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OK

gang, lets get real.  It is 2008.  The technological revolution that is digital photography is moving so fast that the myths and even some of the truths of ten or five years ago or even of one or two years ago are now dust bunnies for the ash can of history.  The Digital technology impacting photography is, in fact, a revolution of astonishing ferocity and it is still only on the leading, bleeding edge.  Where it will end up most of us normal humans can hardly imagine.  Yet the debate still rages over digital photography as if it was still relevant, kept alive by old vested interests and fueled by fear of change and obsolescence.  But in virtually all quantitative units of measure, the race was over some time ago.  Digital won.

How can I say that?  What sacrilege is this to be spoken aloud in the sacred and hallowed halls of photography?  
The “Film will never die!” cry still rings out from some unburdened by an awareness of what is happening to purveyors of film-based equipment and supplies.  Others assert categorically that digital, “just isn’t quite there yet” in a statement more in line with wishful thinking than any real knowledge of the state of the technology.

I propose to challenge those statements.  But first let me also state quickly that although I believe that from a technical quantitative point of view, digital far surpasses all of the capabilities of film I completely understand that there are still photographers doing such things as Daguerreotypes, albumen prints, bromoils, calotypes, platinum/palladium, and even some still doing wet plate collodion processes because those techniques best render that photographers vision for his subjects into a reality.  

Some photographers still shoot with pinhole cameras or plastic toy cameras, not because they are technically better but because the resulting image suits their vision.  They do not try to argue that those old processes or toy cameras are in some way better; they simply like the result better.  In a way those processes and camera ARE better… for THEM and their vision.  But they don’t pretend that real optical lenses “just aren’t there yet” or that metal, light-tight cameras are “just a fad.”
So my question then is why, when a measurably better new process comes along offering far more creative options do some still insist that they will not adopt it because it is in some way inferior?  If you are staying with film because it suits your vision I applaud you for doing it, but only you actually have tried both and given it all a fair shake, and I say this because I cannot think of a traditional technique not capable of fairly close digital simulation in a far less hostile and toxic environment (assuming you would want to do that).  
But artists are not renown for logic so I’d let that small glitch go on by.  However, when someone who has never even seriously worked with it asserts digital is technically inferior then it is time to alert them that their reality check just bounced.  Let’s look at some real, measurable data, shall we?
There are several commonly accepted criteria by which image capture methods are compared.  These are usually the ones pointed to by traditionalist as “not there yet” in the digital world.  Let’s see about that; the criteria are:
· Resolution (the amount of detail that can be captured and displayed)

· Tonal (Dynamic)Range (the breadth of tonalities that can be captured and displayed)

· Tonal Rendering (the  ability to increment subtle changes in tonalities)
· Color Accuracy (how neutrally can colors be rendered)
· Color Richness (how vibrantly can colors be rendered)
· Ease of Creation (how much effort is required to make an image)

· Print Longevity (how long the final display print will last)

So let’s look at each criterion in turn and see how they stack up in the real world.

Resolution

By resolution (which can mean different things in different contexts) we are referring to high fine the detail a given medium can capture and record.  Of course, in the end all mediums are limited by the resolution of the lenses employed, so let’s also take that out of consideration for the moment and ignore that due to other issues with a sensor array, new lenses of higher resolution than for film have had to be created for the digital world.  We’ll also ignore the obvious implication of that need vis-à-vis resolution and just go into the math.
Film can, it is true, theoretically capture finer detail than virtually any lens can resolve because of its microscopic grain.  A single film grain of VERY FINE GRAINED FILM (such as Fuji Provia F100, averages about 2 microns in size.  That is extremely small.

However film is also limited by the developers.  What?  What would that have to do with it?  It turns out it has everything to do with it.  As film develops, the grains tend to clump together.  Some developers minimize this and others exaggerate it but all do it to one degree or another and this film clumping severely cuts back on this theoretical potential.  For a fine grained B&W film it takes 20-40 grains to clump to reveal increments of tonality.  So that actual resolution is not 2 microns but 20-40 microns.  When you look through a grain focuser in the darkroom what you are seeing is grain clumps not individual grains which would take a much more powerful microscope to see.
So how does this stack up against a digital sensor?  On the surface, pretty well I’m afraid.  High end digital cameras can also capture more than most lenses resolve though not as much more as film’s potential.  But again, potential is not reality.  The reality is that a Common 6 Mp DSLR with an APS-sized sensor has photosites of about 6 microns; three times the size of a film grain.  Too bad about that clumping problem with film, though, it changes things.  There is no clumping in digital ala film but, to be fair, Bayer filter interpolation does cut actual resolution in about 1/3 then recreates it back to the original capture detail.  So in practice it can interpolate about 18 microns though it then recreates the pixel mosaic of 6 micron pixels which is finer than any film’s grain clumps however because each pixel can create any tone.    

