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physics courses with ‘‘problems’ saying: use single<concept
so-and-so to calculate specific number what’s-it in simple
system . ...

Dealing with the problem: Reemphasizing standards

The needs of society and posterity for more and more
knowledgeable thinking people are increasingly in conflict
with the growing pressures to water down learning require-
ments in physics. How can we overcome these pressures?
The following suggestions are tentatively advanced to
stimulate discussion.

First, the body of collegiate physics teachers should
reach some agreement as to why we expect students to
study physics. (The pages of this journal would be an ex-
cellent forum for reaching consensus on this matter.) Most
colleges offer three different beginning physics sequences:
Physical Science which is purely descriptive — a course full
of information but usually short on knowledge; Liberal
Arts Physics — the course, relying on simple algebra and
geometry, which has, traditionally, emphasized problems
and the development of scientific thinking; Physics for
Scientists and Engineers, a calculus-based course emphasiz-
ing facts, theory and problem solving, leading to the prac-
tical applications of physics to science and engineering. It is
the second category that concerns me in this essay. I be-
lieve that these courses have been traditionally based upon
the building of student abilities up to the level of success-
fully dealing with relatively simple but multiple-concept

problems. I hope that we can agree to have this category of
courses continue to make such demands.

Explicit agreement as to what the transcript state-
ment *“College Physics” means should prove useful to stu-
dents, faculty, professional schools, and potential em-
ployers. The agreement could be embodied in an AAPT-
created book of examination problems from which partic-
ipating faculty could select their exams. (Or, we could
produce a series of different exam books for different level
courses, the course level being determined by how many
different concepts students would be expected to juggle in
any one problem. College Physics should at least be a level
two). AAPT could then publicize which schools use which
exam books. Publicity from outside is one way to counter
internal pressures to lower standards.

In a sense, I am asking for voluntary national stand-
ards for the introductory physics course. (Such standards
already exist, de facto, for physics major courses in the
Graduate Record Examinations.) This is not a very revolu-
tionary suggestion since such voluntary standards now exist
via national board exams in medicine and national compo-
nents of the bar exam in law. The need for rational think-
ing on the part of our future citizenry is just as important
as the need for skills among our future professionals. If
necessary, we teachers of physics should adopt similar
methods to insure that our teaching meets the standards
that we say our society needs.

The physics of visual acuity

Michael J. Ruiz

Department of Physics, The University of North Carolina, Asheville, North Carolina 28814

A very interesting optics experiment can be per-
formed using an eye-test chart, a ruler, and a calculator. A
satisfactory eye chart can be obtained from Sargent-
Welch.! The objective of the experiment is to determine an
estimate for the limit of visual acuity.

The student measures the length of the largest letter
on the chart and notes at which distance the letter should

be discernible. This minimizes experimental uncertainty
which increases when measuring the smaller letters. For a
letter which should -be read at 50 ft by a normal eye, one
finds that the linear dimension of the letter is 22 mm. Fig-
ure 1 shows how a simple proportion can be used in order
to obtain the length of the real image of the letter on the
retina. The length of the eye can be taken to be approxi-

22 mm

50ft = 15240 mm

'...___

Fig. 1. Schematic drawing of object, eye, and retinal real image.
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mately 30 mm. We immediately find the following propor-
tion:
22mm X
15 240 mm 30 mm

X = 40u

where 1u is one micron, which is one thousandth of a milli-
meter.

In order to distinguish a P from an F the observer
must see clearly one half of the letter. The image of this
portion of the letter has a linear dimension of 20u. Since
the mean spacing between the centers of the light receptors
is about 3u, one half of the letter is approximately 6 recep-
tors in length. The student can now draw an array of circles
as a model to represent the array of receptors in the retina.
The student should recognize two points. First, for 20/20
normal vision, an individual is required to discern letters
when the image of one half of the letter spans 6 receptors.
Second, for the best possible vision the minimum number
of receptors, in principle, needed to distinguish a P from an
F is 3 x 3 receptors (Fig. 2). This problem is analogous to
representing letters or numbers on the minimum number of
light-emitting diodes in a calculator.

