplication of film

digital, 22, 7 1, 78-82, 105-i 6
plrotochemical, 22, 56, 66-9, 7 1,

78-82, 96-LO4, 118-19, 127-2
for prcservation, 51, 58, see also

Storage of media; temperature
and humidity control

Eastmancolor, 35, 104, 71.5,172
sec also Colour in moving image

technologies, dye fading
Ecce Homo (painting), 151-3
Edison, Tlromas AIva (7847 -79 31), 7,

65
Edmondson, Ray, 1.5, 18-1.9, 7 6, 755-6
Education of film archivists, 55-8, 68
Eisenhower, Dwight David

(1890-1969), 17
lllectric Theatre, Birmingharn, 1-2
Elvey, Maurice (7887 -1967), :12, 37,

75,77
Ilthics of film restoration, l3-15, 23,

4r, 42-3, 52, 53, 54,55, 58, 83,
88, 89, 91, 95,96, 107,1rO,
1 15-16, 118, 121-2, I23, Ll7,
138, 148, 150, 151-6, 168, 181

criticism of restored films on ethical
grounds, 5, 125, 144, 153-4,
160

ethical considerations in the
decision to use photochemical
or digital processes, 40, 68,
B1-2, Ir9,121, r35, r49

see also Colour in moving image
technology; colourisation;
Edmondson, Ray

European Media Technogies (EM'l'lrC),
127

European Union, I42
[,urope, European cinema in general,

7, 14,40, 47-52, 54, 64, 69-70,
i 5.5

Expressionism (German cinema),
47

Federal Bureau of Investigation (USA),
65

Federation of Commercial Audiovisual
Libraries (FOCAI.), 54

Fédération Internationa1e des Archives
du Film (FIAF), 15, 18,49-50,
53-6, 58-9, 71,78-9, 735,
154-5

Film archives
access policies,2,3I, 51-6I, 64,

72-3,82,728-9
funding of,37, 46, 5O-2, 55, 57, 67,

129,158
institutional histories, l4-1 5, 47 -63
private sector, 1*3
pubiic sector, 47-60
see also entries for individual

institutions
Film base types

cellulose tÍiacetate, 26_7, 28_9, 35,
36, 56-7,67, 81, 85, 88,92,9:1,
95, 100, II4, 137-8, 166-7,
183, 185, 190

nitrocellulose (nitrate), 74, 24-7,
28-30, 35, 47, 55-7, 66,70,81,
85, 86 (illustration), 92, 93, 100,
1L4, 129,155, 157, 158, 167,
179-80, 183, 186, 2O9, see also
Flammability of nitrate film

paper, 56
polyethylene terephthalate

(polyestcr), 9, 27, 60, 66-7, 93,
725-6, tS7, 783

Film cleaning, 87-91
Henderson process, ST
particle transfer roller (P'l'R), 91, 92

(illustration)

rewashing antl polishing, 9I-2, 106
ultrasonic, B8-9, 90 (illustration),

106
Film collectors, 63*5

see dlso copyright, legal
enforcement of

Film criticisrn, 1*10, 13-14, 17-78,23,
36, 4L-3, 47*9, 52, 74, 75-8, 84,
L25,142

see also Ethics of film restoration;
criticism of restored films on
ethical grounds arrd Journalism

l'ilm element types
colour separation, 67,104-5, 114,

118
internegative, 88-9, 98, 73O,732,

174, r98
interpositive, 4, 27, 67, 82, 94,

98
original or camera negative, 19, 21,

22, 2B-9, 32, 35, 37, 38-41,
50-1, 61, 66, 78,82-5,86
(illustration), 93-4, 98, 1OZ-4,
109-10, 113, 116, 118-27,
126-7,130,155, 158, 169, iU:l

release print, 4, II, 16,19,23,3O-3,
36, 52, 63, 82, 87,97-8, 702,
775, 117, 120-1, 125, 130-.5,
737, r48, 153, 157, 1 3, 168,
17:t, 183, 185

