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Grayce A. Finger

RULES

1) The aim of this competition is to encourage and recognize
outstanding writing on the sciences and their engineering and
technological application in newspapers and general circulation
magazines. The following categories are not eligible: articles on
the field of medicine, articles published originally in AAAS publi-
cations, articles by employees of the AAAS or Westinghouse Elec-
tric Corporation.

2) Each entrant in a newspaper award competition and each en-
trant in the magazine award competition may submit three
entries.

3) An entry for a newspaper competition may be any of the
following: a single story; a series of articles; or a group of three
unrelated stories, articles, editorials, or columns published
during the contest year. A magazine entry may beasingle story or
series published during the contest year.

4) A completed entry blank must be submitted together with six
copies of each entry in the form of tear sheets, clippings, reprints,
or syndicate copy (not over 812" x 11”), showing name and date of
the publication. ENTRIES MUST NOT BE ELABORATE.

5) Each entry must have been published in a newspaper or
general circulation magazine within the United States during the
contest year — 1 October 1978 through 30 September 1979. (in
the case of a series, more than half of the articles comprising it
must have been published during the contest year.) Date on the
issue in which an article appeared will be considered as the date
of publication. All entries must be postmarked on or before
midnight, 15 October 1979.

6) Persons other than the author may submit entries in accord-
ance with these rules. Entries will not be returned.

7) Winners of the 1978 awards are not eligible for t!\e 1979
awards. Persons winning three times are no longer eligible.

8) The Judging Committee, whose decisions are final, will choose
the winners. There are three awards of $1000: for the winning
entry in the over-100,000 daily circulation newspapers competi-
tion, for the winning entry in the under 100,000 circulation news-
papers competition; and for the winning entry in the general
circulation magazine competition. For award purposes, news-
paper circulation will be sworn ABC daily circulation as of 30
September 1979. The Judging Committee may cite other entries
for honorable mention.

9) The awards will be presented at the dinner meeting of the Na-
tional Association of Science Writers, during the 1980 meeting of
the American Association for the Advancement of Science in
January, 1980. Travel and hotel expenses of the award winners will
be paid. Entrants agree that, if they win, they will be present to
receive their awards, unless prevented by circumstances beyond
their control.
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Using tiny explosive charges,
Western Electric engineers are bond-
ing metals with the elemental “glue”
of the Universe.

Here’s how it works. The atoms
of all metals have a natural attraction
for one another. If it weren’t for the
ever-present film of impurities coating
the surface—the oxides, nitrides,
and absorbed gasses—all metal
atoms would bond to each other when
brought together.

Exploding Things Together.

But the force of a high-intensity
explosion on two adjacent metals will
clean away the film of impurities.
The explosion literally “blows” the
impurities off the surfaces. So the
atoms of the different metals can
bond together. _

The bond that results is stronger
than both of the metals themselves.
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As an industrial technique, explo- coated with explosives. The repairs

sive bonding has proved valuable in
the manufacture of such heavyweight
products as bi-metallic gun barrels.

Pinpoint Explosions.

But how would explosives
work in the delicate, intricate world
of telephone circuitry?

Scientists at Western Electric’s
Engineering Research Center solved
the problem by developing ways to
miniaturize and control explosive
bonding. Soon, they could splice the
ends of two thin communications
wires inside a miniature explosive-
coated sleeve.

And they could repair tiny defec-
tive contactsondelicate circuit boards.
These gold contacts (membrane-thin
“fingers” 1/10 by 3/4 of an inch)
are reclad by thin sheets of
gold foil (.0005 inches thick),

areliterally “blown” onto the contacts,
without disturbing the delicate cir-
cuitry less than 1/10 of an inch away.
Miniaturized explosive bonding
is only one way we’re helping your
Bell Telephone Company hold down
the cost of your telephone service
today. For the future, it promises the
benefits of bonding widely disparate
metals and all sorts of other materials.

You Can Take It For Granted.

Most important, explosive bonds
are contributing to the clarity of
communications, the reliability of
switching, the taken-for-granted
assurance you have when you reach
for your telephone.

The atomic bond—it’s another

innovation from Western Electric.
Keeping your communications
system the best in the world.

