[image: image13.wmf]When a lens focuses in space it 

actually sees the concave side of a 

hemisphere and not a flat plane. 

Simple optical lenses

would also try to project 

a curved plane  on the film, 

but that would not create an image 

that was evenly sharp on the film.

The rectilinear lens in the camera 

attempts to flatten out this projected 

image.  But in doing so forces some 

barrel distortion on the projected image 

much like a flat map is a distorted view 

of the surface of the planet (though that 

is reversed into “pincushion” distortion 

The result is a nearly flat projection 

which focuses on the film plane but is 

also distorted.  Cropping at the camera’s 

window fools us into not seeing the 

distortion except in wide angle lenses 

where it is extreme.  But it is always 

there.

When these distorted images are overlapped, as in the illustration above, you can see 

that the alignment varies with the distance from the edge but is never exactly lined up.  It 

is this problem that must be solved in order to make truly seamless images stitched 



IT’S IN THE GLASS: 
What is the Difference Between One Lens or Another 
By

N. David King
A

nyone looking at purchasing goodies for their camera to help improve their photographs has heard the adage that the main thing to consider first is “the glass,” i.e. the lens.  The reason is that the lens quality is a major factor in all photographs whether they are on a camera designed to use film or a digital chip.  This is, however, especially true for digital.  The reasons are explained in detail in a number of books and articles including my own book, “Thinking Digitally.”  In the digital realm, not just resolution per se but how the lens directs its projected image toward the chip has a major effect on final image quality.  But even in the film world, different lenses of varying quality make a significant difference in final image quality.
“Well all righty then,” you say.  And then, following a moment or two of thinking about it… “So what lens should I get?” you ask.
Ah, I’m so sorry to have to tell you this, but there is no simple answer.  You’ve probably noticed that almost all of the manufacturers seem to have an array of various lens “series” with, of course, differing price structures.  So what is it all about?  Why would a photographer want one lens over another of the same focal length?  Do the more expensive lenses produce images of sufficiently improved quality to justify the additional expense?    
For the independently wealthy it makes no difference: buy the best you can: it’s hard to go wrong with a very good mega-buck lens.  But for the pro that has to make a business case for equipment purchases and the student scraping pennies for the next purchase, the answer is important.  And even for the person who can buy ANYthing, what, for their needs, is really is the best?  One person’s unacceptably soft lens might be the perfect tool to render another’s vision.  And does a price tag really tell you which is best or is it just hype and brilliant marketing?

Unfortunately, as is the case with questions about most complex systems, the answer is… “It depends.”

Oh that’s just great, huh?  So, OK, what does it depend on?  
I’m so glad you asked or I’d have nothing to write about.  And that would mean (bad news) I’d have wasted both of our times with this first introductory page and (good news) though meaningless it was mercifully short.  But, fortunately, the complexity of all the issues upon which an answer depends also provides the photographer with a large number of variables that can help him create images with very different optical renderings.  And that means that selecting a lens, as a tool, is every bit as flexible and dynamic as, say, a painter selecting a brush.  So though I’ll sometimes continue to use the term “quality” out of habit to mean a lens getting closer and closer to optical perfection, in truth “quality,” as a judgment, ought to be related to whether or not the appearance of its rendered image comes close to matching your pre-visualized intentions for your subject at hand. 

The final quality of a lens, that is, how the type of image it is capable of projecting on the light sensitive media, is a product of several major characteristics; some optical and some mechanical.  Among those characteristics of primary interest to the photographer are, (in no particular order since they are ALL important and all have an influence on the result):
· Durability and Build Quality
· Resolution
· Contrast

· Color Fidelity

· Distortion

· Flare Characteristics

· Size of Image Circle/Vignetting
· Angle of light striking the medium

· Light transmission quality and accuracy
· Aberrations
· Bokeh

· Quality Control and predictability of quality
· Ergonomics

· Personal Need 

Wow, that’s a lot of issues to consider.  Lenses are not the simple things most beginning photographers imagine.  Usually at an early stage in our photography we think the camera body is the prime thing and the lens is just some hunk of glass stuck on the front to crop a picture in a particular fashion.  That camera body is the part we handle and fiddle with and it often is the most expensive part.  So it is reasonable to assign it the highest priority.  And it does play a part… but other than the ego association of brandishing a particular brand logo, not a very big one in terms of the final image.  
But when you get down to where the rubber meets the road, or, in this case, where the image meets the medium, the camera body does nothing except hold the film and open a pathway for the light to travel to hit that film.  The thing that truly matters in terms of the quality of the image is far less the camera body… and far more the lens that is projecting the light.  Thinking the camera body is the most important thing would be like saying the steering wheel is what makes a sports car handle well.
OK, one more question to deal with up front before we get to the heart of the problem, and this one is probably the most common —and the simplest of all.  “Why Bother?”  Why can’t I, as a photographer with over 35 years of professional experience and a teacher of workshops and seminars since the late 1970s simply cut to the chase and tell you which lens or lenses you should buy and be done with it.  Who cares about all this technical mumbo-jumbo, you just want to be artists and get on with making art and what on earth does this all have to do with that?  Just tell you a brand and even, better yet, a brand, model, and focal length that will guarantee your success and quit fooling around here.  Surely, the sentiment goes, better is better, so just tell us the best one and forget about this list of arcane nonsense; we just want to use a lens not make one... characteristics indeed; what will give us the best pictures?