reversal, 2I,183
Film emulsion types

colour, see various sub-erttries irt

Colour it't moving image
technologies

monochrorne, 4, 5, 22, 32-5, 84,
105, 125, 150, 168, 17U, 189

panchromatic, 34
Iilm gauges

8mm, 63, 143, 186
9.5mm, 35, 40, 143-4, 186
16mm, 12-13, 3L, 40, 63-5, 67, 95,

97, rO8, 115, 133, 137, 143-4,
149, 180, i86

super 16mrn, 80
28mrn, 35
35mm, 1, 3,12, 15,40,56,65,80,

82-3,95,97, 108, 109, 131-5,
r37, r44,148-9, 15:1, 16:r, 164,
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770, r75,184-5, 186, r98,205,
209

65rnm, 1O7, I84
7Omm,24,41-3, 108, 133, 184

Filmguard (film cleaning solution), 87
Film laboratories, 5, 27,30, 35, '50, 61,

69, 81, 99 (illustration), 100-2,
150, 158, 183,205

History of laboratory pÍactices,
66-7, 78-9, 87-91, 103, 110,
114, 118

see also entries for individual
laboratories

Filtn in Natiottal Life, The (UK report),
49,51,55

Film printing (photochenrical Írlm
duplication), 4, 16,2L-2, 27, 30,
32, 52, 87-2, 85, 89, 9r, 92
(illustration), 94-703, 109, 1 1 1,

179, 725, 126, 133, 149, 770,
183-5

contact, 66, 82, 88, 97 , 99
(illustration), 101 (illustration),
118, 130, 158, 169

continuous, 97, 98 (illustration),
118,130,169

dye transfer, see Colour in moving
irnage technologies, dye
transfer or imbibition printing

by laser, see Film recording, laser
optical, 34, 56,97,99, 105, 114,

132,180
step, 56, 66, 97, 99 (illustration),

101 (illustration), 102, 787, 189
wet gate, 82,87, 106-7, 1,97

5ee ttlso grading arrd lenses, in
printing

Irilm recording, 79
cathode ray tube, 126
laser, 126, I3O, 132, 167, 174

Filmrenew (film cleaning solution), 87
Film scanning, see Motíon picture Íilm

scanning
Film search initiatives, 7 6-7 , I29

see also Rediscovery; of lost Írlms
lrilrn societies, 47, 62, 729, I37, I43,

180
Irilm Society,'Ihe (UK organisatíoÍl

founded in 1925),48
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Film studies, 2, 6, 9, 74, 64, 77 ,

155-61, 162, 165,174, r78,784,
188

emergence of, in universities, 7, 8,
56-8

Film Technology Company (film
laboratory), 67

Film theoly, 6-9, 155-61
Filtn TiIl Now, The (book), 7, 48, 69
Final Cut Pro (software), 109-10
Finding aids, see Cataloguing of

archival collections
Flammability of nitrate film, 2.5-6, 38,

47, 709, 717, 157, 180, 185, 186
For-profit archives and collecting

institutions, see Film archives,
private sector

Irossati, Giovanna, 37, 69, 113,149
Foxerr Cooper, Edward (1872-1934),

58
Ilox Grandeur (wídescreen system), 3.5,

147
Fox Searchlight Pictures, 80
France, 7, 40, 47, 51,-4,65, 69, 100,

144, 155, 186
l-rancis, Davíd, 51
Frick, Caroline , 49-51, 60-7, 70
Friedkin, William (b. 1935), 65, 139
Fuji Coroporation, 66, 150
Future Proiections, 134

Gance, Abel (1889-1981), 40, 68
Gaumont Chronochrome, see

Chronochrome
George Eastman House, 55, 58,

69
Ciermany, 5, 7, 13-L4, 33,35, 47-9,

53-4, 65, 77, r21,149, 153, 155,
182, 198

Girnénez, Cecilia, t51_3
Gitt, Robert, 41, 56, 58, 69,71.6,

r23
Godard, Jean-Luc (b. 1930), 51
Goebbels, Paul Joseph (1897 -1945),

112
Goerke, Franz (1856-1937), 46,222
Grading, 4, 9, 76, 23, 162

in digital processes, 107-8, 109,
I 

.l 
4-1.5

'One light', 4, 109
in photochemical proccsses, 9B-9,

102-4,130,166*8, 189
Grandeur, see Fox Grandeur
Griffith, l)avid Wark (1875-1948), 36,

