Light Touch

Math Isn't Just Numbers Anymore

Today is a glorious time to be a math-
ematics teacher. The new national
standards demand connections, not
only between topics in mathematics
but between mathematics and the real
world.! Having taught both math-
ematics and physics for nearly two
decades, I am having the time of my
life incorporating concepts from one
course into the other. Nationwide,
mathematics teachers are scrounging
around looking for real life applica-
tions to enhance their courses and
make mathematics come alive for
their students. This is a challenge for
teachers who have not ventured far
outside of their curricula before, and
they could use the help of OSA mem-
bers.

One way that individuals or local
sections might help these educators is
to share application ideas and exper-
tise. For example, recently a parent
came to my class to share how she
collects and measures samples of
aluminum for quality control. The
next thing I knew, my algebra class
was measuring aluminum samples
and graphing the results. Talking is
good, but what math teachers need
are hands-on projects that allow math
application at their students’ level.

I found one such idea in the OSA
Optics Discovery Kit? I confess that
the kit was not originally designed for
this use, but it certainly was a handy
way to let the students discover the
value of the mathematics they had
learned. I encourage you to share the
following idea with your favorite
mathematics teachers. Perhaps it will
give you the lesson plan you need to
visit a math classroom.

This plan was designed for stu-
dents in math analysis or pre-calculus
while studying rational functions, but
can be used with any group in second-
year algebra or beyond. The students
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work with the Optics Classroom Kit
or in groups of three or four with one
individual Optics Kit per group. Ad-
ditional materials needed for each
group are two spring-type clothes-
pins, one meterstick, one index card,
and a single light source. I borrowed
the old physics technique of candles
for my light sources. The students
love the romantic notion of mathemat-
ics by candlelight, and the practical
side is that math classrooms typically

do not have enough electrical outlets.
Younger students should probably not
use open flames, however.

The only advance introduction
necessary is to give the students a
clear definition of real and virtual
image types. The rest they can dis-
cover. The activity only takes one class
period (about 50 minutes); teachers
love that. Most students can submit
their work within that time and others
can complete the graphs overnight.

Lens Formula: :
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Rational Functions Worksheet

name

=focal length

d_=object distance
d

=image distance

1. Move the light source to three different positions, each time recording the
object distance and the image distance, both measured from the lens.

2. Calculate f, using the lens formula, for all three trials and average.
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where will the image be located?

3. Experiment and predict: When the object distance approaches infinity,

5. Record this image distance as your accepted f=

4. Focus an image of a very distant object on your screen (preferably an object
you can see outside your classroom window).

6. Compare the accepted f to the average experimental f above.

Relative error = experimental f — accepted f X 100% =

what happens at asymptotes.

accepted f

7. Using the approximate f (to nearest two digits) and the lens equation, let
d;=y and d_=x. Solve for y. Then graph f(x).

8. Label regions of the graph with meanings in type and size of image. Explain

9. Where is the image size the same as the object size? (d_=d,) Label this on the
graph.
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Definitions :
Real—images that are formed by y
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screen; most distinguishing feature:
inverted. real image

Virtual—images that appear to be
formed; cannot be projected; most
distinguishing feature: upright.

same size image
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the end of this activity as students
realize their graphs have meaning.
Graphs and mathematics can predict
outcomes in the real world. A discus-
sion can follow about uses of lenses
and image types. Further, if these
graphs of rational functions have
meaning, maybe all of the others do as
well. The idea of a function becomes
real, not virtual.
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SOLUTION USING LENS A F(XY} :;(ng NOT SYMMETRIC TO Y-AXIS OR ORIGIN,

S

REFERENCES POINT OF SINGULARITY = 5. LIMIT £ 5, CROSSES Y-AXIS ONLY AT O, CROSSES X-

1. FJ.Crosswhite, “National Standards: A New
Dimension in Professional Leadership,” School
Science and Mathematics, 90:6, 1990, 454-465.

2. Optical Society of America, Official Optics Dis-
covery Kit Student Guide, Experiment #1—
Lenses, 1990, 2-5.

AXIS ONLY AT O

INTRODUCING. . . OSA BOOK CLUB

A new service for OSA members only

All OSA members can now enjoy discounts on book titles from other publishers!

Available pow are four titles from Wiley-Interscience:

Optical Signal
Processing

Fiber-Optic
Communication Systems

Optical Shop
Testing, 2nd Ed.

Fundamentals of
Photonics

by Bahaa E.A. Saleh and
Malvin Carl Teich

Geared for daily use, this easily
accessible text treats the interac-
tion of optics and electronics as
well as their important applica-
tions in lasers, optical fibers and
semiconductor optical devices.

ics, and lightwave technology.
Member Price $63.95

Coverage encompasses the areas
of coherent optics, electro-optics,
optoelectronics, quantum electron

by Daniel Malacara

This invaluable sourcebook com-
prehensively describes the current
state of optical component and
systems testing technology. MNew
and revised chapters in this editior
discuss phase shift interferometry,
wavefront fitting and evaluation,
moiré and fringe projection tech-
niques, and parameter measure-
ments.

Member Price $68.95

by Anthony Vanderlugt

Here s & reference text that offers
& clear, methodical look at the fun-
damentals of optical signal pro-
cessing. Topics indude practical
aspects of implementing spatial fil-
tering systems, instantaneous
power spectrum analysis, basics
of spaceintegrating correlators,

by Govind P. Agrawal

This useful guide emphasizes the
physical understanding of fiber-
optic systems, while Incorporating
engineering aspects throughout
the text. Contents include optical
sources and tranamitters, system
design and performance, multl-
ch 1 ¢ {catl systems,
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and new ways to handle diffracti
theory—the Fresnel transform and
the Fourier transform.

Member Price 854.95

systems.
Member Price $50.95

For more information or to place an order, please contact Susan Bornt at the Optical Society of America
2010 Massachusetts Ave. NW, Washington, DC 20036-1023, Phone: 202/416-1907 Fax: 202/416-6120

Have your credit card ready—Visa, MasterCard, American Express, Diner's Club
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