Chapter 34

Images




M Checkpoint 3

A bee 1s hovering in front of the concave spherical refracting surface of a glass sculp-
ture. (a) Which part of Fig. 34-12 is like this situation? (b) Is the image produced by
the surface real or virtual, and (c) is it on the same side as the bee or the opposite side?

(a) e;(b) virtual, same



Sample Problem 34.03

A praying mantis preys along the central axis of a thin sym-
metric lens, 20 cm from the lens. The lateral magnification of
the mantis provided by the lens 1s m = —0.25, and the index
of refraction of the lens material is 1.65.

(a) Determine the type of image produced by the lens, the
type of lens, whether the object (mantis) is inside or outside
the focal point, on which side of the lens the image appears,
and whether the image is inverted.

Reasoning: We can tell a lot about the lens and the image
from the given value of m. From it and Eq. 34-6 (m = —ilp).
we see that

i = —mp = 0.25p.

Even without finishing the calculation, we can answer the
questions. Because p is positive, 7 here must be positive. That
means we have a real image, which means we have a con-
verging lens (the only lens that can produce a real image).

Calculations: We know p, but we do not know . Thus, our
starting point is to finish the calculation for 7 in part (a); we
obtain

i =(0.25)(20 cm) = 5.0 cm.
Now Eq.34-9 gives us
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from which we find f = 4.0 cm.

Image produced by a thin symmetric lens

The object must be outside the focal point (the only way a
real image can be produced). Also, the image is inverted and
on the side of the lens opposite the object. (That is how a
converging lens makes a real image.)

(b) What are the two radii of curvature of the lens?

KEY IDEAS

1. Because the lens is symmetric, r; (for the surface nearer
the object) and r, have the same magnitude r.

2. Because the lens is a converging lens, the object faces a con-
vex surface on the nearer side and so r; = +r. Similarly, it
faces a concave surface on the farther side;sor, = —r.

3. We can relate these radii of curvature to the focal length f
via the lens maker’s equation, Eq. 34-10 (our only equa-
tion involving the radii of curvature of a lens).

4. We can relate f to the object distance p and image
distance i/ via Eq. 34-9.

Equation 34-10 then gives us

A T Y Iy

f 2 r2 +r —r
or, with known values inserted,
1 2
=(1.65—-1)—,
4.0 cm ( ) r

which yields

r = (0.65)(2)(4.0 cm) = 5.2 em. (Answer)



Sample Problem 34.04

Figure 34-18a shows a jalapefio seed O, that is placed in
front of two thin symmetrical coaxial lenses 1 and 2, with fo-
cal lengths f; = +24 cm and f, = +9.0 cm, respectively, and
with lens separation L. = 10 cm. The seed is 6.0 cm from lens
1. Where does the system of two lenses produce an image of
the seed?

KEY IDEA

We could locate the image produced by the system of
lenses by tracing light rays from the seed through the two
lenses. However, we can, instead, calculate the location of
that image by working through the system in steps, lens by
lens. We begin with the lens closer to the seed. The image we
seek is the final one—that is,image I, produced by lens 2.

Lens 1: Ignoring lens 2, we locate the image [, produced by
lens 1 by applying Eq. 34-9 to lens 1 alone:

P Iy fl

The object O, for lens 1 is the seed, which is 6.0 cm from the
lens; thus, we substitute p; = +6.0 cm. Also substituting the
given value of f;, we then have

1+t 1t __ 1
+6.0cm i +24cm’

which yields i; = —8.0 cm.

This tells us that image 7, is 8.0 cm from lens 1 and vir-
tual. (We could have guessed that it is virtual by noting that
the seed is inside the focal point of lens 1, that is, between
the lens and its focal point.) Because 7, is virtual, it is on the
same side of the lens as object O; and has the same orienta-
tion as the seed, as shown in Fig. 34-18b.

Lens 2: In the second step of our solution, we treat image /,
as an object O, for the second lens and now ignore lens 1.
We first note that this object O, is outside the focal point
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Figure 34-18 (&) Seed O is distance p; from a two-lens system with
lens separation L. We use the arrow to orient the seed. (b) The
image [; produced by lens 1 alone. (¢) Image [ acts as object O, for
lens 2 alone, which produces the final image 7,.



of lens 2. So the image [, produced by lens 2 must be real, in-
verted, and on the side of the lens opposite O,. Let us see.