50
Griffith, Richard (1912-1,965), 61

Haas, Robert (1886-1960), 160
Haghefilm (film laboratory), 67
Hammer Studios, 160
Handschiegl process, 33
Hardy, Robin,39
Harris, Robert, 24, 69, 79, 83, ZZz
Heíber, Robert, 116
Henderson Film Laboratory, see

Film cleaning, Henderson
process

Herrsel, Frank (1 893-1972), 53-4, 154,
218

Hepworth, Cecíl Milton (1t]74_1953),
7, 65

Historical lourtral of FiIm, Radio arrd
Televisiort, 159

History
of cinema, 3, 13, 18, 20,25-6,47-2,

44, 48-57, 73, 76,95-6, 116-17,
130, 140

historiography, 1I, 21., 158-9
media and history movement, 37,

159
of moving image archiving and

associated practices, 46-70, 89,
154-5

of the study of cinema, 2, 3 , 6-9 , 14,
1.5 5-6

in television documentaries, 77, 42,
7 5-6

see also, Film archives, institutional
histories

Hitchcock, Alfred (1899-1980), 10,
36-7, 77

Hitler, Adolf (i8U9-i945), 112
Hollywood, 7 , 15, 37 , 47-.50, 53, 61-3,

69, r09,116, 130, 135, 138, 148,
155, 186

Home movies, see Arnateur
filmmaking

Hooper, Tom, 16

Horror films, 62,76,760
Houston, Penelope (b. 1927),51

Image Permanence Institute (lPI),
z7-8,56

Imax, 116
Imperial War Museum (UK), 53, 55,

58, 5
Inconrplete films, 36, 39-40, 43, 46,

118-79, r77
see also Censorship and Rediscovery,

of missing footage
lndia,27, 46
Inkjet printing, 80
International Association for Media

and History (IAMHIST), 159
International Federation of Film

Archives
see Fédération Interrrationale des

Archives du F'ilm
lntertitles in silent films, 13, 20,42, 69
Issacs, Jeremy (b. 1932), 42
Italy,49,194

Jenkins, Florence Foster (1868-1944),
752

Jesus [of Nazareth], 152

lounrcI of Film Preservation, 5 ,

58, 70

Journalism, 2, 1.3, 76, :16,

see also Film criticism

Kenyon, James (1850-192.5)
see Mitchell and Kenyon collection

Kinemacolor, 34
Kinetta (manufacturer of motion

picture film scanneťs), 106
Kinoton (manufacturer of proiectors),

r49
Kino Video, 145
Klaue, Wolfgang (b. 1935), 54
Klinger, Barbara, 130
Kodachrome, 60, 150, 173
Kodacolor (lenticular colour process

rnarketed from 1928-35),34, 45
Koerber, Martin, 13, 40
KÓnigliche Bibliothek (Germany), 46
Kotcheff, Ted (b. 1931), 76
Kracauer, Siegfried (1889-1966), 1:l
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Labour Party (UK), 50
l.anglois, Henri (1914-1977), 5Z-4, 69,

128, 154-5
Laserdisc, 739, 145-7, 776
Laser Íilm recording

see Film recording, laser
Lawes, Tom, 1

Lean, David (7908-1991), 23-4
Legislation, 46, 48, 50, 57, 59, 61,

64-5, L69
see also entries for individual acts

Lenses
in cinematography, 9

irr printing, 97, 780
in proiection, 137-2, 736, 172,

189
Lenticular colour, see Colour in

moving image technology,
lenticular processes

Library of Congress (l.OC), 55-6, 95
l.ight-emitting diode (LED), 7O9, 177
l,ightworks (software), 1 10