Of course with larger film formats the grain to image size relationship gets smaller but the pixel to images size does so with larger format digital backs as well.  So how do formats of film compare?  It is commonly accepted in the professional world (given early 2007 technology) that in terms of image quality vis-à-vis detail, without much effort you can easily match:
	Film Format
	Digital Match 

	35mm
	6 Mp DSLR

	645/6x6 MF
	8 Mp DSLR

	6x7 MF
	10-14 Mp DSLR

	4x5 LF
	16 to 22 Mp DSLR

	5x7/
8x10
	16+ Mp MF multi-shot Digital Back, scanning backs


In comparing printed output from top photographers pushing the envelop of their tools, it is clear that chart is conservative and in terms of detail rendered, 35mm can be duplicated with about 5 Mp, 6x7 with 8 Mp, and so on.
Tonal (Dynamic Range) Range

Let’s start with an admission.  Nature, in all of its splendor, is somewhat commonly capable of producing a dynamic range from black to white far beyond the capture range of anything including the human eye.  Even narrowing the range to from deep shadow with barely observable detail (allowing the eye to open widely and admit the maximum amount of light) to bright highlight with barely observable detail (allowing the eye to close down and allow minimal amount of light to enter) and even adding the human brain’s ability to interpret patterns and create the “feel” of detail we cannot actually see, the range is STILL far outside the range any device, film or digital, can capture.

And for the moment we’ll sidestep the digital world’s ability to do HDR (High Dynamic Range” capture via multiple exposures and easily blend them into a viewable image and concern ourselves with just what can be capture in a single frame’s exposure.. 
Capture

Dynamic range can be measured in either Stops or in a Gamma Range.  Here are both so we can be completely fair about it. Film gamma range is measured with a transmission densitometer, paper is measured with a reflection densitometer.
	MEDIA
	STOPS
	GAMMA

	Film: Color Pos
	11
	2.8+/-

	Film: B&W Negative
	12
	2.9+/-

	B&W Glossy (flat)Paper
	9-10
	2.0 – 3.0


So the weak link in the tonal chain for film is the paper.  Just because a negative can capture a particular range does not mean the paper can print it.  Indeed the Zone System and other such technologies were invented precisely to try to deal with this constraint by producing negatives that had a better chance of printing the observed or desired dynamic range.  If that were a perfect solution burning and dodging, split filtering, compensating developers and water-bath processing would be completely unneeded.
So how about digital’s capture range?  

	MEDIA
	STOPS
	GAMMA

	Point & Shoot Digital
	8-11
	<2.0-3.0

	DSLR Digital*
	11-14
	3.4+/-

	High end Inkjet Glossy Print
	10-13
	3.0-3.2

	* Medium Format multi-shot backs can far surpass this range.


The numbers are clear; there is very little difference in this category, certainly not the stuff of grand debates.

Tonal Rendering 
To make sense of this it is important to understand that we have long held a belief about film that is not true.  We call film-based imagery “continuous tone” but in point of fact it is not.  Film is binary: random black silver grain clumps and clear (film) or white (paper) blend to create the illusion of tonal increments.  It is exactly the same illusion created by printing presses and, gasp, an inkjet printer.