Western Electric
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Defects in boron-implanted silicon af-
ter conventional thermal annealing as
seen in a false color transmission elec-
tron micrograph. Defects in the form of
dislocations, loops, and stacking faults
are observed by the electron micro-
scope at a magnification of about
%x60,000 in the implanted, thermally an-
nealed (at 1100°C for 30 minutes) speci-
mens whereas no defects were ob-
served after high-powered laser anneal-
ing of the ion-implanted specimens.
The black-and-white negative of the
micrograph was exposed through an
amber filter to produce this color. See
page 461. [J. Narayan, C. W. White,
and R. T. Young, Solid State Division,
Oak Ridge National Laboratory, Oak
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Meet the ideal 1aboratory
microscope. The Leitz Dialux Q0.
With superb NPL fluotar objectives
and optimum modularity:

Euotar Objectives

The Dialux 20 is the first of a
new generation of precision Leitz®
microscopes with innovative
fluotar objectives. Made of glass
specially developed by Leitz, the
fluotar objectives produce images
with critical sharpness and high
contrast throughout the entire field
of view, even at full illumination
aperture.
Universal Condenser

Without vertical adjustment,
the universal condenser maintains
perfect Koehler illumination dur-
ing magnification
change for all
objectives as
low as the PL
1.6:1. Truly uni-
versal, it can be
used for bright-
field, darkfield, and
both phase and differ-
ential interference contrast.
Sturdy, Versatile Stand

The Dialux 20 stand
provides precision control
and virtually eliminates
external vibration, even
under the weight of
additional ac-
cessories. The
enclosed top
and bottom
protect the inte-
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rior elements from dust. Modular in
design, the Dialux 20 will maintain
its compatibility with all existing
and future Leitz accessories. For
maximum flexibility, the Dialux 20
comes equipped with interchange-
able lamp housing for light sources
up to 100W. For routine use, the
Dialux 20 EB Model has a built-in
20W halogen lamp and voltmeter.
Human-Engineering for Ease of
Operation and
Fatigue Reduction

The color-coded
objectives have
engraved outer
sleeves that can be
rotated so that they
always face the
. observer for

quick identification. The fine adjust-
ment conveniently moves the object
stage over the entire 35mm range
of coarse adjustment. For photo
work, the beam-splitting system
built into the phototube can be set
for total binocular observation, or
for simultaneous observation and
picture-taking. The Dialux 20: The
latest example in Leitz’ 125 year
history of dedication to advanced
microscopy.

For more information please
mail the coupon below.

Leitz
means precision.
Worldwide

Rockleigh, N.J. 07647
Please send me information on the
Leitz Dialux 20 microscope.

NAME

|
|
|
|
|
|
|
|
|
| ADDRESS
I
|
|
|
|
|
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THE AMERICAN
ASSOCIATION
FOR THE
ADVANCEMENT
OF SCIENCE
GROUP
INSURANCE
TRUST LIFE
PROTECTION
PROGRAM

Charter Enroliment

e $10,000 to $100,000 coverage
for members and their spouses

e Available to new AAAS
members

o All members under age 70 may
apply

e Special $10,000 or $20,000
Guaranteed Acceptance
Provision for members under
age 50

® $5,000 coverage available for
dependent children

e Member and spouse coverage
renewable to age 70

e Special paid-up benefit
provision at age 70

e Term coverage may be
exchanged for permanent
coverage at age 70.

WRITE OR CALL FOR
ADDITIONAL INFORMATION:

American Association for the
Advancement of Science
Group Life Insurance Trust
Administrators

180 N. LaSalle Street

Suite 3220

Chicago, lllinois 60601

Call Toll Free (800) 621-9903
Illinois Residents Call
(312) 726-9122
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Retina Far

point

Correcting
lens

Cornea

Fig. 1. (a) The aphakic eye corrected by a con-
verging lens. Any lens that would, in the ab-
sence of the eye, form an image at the far
point will serve to correct aphakia. (b) A Gali-
lean telescope and a normal eye. With an ap-
propriate choice of lenses, this system is the
optical equivalent of the one shown in (a)
(not drawn to scale).

close enough to resolve its detail. Purely
fortuitously, Davenport, having forgot-
ten to put the contact lens in his lensless
(aphakic) eye, discovered that with the
detachable lens from a monocular bird
glass, he could get excellent resolution of
small objects 50 to 100 centimeters away
at a magnification of X2 to x3. He was
also surprised to find that simply by
changing the distance of this lens relative
to his lensless eye, he could obtain clear
focus for objects at all distances beyond
a few centimeters. In addition, ever
since the surgery he has been struck by a
second phenomenon. The world seen
through his aphakic eye is brighter and
more vividly colored than that seen
through his normal eye. The blues in par-
ticular stand out. Oddly enough, none of
these phenomena had been mentioned to
him by his ophthalmologists nor by other
aphakics, so he brought them to the at-
|tention of the other of us (J.M.F.), a
specialist in visual perception.

