25.1 The Camera

e use devices made from lenses, mirrors, or other optical components
every time we put on a pair of eyeglasses, take a photograph, look at the
sky through a telescope, and so on. In this chapter we examine how these

ud other optical instruments work. For the most part, our analyses will involve the
liss of reflection and refraction and the procedures of geometric optics. However,
uexplain certain phenomena we must use the wave nature of light.

THE CAMERA

lie single-lens photographic camera is a simple optical instrument whose essential
jaures are shown in Figure 25.1. It consists of a light-tight box, a converging lens
it produces a real image, and a film behind the lens to receive the image. Fo-
using is accomplished by varying the distance between lens and film —with an
ilustable bellows in old-style cameras and with other mechanical arrangements in
iever models. For proper focusing, which leads to sharp images, the lens-to-film
sitance will depend on the object distance as well as on the focal length of the
is. The shutter, located behind the lens, is a mechanical device that is opened
irselected time intervals, With this arrangement, moving objects can be photo-
juphed with the use of short exposure times, and dark scenes (low light levels)
jiih the use of long exposure times. Without this control, it would be impossible
htake stop-action photographs. For example, a speeding race car would move far
tough while the shutter was open to produce a blurred image. Typical shutter
peeds” are 1/30, 1/60, 1,/125, and 1/250 s. Stationary objects are often shot with
shutter speed of 1/60 s. More sophisticated cameras have a second adjustable
erture either behind or in front of the lens, to provide further control of the
iensity of light reaching the film.

The brightness of the image focused on the film depends on the diameter and
cal length of the lens. The amount of light reaching the film, and hence the
nghtness of the image formed on the film, increases with the size of the lens. The
fical length of the lens also affects the brightness of the image. We can see this by
osidering the lateral magnification equation for a thin lens:
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ihere h and /' are the object and image heights, respectively, and p and ¢ are the
bect and image distances. When p is large, ¢ is approximately equal to the focal
ingth, £ Thus, we have

h = —}11
P

fiom this result, we see that a lens with a short focal length produces a small image,
nresponding to a small value of A'.

A small image is brighter than a larger one because all of the incoming light is
ancentrated in a much smaller area. Because the brightness of the image depends
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Figure 25.1 A crosssectional
view of a simple camera.




822

DR N & W —

A Simple Pin-Hole Camera

Find a large cereal box and remove its
paper lining. Cut one side of the box
across the middle and two sides to form
a flap, as in figure (a). Fold back the
flap and tape a piece of waxed paper
across the width and tape the paper
about 2 inches from the bottom of the
box. This serves as the viewing screen for
your camera. Then tape the flap back to
its original position using masking tape,
and punch a hole in the bottom of the
box with a pin or tack. Finally, remove
the flaps from the top of the box and
cut the top so that it conforms to the
shape of your forehead and nose, as in
figure (b). Now point the pinhole end
of the box at a sunlit scene from your
window and look into the box from the
shaped end. You should see a small in-
verted image of the scene inside the
box. Why is the image inverted? Draw a
ray diagram that supports your observa-
[on.

Pin
hole

Waxed 4 Top

paper

Cut to
shape

Chapter 25 Optical Instruments

on fand on D, the diameter of the lens, a quantity called the fnumber is defined
as

Jmumber = é [25.

For example, if a camera has a lens of focal length 52 mm and is set with fnumbe
4, the aperture diameter is D = f/4 = (52 mm) /4 = 13 mm.

The fnumber is a measure of the light-concentrating power of a lens and d&
termines what is called the speed of the lens. A fast lens has a small fnumberz
usually a small focal length and large diameter. Camera lenses are often mar
with a range of fnumbers such as 2.8, 4, 5.6, 8, 11, 16. They are selected by adjusting
the aperture, which effectively changes D. When the fnumber is increased byo
position, or one “stop,” the light admitted decreases by a factor of 2. Likeyi
the shutter speed is changed in steps by a factor of 2. The smallest fnumber
responds to the case in which the aperture is wide open and as much of the le
area is in use as possible. Fast lenses, with Jmumbers as low as 1.2, are relati
expensive because it is more difficult to keep aberrations acceptably small. A sim
camera for routine snapshots usually has a fixed focal length and fixed apertu
size, with an f-number of about 11.

