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Real image Shutter To adjust for different object
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A two-lens problem

 Two thin lenses are placed 8 cm apart. The first
has a focal length of +9 cm, the second
+5 cm.

 An object is placed 20 cm in front of the first lens.
Where is the final image formed, and what’s its
total magnification? Is it a virtual or real image?

 Method: break it up into two problems with one
lens each. Use the image produced by the first
lens as the object for the second lens.



( .\
| L <_,\__ _ 4
I = e -——) S| - -C, St > q;m 20‘3

{
‘F( S' S,
5; + [é'L[ A
La Lo
1 \ \ _\—- ¢ A
- — 2 = /
’cz. S . S.z‘ ~ gv‘(czn Sz



Fig.38.42
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(@) Zoom lens set for long focal length (b) Zoom lens set for short focal length (¢) A practical zoom lens
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(@) f= 28 mm
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(¢) f = 300 mm
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(d) The angles of view for the photos in (a)—(c)
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Changing the diameter by a factor of v2
changes the intensity by a factor of 2.

Larger
Adjustable /i /4 aperture Jf-numbers
mean a
smaller
aperture.

dlaph_['agm

f/8 aperture
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Two rays are drawn from the top of an object. One of the rays
crosses the principle axis at point A as shown. Which one of
the following statements best describes the location of the
focal point on the right side of the convergingshens:

The focal point is a short distance left of poi

2. The focal point is a large distance right of poiat
where the rays converge.

’

@’. The focal point is a short distance right of pojnt
4. The focal point is at point A. /\
point A




(a) Diagram of the eye

Contraction of the ciliary === » Ciliary Retina
muscle causes the lens to
become more convex,
decreasing its focal
length to allow
near vision.

Crystalline
lens
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(b) Scanning electron micrograph showing
retinal rods and cones in different colors

Rod Cone




(@) Normal eye

Rays from
dlstant object ’g/y
< / pord = &®

(b) Myopic (nearsighted) eye

Eye too long or cornea ... rays focus in
too sharply front of the
curved. .. retina.

(c) Hyperopic (farsighted) eye

Eye too short or
cornea not curved
enough . . .

. rays focus
. behind the

\\l-c[i_gna. "\Qw foM __>) ’2 l‘ﬂ '(leg
>’0~1’6( lo"'{
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Table 34.1 Receding of Near
Point with Age

Age (years) Near Point (cm)
10 7
20 | 10
30 14
40 22 y
RS Cim v e "
50 40

60 200
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a) Where is the near point for an eye which needs a
contact lens of power +2.75 diopters?

b) Where is the far point for an eye which needs a
contact lens of power -1.30 diopters?
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Farsighted people have
trouble focusing on nearby
objects. A converging lens
creates a virtual image at or

beyond the eye’s near point.
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(a) Vertical lines are imaged in front of the retina. (b) A cylindrical lens corrects for astigmatism.

-
.
-

Shape of eyeball or lens causes vertical and This cylindrical lens is curved in the vertical, but
horizontal elements to focus at different not the horizontal, direction; it changes the focal
distances. length of vertical elements.
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A. Fig.38.43

Christian Musat/Shutterstock.com



Fig.38.44 ;
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(a) Elements of a microscope
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A telescope as a 95.0 cm focal length objective,
and a 15.0 cm focal length eyepiece.

a) Find the angular magnification of the telescope.

b) Find the height of the image made by the objective
of a building that’s 60.0 m tall and 3 km away.

c) What is the angular size of the final image as seen
through the eyepiece?
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(@) (b)

Starlight Starlight

Planar
secondary
mirror

Cage

Eyepiece

! Concave
The C;‘igc at the objective mirror
focal point may %
contain a camera. This is a common

design for the telescopes

of amateur astronomers.
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Starlight

Planar
secondary
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This is a common design

for large modern telescopes.
A camera or other instrument
package is typically used
instead of an eyepiece.
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WARNING:

SHARKS WITH FRICKIN' LASER BEAMS
ATTACHED TO THEIR HEADS

Light Amplification by
Stimulated Emission of Radiation
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Thornton/Rex, Modern Physics for Scientists and Engineers, 2/e
Figure 10.11
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Harcourt, Inc. items and derived items copyright @ 2000 by Harcourt, Inc.



Thornton/Rex, Modern Physics for Scientists and Engineers, 2/e

Figure 10.12
Fully Partially
silvered silvered
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Harcourt, Inc. items and derived items copyright @ 2000 by Harcourt, Inc.



Stimulated Emission in a Mirrored Laser Cavity

et
e

Equilibrium State

Figure 1

Cool figure from “Molecular Expressions”
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M. Csele, Niagara College, 2004




Laser guide star in use
at the Keck 10m
telescope on Mauna Kea

© Adam R. Contos, 2002



Laser Radiation

Do Not Look At Laser
wWith Remaining Eye
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Peer pressure in the laser lab

DOCTOR FUN
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Fig.36.28b

(b) Viewing the hologram
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