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Abstract

The first silver photographs on paper, W.H.F. Talbot’s ‘photogenic drawings’, were not fixed by thiosulphate, but simply ‘stabilised’ by excess halide ion: they are consequently still sensitive to light today. A theoretical estimate of this sensitivity is presented and compared with experimental evidence to demonstrate the importance of the Becquerel Effect in sensitising this material to light of long wavelengths. A quantitative definition of ‘damage’ - the Threshold Exposure Lifetime - is put forward to assist the discussion of the best methods for conserving such historic photographs. It is concluded that exposure to 50 lux gallery illumination for as little as four hours could result in perceptible damage to photogenic drawings.

Historical Introduction

In 1834, William Henry Fox Talbot sought to capture pictures projected in the camera obscura, by using paper made sensitive to light with silver salts.
 He was following (he claimed, unwittingly) in the footsteps of Humphry Davy and Thomas Wedgwood
 and, like them, found that the difficulty lay not so much in acquiring an image, as in making it permanent.

 Talbot’s first decisive contribution to the invention of photography on paper stemmed from his keen powers of observation and inference. His papers were sensitized by soaking in common salt (sodium chloride) solution, then brushing with silver nitrate solution to precipitate silver chloride within the fibres. The key to success lay in his noticing behaviour that, even today, seems counter-intuitive: the paper was more sensitive to light where there was a deficiency of salt (i.e. less than that required for chemical equivalence to the silver). By using weak (ca. 1%; 0·2 M) salt and strong (ca. 20%; 1·2 M) silver nitrate solutions, Talbot was able to record the first camera negatives in 1835.

Talbot also reasoned this important converse from his observation: that an excess of salt should diminish the sensitivity to light, and could therefore be used to ‘fix’ the image. This proved to be the case, and he was able to distribute such salt-fixed photographs among his family and friends. Many of these early ‘photogenic drawings’, as he called them, have survived to the present day, with examples held in most major photograph collections. The largest Talbot holding is at the National Museum for Photography, Film & Television, in Bradford, England
, which was responsible for commissioning the present study. The aim of this work was to arrive at a semi-quantitative assessment of the sensitivity to light of photogenic drawings, in order to inform the curatorial decisions regarding access to this important historical material.

A Model for Talbot’s Print-out Process

The behaviour observed by Talbot in his silver chloride sensitized paper is comprehensible today on the basis that the precipitate will carry excess ions
 adsorbed on its surface. For the purposes of the present discussion, there are two important cases which will be referred to as ‘sensitized’ and ‘fixed’ silver chloride, respectively.

‘Sensitized’ Silver Chloride

In Talbot’s sensitizing procedure, the silver chloride precipitate will carry excess silver(I) ions adsorbed on its surface, and the electric double layer is completed by the counter-ion, nitrate, as illustrated schematically in Figure 1.
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Figure 1. ‘Sensitized’ Silver Chloride crystal.

The photolysis of such a crystal favours sustained ‘printing-out’ of silver because the excess positive charge tends to attract the photoelectrons to the surface
 and silver specks can form and grow there free from the constraint of the crystal lattice. The positive holes also diffuse to the surface and form chlorine atoms, and subsequently diatomic chlorine molecules which are released from the crystal.

h + AgCl Ag + 1/2 Cl2
The Importance of Halogen Absorbers

To achieve an optical density of silver sufficient for an acceptable printed-out image, the chlorine must be prevented from attacking the silver at the surface of the crystals and reversing the reaction above. The environment must therefore contain a halogen absorber.
 In the case of a Talbot sensitizer, it is proposed that the combined action of water and excess silver(I) ions constitutes the major halogen acceptor and ultimately contributes to the greater part of the image silver.

Gelatin may also be present as a paper sizing agent, but it is known
 that this is not an effective scavenger of halogen at print-out levels of exposure, although it is important as a halogen acceptor in development emulsions. It may be demonstrated experimentally that the paper sizing agent is not essential to the photochemistry of print-out, but it can influence the colour and stability of the final image.

Water plays an essential role in the halogen absorption reactions: cellulose paper in equilibrium with the atmosphere at typical ambient relative humidities of 60% to 70% contains about 8% w/w of water, which can react with the halogen
 causing its disproportionation and the initial formation of halide ion and hypohalous acid:

X2 + H2O = X– + HOX + H+
Equation 1, where X = Cl, Br, or I.