To some degree tonal rendering is a function of the size of the elementals involved, in our case film clumps and digital pixels.  The more available over a given gradient the smoother it can be rendered.  We’ve already seen that by the time we get to a print there is very little difference in clump/pixel-to-image size between the two media.  But digital does add an interesting new element to this.  While film clumps are either black (silver) or clear (film base) with no grays, a pixel can be not only black or white, it can be any shade of gray in between limited only by the bit depth of the file.  This “Bit Depth” is a computer specific issue related to the number of “bits” used to define a single tone.  Here is the breakdown: 
	Bit Depth
	# Luminosity Increments*
	# of RGB Colors Possible

	8
	256
	16.7 million

	12
	4,095
	68.6 trillion

	16
	65,536
	281 trillion


                             * Potential shades of gray.
Now when you spread these shades of gray out and blend them with the white paper substrate you increase the potential enormously.  Since human vision can only distinguish about 200 increments, however, this should be OK.  Moreover since human vision is more limited than either film or digital the distinction and debate is interesting academically but from a practical standpoint trying to compare abilities, it is utterly irrelevant.
Color Accuracy

Color accuracy is far more a commercial issue than a fine art one.  Portrait photographers strive for pleasing skin tones more than accurate ones.  Landscape photographers would not be drawn to Fuji’s Velvia film if color accuracy was an issue; it is the feeling and emotion imparted by the scene more than any issue of accuracy that is critical.
But in the commercial world being able to render colors accurately can be critical to a job.  It was always a pain in film.  You had to buy case lots of film and sacrifice a few roles to testing with various gel filters to find the right filter, light, processing that would render neutral colors and you lived with the reality that neutralizing the entire spectrum was often not remotely possible.

With digital it is a bit easier but still requires some efforts.  We can internally filter the camera via custom white balance settings; we can further correct in post processing.  And we can selectively correct/alter areas of color in ways unavailable to film shooters.  

So in potential digital wins this category easily.  However it does require solid color management practices in order to take advantage of the potential capacity.

Color Richness

This is a tricky one due, as noted above, to individual’s varying perceptions of color. Just as in the discussion of dynamic range, no media, either film or digital, can capture the total color range of the human eye.  We “See” color optically/visually in RGB like digital but because of its interaction with our brains, also “feel color” psychologically and respond to them emotionally.  None of that is measurable.  Fortunately comparisons based on look up tables using CIE Lab colors (A system that gives an RGB value for every color that average humans can discern) we have learned that high end DSLR images is roughly equivalent in color rendering to Kodak’s Kodachrome.
Kodachrome was a much prized color film due to its richness and smooth tones.  Its problem was that Kodak never openly licensed the process so it had to be developed in Kodak labs which was a hassle.  Nevertheless, when you wanted the best color, Kodachrome was your film.  And if Digital can look like Kodachrome, what is the problem?
Ease of Creation

After the initial investment in equipment Digital is much faster and cheaper since there is no film and no processing.  You can get to the ‘image’ almost instantly and start working with it.  But although the whine is often heard that digital “makes it too easy” the truth is that to bring an image from a good capture to a masterpiece prints as it transitions from, in Adams’s words from score to performance, requires an enormous investment in skill, effort, and practice just as it did in the darkroom.  You may well spend hours working over an image to get it just right just as you always did.
But then, after you have made the file to your liking digital comes into its own because it allows something only dreamt of in the darkroom.  In the wet lab, your write down or remembered what you had done to create that first acceptable print then tried to duplicate it for all subsequent prints.  It was a workable but inexact process.  However in the digital arena, once you have the file edited as you desire, you can now make as many prints as you want and they will all match perfectly.
Print Longevity

This is the “archival” potential of a final printed image.  For a long time this was truly the Achilles heel of digital.  Because of the types of inks, the chemical composition of the papers’ coatings, lack of knowledge of good mounting practices, etc. digital prints were very short lived.  And in this period the “traditional wisdom” about digital print durability was solidified.  Ah, but times change and technology changes too as we have already noted. 

So what will last longer?  What is more “Archival?”  Answer:  it depends…

First lets examine what “archival” really means.  It is an arbitrary definition of minimal longevity.  To be “Archival” for museum or collector requirements a work of art, properly mounted for display, must resist noticeable fading or discoloration for a minimum of 75-80 years under museum standard lighting of 450 lux of light, 12 hours a day, 7 days per week.  That may not sound like a long time but remember museums rotate their displays so that work that is not truly permanent (like sculpture or oil painting) is given periodic rest periods in carefully controlled storage conditions.

In the photo world, nothing lasts forever.  All of the light sensitive mediums, no matter their nature or processing will ultimately fade.  At the very least, if it is on paper, the paper itself will someday disintegrate.  The question is not, “Will it last forever?” but rather whether or not it will meet certain minimal standards?  So keep in mind that museum standard of 75-80 years.