The problem with that question is a lack of understanding about the making of art.  Despite the occasional stroke of great fortune, accidents are accidents.  And artist may have plenty of failures but art is no accident, it is not a fluke, it is the embodiment of the artist’s emotional response to a subject brought to life through a mastery of their tools. When I was starting out and in art classes, we of course were introduced to brushes of various sizes and shapes. But it was also important to know that brushes of various materials, whether of sable, camel, boar, armadillo nose hair, or unborn linoleum, all laid down their charge of paint in different ways.  And those various ways were options we could use, if we were aware of them, to help make the finished painting the product of our unique visualization, not something that came out as it did because we didn’t know any better due to our ignorance of our available tools.  

A wonderful coming together of our mind, our heart, our spirit, our emotions, and all of our experience and associations creates on the canvas at the back of our eyes an image of the work we wish to create.  All of that is internal whether the art to be made is a painting, a sculpture, a piece of music, or a photograph.  But to make it real we have to use things we can hold in our hands and through which we translate that vision into some tangible piece of new reality that expands the world around us both for us and for those who view or hear our work.  And to be true to the vision we must so master those tools and their uses that the application takes place almost on a subconscious level, as if someone ELSE’s hands were holding the brush, stroking the keys, setting the aperture and all we were aware of was the aesthetics being demanded of us.
To think that artists, real artists, do not so understand the variations of tools available to them so they can reach for the right one virtually without conscious thought is to completely fail to understand both artists and the art they create.  Yet, for some reason, photographers, whose technical underpinnings are greater than virtually any other art form, are also the ones who seem least aware of the importance of them and of the understanding of them.  Perhaps it is a resistance to things that appear “un-artistic” and not creative.  But it is a resistance founded on ignorance of the process of art making.  

Can art be made without this data?  Of course.  But it is art constricted in vision by the limits of the artist’s knowledge as is all art.  This is a willful constriction made out of either laziness (“Oh I don’t have time for that stuff!”) or ignorance (“Art can be made with anything so I just use what I have.”) but no matter how vast your vision you cannot express it in a way greater than your mastery of the tools at your command and disposal.

And without knowledge of foundational principles you will be easy prey to every salesman or even teachers whose knowledge is only from a lifetime learning how others did it, and your own art will suffer or be crippled by it.  Just as various brush materials and constructions lay down paint in different ways, so do lenses of various materials and construction project light on film or chip in different ways.  And just as there is no “best brush” in the sense that you just buy that brush and art magically appears before you on your canvas, there is no best lens that you can buy and ever thereafter watch in awe as art magically appears in your photographs.  
I know all too well this simple one-size-fits-all answer is what some want but, and not to put too fine a point on it, it ain’t gonna happen, Bucko.  

So, now, let’s look at each of these characteristics.  Each will be considered as if it were the ONLY issue.  You need to be aware that in reality there is heavy interdependence among these items and that the aesthetic look and feel of an image rendered by a given lens is most often the result of the interplay between these characteristics, not one single (or simple) thing.
Ok, let’s get started down the list… 
Durability and Build Quality
We’ll tackle this one first because it is the first thing you see and feel when you pick up a lens.  How well is it made?  How solid does it feel?  Does it rattle when lightly shaken; do surfaces mate to one another evenly, is the surface treatment even and the lettering clear and distinct; is it metal or plastic?  

The issue here really boils down to how well will the lens stand up to use—or abuse—as you use it.  There is really nothing wrong per se with using a modern high tech plastic for a lens barrel.  Some new polymers are stronger that steel.  But are they stronger in ways that matter to you the photographer?  Plastic/polymer lens housings rarely have the rigidity and abrasion resistance of a metal lens housing, especially where, on the inside, metal gears and focusing mechanisms slide on or impact them.  But does it matter in your shooting?  If you use the lens only once in a while and keep it safely in a case and never ever drop it, it will likely never wear out no matter what it is made of.  
If you use a lens heavily on a daily bases, or are prone to dropping things, then you probably need a lens designed for rougher handling.  Of course if the next step up the series chain to a metal lens is several times the cost of a plastic one, you have to consider how often you could replace the plastic lens and still be money ahead. And, you have to determine for your needs and vision, can the softer material, no matter how precise the initial machining, hold to those critical tolerances to adjust lens element and group distances as would a metal housing through the number of focusings or zooms you would likely ask of it?
So by itself, the material in the barrel does not necessarily equate directly to the final image quality the lens can produce.  But often the use of cheaper materials reflects a manufacturing philosophy that does get reflected in the image quality.  At the very least it would put the wary buyer on notice to look deeply into the other elements to assure themselves it is OK.  And if other build quality issues are apparent on the surface such as poor fit or finish, just a generally “cheap” feel to it, then unless after testing it exhibits exactly the image characteristics you desire, I’d strongly consider looking elsewhere.
But there are other functional questions in addition to simply how well parts fit together. How smooth and fast is the focusing motor on an auto lens?  How smooth is the aperture ring and how fast and consistent is the shutter if the lens has one inside.  For zooms, how smooth is the zoom mechanism or is it so loose that if you aim the lens downward the weight will zoom the lens on its own.  For manual focusing lenses, is the ring smooth to operate or does it jerk in increments making fine focusing difficult or impossible?