In the case of chlorine, further decomposition of the hypochlorous acid is slow at room temperature, but for bromine and iodine further disproportionation of the hypohalous acid is very rapid:

3HOX = 2X–+ XO3– + 3H+
so for these two halogens the overall reaction equilibrium is effectively:

3X2 + 3H2O = 5X– + XO3– + 6H+
Equation 2, where X = Br or I.

In neutral conditions of pH 7, in pure water, the disproportionation equilibrium is extensive for chlorine, the equilibrium constant calculated
 for Equation 1 being about K1 = 500; but the disproportionation is very slight for bromine, K1 = 0·01, and it is quite negligible for iodine, K1 = 10-9. However, the presence of free silver(I) ions in the sensitizer environment will profoundly modify these equilibria in favour of the products on the right hand sides of Equations 1 and 2, owing to the high insolubility of the silver halides. A calculation
 shows that all three halogens are totally disproportionated by water in the presence of Ag+; for chlorine the reaction is:

Cl2 + H2O + Ag+  AgCl+ HOCl + H+
and for bromine or iodine the reaction is:

3Br2 + 3H2O + 5Ag+  5AgBr+ BrO3–+ 6H+
The halide ions react rapidly with the excess silver(I) ions to form more solid silver halide. Thus the halogen is partially re-cycled, providing a renewed source of silver halide and extending the photolysis to the large amounts of excess silver(I) ions in the environment.

The generation of hydrogen ions by these disproportionation reactions is also significant: increasing acidity will assist the re-oxidation and dissolution of the silver image by the nitrate ions:

3Ag + 4H+ + NO3–  3Ag+ + 2H2O + NO

 This is one of the possible diffusion-controlled back-reactions tending to weaken the print-out image. It explains the reciprocity failure observed with salted paper printing at low intensities, so that lengthy prolongation of the exposure cannot compensate for a weak light source. The increase of acidity during exposure also explains why the use of Talbot’s ‘Ammonio-Nitrate of Silver paper’ was favoured as a means of obtaining a stronger image. It contains the diammine silver complex, [Ag(NH3)2]+, and the ammonia acts as a buffer to neutralise the acid produced; the image colour produced by this paper is also consistent with a larger particle size for the silver colloid formed.

‘Fixed’ Silver Chloride

After fixation by Talbot’s early method using common salt, the excess chloride ion is adsorbed on the surface of the remaining silver chloride crystals, and an envelope of sodium ions completes the electric double layer, as shown in Figure 2.

This residual silver chloride now has only a limited response to light, for two reasons: (1) the excess negative charge on the crystal surface repels the photoelectrons, diminishing the likelyhood of silver formation there, and (2) when free chlorine is released by photolysis it no longer encounters excess silver ions in the environment to assist its aqueous disproportionation; it is therefore not scavenged so efficiently and may remain available to re-oxidise any surface photolytic silver that is be produced. Only the colloidal silver formed to a very limited extent in the interior of the crystals by the further action of light is protected from this reverse reaction.

When chloride-fixed silver chloride is further irradiated by actinic light, the resulting quantum yield of photolytic silver is initially about unity but falls off rapidly with continuing exposure, tending towards a rather small limiting value; the photolysis is thus greatly slowed up, rather than stopped, by this method of fixation.
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Figure 2. ‘Fixed’ Silver Chloride crystal.

Excess chloride remained Talbot’s preferred fixing agent, even for some years after he had been made aware of the effectiveness of thiosulphate in ‘washing out’ all the residual silver halide. It is also clear from his notebooks that he employed bromide and iodide as fixing agents. The visible results of strongly illuminating such halide-fixed silver halide sensitizers vary, as follows:

‘Fixed’ silver chloride on exposure to light rapidly changes from colourless to a dull violet colour due to a small amount of colloidal silver formed within it, further change is then much slower. The importance of this transformation will be discussed later.

‘Fixed’ silver bromide responds little to light, becoming pale grey, because the disproportionation  of bromine is very slight in the absence of excess silver ion.

‘Fixed’ silver iodide is completely insensitive even to direct sunlight, remaining a pale yellow colour. In this case any iodine released would not be significantly disproportionated, so the back-reaction is most efficient. Talbot made considerable use of a solution of potassium iodide as a fixative, especially for his camera negatives.

The Threshold Exposure Lifetime

Any quantitative estimate of the vulnerability of photogenic drawings needs to be expressed in practical terms that will be useful to curators and conservators. It seems natural, therefore, to define a threshold that should not be crossed, namely, the exposure that will bring about a change in the photograph that is just perceptible to the unaided human eye. Beyond this point we could argue that the image will suffer evident damage.

