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Funhouse mirrors distort
images because the curved
surfaces essentially change the
angle of incidence of incoming
rays, change that differs

depending on the mirror's
shape in a given location. In
every case, however, the angle
of reflection equals the angle of
incidence.
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Mirrqrs.and.lenses

The development of the technology of mirrors and lenses led to a revolution in the progress of
science. These devices, relatively simple to construct from cheap materials, led to microscopes”
23.1 Flat Mirrors and telescopés, extending human sight and opening up new pathways to knowledge, from
microbes to distant planets.

This chapter covers the formation of images when plane and spherical light waves fall on

-

23.2 Images Formed by Concave

Wlrews plane and‘spherical.surfaces. Images can be formed by.reflection from mirrors or by refrac:
23.3 Convex Mirrors and Sign tion'through lenses. In our:study of mirrors and lenses, we continue to assume light travels in®
Conventions §(raight lines (the ray approximation), ignoring diffractions
23.4 Images Formed by
Refraction

23.5 Atmospheric Refraction
23.6 Thin Lenses

s sl AR 3
25l Flat Mirrors
We begin by examining the }iat’ mirror. Consider a point source of light placed s
at O in Figure 23.1; a distance-pin front of a flat mirrorr The distance p is called*
the object distance, Light rays leave the source and are reflected from the mirror,
After refléction, (h?j‘ayk-divcrg, (spread apart), but they appeaw to the viewer to
come from a point Ibchind the mirror. Point T is called the image of the object at
“0fRegardless of the system under study, images are formed at the point where
rays of light actually intersect or where they appear to originate. Because the rays
in the figuré appear to originaté at J, which is a'distance ¢ behind the mirror; that
thelocation of thie image. The distance gis called the image distance.
" Images are classified as real or virtual.'In the formation of a real image, light
actually passes through the image point. For a virtual image; light doesn’t pass+
through the image point, but appears to come (diverge) from there: The image

23.7 Lens and Mirror Aberrations
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Copyright 2010 Cangage Leaming. All Rights Reserved May ot be copied, scand, of duplicated, in whole of in part. Due 10 eloctmic rights, some thind party contenl may be suppwessod from the clionk sndie «Chapters).
Editorial review has decmed thal oy suppressed cantend docs not sislcrially sffoct U overall keaming experience. Cengage |eaning reserves (he right ko remove sdditional conkent st any time i subsoquind nghés resticions e it

CamScanner = Ligo d>guaall


https://v3.camscanner.com/user/download

tormed by the flat mivror in Figure 25.1 is a vivtaal imagé, In fact, the hnages seen
in at mivvors ave always vivtaal (for real objects). Real iimages can be displayed on

a sereety (as at a movie), but vivtaal iimages cannot
We examine some of the properties of th Inmgﬂ iurmrd by flat mirrors by
u\mg lhc simplc gcomcuic le(lmlquﬂ Mﬁ%  an image Is formed, IU's
WO, a8 they reflect (rom the mirror as if

' P, follows:the lioizontal path P'Q 6
ﬁm‘fﬂ& on iselfy [he second ray follows (Tie 6blique path PR”
an vet __'_ a8 shownAn observer to the left of the mirror would trace thétwy
M - vint from which they appear to have-originated:point”
h}\ continuation of this process for points other than ’on the ohject would result
in AVirtaay drawn Wm the right of the mirror, Becatise trik
MWWQRM identicaly PQ= " P'Q Hence, we conclude that the imuge
formed by an object placed In front of n Clat mirror s ay fur behind the micror ny
the object Is in trout of the mirror. Geometry also shows that the ohject helght &
equals the image height A" The fateral magnificadon Mis defined as »

[23.1]

»

Equation 23.1 is a general definition of the lateral magnitication ol any type of
mirvor. For a flat mirror, M = 1 because A = b, )
In summary, the image formed by a flatmirror has the following properties:”

ge is unmagnitic mmmdmmc(%'
{hat if the obj »&‘lmw oints upward; as inActive Flguu mey
s ﬂi"é‘&‘g"‘ﬁﬁ?‘ hance

Finally, note thata tlat mirror produces an image having an apparent leli=right
reversal. You can sce this reversal standing in front of a mirror and ralsing your
right hand. Your image in the mirror raises the left hand. Likewise, your hair
appears to be parted on the opposite side, and a mole on your right cheek appears
to be on your image’s left check.