Look again and very closely this time.  Do seams match up? Is it sloppy or tight and smooth?  Can you see glue residue around the lens elements?  Some of these things only will relate to long-term durability but others relate to the image quality of the photos you are trying to take with the lens.  And many relate to how easy the lens will be to operate in fast shooting situations or situations where looking at the lens to make adjustments because you cannot find or easily turn something will probably result in losing a shot.
Resolution

This lens characteristic deals with how fine the detail is that the lens can distinguish and then project onto the medium (film or chip).  Normally for most work “the finer the better” is the rule, but for some aesthetic visions it is not; only you can decide that.  
The ability of a lens to resolve fine detail was traditionally measured in line pairs per millimeter (lp/mm) and, obviously, the more the better.  Using modern computer analysis, the lens’s ability is now more often measured by an MTF curve (Modulation Transfer Function) which tends to view contrast between smaller and smaller lenses as a means of measurement.  It sometimes also gives a “line pairs” result but now in radians.  Don’t know what that is?  Don’t worry, because again, the more the better.  
In one pass the MTF analysis can tell you how easily one black line can be distinguished from one white line, and also, by how much.  Look at the two figures below.  The One on the left (Figure 1) represents the real world target; Figure 2 represents the projected image of that target onto a medium such as film or chip. 
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Fig. 1 : object
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Fig 2 : image

	
	


Any optical instrument including a camera lens aims at what, stripped of its narrative and lyrical image descriptions is simply a pattern composed of alternatively dark and bright areas: that is, after all, how we distinguish form, substance, detail and texture.  It is also how we judge focus, i.e. by determining how quickly the light turns to dark or vice versa compared to the subject being photographed.  
To test the lens’s capabilities we give it very specific bars of light and dark (Figure 1) (the actual target) whose spacing is variable.  Here we are looking at a specific frequency, that is, spacing of light and dark. When the lens is focused as well as possible on the target, an image of the original pattern is projected on the medium (figure 2), but, as you can see, the edges of the bars are less sharp and the contrast is weak.  Blacks became dark grey, whites became light grey.

The ratio (“function”) of the contrast of the image (Ci) to the contrast of the pattern (Cp) (i.e. the “modulation” of light to dark) is an indication of the quality of the retransmission (“Transfer”) of information by the lens being tested.  Plotting a curve based on different frequencies of black and white lines creates a good means of comparing this characteristic between various lenses.  Even if someone does not know precisely what those numbers mean, it is still easy to read the “bottom” line and tell which lens has better resolution and contrast.

In a perfect world, this ratio would be 1; i.e. the projected image would be identical to the target object. Unfortunately, the physical laws about diffraction rule that at the focus of an optical instrument, the image of a light point being rendered onto the medium is no longer a point but a figure whose size is not infinitely small. (The more out of focus that point is, the larger that figure is.  It is from this increase in size that we can work out depth of field issues based now on what the human eye can resolve.)  
This means that even a so-called “perfect” optical instrument is physically incapable of retransmitting the information with absolute fidelity. The ratio Ci/Cp must always be less than 1.  However the closer to 1 the better the lens.
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The curve above represents the value of the contrast ratio according to the spacing of the pattern bars, for a perfect lens with no obstruction. When the spacing (Spatial Frequency or “F” for the science nerds) is very large (small spatial frequency), the lens projects (‘retransmits’ to the scientifically inclined) the information with a good accuracy: the ratio is close to 1 (left end of the curve). Then, when the spacing decreases (the spatial frequency increases), the contrast decreases (central part of the curve). Finally, when the bars are very thin (high spatial frequency), the lens is now incapable of separating them: the image is uniformly grey, without any detail (right end of the curve). The resolution limit of the lens is now attained.  This is “Fmax” in the equation below.  
Now it gets into an area that you can see just looking at the lens compared to others (all other things being equal…which of course they almost never are).  This maximum frequency (Fmax ) only depends on the light wavelength () and the diameter of the lens (D),  resulting in its value in lines pairs per radian.
Fmax = D/

This limit of frequency increases if the wavelength decreases. It also increases if the diameter of the optical instrument increases. The following figure shows the MTF (Modulation Transfer Function) curves for two “perfect” instruments when the diameter of the smaller one of them is half of the diameter of the larger. The largest lens—just like a larger telescope— is able to show thinner details.   In the chart below, the theoretical limit of resolution of the larger lens is twice the frequency limit (or twice the lp/mm) of the smaller one.
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Of course when we are talking about the lens’s maximum capability we are talking about the image at the exact center of the projected image.  But it is also important for the photographer, especially those filling the frame with detail such as a landscape photographer or an advertising photographer, to determine how well the resolution found in the center where it will be at its best, continues to the outer edges of the frame.  To minimize enlargement of the finished image the photographer tries to maximize the medium’s “real estate” in capturing the image.  But if filling the frame means it will be noticeably softer at the edges than in the center that may not be acceptable for some while it is precisely what the doctor ordered for others.
So what causes a lens to give greater resolution and produce a better MTF curve?  Several things.  One is the design itself, i.e. how do the various elements and groups work in relation to the others to collect and project the light from the subject.  Some lens designs are legendary and often copied such as Carl Zeiss’s “Planar” and “Sonnar” designs which have proven so successful they are still in use after nearly a hundred years.
	The Planar® lens by Carl Zeiss is the most successful camera lens design – and, by the way, the most plagiarized – ever created.  Yet far from being a product of computerized design, this famous symmetric lens design was invented by Dr. Paul Rudolph at Carl Zeiss in 1896. The design provides the lens designer with numerous means to correct aberrations extraordinarily well. And its performance is very constant over a wide range of imaging ratios.
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Basic Planar Design as used for Hasselblad lenses.