The Threshold of Perceptibility

The analysis of visual response began in the last century with Weber and Fechner, who introduced the concept of the Just Noticeable Difference (JND) which, in the context of visual perception, may be defined as ‘The smallest visual difference between adjacent areas which is discernible by the observer under specified conditions of illumination and observation’. The determination of JND values for various luminances and reflectance density ranges has been much studied.

 Referring to the mid-density range and large adjacent neutral-toned areas under relatively bright lighting, one JND corresponds to a reflectance density difference of approximately 0·01. This is a more stringent figure than the values of 0·015 to 0·02 arrived at by earlier workers.

Definition of the Threshold Exposure Lifetime

In the UK, the Museums Commission has recommended,
 for the illumination of ‘sensitive’ exhibits, conditions which are now widely employed in gallery and museum exhibition spaces. These conditions are referred to as Class 1 Gallery Illumination and define an illuminance at the object of 50 lux (ca. 5 footcandles) of incandescent tungsten radiation containing no more than 75W/lumen of ultra-violet radiation (of wavelengths 400 nm and lower) and having a colour rendition factor Ra not less than 90%. This ‘50 lux criterion’, although arbitrary to a degree, is widely employed elsewhere in the world also. Taking this illuminance as our point of reference, we may then define a useful parameter, the Threshold Exposure Lifetime as follows:

The Threshold Exposure Lifetime (TEL) for an object is the duration of exposure to Class 1 Gallery Illumination that results in a just noticeable density change (0·01) in any significant area of it.
The TEL represents the maximum length of time that an object can be exposed to the most stringent normal gallery illumination before it can be considered to have crossed the threshold of damage that is, in principle, perceptible to the unaided human eye.

Evaluation of the Threshold Exposure Lifetime

Exposure is defined by illuminance, E, multiplied by time, t. It has been shown elsewhere
 that the exposure to normal tungsten illumination needed to bring about a small optical density change, D, in pure silver chloride is given approximately by:

Et ≈ 4·6 x 108 D/C  lux seconds

For the Threshold Exposure Lifetime, we write t = T, and define D = 0·01; the covering power, C, for colloidal silver images
 may be taken as a median value of about 7 m2/g, so:

ET  ≈ 6·6 x 105 lux seconds

≈ 0·18 kilolux hours

 Under the Class 1 standard of gallery illuminance of E = 50 lux, the Threshold Exposure Lifetime, T, is therefore 13,200 seconds, or 3·7 hours. Although the uncertainty in this approximate result may be large, the correct figure probably lies between one and ten hours. This result suffices to sound a clear warning about the danger of prolonged exposure of photogenic drawings to unfiltered tungsten illumination.

A Case History

Experimentation on Talbot originals was not an option in the present study, but some valuable ‘experimental evidence’ has accrued from a regrettable accident in 1989, when a Talbot photogenic drawing was exhibited under impeccable environmental conditions, but nevertheless suffered severe fogging.
 The photograph, originating ca. 1835, was thought  to be chloride-fixed on the basis of its colour and tonality. The gallery was illuminated by tungsten lighting at approximately 5 footcandles (ca. 50 lux) with the UV removed by filtration so that it was undetectable with a Crawford meter; additionally, the object was glazed with UV-absorbing Plexiglass type UF4. After 35 days of exhibition, illuminated for about 8 hours per day, the photograph was observed to have darkened considerably, especially in the highlight areas, losing much of its detail, with the image obscured in some places.

Interpolation of the TEL

The total exposure time of the photogenic drawing was about 280 hours, corresponding to a total exposure received by the object of about 14 kilolux hours. From the qualitative description provided and the illustrations that accompany the report, a rough inference of the largest change in reflectance density (in the absence of any recorded measurements) would be in the order of 1 unit.

It is a moot point whether the interpolation of the TEL value, T, should be linear or logarithmic. Assuming the former case, it is simply given by:

T = 0·01t/D
where t is the exposure time to produce a density change D. In the present case, we find T ≈ 2·8 hours. If, however, it is the characteristic D/logH function that is linear, we can write:

D – 0·01 = log10(t/T)

Now , the contrast slope, for a salt print is typically 0·5. Whence the TEL value is also found to be about 2·8 hours in this case.