Lindgren, Ernest (1910-1973), 50*3,
54,55, 59,69, 154-5

Lir.rdgren-Langlois debate, 52
Linear Tape-Open (flO), 127
Linux (computer operating system),

110
Liquid Crystal Display (t.CD), 136,

143, 173, 177

Liquid Crystal on Silicon (LCoS), 136
Lloyd George, David (1863*1945), 37

see slso The Life Story of David Lloyd
George in the index of Íilm titles

Lookup Table (LUT), III,177
Los Angeles Tines, The,80, 147
l.ost films, 36-8, 39, 43,75-6, 73O, L77

see also Rediscovery, lost films
Low-fade film stocks, see Colour in

movirrg irnage technology, dye
fading

i-umiěre Brothers (Auguste, 1862_1954
and Louis, 1864-1948), 65

Cinématographe, 21

perforations on Lurniěre
cinématographe film stock, 209

l.ye, Len (1901-1980), 21
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Mac (computcr), see Apple Macintosh
(computer)

'Making-of' documentary (MOD), .see

DocumentaÍy films and television
pťogrammes

Manvcll, Roger, (1909-87), 7

Martír-rez, Elías García (1858_1934),
151-3

Marwick, Arthur (1936-2006), 21
Matuszewski, Boleslaw (18 6-1943

or 4),46
Maxell Corporation, 121
McGonagall, William Topaz

(182s-19O2), r52
Media and history movement, see

History, media and history
rnovement

Melmoth, Wiliiam (166.5-1743), 18
Messter, Oskar (1866-1943),7, 65
Metadata, see Cataloguing of archival

collections
Meyer, Mark-Paul, 109
Microsoft Windows (softwaťe), B0, 110
Ministry of lnforrnation (UK

government agency that existed
from 1918-19), 53

Mitchell (carnera rnanufacturer), 66
Mitchell and Kenyon collection, 75
Mitchell, Sagar (1866-1952), see

Mitchell and Kenyon collection
'Moderrrisation' of film, 41-3,72
Montreal Protocol of 1989, 89
Moore, Gordon L. (b. 1929) / Moore's

Law, 106, 109-10,123,
148

Moroder, Giorgio (b. 1940), 42-3,
153-4

Mcrtion picture film scanning, 22, 30,
79, 87, B5-7, 91-2, 93, 96, 702,
105-12, 107 (illustration), 108
(illustratíon), 1 14-15, I18, 127,
125, 727, 136, 139-40, 158,
166-7, 169-72, 174, 777-9, I85,
187-B

see also entries for individual
manufacturers and models

Motion Picture Patents Company,
66

Movirry hnage, The (Journal), .5, 1.5, 58,
70

Mrs. 'iggitrs at the Picture House (1926
sound recording), 20

Museo del Cine (Argentina), 13
Museum of Modern Art, The (USA),

48,.52-3,.55, ol, q5-6
Music industry, 148
Musser, Charles, 95
MWA-Nova (manufacturer of íjlrn

scanners), 106
Myrick, Daniel, 132

National Film Archive, National Film
and Television Archive, and
National Film Library (UK), .sce

British Film institute, archive of
National Media Museum (UK), 35-6
National Screen and Sound.,\rchive of

Australia, 76
National Screen and Sound Archive of

Wales, 75
National l'elevision Standards

Committee (USA), .see Television
standards; National Television
Standards Committee

Nederlands Filmmuseum, 36-7 , 69 , 7 5
Netherlands, The, 14
New film history, 159
News agencies, newsfilm and

newsreels, 1, 12, 60-7, 716
see also Film archives; private sector

New York University, 58
New Zealand, 75-6
Nitrate film, see Film base types,

nitrocellulose
Niver, Kemp R. (7912-1996), 56,2O9
Nolan, Christopher, 16

C)bsolescence of media forrnats, 9,
:13-6, 67-9, 73, 82, 717-18,
121-2, I25, 1,27, 134-5, 14r, r43,
749, 754, 156, 158-9, 176, 781,
1U8, 194