Actually, these phenomena have rela-

Table 1. Correction of aphakia. Approximate
relation between correcting lens distance,
focal length, and magnification (compared to
the normal eye) for a distant object and for
one at 72 cm.

Dis- Distant object Object at 72 cm
tance
lens Focal Focal
to length l\rllli?:lg—_ length l\ﬁ%g__
(1:1(;; qurier-ed ca qurii;d ca
; i
(cm) (cm) tion (cm) ion
2 10 1.4 8.8 1.4
4 12 1.6 10.2 1.8
8 16 2.2 12.8 2.5
16 24 33 16.8 4.3
32 40 5.5 20.0 10.0
48 56 7.7 16.8 23.0
56 64 8.8 12.8 40.0
60 68 9.3 10.2 57.0
62 70 9.6 8.8 70.0

tively simple optical explanations, which,
although well known to visual scientists,
deserve to be more widely known.
In the normal eye, light rays are bent
inward so as to form a sharp image
on the retina. Most of this bending is
done by the front surface of the eye
(cornea). The rest is done by the lens,
which before middle age varies in shape
so as to focus objects at different dis-
tances (accommodation). An eye with-
out a lens does not bend light enough to
bring any object into focus. A sharp reti-
nal image may be restored by placing an
artificial converging lens in front of the
aphakic eye. There is a wide range of
lens powers (power is the reciprocal of
the focal length in meters) that will do
this, provided that each is held at an ap-
propriate distance in front of the eye.
To understand why a single lens can
be so useful in aphakia, one must under-
stand the relation between the lens pow-
er and the lens distance required for its
correction. There is a point behind the
aphakic eye (its far point) such that rays
converged toward this point by a cor-
recting lens will be focused by the apha-
kic eye on its retina (Fig. la). (The far
point is not to be confused with the focal
point of the eye, also behind the eye in
aphakia, which is the point at which rays
parallel to the axis will be focused.) The
far point is about 8 cm behind the cornea
of the aphakic eye. Any lens which
would, in the absence of the eye, form an
image of the object at the far point will,
together with that eye, bring the image
into focus on the retina. The relation be-
tween the focal length of the lens, f, the
distance from the lens to the object, d,,
and the distance from the lens to the im-
age, d;, is given by the well-known Gaus-
sian lens formula 1/f = 1/d, + 1/d;. Here
the image distance is the distance from
the correcting lens to the far point. Table
1 gives some solutions to this equation
both for a distant object and one at 72
cm. Note that the distances in the table
are measured from the cornea (that is,

! di - 8CI1'1)

These lenses not only bring the image
into focus in the aphakic eye, they also
magnify it. Magnification is the ratio of
image size to object size, which is equal
to the ratio of image distance to object
distance, both distances being measured
from the lens. What is of interest here is
not the magnification per se, but relative
magnification, that is, the ratio of magni-
fication in the corrected aphakic eye to
that in the normal eye. To determine this
we need only consider the image formed
at the far point by the correcting lens
alone and the image formed at the same
point by a lens located at the position of

SCIENCE, VOL. 204



the normal lens, about 7.3 cm in front of
the far point (/). Values of magnification
for a distant object and one at 72 cm are
given in Table 1.

It is clear that for a distant object the
farther the lens is held from the eye, the
greater the required focal length and the
greater the magnification. For an object
at 72 cm the required focal length at first
increases and then decreases as the lens
is held farther in front of the eye. Since
magnification increases with lens dis-
tance, one might think the farther the
better. However, in addition to the awk-
wardness of holding a lens far from the
eye, there is also the disadvantage that
the field of view decreases with lens dis-
tance. A more practical solution for
many purposes is a lens with a focal
length of about 16 cm (power, +6.25
diopters). With such a lens an aphakic
eye can (i) focus far objects with a mag-
nification of x2; (i) when moved farther
out from the eye, focus near objects with
a magnification of x4; and (iii) when
moved out still farther, focus near ob-
jects with a magnification of more than
%x20. The range of distances that this lens
can focus is infinity to 59 cm. What a
remarkably useful optical instrument a
simple lens becomes when combined
with an aphakic eye! Of course, magnifi-
cation is not always desired. To mini-
mize it, a high-power lens must be close
to the eye. This is one reason why con-
tact lenses are often used to correct
aphakia; they magnify only about 10 per-
cent.

