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Light must be controlled if our eyes or our cameras are to form images of
objects. You can't simply place a rectangle of sensitized film or an array of
light-sensitive diodes in front of a subject and wait for an image to appear:
Light reflecting from the subject would hit the surface in a random jumble,
resulting not in a picture but in a uniform exposure over the entire surface.

Light acts both like rays and like waves. For simplicity’s sake, this
drawing shows it as rays—only a few coming from just two points on the
man. But their random distribution over the surface makes it clear that they
are not going to produce a useful image. What is needed is some sort of
light-control device between the subject and the digital sensor or film that
will select and aim the rays, placing the rays from each part of the image
where they belong, resulting in a clear picture.

A simple pinhole will
form an image, but a lens forms a sharper one.

Lens focal length is probably the
most important difference between lenses. The
longer the focal length, the larger a subject will appear.

A viewer will almost always look

first at the sharpest part of a photograph,
the part on which you have manually focused

or the camera has automatically focused.

How sharp an image appears is also
affected by the depth of field, the area from near
to far that is acceptably sharp in a photograph.

Perspective, the apparent size

and shape of objects and the impression
of depth, is affected not just by the lens
you use but by where you position the lens.

You have options in selecting |
a lens. Here is help understanding them and |

then getting the most from your lens and camera.

Mary Ellen Mark brings
a personal contact to her subject matter.
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1l photographic lenses do the same basic job: they collect light adjusts the sharpest part of an image), lens focal length (which controls the

emanating from a scene in front of the camera and project it as an image magnification of a scene), lens aperture, and subject distance to make the kinds
onto a light-sensitive surface (a piece of film or a digital sensor) at the of pictures you want. Lenses for both digital and film cameras follow the same

back of the camera. This chapter explains how you can use lens focus (which principles of optics.
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From Pinhole to Lens

Light acts in some ways like rays and in
some ways like waves. All points in any
scene emanate or reflect rays or waves in
all directions. All the light reflected from a
point or an object isn’t necessary to pro-
duce an image, a selection of it will do.

When light from an object reaches a
barrier with a small pinhole in it, like that
in the drawings on the far right, all but a
few rays from each emanating point are
deflected by the barrier. Those few rays
that do get through, traveling in straight
lines from the subject, can make an image
when they reach a flat surface, like film at
the back of a camera. The image is rotated
upside down. Everything that was at the top
of the subject appears at the bottom of the
image and everything at the bottom ap-
pears at the top. Similarly, left becomes
right and right becomes left.

The trouble with using a pinhole as a
lens is its tiny opening. It admits so little
light that very long exposures are needed
to register an image on film or a sensor. If
the hole is enlarged, the exposure becomes
shorter, but the image becomes much less
sharp, like the center photograph at right.

A pinhole, small as it is, actually admits a
cluster of light rays. Coming at slightly
different angles, these rays continue through
the hole in slightly different directions. They
fan out, so that when they hit a surface, like
film, the rays from a point on the subject
make a tiny, blurry circle instead of forming
a point again. As the size of the hole is
increased, a larger cluster of light rays gets
through to the film or sensor and makes a
wider, even blurrier circle. These circles
overlap, so the wider each circle becomes,
the less clear the picture will be.

A lens creates a sharp image with a
relatively short exposure. To get sharp
pictures, the image of a small point should
also be a small point. But there is no way
to achieve that using a pinhole on a
camera. Even a tiny opening, which admits
little light and requires long exposure
times, will not make a very sharp image.
To admit more light and to make a sharper
picture than even the smallest pinhole, a
different method of image formation is
needed. That is what a lens provides.
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Photograph made with small pinhole

F

To make this picture, the lens of a camera was
replaced with a thin metal disk pierced by a tiny
pinhole, equivalent in size to an aperture of f/182.
Only a few rays of light from each point on the

Photograph made with larger pinhole
L]

When the size of the pinhole was increased to
f/65, the result was an exposure of only 1/5 sec,
but an extremely out-of-focus image. The larger
hole let through more rays from each point on the

Photograph made with lens

This time, using a simple convex lens with an
1716 aperture, the scene appeared sharper than the
one taken with the smaller pinhole, and the
exposure time was much shorter, only 1/100 sec.