The basic Planar design is an ideal basis for high-performance lenses with great color correction, high speed, flat image plane (this is where the name comes from) and low distortion. The Planar design is also the usually uncredited basis for nearly all professional "workhorse" lenses on earth, and for the fastest lenses ever created.
Another issue effecting image quality is mechanical, that is, how do the pieces all fit together.  Where one element is in contact with another, how precise is the grind on both surfaces to assure an exact mating of glass-to-glass so that the result is as if it were a single element?  If air spaces are called for, are they precisely calculated and constructed for surface-to-surface distances with no variation in separation or angle from design specifications?
Every time you have a surface with air around it you have the potential for reflection and glare from refracted light going where it really is not intended.   So surface curvatures and grind have to be perfect and the fitting of these elements in the housing (barrel) must be perfect and then the adhesives that hold them all together need to be optically neutral and perfect in thickness.  You will note the repetition of the word “perfect?”  For high quality optics it is not a goal, it is a requirement.
Of course, the glass formulation ITSELF is also an issue.  How well does it transmit light and is it without any flaws or areas causing distortion, no matter how minute? Remember, the lens is a result of taking silicon of one chemical/molecular property or another, mixing it with other minerals for specific characteristics, melting and mixing it, then pouring it into a mould, all without creating differences in the density of the liquid mass or any unevenness in the congealing lump during the cooling process.  Then the rough lens element is ground into its final shape and dimension.  
And here the question is over how fine (or smooth) the lens surface becomes.  Surfaces that, to our eyes and fingers, look and feel identical, can be quite different in their microscopic characteristics.  The smoother the surface, that is, the freer it is from microscopic pores and scratches, (its “scratch and dig” characteristic) the finer the detail it will be capable of rendering and the higher the contrast it can render.  
And, of course, there is the issue of how precise is the resulting lens element in terms of its physical dimensions.  We are talking about many thousandths of an inch off in one tiny spot on the glass being enough to reject that element in a high quality lens. 
But grinding and polishing to such standards is a meticulous and time-consuming process.  The point where most people could not tell the difference by look and feel is actually quite a large number of notches coarser than the “smoothness” of polish acceptable to very high quality lenses.  This is one area of major differences in lens qualities—and lens prices—but does it matter to you?  
At contact print size of enlargements, i.e. 1:1, no one would probably be able to tell the difference between good and excellent lenses.  But at the size of prints, especially large prints, that difference in quality starts to become apparent.  It grows less important as the degree of enlargement diminishes.  Consequently 35mm lenses have greater resolution than medium format lenses which have less resolution than large format lenses.  The differences in their resolution is far less, however, than the differences in degree of enlargement from those various mediums so you will still see more viewable resolution from the larger formats.
But within a given format, say 35mm, there is a HUGE difference in potential resolution.  A high end Canon or Nikkor lens might have, for example, the ability to distinguish 70 or so lp/mm.  But a high end Carl Zeiss lens might be able to resolve over 300 lp/mm.  Of course the Zeiss lens is three to four times the price so do you need it?  It depends entirely on what size enlargements you want to make.   That difference will never show up in 5x7 prints and probably only be visible to extremely close inspection on an 8x10.  But as you get larger and larger then you can see the difference unaided.

Contrast

Resolution is the characteristic most people think of as THE difference between lenses of varying quality, but unfortunately, taken alone does not tell the full story. In the examples above in the resolution section you may have noticed that if you are testing, for instance, based on being able to see the difference between black and white lines, the resolution may be able to discriminate between lines and spaces, but if they are both rendered as just shades of grey they will not “look” as sharp.  This is especially true in digital photography.  This is not a resolution problem but a contrast problem.
This loss of contrast creates an issue of “apparent” sharpness.  But it not only effects the rendering (or apparent rendering) of detail, it effects the rendering of tonalities and whether or not the dynamic range being projected is diminished with highlight detail lost as well as highlight detail; not because of resolution loss, but because the contrast has eliminated its ability to see very subtle difference in tonality at the high and low extremes.

This is very similar optically to the issues of resolution and acutance in film.  Resolution is defined by the grain size in the emulsion, or, more accurately, by the size of the grains that clump together during the development process.  That is why some developers create finer resolution than others (didn’t you ever wonder how, if the grain was the grain how it could be better with one developer than another?).  But acutance is a comparison  about how sharply defined the edges of the grains and grain clumps are.  The less the developer eats away at the edges of the clumps the sharper the image will appear even when the resolution does not change.  At that stage then developer combinations have a major effect on the final image “look and feel.”

There is no direct digital equivalent to the acutance issue.  But a similar issue arises based on how the processor deals with the spaces between photo sites.  They all use a Gaussian blur routine of some sort during the interpolation process but how it is implemented makes a difference between how “sharp” the image looks even though resolution is limited by the number of pixels available. 

Of course this contrast issue with the lens also effects the purity of the imaged color as noted next.  The MTF curve gives some data on contrast as well as pure resolution.  But to see it yourself, you need to look at the results of making images via a proper lens testing chart.
Color Fidelity and Focus
Color Fidelity is how accurately the lens records color.  Of course this is influenced by the medium as well but lenses themselves can influence color. The ideal is true neutrality, (i.e. a neutral gray rendered as a neutral gray without any color influence in it) so the photographer can then decide how to deal with his vision for the shot.  In the commercial world, accurate color is often an absolute requirement so a lens that yields even the slightest colorcast is a killer in shooting transparencies and requires extra work digitally so is to be avoided.  Companies that just spent a hundred grand on logo design often feel it is important that the colors they paid for are represented accurately in their photos.  I know, pretty narrow-minded but that is how it is.
Color focus, that is, the lens’s ability to focus all of the colors in the target image on the same plane (where the film is located would be good) is a result of the lens coating.  This coating slightly changes the refraction of colored light so that the rays of various colors’ wavelengths all focus at the same plane—the film plane (also called the focal plane).  
Older uncoated lenses were often unsharp not because of poor resolution potential in the optics but because different colored light waves were focusing at different places (a natural result of light rays of different colors having different wavelengths) and made the shot look soft.  It is sometimes used on purpose for portraits or other soft focus applications but is normally shunned in commercial and landscape work other than for special effects shots.
Modernly almost all lenses are coated in some fashion to address this issue.  But the simple fact remains that some coatings are better at their job than others are, and some plants are more consistent in applying their coatings, from lens to lens, than others.

