Lenses

The Nimrud lens

The word lens comes from the Latin name of the lentil, because a double-convex lens is lentil-shaped. The genus
of the lentil plant is Lens, and the most commonly eaten species is Lens culinaris. The lentil plant also gives its
name to a geometric figure.!
The oldest lens artifact is the Nimrud lens, which is over three thousand years old, dating back to ancient Assyria.[3]
David Brewster proposed that it may have been used as a magnifying glass, or as a burning-glass to start fires by
concentrating sunlight.[3][4] Assyrian craftsmen made intricate engravings, and could have used such a lens in their
work. Another early reference to magnification dates back to ancient Egyptian hieroglyphs in the 8th century BC,
which depict "simple glass meniscal lenses".[5]

A human eye.

The anatomy of the eye.

A simplified optical diagram of
the eye. Light rays are bent
when they cross from the air
into the eye. (A little of the
incident rays' energy goes into
the reflected rays rather than
the ones transmitted into the
eye.)!

Figure 1: A Camera Obscura
A simple biconvex lens was originally used to concentrate the light of these camera obscuras, but
the field curvature of such a lens is so severe that only the center of the image is in focus. In
1812, W. H. Wollaston found that a meniscus shaped lens provided a much flatter field. Wollaston
was already filthy rich from discovering the process for refining platinum, inventing the camera
lucida, and the goniometer among other things, so he didn’t bother patenting his meniscus lens
and any lensmaker could produce and sell them. Wollaston’s meniscus lens, therefore, became
the lens of choice for the camera obscura of the time.

The First Cameras

Wollaston’s meniscus, while fine for a camera obscura, suﬀered from horrid longitudinal chromatic
aberration: it bent diﬀerent wavelengths of light a diﬀerent amount. This wasn’t too big a deal when
tracing an image on a glass plate, but made it very diﬃcult to focus a photographic image properly.
The very first photographic image, taken by Joseph Niepce in 1822 or 1826, used a camera obscura
with a Wollaston lens, but with an exposure time of 8 hours, focus was not really an issue.
Niepce and his later partner, Daugerre, both bought lenses from Charles Chevalier in Paris (in fact,
Chevalier introduced them). Chevalier’s firm was known for the fine achromatic doublet lenses they
made for telescopes and microscopes. Chevalier originally found that reversed telescope
achromatic doublets produced an acceptable image with much less chromatic aberration. In 1839
he combined the two ideas: producing an achromatic doublet with a slightly meniscus shape, and
the resulting lens, known as the French Landscape Lens, was sold with almost every early
Daugerrotype camera.

Design of a French Landscape lens (left) and an actual lens
(center and right). Note the mechanical aperture wheel. The
aperture was changed by rotating the wheel which had various
size openings.
Chevalier’s French Landscape lens demonstrated that a doublet
of two lenses of diﬀerent dispersion cemented together could
correct chromatic aberration to a significant degree.

Figure 4: Design of Chevalier’s Photographe a Verres Combines

The Prize of 1840

The French Landscape Lens did produce acceptable images for early photographers, but it had a few weak
points. First among these was that the lens was f/15 aperture at its maximum and really performed better
at f/22 or so. Combined with the chemical processes used in the early cameras, exposure times of about
30 minutes in good sunlight were the norm with this lens. That was OK if you had a really good tripod and
were taking pictures of a landscape, but what people wanted were portraits. Unless you were taking
portraits of a corpse (which was done with some frequency in those days, actually), 30 minute exposures
just weren’t cutting it. So in 1840, the French Society for the Encouragement of National Industry organized
a contest and oﬀered a prize for the person developing the best wide aperture lens.
Chevalier was all over this and proceeded to experiment with diﬀerent combinations of elements. He found
if he added a second achromat to the first it would further concentrate light, and apertures of about f/6
were obtained, six times faster than his original lens. In a stroke of brilliance, he also put the second
element in a removable section of the lens so that it could be reversed, changing the focal length
considerably—very nearly a precurser to the zoom lens.

Figure 5: Design of Petzval’s
Portrait Lens. Note the small air
space between the rear elements,
a subtle but significant diﬀerence
from Chevalier’s lens.

Figure 6: Actual
Petzval’s Portrait lens
(small example) next
to Canon 85mm f/
1.8. Note the rackand-pinion focusing
knob.