/\

subject got through the tiny opening, producing a
soft but acceptably clear photograph. Because of
the small size of the pinhole, the exposure had to
be 6 sec long.

il

subject. These rays spread widely before reaching
the light-sensitive surface, making large circles that
overlapped one another creating a very unclear

/
The lens opening was much bigger than the
pinhole, letting in far more light, but it focused the

rays from each point on the subject precisely so
that they were sharp.

image.
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A modern compound lens, as this cutaway
view shows, is usually made up of six or
eight separate lenses. Each lens is added to
correct some of the aberrations or focusing
defects in the others. This lens has six
elements in four groups. An element is a
simple lens with two curved sides or one
curved and one flat side. A group may be a
single element, like (a) or (d), or it may be
two or more elements cemented together,
like (b) and (c).

Because lens aberrations are mathemati-
cally predictable, some of these focusing
defects can be eliminated digitally from the
picture after it has been made, but using a
well-designed lens is always the best start.

How refraction works is shown in this
diagram of light rays passing through four
glass blocks. The rays, entering from the
left, strike the first block head on (1) and
therefore pass straight through. The next
block (2) has been placed at an angle; the
rays are bent, but as they exit the block they
are bent back to resume their former
direction. The concave surfaces of the third
block (3) spread the rays apart, but the last
block (4)—a convex lens like the basic
light-gathering lenses used in cameras—
draws the rays back together so that they
cross each other at the point of focus.

Most modern photographic lenses are based
on the convex lens. Thicker in the middle
than at the edges, a convex lens collects a
large number of light rays from any single
point on an object in front of the lens and
refracts, or bends, them toward each other
so that they converge at a corresponding
single point (diagram, left) behind the lens.
Each point in the scene (object point) cor-
responds to a point behind the lens (image
point). Inside a camera, a strip of film is
stretched flat (or a flat digital sensor is
positioned) across the image plane, some-
times called the film plane. All the points
in a corresponding object plane in the
scene will focus as points on that surface,
so the picture will be sharp for everything
in that plane.

How does a lens refract (bend) light to
form an image? When light rays pass from
one transparent medium, such as air, into a
different transparent medium, such as water
or glass, the rays refract, or bend. Look at
the shape of a spoon half submerged in a
glass of water and you will see a common
example of refraction: light rays reflected
from the spoon are bent by the water and
glass so that part of the spoon appears dis-
placed.

For refraction to take place, light must
strike the new medium at an angle. If light
rays are perpendicular to the surface when
they enter and leave the medium (diagram
left, (1), the rays will pass straight
through. But if they enter or leave at an
oblique angle (2), the rays will be bent to a
predictable degree. The farther from the
perpendicular they strike, the more they
will be bent.

When light strikes a transparent medium
with a curved surface, such as a lens, the
rays will be bent at a number of angles
depending on the angle at which each ray
enters and leaves the lens surface. They
will be spread apart by concave surfaces
(3) and directed toward each other by
convex surfaces (4). Rays coming from a
single point on an object and passing
through a convex lens (the simplest form of
camera lens) will cross each other—and be
focused—at the image point.
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Lens Focal Length

The most important way lenses differ is in

their focal length. Because the camera you I
are most likely to choose can be used with R
interchangeable lenses, you can also °
choose which lens to buy or use. A lens is
often described in terms of its focal length
(a 50mm lens, a 12-inch lens) or its rela-
tive focal length (normal, long, or short).
Technically, focal length is the distance
between the lens’s rear nodal point and the
focal (image) plane when the lens is
focused at infinity. Theoretically, infinity is
a distance immeasurably far away, beyond
the edge of the universe. In photographic
terms, infinity is a distance from which
light enters the lens in parallel rays. Lens
designers call the image point where those
rays come together the focal point.

Focal length controls magnification, the
size of the image formed by the lens. The
longer the lens, the greater the size of
objects in the image (see diagrams, right).

Focal length also controls angle of view,
the amount of the scene shown on a given
size of sensor or film (see photographs
opposite). A long-focal-length lens forms
a larger image of an object than a short
lens. As a result, on a given size of sensor
or film, the long lens includes less of the
scene in which the object appears. If you
make a circle with your thumb and fore-
finger and hold it close to your eye, you
will see most of the scene in front of
you—the equivalent of a short lens. If
you move your hand farther from your
eye—the equivalent of a longer lens—the
circle will be filled by a smaller part of
the scene. You will have decreased the
angle of view seen through your fingers.
In the same way, the longer the focal
length, the smaller the angle of view seen

Focal length 25mm

A lens of short focal length bends light sharply.
The rays of light focus close behind the lens and
Jorm a small image of the subject.