Wilhelm Research Institute is the current “go-to” source for those estimates for all types of displayable media.  They engage in “accelerated testing” where images are subjected to huge but measured quantities of light then their life span is related to the museum standards and a result is obtained.  At the moment this is the state of our knowledge.

However it has to be stated up front that similar efforts were put into place when the archival rage started for photographs in the 60s.  Accelerated lighting from Wilhelm and places such as Rochester Institute of Technology were undertaken along with some major speculation based on chemical, optical, physics, data and hard fast “rules” were created as to what it took to make a print “archival.”  But RIT took it a step further and set up a very long term test where prints were actually under standard lighting in real time.  A couple of years ago they released their findings from the real time experiments and discovered most of the cast-in-stone rules were simply wrong.  But that is another discussion.  The point is we really don’t know and are only guessing.
Plus, we do now know that although both film-based images (both color and B&W) as well as digital images are attacked by both UV light and atmospheric contaminations, we are coming to understand that the ratios are different.  Silver and chromogenic color are more susceptible to UV while digital prints are more vulnerable to atmospheric contaminants.  However, based on current estimates averaged from Wilhelm and RIT, here are the longevity potentials of various mediums.

	Image Type 
	Potential life span under museum conditions




Film-Based Prints

	Type “C” Color Print
	25-35 years

	B&W RC Print
	50-75 years (is improving with new materials)

	Fuji Crystal Archive Color
	85-100 years

	B&W Archival Fiber
	150-200 years




Digital Prints

	Normal Inkjet Dyes
	5-10 years (Typical non-photo printer)

	Photo  Quality Dyes
	35-45 years

	Hybrid/Pigmented Dyes
	75-100 years

	Pigment Color inks
	150-200 years

	Carbon Pigment B&W inks
	150-200 years.


The result is that there are “archival” prints now possible in both worlds as well as some that are not.  There is nothing here to debate either. 

So let’s add another criterion while we are at it…
Environmental Friendliness

This is truly a no-brainer.  Even counting the environmental impact of the manufacture of plastic computer housings and chips, digital is far more “green” than film.  There are no chemicals with their smell, toxicity, or effect on the sewer system, dilute as it really is.  No selenium (though it is only the power not the liquid that is toxic) no silver nitrates or other bad things to use or dump.  There are no trash issues such as film canisters or boxes or paper backings or plastic bags or light bulbs.
It is probably this factor as much as any other that will effect, especially in a place like California, that will drive educational facilities to one day eliminate chemical labs whether or not the three people in the galaxy still shooting film want it to happen.

And you vegetarians don’t even want to know where gelatin for emulsion comes from.

Conclusions

Well, this shouldn’t be so hard.  What do the “numbers” tell you?  From a technical, quantitative perspective, face it, the debate itself is pointless and in the few areas where there is a clear winner, digital won.  Not just in the commercial world but as regards the needs of the fine art photographer as well.  
But art is not only about brains though that does and ought to enter into it in the sense that whatever tools you have available, if they can allow you more creative options and can better render your vision into a tangible work of art, then that really is what you ought to be using.  For me personally, I believe as Laszlo Moholy-Nagy said early in the last century, “It seems to me indispensable that an artist ought to go to work with up-to-date tools.”   After all, we are not the artists of the 1800s or even of the world of the 1900s.  If you look closely they were always trying to work with the latest, most efficient tools available to them.  So why aren’t we?
Well one legitimate reason is that some tools do not, after all and no matter how much better in a technical sense they might be, render a particular artist’s vision as powerfully as another.  Art is not a function of effort but it is a function of vision and execution.  Ansel Adams also wrote that for a photo to become a work of art the execution has to be up to the vision and the vision is the foundation for the execution.
There are some “looks” that digital can simulate, perhaps even closely, but it is not exact. Infra Red, for example (IR wavelengths can be captured exactly and better with a modified digital camera but it still does not have the grain and therefore the exact look of 35mm IR film) although Kodak recently dealt a fatal blow to that vision by announcing it had stopped production of the film.  But for that and other special supplies or processes if that is the vision then one ought to be using that tool.  Period.
There are other wonderful old emulsions that photographers bring up to say digital can’t match.  That’s true.  But no other film does either and they are no longer made so the point is…?

It is also true that there remain some film looks that cannot be duplicated:  3200 film pushed for intense grain, for example is a unique look.  Old Astro film (no longer made) was a wonderful high speed film.  