.

23.1 In the overhead view of Figure 23.8, the image of the stone seen by observer 1
s _;a_l»C.__\v_thrc does observer 2 sce the image: at 4, at B, at. G, at D, at kK, or novat all?

A h Y D L
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Figure 23.3 (Quick Quiz 23.1)

'

23.1 | Flat Mirrors 191

"The Tmage pn‘m T Inhiml ]

the mlrror. with p = lql
o]
0 Lo /U‘I
:j»:f '
A.
Mirror

Figure 23.1 Animage formed by
reflection from a flat mirror. The
image at point /is virtual. Tn Section
23.3, it will be shown that g must be
taken us negative for virtual images:
the ohject distance p, therefore,
equals the absolute value of the
image distance 4.

Tiecause the ks mg cm
WQK are denticd,
gl and b= R

L T

lm..wge

Active Figure 23.2

A geometric construction to locate
the image of an object placed in
frontof a flat mirroe.

Tip 23.1 Magnification #
Enlargement

Note that the word magnification,
as used in optics, doesn't always
mean enlargement because the
image could be smaller than the
object.
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792 CHAPTER 23 | Mirrors and Lenses

* EXAMPLE 23.1 | "Mirror, Mirror, on the Wall"

GOAL Apply the propertics of a flat mirror. F

PROBLEM A man 1.80 m tall stands in-front of a mirror and sees his full height, no?
moreand no less:1f hiseyesare 0141 from the top of his head, what is.the minimume |
licight'of the mirror?

STRATEGY Figure 23.4 shows two rays of light, one from the man’s feet and the other
from the top of his head, reflecting off the mirror and entering his eye. The ray from his
feet just strikes the bottom of the mirror, so if the mirror were longer, it would be too
long, and if shorter, the ray would not be reflected. The angle of incidence and the angle

of reflection are equal, labeled 0. This means the two triangles, ABD and DBC, arc identi- A
-cal because they are right triangles with a common side (DB) and two identical angles 0.

Use this key fact and the small isosceles triangle FEC to solve the problem. Figure 23.4 (Example 23.1)
..................... RN\ SR o (o' d5man b a8 AV 6 S V0 0034 4 4
SOLUTION

We need to find BE, which equals d. Relate this length to (1) BE=DC+ %a.' i

lengths on the man'’s body:

AF  <F

We need the lengths DCand CF. Set the sum of sides (2) AD+ DC= AC= (1.80 — 0.14) = 1.66 m/

opposite the identical angles 8 equal to AC:

AD = DC, so substitute into Equation (2) and solve for AD+DC=2DC=166m — DC=0.83 m

DC: ' y

CFis given as 0.14 m. Substitute this value and DCinto BE=d=DC+ }CF=0.83m + }(0.14m) = 1090m s

Equation (1):

REMARKS The mirror must be exactly equal to half the height of the man for him to see only his full height and nothing

more or less. Notice that the answer does 't depend on h the mirror.
p‘é PR hancer
QUESTION 23.1 :Would a taller man be able to $ee his full height in the same mirror?