Focal length 50mm

by the lens. A lens of longer focal length bends light rays less  proportion to the Jocal length. If the subject
than a short lens does. The longer the focal length, — remains at the same distance from the lens, the
the less the rays are bent, the farther behind the image formed by a 50mm lens will be twice as big
lens the image is focused, and the more the image as that from a 25mm lens.

is magnified. The size of the image increases in
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The effect of increasing focal length while keeping
the same lens-to-subject distance is an increase in
magnification and a decrease in angle of view.
Since the photographer did not change position, the
sizes of objects within the scene remained the same
in relation to each other. The diagram below shows
the angle of view of some of the lens focal lengths
that can be used with a 35mm or “full-frame” digi-
tal camera. The lens focal length for other digital
cameras is often stated as a “35mm equivalent.”

1000mm ——2.5°
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continued

Lens Focal Length

Normal Focal Length

A normal-focal-length lens, also called a
standard-focal-length lens, approximates
the impression human vision gives. One of
the greatest of modern photographers,
Henri Cartier-Bresson, who described the
camera as “an extension of my eye,” often
used a normal lens. His picture opposite
includes as much of the scene as you
would probably be paying attention to if
you were there, the angle of view seems
natural, and the relative size of near and
far objects seems normal.

A lens that is a normal focal length for
one camera can be a long focal length for
another camera. Sensor or film size deter-
mines what will be a normal focal length.
The larger the size, the longer the focal

A lens of a given focal
length may be
considered normal,
short, or long, depending
on the size of the film
you are using or the
sensor in your digital
camera. If the focal
length of a lens is about
the same as the diagonal
measurement of the
light-sensitive surface
(broken line), the lens is
considered “normal.” It
collects light rays from
an angle of view of
about 50°.

The photograph on
the right was taken with

View of 150mm lens
on a 4 x 5-inch view
camera

a 4 x 5 view camera
using a 150mm lens. The
diagonal measurement of
4 x 5-inch film is about
150mm, so a 150mm
lens is a normal focal
length for that size film.
But 150mm is much
longer than the diagonal
of 35mm film. A 150mm
lens is a long-focal-
length lens for a 35mm
camera and—because
few digital sensors are
as big as a 35mm
frame—it is very long
for most DSLRs (see
bottom photos, right).
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View of 150mm lens
on a 35mm camera

length of a normal lens for that format; it
corresponds roughly to the measurement
of a diagonal line across the sensor
surface or film frame (see below).

A camera using 35mm film takes a
50mm lens as a normal focal length
(50mm is about two inches). It is also nor-
mal for a 24 x 36mm (full-frame) digital
sensor, the same size as a 35mm film
frame. For a camera using 4 x 5-inch film,
a 150mm lens is normal. The sensors in
most digital cameras are smaller than a
35mm frame, so their normal lenses are
shorter than 50mm. Usage varies some-
what: for example, lenses from about
40mm to 58mm can be referred to as nor-
mal focal lengths for a 35mm camera.

A lens of normal focal length has certain
advantages over lenses of longer or shorter
focal length. Most normal lenses are faster;
that is, they open to a wider maximum aper-
ture, so can be used with faster shutter speeds
or in dimmer light than lenses that do not
open as wide. They often are less expensive,
more compact, and lighter in weight.

Choice of focal length is a matter of
personal preference. Some photographers
habitually use a shorter focal length
because they want a wide angle of view
most of the time; others prefer a longer
focal length that narrows the angle of view
to the central objects in a scene. If you
aren’t sure, start with a normal-focal-
length lens.

View of 150mm lens
on a DSLR camera with a
23.6 x 15.8mm sensor.



HENRI CARTIER-BRESSON Place de I'Europe, Paris, 1932

Using a normal-focal-length lens is a way for the
photographer to let the subject speak. Wide and
long lenses make a stronger statement about the
technical decisions a photographer must make,
such as about perspective or depth of field.
Although Cartier-Bresson resisted discussing
technique, it is known that he frequently used a
normal (50mm) lens on his 35mm Leica camera.
In this case, the size relationships in the frame—
clues that give us our sense of perspective—are
not unusual. We are drawn to what the photogra-
pher wants us to notice, the poetry of an instant
snatched from the fabric of time itself. Cartier-
Bresson called this a “decisive moment.”
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continued