Most people cannot resolve a P or F when half of the
letter falls on the minimum 3 x 3 receptors and the test for
20/20 vision does not require them to do so. However,
some individuals have better vision than the normal 20/20
and the aim of the experiment js to place a limit on the best
vision possible.

A reasonable estimate of the limit of visual acuity
corresponds to the illustrated case where the upper half of
the P or F falls on 3 x 3 receptors, i.e., the retinal image is
one half of the size it would be for 20/20 vision. Therefore,
the limit is realized by standing 100 ft from the chart rather
than 50 ft in an attempt to identify a 22 mm letter. The
visual acuity for an eye that can read the 20/a line of a
Snellen chart at b feet is 20/20 (a/b). Our rough calculation

1

3 cones

€=,
OO |

Q

Fig. 2a. Part of the letter P. Fig. 2b. Part of the letter F.

indicates that the limit of visual acuity is approximately
20/10. It is interesting to allow the students to test each
other. From time to time a case of about 20/10 vision
will be found.

The limit of resolution based on diffraction can be
found using the Rayleigh criterion

B A (500 nm)
X4 = 122d f=1.22 -2—m—

(30 mm)=9u

using a wavelength of 500 nm (green light) and a pupil di-
ameter of 2 mm (small opening for high light level). This
surprisingly spans 3 cones. It is remarkable that the limit
for visual acuity corresponds to the limit of resolution ob-
tained from diffraction arguments.

The author is indebted to David S. Falk for sharing
his ideas on resolution of the human eye and diffraction
which he discusses in a very popular nonscience course
“Light, Photography, Perception, and Visual Phenomena”
at the University of Maryland. The author would also like
to thank Mark Clark (MD) of Anderson, South Carolina for
discussions on the physiology of the eye and visual acuity
from a medical viewpoint.

Reference

1. Cat. No. 3539. Sargent-Welch Scientific Company, 7300 N. Lin-
der Avenue, Skokie, IL 60077.

Feeling the Coriolis force

Fred T. Pregger

Physics Department, Trenton State College, Trenton, New Jersey 08625

We frequently talk about the Coriolis effect in
physics and earth-science courses citing its effects on air
and ocean currents and on projectiles as evidence that the
earth is turning on its axis. In teaching physics we deal with
it as an example of fictitious forces which arise in rotating
or otherwise accelerated reference frames.

There are several lecture demonstrations that show
this effect. However, one day it occurred to me that the
“experiment” described below ought to work, so I went to
an amusement park and tried it on the appropriate piece of
apparatus. It works beautifully.
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If you really want to feel the Coriolis effect, find the
nearest merry-go-round. Invest the fare and take a ride, but
instead of mounting one of the horses, do what the ticket
taker does; walk on the carousel while it is in motion. Try
to walk briskly from a point on the outer rim straight in
to the corresponding point on the inner rim. You will be
walking from a part of the platform that has a certain
tangential velocity to your right (based on the usual direc-
tion of motion of carousels in this country) to a point
which has a lower tangential velocity since the radius is
less, and the angular velocity is the same. (This is analogous
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BACK IN THE CLASSROOM

A year ago you printed ‘“View
from my classroom — in a rural
school”; you may be interested in an
update.

Maybe this is typical, too. These
days I view the classroom only from
the outside for we are ON STRIKE.
Now in the second week both sides
seem firmly entrenched and I can only
wonder what will happen.

It is an expensive educational
experience.

We have learned some physics.
Posterboard signs droop in the rain,
blacktop and sidewalks reflect enough
to cause sunburn and percentages can
be calculated to support any point of
view.

Unlike 95% of the teachers, the
football coaches are not supporting
the strike and continue to have prac-
tice “for the good of the students.”

Our main hope is that the par-
ents and uptown quarterbacks will
apply pressure for a compromise when
the team can’t compete officially
unless school is truly in session.