For general purpose shooting, “happy snaps” of the family vacation and stuff like that you will never see the difference so paying for it makes no sense.  But if you are doing high quality product shooting where every area and every color must be rendered both sharply and accurately, it is a difference that spells a difference in money going into your pocket… or continuing to go into your pocket.  At that point, paying for the difference becomes a no-brainer. 

Distortion
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All rectilinear lenses have some distortion in the projected image.  The issue is, how much and how much does it increase toward the edges of the image? Wider angle lenses exhibit increasing degrees of barrel distortion (straight lines at the edges bowing outward) while longer lenses exhibit increasing pincushion distortion (straight lines at the edges bowing inward).  Obviously, the less the better.  Often this is solved by having the lens project a larger image circle but that comes at the cost of better optics and more dollars.
Not many beginning photographers are even aware than a ‘normal’ focal length lens creates a distorted image, albeit minimally so.  For most subjects it is not a problem.  Most of beginners shoot their subjects as if sighting with the cross hairs of a rifle scope and there, in the middle of the frame, they may be aesthetically boring but have virtually no distortion.  But as compositional considerations start to be learned and objects start to encroach on the edges of the frame, sometimes it can create issues such as when the edge of a building is very close to frame’s edge and no longer lines up properly.
Flare Characteristics

What happens to light entering the lens that is not part of the image itself or is an unavoidable specular hotspot in the frame? Light from the sun itself, or from other lights in the area of the shot, or reflections of lights or hotspots, indeed any light striking the objective (front element) of the lens from any angle will be captured and refracted into the light stream where it tends to add light to shadows thereby losing contrast and richness in those areas.
But digital is especially vulnerable because the chip’s surface is highly reflective and there is no anti-halation dye to absorb the light once it has sensitized the film.  Instead, light bounces back up into the lens elements, where it further reflects back and forth between element surfaces until it strikes the objective element (the top/front piece of glass) where it is then sent straight back down as if through a big fiber optic tube to start all over.  This is disastrous to a digital image.  To combat it, lens makers have developed aspherical lenses which take the reflection from the objective and aim it off into inner baffles on the lens barrel and keep it from returning to add a blank exposure to the shadows.

However that does not, by itself, solve internal reflections between elements, diffusion in airspace between elements, etc. (which contributes to specular highlights bleeding over onto other parts of the image).  That is minimized by proper design and construction and the application of special coatings.  Unfortunately, cheaper lens manufacturers cannot afford such stuff.
You can minimize this on any lens, good or bad, by using the biggest, longest lens shade you can fit on the lens which will not vignette the image.  That addition alone can make a major difference in the contrast and color richness of your images.  When you see these large bellow shades on the lenses of pros it is not to show off or for image.  In fact they destroy the balance of the camera and are a pain in the nether regions not to mention that good ones are not cheap.  But pros use them anyway because it is one of the simplest ways to improve image quality all by itself.

Image Circle/vignetting/fall off
All lenses of any type and manufacturer are at their best in the center of the projected image circle.  But at the outer edges bad things start to happen.  The projected image gets softer, more distorted, and filled with more aberrations of various types.  And, because of this, it also gets dimmer.  This vignetting is especially obvious as the lens is stopped down to smaller apertures (larger f-numbers).  It is never a good thing.  And as with distortion, the easiest way to solve it is to make the projected image circle larger than needed to cover the frame.  But that costs money to make and then to buy.  
Cheaper lenses just barely cover the image circle and the spherical aberration (see below) at the outer edges tends to make the light fall off noticeably, especially at smaller apertures.  If you always shoot wide open you may never see it.  But if you shoot where you need maximum depth of field it can be a shot killer.

Angle of light striking the medium

This has a greater effect in the digital realm than on film although it does also effect the quality of a film-based image as well.  
In the film world a light ray exposes down through the emulsion until it hits the anti-halation dye layer where it is absorbed.  A light ray that comes straight through the emulsion at right angles leaves a tiny trace in the shape of a figure corresponding to the shape of the lens aperture.   One coming at an angle leaves as line whose length is the leg of the triangle formed by the light ray (the hypotenuse) and the depth of the emulsion.  It is not a big issue but it can effect detail when the negative is used to make extreme enlargements. 
In the digital world it can, however, be really detrimental to the image.  Here is an illustration from my book, “Thinking Digitally,” to help explain the problem.