Lens Focal Length

Long Focal Length

A long-focal-length lens provides greater
image magnification and a narrower angle of
view than a normal lens. For a 35mm cam-
era (or a DSLR camera that uses a full-
frame sensor) a popular and useful long
focal length is 105mm. For a camera using
120 film for 6 x 7cm negatives, a popular
comparable focal length is 150mm; for a

4 x 5 view camera, it is about 300mm.
Most DSLR and compact digital cameras
have sensors smaller than a 35mm frame;
there is a multiplier factor you can use to
compare angles of view to lenses for 35mm
use. A digital camera with a 22.5 x 15mm
sensor has a multiplier of 1.6; any lens on
that camera will have the same angle of
view as a lens with a 1.6 times longer focal
length on a 35mm film camera. For exam-
ple, a 65mm lens used with a 22.5 x 15mm
sensor will be comparable to a 105mm lens
used on a 35mm film camera.

Long lenses are excellent when you can-
not or do not want to get close to the sub-
ject. In the photograph opposite, the pho-
tographer seems to be in the middle of the
action even though he is not. Long lenses
make it possible to photograph birds and
animals from enough distance that they are

Long lenses often produce better portraits. 4
moderately long lens such as an 85mm or 105mm
lens (35mm equivalent) used at least 6 ft from the
subject (near right) makes a better portrait than a
shorter lens used close to the subject (far right).
Compare the size and shape of nose and chin in the
two pictures of the same subject. Photographing a
person at too close a lens-to-subject distance
makes features nearest the camera appear too
large and gives an unnatural-looking dimension to
the head.
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not disturbed. Medium-long lenses are
excellent for portraiture; most people
become self-conscious when a camera is
too close to them so their expressions are
often artificial. A long lens used at a mod-
erate distance also avoids the kind of dis-
tortion that occurs when shorter lenses used
close to a subject exaggerate the size of
whatever is nearest the camera—in a por-
trait, usually the nose (see below).

There are subtle qualities that can be
exploited when you use a long lens.
Because a long lens has less depth of field,
objects in the foreground or background
can be photographed out of focus so that
the sharply focused subject stands out
clearly. (See opposite page.) Also, a long
lens can be used to achieve an unusual per-
spective in which objects seem to be closer
together than they really are (see page 61).

Long lenses have some disadvantages,
and the longer the lens the more noticeable
the disadvantages become. Compared to
lenses of normal focal length, they usually
are heavier, bulkier, and more expensive,
especially telephotos with wide apertures.
Because they have relatively shallow depth
of field, they must be focused accurately.

They are difficult to use for hand-held
shots because they magnify lens move-
ments as well as subject size. The shutter
speed for a medium-long lens, such as a
105mm lens on a 35mm camera, should be
at least 1/125 second if the camera is hand
held. For a 200mm lens, you will need at
least 1/250 sec. Otherwise, camera move-
ment may cause blurring. A tripod or other
support is your best protection against blurry
photos caused by camera movement.

Photographers commonly call any long
lens a telephoto, or tele, although not all
long lenses are actually of telephoto
design. A true telephoto has an effective
focal length that is greater than the actual
distance from lens to film plane. This
design makes the lens shorter and easier to
handle. A tele-extender or teleconverter
contains an optical element that increases
the effective focal length of any lens. It
attaches between the lens and the camera
body and magnifies the image from the
lens onto the film. With these devices, the
effective length of the lens increases, but
less light reaches the film. A converter that
dotibles the lens focal length, for example,
losesiwo f-stops of light.

Long lens, moderate distance

Short lens, up close



LOU JONES Women Swimming, 1998

Athletes at sporting events, like these swimmers,
can be at a considerable distance. Photographers
often rely on long lenses—like the 600mm telephoto
used here—to come in tight on the action. Jones set
his lens to the next-to-widest aperture so he could
use a very high shutter speed. The shallow depth of
field resulting from that wide aperture blurs out the
background and calls attention to the sharply-
Jfocused swimmer in the foreground.
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continued

Lens Focal Length

Short Focal Length

A short-focal-length lens increases the angle of
view and shows more of a scene than a normal
lens used from the same position. A short lens
(commonly called a wide-angle lens) is useful
when you are physically prevented (as by the
walls of a room) from moving back as much as
would be necessary with a normal lens.

For a full-frame digital or 35mm camera, a
commonly used short focal length is 28mm. A
comparable lens for a 6 x 7cm film camera is
55mm. For a 4 x 5 view camera, it is 90mm.