The Rapid Rectilinear Lens

In the 1860s photographers still used largely the French Landscape Lens
and Petzval’s Portrait lens, along with a number of lesser and not very
adequate lenses. Petzval’s lens was horribly soft in the corners (leading to
the popularity of oval frames), and all the lenses of the day exhibited
distortion, limiting the ability of photographers to capture architectural
images. What they wanted most was a reasonably wide aperture lens that
was free of distortion.
Two separate lensmakers, John Dallmeyer in England and Dr. H. A.
Steinheil in Germany, both solved the problem in identical ways about the
same time in 1866. The lenses used two doublets of diﬀerent refractive
power but similar dispersive power, placed symmetrically around a central
stop (light baﬄe). All the elements were meniscus-shaped with positive
elements in the center and negative elements away from center (A number
of similar lenses had been tried, but with the order of those elements
reversed.).

Design of Rapid Rectilinear Lens

A Rapid Rectilinear Lens next to a Canon 5D
(above) and disassembled showing the two
identical glass elements (below).

The Lens Family Tree
The Petzval Portrait lens

Advantages: Excellent center sharpness at fairly wide aperture, low vignetting.
Disadvantages: Marked astigmatism and field curvature limit it to a fairly narrow angle of view.

A mensicus lens (left) and an achromatic doublet

History: Designed before 1850, it was an amazingly
important lens and the mainstay of portrait
photographers for half a century. Relatively few modern
photographic lenses can trace their lineage back to this
lens. However, Petzval-type lenses were used in the
majority of slide and movie projectors until the 1950s.
They were also was the basis for the Kodak f1.9 Cine
lens, used on thousands of Kodak 16mm movie
cameras, and some moderate telephoto lenses based on
the Petzval design made until the 1950s.

The Symmetrical (Rapid Rectilinear) lenses

Advantages: A symmetrical design provides almost
complete elimination of distortion, coma, and lateral
chromatic aberration.
Disadvantages: Have a tendency to have spherical
aberration, field curvature, and astigmatism which
usually limits them to moderate aperture (f/2.8 or
narrower). Even at moderate aperture, modern lenses
based on this design require additional elements to
correct these aberrations, sometimes making
symmetrical lenses complex and expensive.

Lenses developed from the Rapid Rectilinear

The Double Gauss Lenses

The Double Gauss lenses rely on symmetry to flatten field curvature and
reduce aberrations, but combine positive and negative elements, all
bent in a meniscus towards the center and containing spaces between
the elements rather than cementing them together.
Advantages: The doubled elements allow wider apertures than most
other lens types, especially when made unsymmetrical. Double Gauss
lenses generally have little field curvature or chromatic aberration.
Disadvantages: They do have a tendency towards oblique spherical
aberration and astigmatism. In their original versions they didn’t have
very good resolution.

Derivatives of the Double Gauss Lens

Double-Gauss lens - Wikipedia, the free encyclopedia

A few modern lenses derived from the original planar (courtesy Wikepedia Commons)

Four wide-aperture 50mm lenses (left) compared to a 24mm f2.8 (upper right) and 135mm f2 (lower right) lens. The common heritage of the wide-aperture primes is apparent.

Types of simple lenses!

!

Lenses are classified by the curvature of the two optical surfaces. A lens is biconvex (or double convex, or just
convex) if both surfaces are convex. If both surfaces have the same radius of curvature, the lens is equiconvex.
A lens with two concave surfaces is biconcave (or just concave). If one of the surfaces is flat, the lens is planoconvex or plano-concave depending on the curvature of the other surface. A lens with one convex and one
concave side is convex-concave or meniscus. It is this type of lens that is most commonly used in corrective
lenses.

If the lens is biconvex or plano-convex, a collimated beam of light travelling parallel to the lens axis and
passing through the lens will be converged (or focused) to a spot on the axis, at a certain distance
behind the lens (known as the focal length). In this case, the lens is called a positive or converging
lens.

If the lens is biconcave or plano-concave, a collimated beam of light passing through the lens is diverged
(spread); the lens is thus called a negative or diverging lens. The beam after passing through the lens appears to
be emanating from a particular point on the axis in front of the lens; the distance from this point to the lens is also
known as the focal length, although it is negative with respect to the focal length of a converging lens.