The distance p, between this object O, and lens 2 is,
from Fig. 34-18c,

p,=L+ 1l =10cm + 8.0 cm = 18 cm.

Then Eq. 34-9, now written for lens 2, yields

111

—— + —
+18 cm i» +9.0cm

Hence, i, = +18 cm. (Answer)

The plus sign confirms our guess: Image [, produced by lens
2 is real, inverted, and on the side of lens 2 opposite O,, as
shown in Fig. 34-18¢. Thus, the image would appear on a
card placed at its location.



34-5 Optical Instruments

Simple Magnifying Lens

The angular magnification of a simple I\% ) I@
magnifying lens is KN ]

(b)
(a)

25 cm
I

where fis the focal length of the lens and I\\\g
25 cm is a reference value for the near
point value. ©
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(simple magnifier). vl
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Figure (a) shows an object O placed at the near point 2, of an eye. The size of the
image of the object produced on the retina depends on the angle @that the object
occupies in the field of view from that eye. By moving the object closer to the eye, as in
Fig.(b), you can increase the angle and, hence, the possibility of distinguishing details of
the object. However, because the object is then closer than the near point, it is no longer
in focus; that is, the image is no longer clear. You can restore the clarity by looking at O
through a converging lens, placed so that O is just inside the focal point F~; of the lens,
which is at focal length 7(Fig. c). What you then see is the virtual image of O produced
by the lens. That image is farther away than the near point; thus, the eye can see it
clearly.



34-5 Optical Instruments

Compound Microscope

Figure shows a thin-lens version of a compound microscope. The instrument
consists of an objective (the front lens) of focal length 7,, and an eyepiece (the lens
near the eye) of focal length 7. It is used for viewing small objects that are very
close to the objective. The object O to be viewed is placed just outside the first
focal point F; of the objective, close enough to £, that we can approximate its
distance p from the lens as being 7. The separation between the lenses is then
adjusted so that the enlarged, inverted, real image /produced by the objective is
located just inside the first focal point £, of the eyepiece. The tube length sshown
in the figure is actually large relative to 7, and therefore we can approximate the
distance /between the objective and the image /as being length s.

The overall magnification of a compound Eyepiece )
microscope is Objective S
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34-5 Optical Instruments

Refracting Telescope

Refracting telescope consists of an objective and an eyepiece; both are
represented in the figure with simple lenses, although in practice, as is also true for
most microscopes, each lens is actually a compound lens system. The lens
arrangements for telescopes and for microscopes are similar, but telescopes are
designed to view large objects, such as galaxies, stars, and planets, at large
distances, whereas microscopes are designed for just the opposite purpose. This
difference requires that in the telescope of the figure the second focal point of the
objective F, coincide with the first focal point of the eyepiece F’,, whereas in the
microscope these points are separated by the tube length s.
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34 Summary

Real and Virtual Images

« If the image can form on a surface,
it is a real image and can exist even
if no observer is present. If the
image requires the visual system of
an observer, it is a virtual image.

Image Formation

« Spherical mirrors, spherical
refracting surfaces, and thin lenses
can form images of a source of
light—the object — by redirecting
rays emerging from the source.

« Spherical Mirror:

1
R Eq.34-3& 4

» Spherical Refracting Surface:

nyo oM Mo m )
> T p Eq. 34-8

» Thin Lens:
1 1 1 1 1 )
!—J+T_F_{n-n(r—1_z), Eq. 34-9 & 10

Optical Instruments

« Three optical instruments that

extend human vision are:

1. The simple magnifying lens, which
produces an angular magnification
my given by

my = 25}5“‘ Eq. 34-12

2. The compound microscope, which
produces an overall magnification
M given by

s 25cm
M=mm,=—— Eq. 34-14
M o f q

3. The refracting telescope, which
produces an angular magnification
mu given by

fob
M= 7y EQ.34-15