Wide-angle lenses have considerable depth of
field. A 24mm lens focused on an object 7 feet
away and stopped down to f/8 will show everything
from 4 feet to infinity in sharp focus. Photographers
who work in fast-moving situations often use a
moderately wide lens, such as a 35mm lens on a
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full-frame digital or 35mm film camera, as their
normal lens. They don’t have to pause to refocus
for every shot because with this type of lens so
much of a scene is sharp. At the same time it does
not display too much distortion.

Pictures taken with a wide-angle lens can show
both real and apparent distortions. Genuine aberra-
tions of the lens itself such as curvilinear distortion
are inherent in extremely curved or wide elements
made of thick pieces of glass, which are often used
in wide-angle lenses. While most aberrations can
be corrected in a lens of a moderate angle of view
and speed, the wider or faster the lens, the more
difficult and/or expensive that correction becomes.
Some curvilinear distortion (straight lines near the
edges of the frame becoming curved) can be cor-
rected with software, but the results are generally

»

better if no distortion is introduced by the lens.

SLR cameras need a special kind of wide lens
called a retrofocus, to leave room behind the lens
for the reflex mirror to move. It is more difficult to
correct aberrations in this kind of lens; wide-angle
lenses for cameras without mirrors—rangefinders
and view cameras—often perform better.

A wide-angle lens can also show an apparent dis-
tortion of perspective, but this is actually caused by
the position of the photographer, not by the lens. An
object that is close to a lens (or your eye) appears
larger than an object of the same size that is farther
away. Since a wide-angle lens is often used very
close to an object, it is easy to exaggerate this size
relationship (below and right). The cure is to learn to
see what the camera sees and either minimize the
distortion, or use it intentionally (page 61 right).

KARL BADEN

Amelia, 1995

A wide lens lets you
work in close quarters,
like this child’s bedroom.
The unusual perspective,
caused by a very short
distance between lens and
feet, creates a vision that
is both amusing and a bit
disorienting.



DAVID MUENCH

Paria-Vermillion Cliffs Wilderness,
Utah, 1996

With a 75mm lens on his
4 x 5 view camera (a wide-
angle lens for that format),
David Muench positioned
his camera relatively close
fo the tiny desert plants in
the foreground. The result
was to increase the
apparent size of the
petrified-sand rock face
nearest the camera and to
create an impression of
great distance from
Jforeground to background.
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Lens Focal Length continued

Zoom Lenses

Zoom lenses are popular because they combine
a range of focal lengths into one lens. Using a
24-105mm zoom, for example, is like having
a 24mm, 28mm, 50mm, 85mm, and 105mm
lens instantly available, plus any focal length
in between. The lens elements inside a zoom
can be moved in relation to one another; this
changes the focal length and therefore the
size of the image.

It is convenient to be able to frame an
image merely by zooming to another focal
length, rather than by changing your lens or
position. Some photographers carry only
two lenses: a 24-80mm zoom and a longer
80-200mm zoom. A zoom lens is useful for
getting the image right the first time, since
cropping a photograph after the exposure
and then enlarging it degrades quality.

A zoom has some disadvantages. Compared
to fixed-focal-length (sometimes called
“prime”) lenses, zooms are often more
expensive, bulkier, heavier, and they can be
optically inferior. But one zoom lens will
replace two or more fixed-focal-length lenses.

The best prices and fewest drawbacks
are found with a modest zooming range,
from 35mm to 105mm, for example. The
greater the range, the more evident the
disadvantages become.

Some zoom lenses are best used where
light is ample because they have a relatively
small maximum aperture. Zooms that keep
the same maximum aperture at all focal
lengths are complex designs and therefore
relatively expensive; most reduce the size of
the maximum aperture as their focal length
increases. For example, a 28—105mm zoom
may open to f/4 when it is set to 28mm, but
only to /5.6 at its 105mm focal length.

TIP: With a zoom, be especially careful to
make sure your shutter speed is fast enough
to avoid blur caused by camera movement.
With the lens at 28mm, you can safely hand
hold a shutter speed of 1/30 second, but
when you zoom out to 100mm, you will
need at least 1/125 second unless you have
the camera on a tripod. '

Used outdoors during the day, most zoom
lenses work fine. However, to shoot indoors
with available light you may want a zoom
that stays at a minimum of /2.8 over its
entire range.
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A zoom lens gives you a choice of different focal
lengths. Here, the photographer used the widest
focal length for the picture on the left, then took the
center picture, below, at a focal length near normal.
The third photograph, bottom, used the longest
Jocal length of the lens. All three photographs were
made while standing in the same position.

b 4




MARTIN PARR
Taunton, England, 1998

A macro lens is useful for
photographing very close
to a subject without having
to use other accessories
such as extension tubes.
When you photograph close
to a subject, depth of field
is very shallow—only a
narrow distance from near
to far will be sharp.

