Telephotos and Wide-angles

Camera lenses are categorized into normal, telephoto, and wide angle,
according to focal length and film size. A mormal lens covers the film with a
field of view that corresponds approximately to that of normal vision. A normal
lens for 35-mm film has a focal length in the vicinity of 50 mm." Telephoto
lenses act like telescopes to magnify images. They have longer focal lengths
than a normal lens: as we saw in Chapter 23 (Eq. 23-9), the height of the image
for a given object distance is proportional to the image distance, and the image
distance will be greater for a lens with longer focal length. For distant objects,
the image height is very nearly proportional to the focal length. Thus a 200-mm
telephoto lens for use with a 35-mm camera gives a 4 magnification over the
normal 50-mm lens. A wide-angle lens has a shorter focal length than normal: a
wider field of view is included, and objects appear smaller. A zoom lens is one
whose focal length can be changed so that you seem to zoom up to, or away
from, the subject as you change the focal length.

Digital cameras may have an “optical zoom” meaning the lens can change
focal length and maintain resolution. But an “electronic™ or “digital zoom™ just
enlarges the dots (pixels) with loss of sharpness.

Different types of viewing systems are common in cameras today. In many
cameras, you view through a small window just above the lens as in Fig. 25-1.
In a single-lens reflex camera (SLR). vou actually view through the lens with
the use of prisms and mirrors (Fig. 25-7). A mirror hangs at a 45” angle behind
the lens and flips up out of the way just before the shutter opens, SLRs have
the great advantage that you can see almost exactly what you will get on film,
This is also true of the LCD display on a digital camera if it is carefully constructed.

m The Human Eye; Corrective Lenses

The human eye resembles a camera in its basic structure (Fig. 25-8), but is
far more sophisticated. The interior of the eye is filled with a transparent
gel-like substance called the wvitreous humor with index of refraction n = 1.337.
Light enters this enclosed volume through the cornea and lens. Between the
cornea and lens is a watery fluid, the aqueous humor (aqua is “water™ in Latin)
with n = 1.336. A diaphragm, called the iris (the colored part of your eye)
adjusts automatically to control the amount of light entering the eye, similar to
a camera. The hole in the iris through which light passes (the pupil) is black
because no light is reflected from it (it’s a hole), and very little light is reflected
back out from the interior of the eye. The retina, which plays the role of the film
or sensor in a camera, is on the curved rear surface of the eye. The retina
consists of a complex array of nerves and receptors known as rods and cones
which act to change light energy into electrical signals that travel along the
nerves. The reconstruction of the image from all these tiny receptors is done
mainly in the brain, although some analysis may also be done in the complex
interconnected nerve network at the retina itself. At the center of the retina is a
small area called the fovea, about 0.25 mm in diameter, where the cones are very
closely packed and the sharpest image and best color discrimination are found.

Unlike a camera, the eye contains no shutter. The equivalent operation is
carried out by the nervous system, which analyzes the signals to form images at
the rate of about 30 per second. This can be compared to motion picture or tele-
vision cameras, which operate by taking a series of still pictures at a rate of 24
(movies) or 30 (US. television) per second. Their rapid projection on the screen
gives the appearance of motion.

The lens of the eve (n = 1.386 to 1.406) does little of the bending of the light
rays. Most of the refraction is done at the front surface of the cornea (n = 1.376)
al its interface with air (n = 1.0). The lens acts as a fine adjustment for focusing
at different distances. This is accomplished by the ciliary muscles (Fig. 25-8),
which change the curvature of the lens so that its focal length is changed.

" A ~35-mm camera” uses film that is 35 mm wide; that 35 mm is not to be confused with a focal length,
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FIGURE 25-7 Single-lens reflex
(SLR) camera, showing how the
image is viewed through the lens
with the help of a movable mirror

and prism.
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FIGURE 25-8 Diagram of a

human eve.
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