Chapter 19
Optical Instruments
Topics:
* The thin-lens equation
* The camera
* The human eye
* The magnifier
* The microscope

* The telescope

* Resolution of optical
instruments

Sample question:

This anablepsis is called the “four-eyed fish.” How must the top
half of its eye differ from the lower half so that it has clear vision
both above and below the waterline at the same time?
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Reading Quiz

1. The units of refractive power are
A. watts.

m?2.

m~.

B.
C.
D. joules.
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Answer Reading Quiz

1. The units of refractive power are 2. Accommodation of the eye refers to its ability to
A. focus on both nearby and distant objects.
B. move in the eye socket to look in different directions.

C.m™. C. see on both the brightest days and in the dimmest light.
D. see both in air and while under water
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Answer

2. Accommodation of the eye refers to its ability to
A. focus on both nearby and distant objects.

Reading Quiz

3. The magnification of a microscope is increased when
A. the focal length of the objective lens is increased.
B. the focal length of the objective lens is decreased.
C. the focal length of the eyepiece is increased.
D. the distance between the objective lens and eyepiece is

decreased.
Copyright © 2007, Pearson Education, Inc., Publishing as Pearson Addison-Wesley. S|Ide 19-5 Copyright © 2007, Pearson Education, Inc., Publishing as Pearson Addison-Wesley. S|Ide 19-6
Answer Reading Quiz
3. The magnification of a microscope is increased when 4. The fundamental resolution of an optical instrument is set by
A. the accuracy to which lenses can be polished.
B. the fact that white light is composed of all visible colors.
C. the focal length of the eyepiece is increased. C. the fact that all types of glass have nearly the same index
of refraction.
D. the wave nature of light.
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Answer

4. The fundamental resolution of an optical instrument is set by

D. the wave nature of light.

The Thin-Lens Equation

Far focal point

N
Near focal point/ I

+ ’
s s f
Thin-lens equation (also works for mirrors)
relating object and image distance to focal length
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e . Image
o TACTICS BOX 19.1 Using sign conventions for lenses and mirrors ﬂ Exercise 1
Quantity Pusilive when Negalive when Fll I I l Or
Objectdistarce s Always ‘Wz won't treat this czse in this book. 1 t .
Image distance s* Real image Virtual image e eC ronlc
Image is on the opposie side Image is in front of the Image is onthe same sidz Image is behind the
of the lens from the object. mirrer, of the lens as the abject. mirror, detector
L~
N T~
\\ j i *®
= /
Focal length f Converging lens or concave mimror Diverging lens or convex mirror
Image height it*, I . i | L. d
g mage is apright mage is invertz
Magnification M E E =
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Focusing a Camera

Appearance of the image
if the film is placed in
plane A, B, or C. -

Digital Cameras

A digital image is made up
of millions of pixels.

2500 X 2000 pixels

A CCD chip records the
digital image.

1 pixel
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When the eye focuses on distant objects,
the ciliary muscles are relaxed and the
lens is less curved.
Most of the refraction occurs at the
surface of the cornea. The lens is used
for fine adjustments.
When the eye focuses on nearby objects, =~
the ciliary muscles are contracted and
the lens is more curved.
Most of the refraction occurs at the cornea’s
surface, where An is the largest.
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Myopia and Hyperopia

A normal relaxed
eye focuses rays
from a distant
object on the retina.

(a) Normal eye

A relaxed myopic
eye focuses rays

.~ from a distant
object in front of
the retina.

(b) Myopic eye

(¢) Hyperopic eye

A relaxed hyperopic
eye tries to focus

rays from a distant
object behind the

retina.

Correcting Myopia

() With the eye relaxed, an

object at the far point is +---...
in focus on the retina. 4.,
‘4
ft
Far point \/

(b) . Essentially parallel rays
g from a distant tree.

:AL =—===———
F,

“+w A diverging lens is chosen to
create a virtual image of the
tree at the eye’s far point.

(0
A _——
e———ee———— {

A
The relaxed eye can now cleaM

see the distant tree by focusing
on its nearby virtual image.
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Apparent Size The Magnifier
As the object gets closer, the angle ;
it subtends becomes greater. Its LargeSt anQU|ar size 0
(a) Same object at two different distances angular size has increased. without a magnlfler IS 0
0~ <= < >
25 cm 25cm
A . g Near point
Further, the size of the image on the retina gets .. e i i
larger. The object’s apparent size has increased. TSIt~ thefocal point of the lens.
Virtual image e : : Pad et
(b) Two differently sized objects € Sk
g -
If the object is close to the focal point,
then 6 is approximately equal to A/f. ="

Here, a distant large object subtends Both images are the same With a magnlfler, The magnification is thus

the same angle as a closer small one.  size on the retina, and they the angular size IS

They have the same angular size. have the same apparent size. h 2] 25 cm

=7 6, f
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The Microscope

Eyepiece

Objective lens

Stage (moves
up and down to
focus sample)

Illuminator
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Prism (bends light path
so that eyepiece is at a
comfortable angle)

Focus knob

Slide 19-21

The Microscope

The eyepiece lens

Objective lens acts as a magnifier
f f The position of the object is -..,. with the image as

Object 2 < adjusted so that the imageisa s its objtfcl.

\ distance L from the objective lens. 5 /

Real image o
The object is L %
placed just beyond
the focal point.

L = tube length 1. 1,
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The Telescope

This is the angle
subtended by the
distant object.

Objective
lens

This is the angle
subtended by the
virtual image seen
by the eye.

Eyepiece

I

2 f
Parallel rays from

one point of a
distant object.
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The rays from the
objective converge to form
a real image of height /.

% The eyepiece forms
% avirtual image at
* infinity so that it
can be seen by a
relaxed eye.
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Lens Aberrations: Spherical Aberration

The rays don’t converge
to a straight point.

s
.

The Hubble space
telescope originally
suffered from
spherical aberration.
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Chromatic Aberration

Different wavelengths
focus at different points.

Rays of all
colors meet at
the same focus.

High power,
low dispersion\

N

Low power,
high dispersion

Resolution and the Wave Nature of Light

(b) The aperture and focusing effects
can be separated.

(a) A lens acts as a circular aperture.

/

Wave fronts Wave fronts

| | | | Not focused /
|

Ideal diffractionless lens
: with focal length f
/ .- Rays are converging

7%\ to the focal point. /

(o D < (o
A

y"Sphcncul wave

\ fronts are converging
to the focal point. \

o

|
i

Rays are perpendicular
to the wave fronts.

| | Not focused

Circular aperture
of diameter D
(¢) The lens produces a diffraction
pattern in the focal plane.
Wave fronts  Lhe first dark fringe
/ is focused at angle 6.

Parallel

bundle Light is diffracting at angle 6,
of rays to the first dark fringe.
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Rayleigh’s Criterion The Resolution of a Microscope
(a) Stars completely resolved

Maximum of image 2 falls on first D

dark fringe of image 1. The images

are marginally resolved. I .

Image 2 < Angle ¢, is the ;
: 3 angular size of ...
ObJeCt 1 D (b) Stars just resolved theolens as seen "Sd)() 0
S 1
71%/\)? «Zo, I\]< by the object.
Object 2 mage <
0‘“ Lz
s dmin
Two objects are resolvable if their R ol b jectsapaTaled by
. . the minimum resolvable distance.
angular separation is greater than
Numerical aperture NA = nsin g,
1.221
6 = D
. 0.614,
Resolving power RP=d _ =—"
NA
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Optical and Electron Micrographs of e. coli

Optical microscope Electron microscope
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