	At the top we can see that in the film emulsion, even though light strikes at angles it has no problem receiving an exposure anywhere.  But on a digital chip, the tiny photo sites are sunken into wells in the chip’s surface.  How tiny?  Well on the full frame Canon IDs Mk2, there are nearly 17 million of them in a roughly 1” by 1 ½” area.  If the light ray does not properly enter the site it cannot be properly rendered and then its data interpolated by the processor
	[image: image9.wmf]


Digital SLRs commonly attempt to solve the issue by adding another micro lens array over the chip to intercept and refract the light into the sensors but these have a slight diffusion effect.  Digital specific lenses often add another lens set (group of elements) at the rear of the lens to capture and refract light straight at the sensors but at the cost of losing some of the outer areas captured by the lens.  That is not a problem for APS sized sensors but it means they cannot be used on full frame cameras.
And, although this really is a resolution issue, you can also see here why in order to take advantage of the capability of the digital sensor you really need a lens capable of putting its light rays right into those very, very tiny areas.  Many of the older lenses that produced sharp looking images on film simply are not sharp enough to get good quality images on a digital chip.

Light transmission quality and accuracy 

Varying types and qualities of glass allow light to pass through them with varying intensities.  F-stops are only a mathematical ratio expressing the relationship between the diameter of the opening and the focal length.  They take no consideration of the transmission quality of the glass.  This is such an issue where critical exposures are needed, such as in motion picture cinematography, that high quality lenses are measured in “T-Stops” where the actual transmission of the lens is considered.

This is one of the few places where in-camera meters have an advantage because they respond to the light actually reaching the focal plane.  With hand help meters the reading for exposure may not be equal to the actual light being transmitted by the lens and is one of the reasons serious photographers go through the mind-numbing exercise of calibrating their systems in order to bring all of these elements into synch.  

The better the glass the less light is lost in transmission and the more accurate the aperture settings will be.
Aberrations
Chromatic Aberration. 
As noted above, all modern lenses are ‘coated’ to deal with the interesting and maddening problem of light rays from subjects of different colors being of different wavelengths and therefore focusing at different points in space.  But as the light waves are focused away from that (hopefully) perfect center of the image, other things start to happen that are related.
Spherical Aberration.  
This refers to the lens’s ability to project circles of light that are all focused across the image area of the film/focal plane.   The problem is spherical lenses have an incredibly difficult time doing this.  Light rays from the outer edges of the lens tend to focus more tightly (i.e. closer to the lens than the film) compared to light rays in the center.  The effect is both a softness on the outer edges and circles of confusion that are not evenly illuminated.  
Correcting this requires additional lens elements to alter the refraction selectively.  It may sound simple but it is not and is one of the reasons for lenses with so many elements and groups of elements.  A simple single element lens like in the original Lens Baby bets its effect precisely because there are no additional lens elements to correct the main element.  In that case it is shaped to maximize the effect but shape for a single element alone cannot remove it entirely.  

As with most lens defects, the problem shows up more when the lens is wide open than when it is stopped down since stopping down forces the light waves into a tighter bundle making the circles of confusion smaller and smaller until even though they may not technically be focused on the film plane, they are so small that to the human eye they appear to be focused.  

Some lenses (Leitz made a notable example for Leica Cameras) are designed so that you can use aperture to control spherical aberration to achieve a very precisely predictable softness and are much prized by some photographers, especially portrait photographers some editorial product shooters whose style incorporates that specific look.  Landscape and Product/Advertising photographers to the contrary find it unacceptable. 

Bokeh

What?  What the Sam-Hill is this Bokeh?  Well it is derived from Japanese for “Fuzzy.”  But that word is usually transliterated as “Boke” and most Americans, having no clue how to phonetically pronounce such things, make it sound as if it rhymes with “Broke.”  Actually it is pronounced as follows: first syllable “Bo” (as in No) and second syllable “Keh” as in the start of the name Kenneth.

OK, OK, but what is it and how does it relate to lens quality?

Bokeh is a term we have come to use to describe the out-of-focus areas of a photograph—those that are beyond the limits of the depth of field plane.  But, as we shall see, it is often misunderstood.  I’ll try to clear up at least the high spots and… (I can’t help myself) … bring them into focus. (I’m sorry, I’m sorry…)  But seriously…

Aesthetically, we tend to prefer to see out-of-focus areas as soft and without any hard edges or false texture created by large but sharp Circles of Confusion.  To better illustrate this idea I need to call in some outside help.  
The following is lifted from my friend Ken Rockwell’s excellent photo site (www.kenrockwell.com) which has some great technical articles.  Do check it out!
“Spherical aberration means that the discs made by out-of-focus points on the subject will not be evenly illuminated. Instead they tend to have more of the light collect in the middle of the disc or towards the edges. Here are some illustrations:
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	Fig. 1. Poor Bokeh. This is a greatly magnified blur circle showing very poor bokeh. A blur circle is how an out-of-focus point of light is rendered. Note how the edge is sharply defined and even emphasized for a point that is supposed to be out-of-focus, and that the center is dim.
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	Fig 2. Neutral Bokeh. This is a technically perfect and evenly illuminated blur circle. This isn't good either for bokeh, because the edge is still well defined. Out-of-focus objects, either points of light or lines, can effectively create reasonably sharp lines in the image due to the edges of the sharp blur circle. This is the blur circle from most modern lenses designed to be "perfect."
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	Fig. 3. Good Bokeh. Here is what we want. This is great for bokeh since the edge is completely undefined. This also is the result of the same spherical aberration, but in the opposite direction, of the poor example seen in Fig. 1. This is where art and engineering start to diverge, since the better-looking image is the result of an imperfection. Perfect bokeh demands a Gaussian blur circle distribution, and lenses are designed for the neutral example shown in 2.) above.”