Parr finds he can say
more about a subject by
coming in close and show-
ing a detail. He says, “How
on earth a one-eyed candy
can tell us about the mod-
ern condition, I will never
know, but it seems to work.
Such are the riddles of
photography.”

CHIP SIMONS

Too Much Sugar, 1995

A fisheye lens distorted
space to illustrate an
article on hyperactive
youth. The photograph
shows a fisheye lens's
typical characteristics:
very deep depth of field,
pronounced differences
in size between objects
very close to the camera
and those in the
background, and barrel
distortion curving
straight lines in the
image. Simons chose the
lens for its radical
rendering and then
enhanced the viewer's
vertigo by putting gels
over the studio strobe
lights for saturated,
surreal colors.

Special-Purpose Lenses

A macro lens is useful for extremely close
shots (left, top). The lens lets you focus at a
very close range and is corrected for aberra-
tions that occur at close focusing distances.
The lens is occasionally called, somewhat
inaccurately, a micro lens. Some zoom
lenses have a macro feature. They focus
closer than a non-macro zoom but not as
close as a fixed-focal-length macro lens.

For the widest of wide-angle views,
consider the fisheye lens. A fisheye has a
very wide angle of view—some even more
than 180°—and exaggerates to an extreme
degree differences in size between objects
that are near to the camera and those that
are farther away. Inherent in its design is
barrel distortion, an optical aberration that
bends straight lines into curves at the edges
of an image. Fisheye lenses also produce
great depth of field. Objects within inches
of the lens and those in the far distance will
be sharp. It is not a lens for every—or even
many—situations, but it can produce
startling and effective views (bottom left).

Aberrations are deliberately introduced
in a soft-focus lens, also called a portrait
lens. The goal is to produce an image
that will diffuse and soften details such
as facial wrinkles.

A perspective-control lens brings some
view-camera adjustments to other types of
cameras. The lens shifts up, down, or side-
ways to prevent parallel lines, such as the
sides of a building, from tilting toward
each other if the camera is tilted.

A catadioptric, or mirror, lens is similar in
design to a reflecting telescope. It incorpo-
rates curved mirrors as well as glass
elements within the lens. The result is a
lens with a very long focal length but
modest size, one much smaller and lighter
than a lens of equivalent focal length that
uses only glass elements. A unique effect
caused by the front mirror is that out-of-
focus highlights take on a donut shape. A
“cat” lens has a fixed aperture, usually
rather small—f/8 or /11 is typical.

Image stabilization can be built in to a
lens. Micromotors adjust the position of
special floating lens elements. Sometimes
the same lens is also available in a less-
expensive version without stabilization.
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Focusing Your Lens

Manual Focus

With manual focus, you select the part of the
scene you want to be the sharpest. What is
the most important part of the scene to be
sharp? What do you want to emphasize?
What do you expect viewers to look at first?
If you are photographing a person, focus on
the eye. If the person is at an angle and you
are up close, both eyes may not be sharp in
the photograph. Depending on the scene, it
may be more important to have the near eye
or the far eye sharp.

The nearer you are, the more important it
is to focus critically. If you are 2 feet away,
focus is critical, because depth of field will
be shallow, with only a narrow area from
near to far appearing sharp. If you focus on
something 200 feet away, everything at that
distance and beyond will be sharp.

Focus manually like you might tune a
guitar. Go a little past the point you think is
correct, then come back. If you adjust the
focus until the image looks sharp, then
adjust it a little more until the subject looks
unsharp, then go back to sharp, you’ll know
exactly when your subject is at its sharpest.

Live view lets you focus using a digital
camera’s monitor. All compact digital cam-
eras show the image projected onto the sen-
sor, in real time, on a small monitor so you
can view and frame your shots. Some DSLRs
can be set for the same kind of display,
although it usually requires locking the reflex
mirror out of the way. Often, this live view, or

live preview, can be greatly magnified to
allow very precise manual focusing on the
magnified section of the scene. This is partic-
ularly useful for tripod-mounted shooting
such as still-lifes. Any SLR camera with the
mirror locked up will vibrate less during an
exposure and the image is likely to be slightly
sharper, even when a tripod is used.