O'Donoghue, Darragh, 36
Originality, determination of in filrn

restoration, 77-14, 17-24, 7 1-4,
154-8, 1U0

see also Authenticity, determinatiorl
of in Íilnr sources; I.'ilnr element
types, original

Oscars, see Acaderny of Motion Picture
Arts and Sciences, Academy
Awards

Panning and scanning, see Aspect
ratio, l)anning and scantting

Paramount Studios, 39
'Paramount Decree' of 1948, 62

Partícle transfer roller, see Film
cleaning; Particle transfer roller

Passive conservation, see Storage of
media; temperature and hurnidity
control

Patalas, Enno, 13
Paul, Robert William (1869-1943), 65
Perchloroethylene, 89, 101
PFClean (software), 1 10
Phase Alternating Line (PAL), see

Video standards; Phase
Alternating Line

Phoebus Cartel,4,194
Piracy (copyright infringement), 38,

45 , 63-4, 735-6, 147 , r82
see also Copyright

Pliny the Younger (61-1 12), 18
Politics and cinema, 37-9, 43-54, 70,

77, 159
see also Censorship

Polyester Írlm, see Film base types,
polyethylene tereplrthalate

I']ornography, 62
Porter, Edwin stanton (1870-1941),

95-6
Post-production in film and

televisiorr, 3, 21-3, :lO, 37 -8, 66-7,
69, 72, 76, 78-9, 84, 89, 94, 97 ,

102-3, 109-i0, 115, 1 17-18,
120-1, 124-5,1:J8, 141, 160, 183

Powell, Michael (1905-1990), 4, 43,
77-8

Pressburgcr, Erneric (born lrnre.f zsef
Pressburger, 1902-1988), 43, 77-8

PresTech Film Laboratory, 5, 67, 69,
205

Printing (photochemical film
duplication), see Film printing
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Prisons, exhibition of fihns in, 64
l)ritchard, Brian, 103, 209
Processing of fihn, 22,32,35,81, 100,

103-4, 1 14,118, 126
(illustration), 150, 1S6, 17O, 173,

Projection
digital, 66,80, 108, 13.5-7, 156, 160,

166, L69-70, 171, 173, 177,
186, 191

film, .1. 11-12, 19,23,26,29,31, 34,
66, 82-3, B5-8, e I -2, 9-1,

1 13-14, 117-18, 722, 130_5,
133 (illustration),149,157, 1 5,
766,768,185, 189, 191

in non-theatrical venues, 31, 62, 64,
129, 137 , 743-4

Provenance, determination of in film
sources, 1, 17, 40, 57,73,82,95,
176, 757-9, 784

Pulfrich effect, 42

Quantegy (manufacturel of magnetic
tape), 12I

Radice, Betty (i912-1985), 18
Radio Corporation of America (RCA),

3,66
Read, Paul, 32, 58,79,109
Recorded rnusic, see Music industry
Rediscovery, 28, 43,4, 65, 78

of lost filnrs, 36-8, 7 5-6, 129
of missing footage, 13-14,39-40,

94-5, i15, see also Ccnsorship
see also Dawson City collection and

Incomplete frlms at Lost Írlnrs
Red (manufacturer of cameras), 66, 80,

170
Redundant Array of Independent

Discs (RAID), 127
Reichstrlmarchiv (Gerrnany), 48,

53-4
Reisz, Karel (1926-2002), 52
Reith, [t,ord] John (1889-1971), 59
Renovex (film cleaning solution),

B7
Richards, Jeffrey, 50
Romarr empire/ 18,72-3
Rombes, Nicholas, 11
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Rotha, Paul (1907-1984),7, 48,69
Ruhemann, Helmut (1891-1973),