How modern lenses are manufactured
http://www.youtube.com/watch?
v=Am5wJUEiNAI&feature=player_embedded

Aberrations
Lenses do not form perfect images, and there is always
some degree of distortion or aberration introduced by the
lens which causes the image to be an imperfect replica of
the object. Careful design of the lens system for a particular
application ensures that the aberration is minimized. There
are several different types of aberration which can affect
image quality.

Barrel distortion:

Pincushion Distortion:

Spherical aberration!
Spherical aberration occurs because spherical surfaces are not the ideal shape with which to make a lens, but they are by far the
simplest shape to which glass can be ground and polished and so are often used. Spherical aberration causes beams parallel to, but
distant from, the lens axis to be focused in a slightly different place than beams close to the axis. This manifests itself as a blurring of
the image. Lenses in which closer-to-ideal, non-spherical surfaces are used are called aspheric lenses. These were formerly complex to
make and often extremely expensive, but advances in technology have greatly reduced the manufacturing cost for such lenses.
Spherical aberration can be minimised by careful choice of the curvature of the surfaces for a particular application: for instance, a
plano-convex lens which is used to focus a collimated beam produces a sharper focal spot when used with the convex side towards the
beam source.

Coma!
Another type of aberration is coma, which derives its name from the comet-like appearance of the aberrated image.
Coma occurs when an object off the optical axis of the lens is imaged, where rays pass through the lens at an angle to
the axis θ. Rays which pass through the centre of the lens of focal length f are focused at a point with distance f tan θ
from the axis. Rays passing through the outer margins of the lens are focused at different points, either further from the
axis (positive coma) or closer to the axis (negative coma). In general, a bundle of parallel rays passing through the lens
at a fixed distance from the centre of the lens are focused to a ring-shaped image in the focal plane, known as a comatic
circle. The sum of all these circles results in a V-shaped or comet-like flare. As with spherical aberration, coma can be
minimised (and in some cases eliminated) by choosing the curvature of the two lens surfaces to match the application.
Lenses in which both spherical aberration and coma are minimised are called bestform lenses.

Chromatic aberration!
Chromatic aberration is caused by the dispersion of the lens material—the variation of its refractive index, n, with the wavelength of light. Since, from the
formulae above, f is dependent upon n, it follows that different wavelengths of light will be focused to different positions. Chromatic aberration of a lens is seen
as fringes of colour around the image. It can be minimised by using an achromatic doublet (or achromat) in which two materials with differing dispersion are
bonded together to form a single lens. This reduces the amount of chromatic aberration over a certain range of wavelengths, though it does not produce
perfect correction. The use of achromats was an important step in the development of the optical microscope. An apochromat is a lens or lens system which
has even better correction of chromatic aberration, combined with improved correction of spherical aberration. Apochromats are much more expensive than
achromats.!
Different lens materials may also be used to minimise chromatic aberration, such as specialised coatings or lenses made from the crystal fluorite. This
naturally occurring substance has the highest known Abbe number, indicating that the material has low dispersion.

Repairing Lens aberrations in Photoshop

Filter->distort->lens correction

Camera RAW

At very high focal lengths, like 200mm, your pictures
become more and more susceptible to camera shake.
Some telephoto lenses have a vibration reduction
mechanism that helps, but it doesn’t do the entire job.

Rule of thumb is 	

!