 As Mr. Rockwell notes, the problem is that this “good” Bokeh is the result of an optical imperfection in the lens that is placed there on purpose for the sole reason of giving good Bokeh.  Often you will be told that the number of blades in the aperture is what creates good Bokeh, with the idea being that the more the better.  Actually more blades, or curved blades, simply make the Circles of Confusion more, well, circular.  With fewer blades you get polygons whose sides equal the number of blades in the aperture.  This can effect the look and feel of neutral Bokeh but has no real effect on whether it is good or bad.  While that can have an effect on the appearance and shape of out-of-focus points of light it is an entirely different issue than Bokeh.
Quality Control

The permutations of values for these characteristics are enormous and expressed throughout the range of lenses available to the modern photographer.  The old adage “Caveat Emptor,” (Let the Buyer Beware), certainly applies here.  Better quality lens manufacturers adhere to stricter QC standards and controls; others may not be so strict in order to keep wastage and costs down.  When a lens fails the test and is discarded, there is little except the barrel that can be reused so its production costs have to be added to the costs of those that passed.  The price of strict QC has to go somewhere and it does: onto the price of the lenses that succeed.
Virtually any manufacturer of lenses has the potential of creating a truly superb lens.  The issue is what percentage of them are at that maximum state and just how much lower in quality can a lens be and still make it to the sales room?  For years that was the big difference between major and minor brands of lenses.  Computer designs and new production techniques have certainly helped improve the situation but have not eliminated it.  Remember some of the acknowledged top lenses on the market, like Zeiss and Leitz lenses, were designed long before computers were in existence except in science fiction.  Computers have made design faster and allowed virtual testing to speed R&D, but they still work according to optical principles programmed into them by a human.
Take your business to somewhere you can test the lens and return it if it is not satisfactory.  Or take your camera into the store and shoot with the lens then compare it to one you know to be top quality.  You can get some major deals this way by testing 3rd party lenses till you find that extreme if rare good one, but it takes time and a willing seller.  Otherwise stick to the majors.
Ergonomics

Ergonomics as a quality issue?  Well it is indirect to be sure, but it does play a part; sometimes a big part.  How easy a lens is to set?  How comfortable are you with it even without looking?  How well does it fit in your hand and where are the manual controls on it?  All of these considerations end up influencing your speed and nearly instinctive employment of it and consequently, your confidence in it.  If you have to think about where the focusing ring is you have taken your mind off of the subject.  If you have to look to find the depth of field button or lever, you have taken your eye off of the composition and broken concentration.  If you have to switch positions or grip on the camera to operate some function or another your mind has lost contact with the subject if only for a brief moment but it is sometimes enough of an irritation to then cause you to overlook some other issue.
Anything that breaks your connection with the subject and your vision for rendering it creates a qualitative problem vis-à-vis the final image.  So, yes, a lens that is easier for you to use will very likely allow you to take better photographs because it removes itself from your conscious efforts and lets you concentrate more and more on the important visual/aesthetic issues at hand.
Automagical Stuff

One thing we’ve not mentioned so far in talking about lens issues is all of the automatic functions of many of the new lenses, especially auto focus.  Many of the new breed of electronic cameras have an array of automatic features that would have been science fiction a few years ago.  Auto exposure, auto white balance for the digital world, program modes and settings are all appearing even on professional cameras that used to expect the photographer to have some clue as to what they were doing.  

Lenses designed for these cameras often no longer have aperture rings because they are designed to have the camera set the aperture electronically.  Of course with that comes the loss of the depth of field scale that allowed the photographer to have a quick reference point for not only what the estimated depth of field would be, it also allowed them an incredibly simple way to set for hyperfocal distance to get the greatest possible depth of field.

But they also now rarely have footage or metric scales on the focusing rings.  They expect the camera operator (I refuse to use the term photographer here) to use the auto-focus function to find focus and apparently have never heard of the common situation for landscape photography where in order to get the depth of field where you want it you might actually have to set critical focus to a distance where there is nothing for you to focus on.  

Some cameras can talk to the lenses and follow operator eye movements to pick the items in the viewfinder to focus on.  The technology driving these innovations is truly incredible.  And to here some new students talk it is a wonder photographers were ever able to shoot after the horror of having to focus manually.

To entice the operator into more and more reliance on the auto-features the motors that drive the gearing have gotten quieter and quieter, as well as smoother and faster.  If you are shooting something where your main subject is always perfectly in view this functionality may have some real value for you.   Auto focus is also a god-send for people whose eyesight prohibits them from focusing well in the viewfinder.  But for me (at least so far) I’d rather focus the camera on my own.  

So if you need this function then at least look for a lens where it is smooth, fast, and quiet about it.  If not it is mostly irrelevant.  My lenses of choice are often manual ones or ones using an adapter where the auto functions, even if they existed with the body they were intender for, simply no longer work.    

A Few Loose Ends

We’ve covered a lot of ground and presented you with a lot of information even just hitting the highs pots as we have.  But in the process we’ve also made a number of subtle or not-so-subtle implications or innuendoes about lenses that beg to be discussed, at least briefly before we end the discussion with the last item on our list of characteristics. Two in particular are the basis for really common questions 
The “Sweet Spot” of a Lens.  You commonly hear about a lens have a “Sweet Spot,” that is a setting or place where it gives the absolute maximum of its potential quality.  This not only exists but is a term used in several ways.  

First, the exact center of the projected image will be the place where a lens has its maximum resolution and contrast and its minimum amount of various aberrations and distortion.  What sets one lens apart from another is how far out from the center does this sweet spot go?  All the way to the edge?  No, that’s not physically possible, but the closer the better.