Follow focus is a technique that lets you
keep a subject that is moving toward you well
focused. If a runner is coming toward you,
you have to adjust the focus at about the same
rate that the runner’s distance is changing.

One way to learn how to follow focus is
to practice focusing on people moving
toward and away from you. Then practice
on faster things, such as the license plates
of moving cars. You don’t need this skill if
still lifes are your only subject, but it is
vital if you want to photograph football
games, auto races, dancers, or anything else
that moves fast.

NOTE: Don’t forget that shutter speed and
aperture also play an important role in making
objects appear sharp in the final picture. If

your shutter speed isn’t fast enough, a moving’
object will appear blurred in a photograph, no*

matter how sharply focused it was. This
applies to autofocus as well. If your aperture
isn’t small enough, you may have focused on
an important area, but an equally important
nearby area may be out of focus. See, for
example, the photographs on pages 26-27.

Sharp focus attracts the eye. When you are photo-
graphing, it is natural to focus your eyes—and the
camera—on the most important area of a scene.
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Sharp focus is a signal to pay attention to a particular
part of an image, especially if other parts are not
sharp.

VIEWFINDER SCREENS FOR MANUAL FOCUS

Single-lens reflex and view cam-
eras use ground-glass viewing
screens. Light coming through the lens
hits a pane of glass that is etched, or
ground, to be translucent. This ground
glass creates a surface on which a view-
er, looking at it from the other side, can
see an image and focus it. As you move
your lens in and out to focus—usually
by rotating it—the ground-glass screen
shows clearly when a scene is sharp
and in focus (left, above) and when it is
not (left).

Reflex cameras may also include a
microprism, a circle that appears
dotted until it is focused, and sometimes
a split-image focusing aid that appears
offset until the image is focused.

Rangefinder cameras have split-
image focusing, which operates by
superimposing two images of the same
subject on the focusing screen (left). One
image passes through a viewfinder and
one is reflected by a rotating prism con-
nected to the lens. The two images
appear exactly superimposed (left,
below) only when the lens focuses
sharply on the subject. The red circles
on the images here call attention to the
focusing aid. They would not appear in
the viewfinder.

NOTE: If you have vision problems, you might find manual focusing difficult at times.
Some cameras come with a viewfinder adjustment that allows you to dial in a correction
(called a diopter) like prescription glasses. Other cameras offer an accessory called a
diopter lens, available in several strengths, that screws directly onto the eyepiece to do
the same. Your optometrist can tell you the appropriate correction to buy.




ELLIOTT ERWITT New York, 1946

With everything in the photo soft except the dog
and feet, which are in the same plane of focus, the
photographer leaves no doubt about where he
wants the viewer's eye to go. The human brain
looks for sharpness in a scene or in a photograph.
By controlling focus, photographers also can
control where people look when an image is
viewed.
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Focusing Your Lens

continued

Automatic Focus

Automatic focus (AF) does the focusing for
you. In the simplest designs, you press the
shutter-release button and the lens brings
the image into focus. The camera adjusts the
lens to focus sharply on whatever object is at
the center of the viewfinder or within the
focusing brackets. This type of autofocus
works well in situations where the main
subject is—and stays—in the middle of the
picture. The camera may beep or display a
confirmation light when it has focused, but
the presence of a light does not assure that
the picture will be sharp overall.

If your subject is not in the center, you
can use autofocus lock to make it sharp.
Frame the subject within the focusing
brackets or simply point the camera
straight at it. To temporarily lock in the
focus, press the shutter release halfway
down. Keeping the shutter button partial-
ly pressed, reframe the scene, then press
the shutter release all the way down for
an exposure (see photos, right).

Wide-area focus systems provide more
options. Some viewfinders display several
focusing brackets. By rotating a dial or
thumbwheel on the camera back, you select
a bracket that covers the subject you want
to be sharp. When you press the shutter, the
camera focuses on the selected area—
allowing you to maintain your framing
without having to center, lock, and reframe
each picture. This allows you to shoot fast-
moving subjects that are not in the center
of the frame (see photo, opposite page,
below right).

Some wide-area autofocus systems use
light reflected off your eye to identify your
subject by the direction you are looking,
and therefore what area of the picture to
bring into sharp focus. Other systems auto-
matically select the nearest subject in the
picture; some can be set to identify a face
and focus there.