Although the outcome of this unfortunate ‘experiment’ appears to support the theoretical estimate of the TEL value, the agreement is actually spurious, because the gallery illumination of the Talbot photogenic drawing was effectively free from the ultraviolet radiation which is responsible for nearly all the photolysis of silver chloride. Evidently there is some additional mechanism operating that caused this object to be sensitized to light of longer wavelengths. I propose that a likely candidate for this mechanism may be the Becquerel Effect.

The Becquerel Effect

Pure silver chloride exposed to light with some UV content rapidly acquires a dull violet or lilac colour, due to the photolytic formation in the interior of the crystals of a small amount of colloidal silver, which has an absorption band centred at 550 nm.
 Thus a pathway is provided for the absorption of energy in the middle of the visible spectrum, thereby sensitizing the host lattice of silver chloride to light of longer wavelengths. Further exposure to visible light only can then cause continuing photolysis, even in the absence of any UV or blue component.

This phenomenon of panchromatic sensitization of silver halides by embedded colloidal silver particles
 is known as the Becquerel Effect,
 named after its discoverer
 in 1841. It was observed by Talbot himself,
 and was later made use of by Abney;
 and others
 to record the red, and even infra-red, end of the spectrum photographically before the invention of panchromatic emulsions sensitized by organic dyes.

A nineteenth century chloride-fixed photogenic drawing will, almost inevitably in the course of its 150 year history, acquire a characteristic lilac ‘veil’ of colloidal silver in its higher tonal values because only a brief exposure to daylight suffices to impart this. The susceptibility of photogenic drawings to fogging, even under completely UV-free illumination, then becomes comprehensible through the operation of the Becquerel Effect.

Experiments on Simulacra

As an experimental test, simulacra were prepared by salting and sensitizing paper using methods similar to Talbot’s. Exposure to a UVA light under a step tablet provided a range of print-out densities, and the image was fixed with saturated sodium chloride solution, (32% w/v) without washing in water.

Specimens were examined by reflectance densitometry in a spectral array densitometer at Kodak Research Laboratories, Harrow, England.
 The instrument can make 100 density readings, at three (RGB) wavelengths, in 33 seconds, recording the density values to three decimal places; thus very sensitive density/time curves can be plotted.

The unattenuated illuminance of the sample was 600 kilolux, from a tungsten source with a colour temperature of 3100K. The optical path included a 12" fibre optic; the incident illumination therefore contained no radiation below 390 nm in the ultra-violet nor above 700 nm in the infrared. Several experiments were performed with differing incident illumination and sampling conditions.

Results

In a typical result, measuring the blue component of the light to which the red-brown image is most sensitive, the plot of density versus time
 displays a rapid initial density rise of about 0·03, then falls back to a small, almost linear rate of increase. The timespan of such an experiment was approximately ten minutes, and yielded quite a precise value (± 2%) for the rate of fogging.

In a less precise experiment it was found possible to measure the rate of fogging in such material within half a minute, thereby causing in it a total density change of only 0·02 during the entire experiment, which is not much greater than the JND. The experimental price to be paid for such ‘practically non-destructive’ testing is, of course, a worsened signal-to-noise ratio, but high experimental precision is not required when the ultimate objective of evaluating the TEL need only be within an order of magnitude for the purposes of curatorial decision-making.

If the rate of fogging of photogenic drawings can be measured without inflicting a darkening of more than one JND, then the door is open to the possibility of interactive testing of original material without violating the ethical principles generally accepted for its conservation.

Evaluation of the Threshold Exposure Lifetime

This material was found to incur a substantial reciprocity failure due to the high intensity of the illumination. By inserting neutral density filters, it was possible to extrapolate the value of the rate of increase of density with time to an illuminance of 60 lux, where reciprocity failure is negligible; the rate was then found to be approximately 10-6 s-1. Assuming a linear density/time dependence for small changes, it follows from this figure that the TEL is about 3·3 hours. This experimental result is in good agreement both with theoretical estimates and the observation of the ‘Case History’.

Demonstration of The Becquerel Effect

To test whether the Becquerel Effect was operating in this material, a yellow filter (Wratten #4) was inserted in the path of the incident light. Despite the removal of all the short-wavelength light below 470 nm, the rate of fogging only dropped to one half of its previous value - a clear demonstration of long wavelength response in the residual silver chloride, which in the pure state is only sensitive to wavelengths below 420 nm.

Aspects of Conservation

Stemming from the theoretical and experimental findings outlined above, the following conservation issues are put forward as possible topics for further debate.