But what makes NO sense to me is the attempt to try to make one tool look like another anyway.  The fuss over making digital look like film, for example, is senseless to me.  It is not film.  In my opinion and for my vision it is better suited.  Why would I want to diminish its capacity and constrain its potential for a century-old technology?  Answer:  I don’t.

So why would all of those old myths, like the one in the late 1990s that it would take at least 16 megapixels to come close to matching 35mm quality, prove to be so false so fast?  How could people have been so wrong about longevity of prints?  The answer is that digital photography is not a single technology any more than film-based photography is.  Those late 1990s sensors and processors were first generation attempts to make it all work and the truth is some of those complaints about it were accurate… back then.  
But photographers had never heard Moore’s Law of computing which stated that computational power would double about every two years.  And those that knew it did not realize that this was applying as well to the computers (the dedicated CPUs) in the cameras, to the capture devices (the CCD and CMOS chips), to the computing algorithms providing the interpolation, the conversions and processing, to the new optical technology required for lenses that would work properly, and to the technology involved in outputting those files into something tangible.  All were growing and getting more powerful exponentially.  And in a wonderful symbiosis, the cumulative growth was beyond Moore’s estimation.
As photographers migrated to the new technology and started to see its potentials they started to demand those potentials become realities.  Some demanded film-like realities and others demanded simply that they continue to grow as their computerized brains ought to allow.  Competition among brands drove the growth as one leapfrogged over another in features and functionality to gain market share and that in turn pushed the technology to even faster growth than Moore predicted.
Waiting down the pipe are massive, heat free storage capabilities for noise free operations, plenoptic cameras that can post process focus, amazing new options we can barely image today.  And it is coming fast and increasingly faster as the exponential power increase is realized into products and capacities.  In another ten years we may barely recognize the world as it exists today. 

By the early part of the century two interesting things were happening in photography that are relevant for this discussion.  The first was that film, i.e. a flexible substrate instead of the rigid glass plate, had been invented over 20 years before.  Compared to the ease and functionality of film, glass had nothing to recommend itself to a photographer in comparison except that it could handle a thicker emulsion.  It broke easily, was heavy, required heavy cameras and pack mules to use it.  Film was a light medium, easily loaded, carried, unlikely to shatter… what was not to like?  And yet, the sales of glass plates and related equipment continued well into the 1940s because of a few die-hards who believed that plastic was not a proper medium for the creation of art. (There are still a dedicated band of photographers that keep this process alive and that is wonderful… from a historical perspective.)
The second thing was that the so-called pictorialist approach was still strong and the (yet to be named) “West Coast” approach led by the group f64 was just being created.  The pictorialist school was still smarting from the traditional artists claiming, as Michelangelo had about painting, that photography was but a second rate craft.  A tool, sometimes, for the artist but hardly an art form in and of itself; decorative perhaps but not infused with the emotional quotient of real art because of the technical/mechanical underpinnings.  Of course Michelangelo painted a ceiling that proved himself very wrong.  But the photographers of the day responded by using and developing techniques that made their photographs look as much like paintings and prints such as engravings and etchings as possible. And it never occurred to them to point out the technical/mechanical underpinnings of printmaking.   
Finally f64 rebelled and said, “Wait a minute, why should we not embrace photography as its own art form and make images that are clearly not paintings?”  Ironically they adopted the small aperture to give sharpness everywhere and avoided the one optical effect most difficult to do in paint, which is narrow depth of field.  But we’ll save that for another discussion.  What did happen was they started, for the first time, to really USE photographic technology to free itself from the need to try to duplicate an older art medium.

Yet photographers who, today, would not think of using glass plates or trying to make their photos look like paintings, insist on judging a digital image by how much it looks like a film-based one.  Some things never change.  

So the next time you find yourself lured into the film versus digital debate, demand of the other photographer that they define their perspective.  If they prefer the look of some darkroom based process because it better suits their vision then there is no argument: that is what they need to use.  But from one artist to another and especially since they want to be free to pursue their vision, why would they want to constrain your vision… unless they are among the mentally enfeebled that see art as a competition.

But if they come up with the same tired old news that digital is not as good in some quantitative, technical perspective, now you have the ammunition to toss that argument in the dust bin where it belongs.
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1st Revision, 2007                                                                                                                                             Page 10