Once you lock onto a subject, some
cameras predict where the subject is likely
to be next, keeping the subject in focus
even if it moves across the frame. These
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tracking systems can lock onto a subject,
adjusting the focus as the subject moves
closer to, or farther from, the camera.
These systems work especially well if the
subject, like a race car, is traveling at a
constant speed toward or away from the
camera.

Some cameras have two autofocus
systems. Active autofocus sends out a
beam of infrared waves. The camera uses
the part of the beam that bounces back to
measure the distance to the subject. Passive
autofocus looks instead at the image inside
the camera, using the principle that contrast
on the focal plane is greatest when the
subject is sharpest.

Both are used because neither one works
in every situation. The infrared beam in
active autofocus, for example, will bounce
back from the glass in a window instead of
from a subject on the other side of the glass.
Passive autofocus may miss the focus if a
subject has very low contrast, is in very
dim light, or consists of a repetitive pattern
like window blinds or plaid. Cameras that
employ both systems are more likely to find
maximum sharpness under most conditions.

An autofocus system can be fooled. If you
are photographing a soccer game focusing
on the goalie, for example, and the referee
moves in front of your camera, autofocus
may track the referee and not the player.
The camera does not know what you are
trying to photograph, so unwanted subjects
can cause the lens to focus incorrectly.

Your camera may let you select among its
several focus modes. Manual focus is
frequently supplemented by two other
options—single-shot autofocus, sometimes
called focus priority, and continuous focus.
With a modern camera, if you want the
machine to make quick and accurate
decisions for you, you must understand its
methods.

Read your camera’s instructions so you
know how its autofocus mechanism operates
and when you would be better off focusing
manually.

CENTER-WEIGHTED AUTOFOCUS LOCK

L1 Shutter-release button

Subject off center, out of focus. Autofocus
cameras often focus on the center of a scene. This
can make an off-center main subject out of focus if
it is at a different distance from whatever is at the
center. Above, brackets at the center indicate the
focused area.

_g Halfway down, autofocus activated

Focus on the main subject. In autofocus mode,
first focus by placing the autofocus brackets on the
main subject; with many cameras, you press the shut-
ter button part way. Keep partial pressure on the
release to lock focus.

gé All the way down, shutter released

Hold focus and reframe. Next, reframe your picture
while keeping partial pressure on the shutter release.
Push the shutter button all the way down to make the
exposure. You can get the same results—a sharply
focused main subject—simply by focusing the camera
manually if your camera allows that.




Center-weighted auto-
focus can be fooled in
a situation like this
one, where it might
have focused on the
fence in the background
instead of the batter.
You can use autofocus
lock (see opposite page)
to lock focus on the
batter and then reframe
the picture.

JAMES GLOVER Il Batter Up—Bat Out, 1999

Wide-area autofocus
allows you to stay
framed on the situation
while using a dial or
other camera control to
select the part of the
image you want to be in
focus, in this case, the
batter. You could have
selected the left-hand
segment of the focusing
brackets to focus on the
person in the left-hand
part of the frame. Some
systems offer even more
precise control.
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Focus and DeEth of Field

What exactly is sharpness, and how much
can it be controlled? In theory, a lens can
only focus on a flat plane at one single
distance at a time (the plane of focus) and
objects at all other distances will be less
sharp. But, in most cases, part of the scene
will be acceptably sharp both in front of
and behind the most sharply focused plane.
Objects will gradually become more and
more out of focus the farther they are from
the most sharply focused area.

Depth of field is the part of a scene that
appears acceptably sharp in a photograph.
Depth of field can be shallow, with only a
narrow band across the scene appearing to be
sharp (photo, opposite), or it can be deep,
with everything sharp from near to far (photo,
right). To a large extent, you can control how
much of it will be sharp. There are no definite
endings to the depth of field; objects
gradually change from sharp to soft the
farther they are from the focused distance.

The circle of confusion affects the depth of field.
Light from a single point on the subject reaches
the lens in the shape of a cone. Behind the lens,
that same light converges, again in the shape of a

£

If the recording surface is not at the tip of the
cone and instead slices through the cone in front
of or behind the focus point, it wll record a small
circle instead of a point (diagram, below).

A circle can be just small enough that you

£

b

Reducing the size of the lens aperture makes the
base of each cone of light smaller and its angle
narrower (diagram, below). The same size circle
of confusion can be recorded farther from the

In general, the more a print is enlarged, the
less sharp it seems because the enlargement
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