There is also a “Sweet Spot” in the aperture setting where the lens’s projected image reaches its maximum sharpness.  Typically this is two to three f-stops closed down from wide open.  Here, what sets one lens apart from another is the degree of degradation that happens the farther one gets from the actual best aperture. 
Zooms versus Primes.  When Zoom
 lenses were first introduced there was a rush to get them as if they would replace a whole bag full of single focal length lenses.  However it didn’t take long to discover that convenient as they were those early zooms were much softer than the single focal length lens (called a “Prime” lens).  
As technology and computer aided optical design capability improved so has the quality of the modern Zoom Lenses.  So now you often read that this or that zoom is as good as a prime lens.  Well, sorry, that is not possible.  The additional lens elements and the mandatory internal movements of them create additional issues that simply cannot be completely overcome relative to a basic single focal length design.  But the question is really not whether or not they are as good but are they as good as you need?  For the photojournalist, sports photographer, event photographer, in fact anyone whose images are going into newpapers or even consumer magazines, or which are not going to be made into great enlargements of say bigger than 11x14, a very good zoom lens (operative words here are VERY GOOD) may be as good as the final product is capable of showing.  And if the career making photos are of a type that would likely be lost while the photographer switches lenses then the selection becomes a no-brainer.
However Zoom lenses provide one more type of “sweet spot” to consider.  At one point in their zoom range they will give the best image possible with that lens.  Usually that point is somewhere near the middle of the zoom range while, conversely, the weakest performance is  achieved at the limits of its range.  So if your shooting does require zooms, I’d suggest you buy zooms with overlapping zoom ranges so you rarely have to work at the lens’s limits.  Again, the higher the quality of the lens the closer to the range limits its best quality will extend.
The Digital Problem

There is a maddening issue with digital progress.  The more photosites crammed on a sensor the smaller they must be.  And that, as we have learned is a problem because if the photo site is smaller than the lenses minimum circle of confusion the image will look soft.  As the ability to cram more and more photosites on a sensor grows lens design and technology have to grow with it or you find yourself in the untenable position of having a very expensive tack sharp lens that was fine on last years camera producing soft images on your new baby.

Some manufacturers rename or renumber lenses when new ones are developed and make a big deal out of it, especially those that just manufacture lenses.  But some camera manufacturers are not thrilled to have you realized you just hocked the farm for a lens last year that will be soft on the new body you just purchased so continually improve their lenses without any outward clue that it is being done.  It will be left to you to test a newer lense to see if it is sharper with you new camera.

Personal Need

And finally there is the greatest “it depends” answer of all.  It depends on what you need.  As we have noted several times, the perfect lens for one application may or may not be all that great for another.  Before you can decide what is the best lens for YOU, you need first to decide what it is you want that lens to do for your work.  And that means you have to have an idea what, at the moment at least, you want your imagery to look like.  If you are not sure yet, then use the lens that came with the camera or one you can afford and start making careful and close analyses of you photos to determine what, if anything, you would like to change about them.  Put another way, what is it in the photos now that seems to impede or confuse the feeling you tried to put into the image?

There is no subtle way to soft peddle this… in many cases the lens is fine and it is YOU that has to change something—and usually something basic, like, getting your exposures correct, setting the camera controls correctly for the image you want, or even simply holding the camera STEADY.  Before you worry about spending another penny on lenses make SURE you have solved those issues otherwise you will be spending money on a quest that can never be achieved because the problem is not optical. 

But sometimes the problem really is optical; sometimes it has to do with the way your lens reproduces the object in front of it on the film plane.  When that is the case, and you are SURE it is the case, then it is time to go shopping for a new lens.  All of this list of characteristics when combined into a given lens are good or bad depending not on some easy to calibrate quantitative measure, but on whether or not they help you realize your artistic vision.  
Think about it; there is probably no worse quality lens on the market than the one in the Holga but it renders its unique image in a way that some photographers have made strengths from its weaknesses and produced stunning imagery.  By the same token, the cheap little “Lens Baby” is designed to be a simple lens purposefully exhibiting some of the characteristics we might normally think of as bad.  Yet it has produced some exciting photographs when in the hands of someone where tool meshes perfectly with vision.

You cannot assign a value, i.e. good or bad or somewhere in between, to a tool until you specify what it is that tool is supposed to accomplish.  And then you need to test lenses for it based on what is critical for you, not what someone else thinks is important.  
So, after all this discussion, is the glass the most important consideration?  Well, no, YOU are.  The camera system is simply a tool set.  It has the sole purpose of trying to render your vision into a physical reality.  But that pre-supposes you have a vision in the first place.  It all starts with you.  You are the potential artist, your camera and any lens made does not and cannot replace that function.  Nor can any glass of any quality make up for bad exposures, or incorrect settings to capture motion or specific depth of field.  Those are completely under YOUR control and even a fully automatic camera does not replace the artist, it simply ignores the issues.
But assuming it is YOU that brings the artist to the table, and that artist in you is interested in wringing the last iota of quality (as defined by your aesthetic vision) out of your tool set, then yeah, I’m afraid there is no way around it:  it is the lens that forms the image—not the camera body.
N. David King/September 2006 

� “Zoom” has been used to indicate any lens capable of providing multiple focal lengths, but a true Zoom Lens will hold its focal at any focal distance allowing you to “zoom in” for optimum focus then zoom our to compose.  Most so-call Zoom lenses used in still photography are more accurately called Variable Focal Length lenses since they do not hold focus as the focal length is changed.
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