The Question of Exhibition

These results effectively destroy the hope that chloride-fixed photogenic drawings might be safely displayed under carefully filtered illumination, while maintaining good colour rendition. They may even be at risk by prolonged exposure under yellow or red photographic safelights. All exposure of this material to light should be absolutely minimised. Its vulnerability provides a compelling argument for a program of very careful copying and digitising of the originals, to ensure the future availability of these historic images.

In spite of statements to the contrary,
 it appears that the Becquerel Effect does also occur in silver bromide,
 probably with an even greater long-wavelength sensitivity than that of the chloride, so similar strictures should apply to bromide-stabilised prints, which was also one of the fixation methods used by Talbot.

In silver iodide, the occurrence of photolysis is totally dependent on the presence of sufficient halogen acceptor, and does not proceed in the presence of excess iodide ions. The conspicuous stability to light of the yellow high values of an iodide-fixed photogenic drawing or calotype tends to confirm this view, so these objects may well prove to be more resistant to fogging by light. However, there is the converse risk with iodide fixation that the shadow tones of such photographs may be bleached by light.
 More experimental tests on simulacra need to be made before any original photographs are put at risk.

The Danger of Densitometry

Monitoring the condition of particularly vulnerable items by periodic densitometry might appear to be a desirable conservation practice, but this too holds dangers for unusually sensitive Photogenic Drawings, because the light sources in commercial reflectance densitometers are very intense (in the order of 100 to 500 kilolux) and may cause a significant darkening of the area of object illuminated (usually about 5 mm in diameter) during the time of taking a measurement. An experimental test of a simulacrum of chloride-fixed photogenic drawing paper in a standard commercial reflectance densitometer (manufactured by X-rite) showed that a 10 second exposure in the densitometer could bring about a density change of 0.01, which is equivalent to the entire Threshold Exposure. Within two minutes of exposure, a very distinct dark spot was formed on the paper.
Photographing Light-Sensitive Prints

Exposure by electronic flash only irradiates an object to the extent  strictly needed for the correct exposure of the photographic copying film in the camera. Flash illumination must therefore be less deleterious than photoflood bulbs,
 provided that certain precautions are observed. The flash light source must be scrupulously filtered so that it has a negligible UV content and, in setting-up the object for copying, it must not be subjected to prolonged illumination by the modelling lights commonly provided in flash heads. The best protocol would be to conduct the setting-up on a ‘dummy’ object.

The flash exposure is also favoured, as causing less relative damage, by the high-intensity reciprocity failure that has been observed to occur in chloride-fixed paper.

The total light exposure of an object being photographed by flash can be calculated approximately from the copying film speed, S, in ISO (ASA) units, and the camera lens aperture, A, expressed as the f number setting, using the remarkably simple formula

Exposure = 200A2/S  lux seconds

Obviously exposure is minimised by using fast film and wide lens apertures. For example, if 100 ISO (21 DIN) film is used with a lens aperture of f8, the exposure to the object is calculated to be 128 lux seconds. This figure is in broad agreement with the exposures estimated by direct measurement of the output of electronic flash units.
 It may be compared with the Threshold Exposure for chloride-fixed material of about 500,000 lux seconds. 

In contrast, at a copying easel lit by photoflood bulbs the typical illuminance is likely to be in the range of 1,000 to 10,000 lux.
  The TEL for a chloride-fixed photogenic drawing under these conditions would then be between ten minutes and one minute, respectively. Very careful protocols must be observed if photogenic drawings are to be safely copied by this method. The use of a relatively low level of illumination (500 lux), necessitating slow shutter speeds, offers the possibility of not irradiating the object for a time much longer than is absolutely necessary for the photographic exposure. A closely related question is raised by the light sources used for copying images in digital form; some of these scanning procedures can last several minutes, thereby exceeding the TEL for a photogenic drawing.

Appropriateness of Wrapping Materials

Photograph conservators will be familiar with the concensus, expressed in publications specifying the currently recommended practice,
 that wrapping materials for photographs should be unbuffered, without any additional ‘alkaline reserve’ of calcium carbonate. The view that alkaline buffer is deleterious to photographs has led to the development and wide adoption of the well-known paper, Atlantis Silversafe Photostore, as an unbuffered wrapping paper especially for photograph conservation.
 Its specifications of purity are excellent, especially in regard to the low level of sulphur, the absence of lignin and the use of a neutral sizing agent.