1 / focal length of lens	

=	

shutter speed

Angle of view

Lens Types
Different lenses have different uses. If you were photographing a subject 10 inches away, you would most definitely use a different lens than if you
were photographing a subject 200 feet away. There are 'All Around' lenses available, which will allow you to take both wide-angle shots and extreme
telephoto shots, but usually you don't get a high quality all around lens unless you are willing to spend a good deal of money. Not to mention, all
around lenses are generally pretty bulky. Do you really want that bulk if you are taking pictures of subjects close to you, and don't need it? This is not
true in all cases, especially lenses which zoom from wide-angle to a focal length in the shorter end of the telephoto focal lengths, but for a true all
around, expect to pay a pretty large amount.
All lenses come in two varieties, Zoom and Prime. Zoom lenses allow you to zoom between a smaller and larger focal point. This can be zooming
between a wide angle focal length and a telephoto focal length, a telephoto focal length and longer telephoto focal length, etc. Basically, a zoom lens
is any lens that allows you to zoom between 2 focal lengths. Prime lenses are lenses which have a fixed focal length. For example, a 200mm prime
lens would only be able to shoot at 200mm. There is no zooming whatsoever.
Wide - A wide angle lens is a lens which has a shorter focal length than that of a 'standard' lens, allowing a much wider area to be brought into
frame. To obtain a wider view, the center lens has to be closer to the sensor (or film if you are using a film camera) of your camera, which means the
lens must be shorter in overall length. A lens with a lower focal length (in millimeters) is always wider angle than a lens with a higher focal length. For
example, an 18mm focal length is wider angle than a 55mm focal length. Wide angle lenses for digital cameras typically range from about 8mm to
35mm.
Standard - A standard lens is one which is in between wide angle and telephoto. Standard lenses for digital cameras typically range from about
35mm to 80mm.
Telephoto - A telephoto lens allows you to zoom in on far away subjects. The telephoto range is the widest range of focal lengths, ranging from
under a hundred to over a thousand millimeters. These lenses are also the longest and bulkiest of all lenses, and it is not uncommon for a telephoto
lens to weigh a pound or more. Telephoto lenses for digital cameras typically range from 80mm to 1200mm or more.
Fisheye - A fisheye lens is an extremely wide angle lens which captures at least a 180 degree field of view, and takes distorted pictures which bulge
outwards in the middle, similar to a fish eye. Fisheye lenses were originally developed for use in meteorology and astronomy, but became popular
with photographers for the unique images that they produce.
Macro - A macro lens is a lens of any focal length (but typically standard or short telephoto) which allows an extremely close minimum focusing
distance to the subject. True macro lenses also feature a 1:1 (life size) reproduction ratio. Macro lenses are used for extreme close-up photography.
Zoom - A zoom lens is a lens which allows zooming between multiple focal lengths. This can be between any combination of focal lengths, such as
wide to normal, wide to telephoto, normal to telephoto, etc.
Prime - A prime lens is a lens with a fixed focal length, which allows for no zoom or adjustment of focal length. Many macro lenses are prime lenses.

Sensor size

Sensor size is critical
One important thing to remember when selecting a lens for a digital camera with an APS-C sensor (the majority of digital SLRs on the market), is
that a lens used on a digital camera will have an effectively longer focal length than if it was used on a film camera. This comes in handy when
buying telephoto lenses, but can be a hinderance when purchasing wide-angle lenses. For example, a 24mm lens on an APS-C sensor digital SLR
would have around the same focal length as a 38mm lens on a film camera, a 300mm lens used on an APS-C digital camera would be the
equivalent of around a 480mm lens used on a film camera. However, wide angle lenses made for digital SLRs generally go down to a lower focal
length than those made for film cameras to compensate for this.

Normal lens - format chart

Normal lens
In photography and cinematography a normal lens, also
called a standard lens, is a lens that reproduces a field of
view that generally looks "natural" to a human observer
under normal viewing conditions, as compared with lenses
with longer or shorter focal lengths which produce an
expanded or contracted field of view that distorts the
perspective when viewed from a normal viewing distance.
[1][2] Lenses of shorter focal length are called wide-angle
lenses, while longer-focal-length lenses are referred to as
long-focus lenses[3] (with the most common of that type
being the telephoto lenses).!
For still photography, a lens with a focal length about equal
to the diagonal size of the film or sensor format is
considered to be a normal lens; its angle of view is similar
to the angle subtended by a large-enough print viewed at a
typical viewing distance equal to the print diagonal;[2] this
angle of view is about 53° diagonally. For cinematography,
where the image is normally viewed at a greater distance,
a lens with a focal length of roughly double the film or
sensor diagonal is considered 'normal'.

examples of images
Telephoto and Wide-angle Lenses - digital Artform
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Tele compresses space

ADD Sports images

In this photo, I was
standing about 100 ft
(30 m) from those
boulders in the
foreground. As a
result, the dominant
object in this shot is
the mountain in the
background, which
stood miles away
from the boulders

Now, look what
happens when I
move just 50 ft
(15 m) closer to
those boulders:

If you looked for a reason to buy a Micro Four Thirds camera, maybe the new Voigtländer Nokton 25mm f0.95
will be a good reason to do so. Honestly, I didn't even hear about this lens until today. Of course what made me
read more about it was the f0.95 aperture. The lens was released especially for the Micro Four Thirds system,
so it can be used on Olympus and Panasonic Micro Four Thirds cameras. The Nokton 25mm f/0.95 supports
only manual focus. What so special about this lens is that it allows you to shoot in very low light conditions
and also can completely blur the background.