152-3

Safety film, see Film base tYPes,
cellulose tÍiacetate

Salmon, Lucy Maynard, 158-9
Sánchez, Antonio, 132
Sawyer, Martin, 82, 11'6

Schoedsack, Ernest Beaumont
(1893-1979), 18

Schools, exhibition of films |n,37, 64,
143

Science fiction films, 16
see also Metropolis in the index of

fihn titles
Scorsese, Martin (b. 1942), 67,78, IO4
Scratching of film, see Damage to film,

abrasion
Second World War, see World War II

ScnsítometÍy, 102-3
Séquentiel cotileur d mémoire (SECAM),

see Video standards; Séquentiel
couleur d némoire

Siranebrook, Robert L., 150
Shepard, David, 69

Shrinkage of film, see

Decomposition of film base
Sight and Sourtd fournal),2-3, 5, Ň'

15, 156
Silent cinema, 13, 38, 40, 51, 68-9

aspect ratio and frame rate in
proiection, 82,174, i32-3, 138,
r64

broadcasting and consumer vicleo
release of silent films, 140*i,
r43, L47

lectures and live performances,
19-20

musical accompaniment, 19-20
use of sound effects, 19-20
see also Intertitles in silerrt Íilms

Slide, Anthony, 27, 70
Slow fire (chemícal decomposition of

paper),29, 186
Srnither, Roger, 58, 69
Society of Cinerna and Media Studies

(scMS), 137
Sociology, 161,178

Solvon (film cleaning solution), 87
Sony Corporation, 66, 172
Sound recording

digital, 4, 12, 36, 779-20
Invention and history of, 3-4, B-9,

72, 36, 48, 66, 69, rO3, 116-20
magnetic, 89, 717, 120-I, 723,

127
multi-channel, 9, 73, 724-5, 147-2,

144-5, 763, 787
optical, 72, 36, 97, 98 (illustration),

99
restoration of, 5-6, 16,20,42,69,

r76-25
variable area,3,9,118, 125, 130,

188
variable density, Sl-2, 118, 130,

190
Soviet Union, see Union of Soviet

Socíalist Repub1ics
Spain, 151-3
Speed

frame rate in cinematograPhY and
pÍoiection, see also Silent
cinema, frame rate in
projection, 53,82, 1I4, 119-20,
732-3

frame rate in digital film scanning,
79, 105-6

frame rate in photochemical
printing, 98 (illustration), 103

frame rate in telecine transfer,
139-41, L43

Staíger, Ianet,77
Stereoscopic, see 3-d
Stereo sound, see Sound recording,

multi-channel
Storage of media, 14, 36, 59-60, 65,

67, 7 6, 88, 100, 104, 119, 725
cost, 27, 60
of digital media, 110-11 , I23, 127 ,

168, 195
temperatuÍe arrd lrumidity control,

27-8, .r5, 47, 55-6, 57
(illustration), 66, 85, 774, 728,
166-7, I87, 183*4, see also
Duplication of film; for
preservation

Street, Sarah, lJ-4

Stroheim, Erich von (1885-1957), i38
Swanson, Gloria (1899-1983), 37

Techrrical selection, 8Z-4, 85, 93, 96,
r 10-l I, I 13, l 15, 125

Technicolor, see Colour in moving
image technologies, dye-transfer
or imbibition printing and Film
element types, colour sepaťat;ons

Television
aspect ratio, seď Aspect ratio,

television and video
broadcasting of feature films, 12-13,

41-2, 62, 68-9, 81, 94, 102,
129-30, 1 37 -43, 1 68, 17 6,
178-9, 187-2,184, 186-8, 190

cable television, 62, I3O
Tensile strength of film, 25,27-8, 797
Thames Television, 42

Thames Silents series of broadcasts,
69,140-7

Theatre (live pelforrnance), 5, 20, 46
Thompson, Kristin, 7, 48
Timing, see Grading
Titanic disaster, 12-13
Toshiba Corporation, 147
Trichloroethane, see

1, 1, 1,'liichloroethane
Twentieth Century-Fox Studio, B0

UCLA Film and Television Archive, 41,
55-6

Ultrasonic film cieaning, see Film
cleaning; Ultrasonic

Union of Soviet Socialist Republics
(ussR), 7, 47, 49-50, s4, 144, 186

Unite'd Kingdom of Great ilritain and
Nortlrern lrelanci (UK),3,7, I2,
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