EXERCISE 23. llHowla.rgc should the mirror be if he wants to see only the upper third of his body? e 3 o a7
= - l : A a.
ANSWER 030m Af =z '€ L3 = v 165 —=>Ac=g'bo~o-lY = De-

e RBE = a-23 + é.(-"“” = g0 .~

APPLICATION ‘Most rearview mirrors in cars have a day semng and a night setting; The night
Day and Night Settings for ~ setting greatly diminishes the intensity of the image so that lights from trailing
Rearview Mirrors  cars will not blind the driver. To understand how such a mirror works, consider
Figure 23.5. The mirror is a wedge of glass with a rcﬂ"ﬁﬁftﬁﬂhc coating on’
the back side. When the mirror is in the day seltingg as’in  in Figure 23. 5a; light from-
an ob_[cct behind the car strikes the mirror at pointilt Most of the'light enters the
wedge) isTefracted, and reflects from the back of the mirror to return to the front /

\
Figure 23.5 Cross-scctional views Reflecting

of a rearview mirror. (a) With the side of mirror
day setting, the silvered back surface 3
of the mirror reflects a bright ray B
into the driver’s eyes. (b) With the
night setting, the glass of the unsil-
vered front surface of the mirror
reflects a dim ray Dinto the driver’s
eyes.

Incident ‘\ Incident |
llghl llght kg
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23.2 | Images Formed by Concave Mirrors 793

surface, Where it is refracted again as it reenters the air as ray B (fof bright). tr addi
tiona small portion of the light is reflécted atthe Tront surfaerasindieated by”
tay D (for dim). This dim reflected light is responsible for the image observed when ¢
the mirror is in the night Setting, as in Figure 23.5b) Now the wedge is rotated so
that the path followed : el Instead, 7
W t reflected from the front Sutface travels to the eye, and the brightness

of trailing

weadlights doesn't become a hazard.

S APPLYINGI PHYSICS 23018 | llusionists Triek o

The professor in the box shown in Figure 23.6 appears to
be balancing himself on a few {ingers with both of his feet
elevated from the floor. He can maintain this position for a
long time, and appears to defy gravity, How do you suppose
this illusion was created?

EXPLANATION This trick is an example of an opti-
cal illusion, used by magicians, that makes use of a mir-
ror. The box the professor is standing in is a cubical open
frame that contains a flat, vertical mirror through a diago-
nal plane. The professor straddles the mirror so that one
leg is in front of the mirror and the other leg is behind it,
out of view. When he raises his front leg, that leg’s reflec-
tion rises also, making it appear both his feet are off the
ground, creating the illusion that he’s floating in the air.
In fact, he supports himself with the leg behind the mirror, Figure 23.6 (Applying Physics 23.1)
which remains in contact with the ground. =

Courtesy of Heary Leap and Jim Lahman

‘ Apago PDF Enhancer
Images Formed:-by Concave Mirrors
A spherical mirror, as its name implies, has the shape of a segment of a sphere.
Figure 23.7 shows a spherical mirror with a silvered inner, concave surface; this
type of mirror is called a concave mirror, The mirror has radius of curvature R,
and its center of curvature is at point C. Point Vis the center of the spherical seg-:
ment, and a line drawn from Cto Vis called the principal axis of the mirror,

Now consider a point source of light placed ‘_ﬁz:p'bmt* in Figure 23.7b, 6n thé
iprincipal axis and outside’ point” C.' Seyeral diverging rays-originatinig at 0 are
shown. After reflecting from the mirrot, fhese ays converge to meet at 7, calleds
the image point. The rays then continue and diverge from I as if there were an
object there. As a result,aréalimageis foriied! Whenever reflected light actually
PisTupephxyonrginacalonmedurrairyzain

Figure 23.7 (a) A concave mirror
of radius R. The center of curvature,
C, is located on the principal axis.
(b) A point object placed at Qin *
front of a concave spherical mirror
of radius R, where Ois any point

on the principal axis farther than

R from the surface of the mirvor,
forms a veal image at [,

If the rays diverge _ﬁ:qﬁl
O at small i\ﬁj’;‘i‘él,}‘h};y
all reflect through thd
“same image pointat §

Mirror
Center of

curvature
R
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