Leica 11602 50mm f/0.95 Noctilux-M ASPH Lens

!

$8,754 online
3 reviews

!+3
!
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#1 in Leica Camera Lenses
Normal - Leica - Prime - Leica M - Manual Focus Only - f/0.95 - Aspherical
The 50mm f/0.95 Noctilux M Aspherical Manual Focus Lens represents a unique high
performance lens. It combines exceptionally high speed with an image performance that
ranks alongside that of today's leading lenses and once again extends the composition
options of Leica M photography. It offers a unique range of features. A noticeably (11%)
higher speed has been achieved in a body with almost the same diameter and only very
slightly longer than its predecessor, the Noctilux-M 50mm f/1. At the same time, its
rendition quality significantly exceeds that of its predecessor, while retaining the typical,
slightly soft reproduction of the previous lens. Even at full stop, the LEICA NOCTILUX-M
50mm ASPH f/0.95 demonstrates excellent reproduction quality, which only deteriorates
slightly towards the edges - while the slightly smaller format of the Leica M8 models only
capture less of these areas anyway. Stopping down brings a continuous significant
improvement in performance, up to an exceptional level over the entire image field at 5.6.
Even in the close-up range, this performance is largely retained thanks to a "floating
element". The strikingly low degree of vignetting for such a high speed lens is a maximum
- i.e. in the corners of the image - of just 3.2 stops at full aperture in 35mm format, or
around 1.5 on the Leica M8 models. Stopping down to 2 visibly reduces this light fall off
towards the edge of the image, with practically only the natural vignetting remaining.
Distortion is slightly barrel-shaped and, at a maximum of just 1%, is hardly perceptible in
practice. The construction is similar to a double Gauss type and uses a total of eight
lenses to achieve this excellent performance. Of these, five are made of glass types with
anomalous color dispersion (partial dispersion) to correct color defects, while three
simultaneously have extremely high refractive power. Because of their large diameter, the
two aspherical lens surfaces are produced by meticulous grinding and polishing. « less
Add to Shopping List
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http://youtu.be/3c_dOMVXRhw

For "CLOCKWORK" we purchased a standard Mitchell BNC for Kubrick and overhauled it, but did not reflex it or modify it in any special way.
Kubrick's attitude has always been that he would rather work with a non-reflexed BNC and thereby gain tremendous flexibility and latitude in
adaptation of special lenses to the camera - as was subsequently the case on "BARRY LYNDON". For "CLOCKWORK" w e also supplied the
major accessory items for which we are well known, such as the "Joy Stick" zoom control, the BNC crystal motor and the Arri crystal motor.

(Above Left) the Zeiss 50mm, f/0.7 lens, shown in special focusing-mount (and
with adjustable shutter blade removed). (Center) in front, the specially modified
Zeiss 50mm, f/0.7 lens. Behind it, the lens before modification. (Right) Zeiss
50mm f/0.7 lens with Kollmorgen adaptor, creating an effective focal length of
36.5mm

(Above Left) Zeiss f/0.7 lens in special focusing mount. (Center) Lens with
Kollmorgen adaptor - 36.5mm focal length. (Right) The Cine-Pro T/9 24-480mm
zoom lens, shown with J-4 zoom control.

At the very early stages of his preparation for "BARRY LYNDON", Kubrick scoured the world looking for exotic, ultra-fast
lenses, because he knew he would be shooting extremely low light level scenes. It was his objective, incredible as it seemed at
the time, to photograph candle-lit scenes in old English castles by only the light of the candles themselves! A former still
photographer for Look magazine, Kubrick has become extremely knowledgeable with regard to lenses and, in fact, has taught
himself every phase of the technical application of his filming equipment. He called one day to ask me if I thought I could fit a
Zeiss lens he had procured, which had a focal length of 50mm and a maximum aperture of f/O.7.

http://www.visual-memory.co.uk/sk/ac/len/page1.htm

Large Format lenses

Circles of confusion

The depth of field is the region where the CoC is less than the resolution of the human eye (or of the display medium).
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