However, the argument for unbuffered paper seems to derive chiefly from the need to suppress the alkali-accelerated Maillard reaction
 in the protein binder layer of albumen prints. This layer is absent in salted paper prints and photogenic drawings. Moreover, it is chemically certain that molecular oxygen of the air is a more potent oxidising agent under acidic, than under alkaline conditions
 Silver images are more susceptible to aerial oxidation within unbuffered enclosures, so the use of alkaline-buffered wrapping paper for salt prints and photogenic drawings should not be lightly rejected. An experimental study which re-opens this issue is a welcome recent development.
 which, it may be hoped, will soon resolve this question.

Oxidative degradation of the colloidal silver in a plain paper photograph is aggravated by any increase in its physical access to the atmosphere. A close study of Talbot prints that have been mounted in albums, shows that the ingress of air has been a factor contributing to their fading.
 There is therefore a good case for using non-porous wrapping materials, such as archival polyester sleeves
, which effectively exclude the atmosphere without risk of adhesion to the print surface in the absence of a binder layer.

The Coating Weight as a Crucial Factor

It is widely understood that the vulnerability of early photographs is in part due to the high ratio of surface area to volume that accompanies the small particle size of the colloidal silver image. It is, perhaps, less widely appreciated how small is the absolute quantity of silver constituting such an image. The coating weight of silver in a salted paper print or photogenic drawing is shown, both by calculation
 and analytical measurement,
 to be less than one tenth of that in a modern silver-gelatin paper. Colloidal silver has a much higher covering power than the micron-sized particles of a modern silver image. The relative destructiveness of a small amount of hostile impurity, e.g. thiosulphate ion, towards colloidal silver is then so much the greater:

2Ag +  S2O32– Ag2S + SO32–

The optical extinction coefficient of silver sulphide is about one thirtieth of that of colloidal silver, so the loss in optical density on sulphiding such an image is very large. This resolves the seeming paradox that, while sulphiding can be used to protect a modern silver image, it can almost obliterate an historic one.

The Ethics of Interactive Testing

The primary justification for experimenting on a precious photograph must be to inform curatorial decisions concerning the balance between preservation and access. The difficulty of distinguishing between the preparative methods used for the earliest photographs, and their widely variable nature, make any generalizations uncertain. If a curator wishes to know with complete confidence what is the sensitivity to light of a particular early photograph, there is no alternative to directly probing the object in question. Such probing would, of course, cause ‘damage’, which is the price to be paid for the information. It is one task of conservation science to find ways of minimising this price. The situation ethically is not unlike that of using the technique of biopsy in medicine.

The process of measuring the light sensitivity of an object is inevitably accompanied by a change in the optical density of at least some small part of it. The aim of a feasibility study should be to determine what is the least density change, over the smallest area, that it is possible to measure with modern technology, in order to obtain a sufficiently meaningful result. It is then a curatorial decision as to whether the infliction of such an ‘ever-so-slightly-destructive-test’
 on the object is ethically permissible in the best interests of conserving it.

Instrumental Considerations

As a starting point for debate, we might take the threshold of perceptibility as an upper limit for the optical density change that could be regarded as ‘tolerable damage’. To obtain such a measurement with a precision of about 10% (quite sufficient for curatorial purposes) an instrument is required that can record density changes with a precision of 0.001 units over a relatively short time span.
 As was shown in the experimental tests, this can be achieved with modern instrumentation. It is desirable also that the measurement should be made over as small an area as possible, with a radius, say, of 0.5 mm. With such a small sampling area it is essential to consider the possible effect of image granularity on the statistical uncertainty of the measurement. I am indebted to Arthur Saunders
 of Kodak Ltd., for drawing my attention to this point; a calculation
 making use of his theoretical treatment shows that the probable grain size in Talbot’s photographs is so small that a sampling area of this size would not introduce problems of statistical error.
An instrument to accomplish this measurement would be a time-resolved microdensitometer, operating in reflected light of known spectral energy distribution and known illuminance, sufficient to cause a maximum density change of 0.01 in a typical photogenic drawing within minutes. The instrument could also be equipped with a failsafe device to switch off the light source when the density change reaches 0.01. An advantage of the continuous measurement made in this way over the periodic densitometry that has been employed for following the deterioration of other types of photograph, is that there is no need to register and re-locate the sampling area under the densitometer head by means of templates, thus eliminating a potential source of error. This ‘advantage’ is, of course, only a consequence of the extreme sensitivity of salt-fixed photogenic drawings to light, in contrast to the robustness of most other types of silver photograph, which have been fixed by thiosulphate.
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