EXAMPLE 25.1 Choosing the f~Number

Suppose you are using a single-lens 35-mm camera (35 mm is the width of the film stip}
with only two fstops, (/2.8 and f/22. Which fnumber would you use on a cloudy da
Why?

Solution Substituting the given fnumbers into Equation 25.1, we have

2.8 = L and 22 = L
D, D,
The focal length of the camera is fixed (f; = f in the two equations), but the dia
of the aperture is not. On a cloudy day, you should make the shutter opening as g
as possible. As these equations indicate, the largest value of D produces the s
Jmumber. Thus, you should use the 2.8 setting.

¥l THE BYE B

The eye is a remarkable and extremely complex organ. Because of this comple

defects sometimes arise that impair vision. To compensate for the defects, exte

aids, such as eyeglasses, are often used. In this section we describe the parts of

eye, their purposes, and some of the corrections that can be made when the

does not function properly. You will find that the eye has much in common i
the camera. Like the camera, the eye gathers light and produces a sharp im

However, the mechanisms by which the eye controls the amount of light admi

and adjusts itself to produce correctly focused images are far more complex,




is defined

[25.1]
h fnumber

-ns and de-
umber and
ten marked
by adjusting
ased by one
9. Likewise,
mmber cor-
, of the lens
re relatively
all. A simple
ced aperture

the film strip)
 a cloudy day?

ut the diameter
pening as large
ces the smallest

his complexity,
lefects, external
the parts of the
e when the eye
h common with
a sharp image.
f light admitted
» complex, intri-

25.2 The Eye

ate, and effective than those in even the most sophisticated camera. In all respects,
lie eye is a wonder of design.

Figure 25.2 shows the essential parts of the eye. The front is covered by a trans-
urent membrane called the cornea. Inward from the cornea are a clear liquid re-
fon (the aqueous humor), a variable aperture (the iris surrounding the pupil), and
lie erystalline lens. Most of the refraction occurs in the cornea, because the liquid
gedium surrounding the lens has an average index of refraction close to that of
ie lens. The iris, the colored portion of the eye, is a muscular diaphragm that
wulates the amount of light entering the eye by dilating the pupil (increasing its
ameter) in light of low intensity and contracting the pupil in high-intensity light.
lhe pupil diameter can vary from about f/2.8 to f/16.

Light entering the eye is focused by the cornea-lens system onto the back sur-
ice of the eye, called the retina. The surface of the retina consists of millions of
wnsitive receptors called rods and cones. When stimulated by light, these structures
ud impulses via the optic nerve to the brain, where a distinct image of an object
iperceived.

The eye focuses on a given object by varying the shape of the pliable crystalline
as through an amazing process called accommodation. An important compo-
mt in accommodation is the aliary muscle, which is attached to the lens. When
e eye is focused on distant objects, the ciliary muscle is relaxed. For an object
tance of infinity, the focal length of the eye (the distance between the lens and
eretina) is about 1.7 ecm. The eye focuses on nearby objects by tensing the ciliary

iicle. This action effectively reduces the focal length by slightly decreasing the
iius of curvature of the lens, which allows the image to be focused on the retina.
lis lens adjustment takes place so swiftly that we are not aware of the change. In
srespect, as in others, even the finest electronic camera is a toy compared with
¢eve. It is evident that there is a limit to accommodation, because objects that
wiery close to the eye produce blurred images. The near point is the smallest
istance for which the lens will produce a sharp image on the retina. This
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ure 25.2  Essential parts of the eye. Can you correlate the essential parts of the

those of the simple camera in Figure 25.17

A model of a human eye. (Douglas

Struthers/Tony Stone Images)
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distance usually increases with age. Typically, the near point of the eye is aboul
18 cm at age 10, about 25 cm at age 20, 50 cm at age 40, and 500 cm or greaterd
age 60.

Defects of the Eye

An eye can have several abnormalities that keep it from functioning properly. Thes
can often be corrected with eyeglasses, contact lenses, or surgery.