Lora Wilhite, Carlinville Junior-Senior
High School, Carlinville, Illinois 62626

Ed. note: According to a report in the
New York Times, September 10,
1980, the strike has been settled.

Ed, note: In a later letter Ms. Wilhite
wrote

“QOur school strike was settled
after two weeks. We ‘won’ some
policy considerations and a small cash
increment; in only five years the
increment will amortize the eight days
docking awarded.”

VISUAL ACUITY REVISITED

It occurred to me that some
readers might be concerned about my
rough estimate of f = 30 mm for the
focal length of the human eye!
since the light rays of Fig. 1, Ref. 1
should cross at some point behind the
cornea, resulting in a better estimate
of f =20 mm.” If we tighten up on
our estimate of the focal length, we
need to be more precise in our esti-
mate of the minimal length of a dis-
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cernible retinal image. Carefully taking
the linear dimension of the letter in
Fig. 2, Ref. 1 as the distance be-
tween the centers of the extreme
cones, we find an image 6um in
length (2/3 smaller than the rough
estimate of 9um in Ref. 1). This
factor of 2/3 cancels the factor of
20/30 = 2/3 introduced by the im-
proved focal length (see the diffrac-
tion equation), leaving the conclusion
of Ref. 1 essentially the same: the
limit of visual acuity is approximately
20/10.

Michael J. Ruiz, Department of
Physics, University of North Carolina,
Asheville, North Carolina 28804
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FROM A FAITHFUL READER

I offer a “correction’” to your
editorial “Coming of age” of The
Physics Teacher (in the Sept. 1980
issue). You stated that “‘our member-
ship includes at least three-fourths of
those who consider high school
physics teaching [as] their prime
profession.” While I am delighted with
this statistic, the uninitiated reader
might assume that The Physics Teach-
er is not of value to college-level
instructors.

For myself, I have found The
Physics Teacher to be an excellent and
useful journal. For example, while
reading the September issue I found
ideas from several articles and notes to
be worthy of being written down for
future investigation or reference.
These ideas came from seven authors.
In addition, I read almost every article
and note with more than cursory
interest.

Although the September issue
did present a few more items of real
interest than usual, I have been pleased
with every issue since the journal
began. I continued to read it even
during the period when I was a full-
time resecarcher. Each year The Physics
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Teacher seems to improve a little
besides!

I only wonder what fraction of
college teachers (who teach introduc-
tory courses to students only slightly
more selected than high school physics
teachers encounter) read The Physics
Teacher. 1 can’t imagine their not
benefiting enormously from your
journal as I have.

My sincere thanks to all who
have served on the editorial board of
The Physics Teacher during the last
eighteen years.

Fred Kellers, Department of Physics,
California State College, San Bernar-
dino, California 92407

CAVEAT TIMOR

Hugh F. Henry is his review of
Radiation, Benefits/Dangers [Phys.
Teach. 18, 236 (1980)] objects to
inaccuracies that can cause the reader
to have unnecessary fears. I am not
familiar with statistics regarding
Czechoslovakian uranium miners, but
there has been a significant increase in
lung cancer among American uranium
miners. A study by Schurgin and
Hollocher (Brandeis University, 1975)
found that from 1950-1967 lung
cancer killed 62 uranium miners of a
sample of 3000. These numbers are
sure to increase because it can take
from 15-25 years for radiation-induced
cancers to develop.

We are all aware of the destruc-
tion of the cities and inhabitants of
Hiroshima and Nagasaki by low yield
fission weapons. The much more
destructive fusion weapons can devas-
tate large populations. There is no
exaggeration here.

Professor Henry also states that
“informed scientific opinion. .. sup-
ports nuclear energy and other uses of
the ‘atom’.” The two groups cited, the
Health Physics Society and the Ameri-
can Nuclear Society, have an interest
in the continued and expanded use of
nuclear materials. Many well informed
physicists represented by groups such
as the Union of Concerned Scientists
urge an immediate moratorium on the

Continued on page 622