When the relaxed eye produces an image of a nearby object behind the retig
as in Figure 25.3a, the abnormality is known as hyperopia, and the person is sl
to be farsighted. With this defect, distant objects are seen clearly but near objed
are blurred. Either the hyperopic eye is too short or the ciliary muscle can
change the shape of the lens enough to focus the image properly. The condii

" can be corrected with a converging lens, as shown in Figure 25.3b.
@ APPLICATION Another condition, known as myopia, or nearsightedness, occurs either
; the eye is longer than normal or when the maximum focal length of the len
insufficient to produce a clearly formed image on the retina. In this case, lightfi
a distant object is focused in front of the retina (Fig. 25.4a). The distingui
feature of this imperfection is that distant objects are not seen clearly. Nea
edness can be corrected with a diverging lens, as in Figure 25.4b.

Beginning in middle age (around age 40) most people lose some of theird
commodation power, usually as a result of hardening of the crystalline lens. Tf
causes farsightedness, which can be corrected with converging lenses. '

A common eye defect is astigmatism, in which light from a point sourcepi
duces a line image on the retina. This occurs when the cornea or the crysta
lens or both are not perfectly spherical. Astigmatism can be corrected by lens
with different curvatures in two mutually perpendicular directions. A cylinds
lens (a segment of a cylinder) is typically used for this purpose.

The eye is also subject to several diseases. One, which usually occurs later
life, is the formation of cataracts, which make the lens partially or totally opd
The common remedy for cataracts is surgical removal of the lens. Another
called glancoma, arises from an abnormal increase in fluid pressure inside!
eyeball. This pressure increase can cause a reduction in blood supply to the e
which can eventually lead to blindness when the nerve fibers of the retina
If the disease is discovered early enough, it can be treated with medicine
surgery.

Optometrists and ophthalmologists usually prescribe corrective lenses
sured in diopters.

Correcting Eye Defects with
Optical Lenses.

(b)
Figure 25.3 (a) A farsighted eye The power, P, of a lens in diopters equals the inverse of the focal lengthir
is slightly shorter than nor-mal; meters—that is, P = 1( f:

hence, the image of a nearby object

focuses behind the retina. (b) The

condition can be corrected with a

converging lens. (The object is as- For example, a converging lens whose focal length is +20 cm has a poi t
sumed to be very small in these +5 diopters, and a diverging lens whose focal length is — 40 cm has a pog
figures.) — 2.5 diopters.




25.2 The Eye

Thinking Physies 1

Aclassic science fiction story, The Invisible Man, tells of a person who becomes invis-
ble by changing the index of refraction of his body to that of air. This story has
been criticized by students who know how the eye works; they claim the invisible man

fould be unable to see. On the basis of your knowledge of the eye, could he see or
ot?

Explanation He would not be able to see. In order for the eye to “sec” an object,
ncoming light must be refracted at the cornea and lens to form an image on the ret-
ina. If the cornea and lens have the same index of refraction as air, refraction cannot
uccur, and an image would not be formed.

UAMPLE 25.2 Prescribing a Lens

lic near point of an eye is 50.0 cm. (a) What focal length must a corrective lens have to
ible the eye to see clearly an object 25.0 cm away?

_asoning The thin-lens equation (Eq. 23.11) enables us to solve this problem. We
e placed an object at 25.0 cm, and we want the lens to form an image at the closest
uint that the eye can see clearly. This corresponds to the near point, 50.0 cm.

Ylution Applying the thin-lens equation, we have

1 1 1
+ = -
25.0em  (=b0.0cm) f

I

50.0 cm
iy did we use a negative sign for the image distance? Notice that the focal length is
itive, indicating the need for a converging lens to correct farsightedness such as this.

|| What is the power of this lens?

lution The power is the reciprocal of the focal length in meters:

1 1
P= J—{ - m = 2.00 diopters

MMPLE 25.3 A Case of Nearsightedness

purticular nearsighted person cannot see objects clearly when they are beyond
llcm (the far point of the eye). What focal length should the prescribed lens have to
ect this problem?

Wsoning  For an object at infinity, the purpose of the lens in this instance is to place
image at a distance at which it can be seen clearly.
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Figure 25.4 (a) A nearsighted
eye is slightly longer than normal;
hence, the image of a distant object
focuses in front of the retina.

(b) The condition can be corrected
with a diverging lens. (The object is
assumed to be very small in these
figures.)
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