In practice a simple lens will produce
aberrations which reduce image quality.
Quality can be improved by using a lens
system consisting of two or nore ele-
ments designed to reduce aberration.
Davenport gets excellent image quality
by use of an achromatic projector lens
system (50 millimeters in diameter) with
a focal length of 15 cm. The metal tube
which holds the lenses also serves to re-
duce stray light. These advantages are
obtained at the cost of more bulk and a
slightly higher price ($10 secondhand at a
photography shop).

Why cannot the normal eye get the
same advantage from a comparable sys-
tem? Put simply, any lens that produces
appreciable magnification also changes
the vergence of the rays. This tends to
put objects out of focus for the normal
eye, but in focus for the aphakic eye.
The normal eye needs at least two lenses
to achieve the same result. The simplest
system that does this is the Galilean tele-
scope (Fig. 1b). This consists of a con-
verging lens (objective) and a diverging
lens (eyepiece) usually mounted in a var-
iable length tube. The Galilean system
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has essentially the same optical proper-
ties as the converging lens-aphakic eye
system. The reason for this similarity is
that removing the lens of the eye is opti-
cally equivalent to adding a diverging
lens. In effect, cataract surgery provides
the aphakic person with a built-in eye-
piece.

Finally there is the second fringe bene-
fit of cataract surgery, the enhancement
of color and brightness. The normal lens
absorbs light of all wavelengths but par-
ticularly in the blue, and this absorption
increases with age (2). When the lens is
removed this light reaches the receptors,
producing larger responses particularly
in the short-wavelength cones. In addi-
tion ultraviolet light, normally almost
completely absorbed by the lens, now
reaches the retina (3). This has two ef-
fects. It is absorbed directly by the short-
wavelength cones producing a violet sen-
sation, and it causes the retina to fluo-
resce, producing visible light of a wide
range of wavelengths up to 600 nanome-
ters. This light appears greenish blue.
One is reminded, however, that high-in-
tensity ultraviolet may be damaging to
the unshielded aphakic eye.

In summary, the aphakic eye both
transmits more light than the normal eye
and, aided by a simple converging lens,
can produce sharp retinal images with a
wide range of magnification. These prop-
erties add greatly to esthetic enjoyment,
particularly for the flower lover @), col-
lector of small insects, jewel fancier, or
‘“‘museum-watcher.”” Davenport may be
one of the few persons in the world who,
when he went to the Tutankhamon ex-
hibit, took out his contact lens.

DEMOREST DAVENPORT
Department of Biological Sciences,
University of California,
Santa Barbara 93106
JouN M. FoLEY
Department of Psychology,
University of California, Santa Barbara

References and Notes

1. Relative magnification is did’/Jdd’;, where d;, d,
refer to the image distance for the correcting
lens and d’;, d’, to these same distances for a
lens 7.3 cm in front of the far point (that is, d’, =
7.3 cm). When the object is very far away,
d, =~ d’, and relative magnification is d;/d’;.

2. Y. Le Grand, Light, Color and Vision (Chapman
& Hall, London, 1968).

3. G. Wald, Science 101, 653 (1945).

4. In a recent brief experiment, in which with his
aphakic eye and contact lens Davenport ob-
served through a filter with an upper cutoff at
360 nanometers a sunbathed flower of the Caro-
lina jasmine (Gelsemium sempervirens), he
could clearly discern the pattern of the ultravio-
let-reflecting (‘‘honey-guide’’) tissue of the pet-
als. “‘One side, bees!”’

Erratum: A report described in the 27 April
issue (News and Comment, p. 389) was incorrectly
identified. It was coauthored by Rosemary Chalk
and Frank von Hippel for the Committee on Sci-
entific Freedom and Responsibility of the AAAS
and will be published in a forthcoming issue of
Technology Review.
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Man has been plating chromium for over a cen-
tury . . . even though puzzled by the electrochemistry
involved.

For example, the normal process uses a bath
containing Cr+€ ions. During plating, the Cr+® ions
reduce to Cr+2 and then to metallic Cr. Now you might
wonder: If the process goes through the Cr+3 stage
anyway, why not start with those ions? Well, strangely
enough, if you try, the process won't work unless
considerably modified.

Our scientists have long been intrigued by this
enigma here at the General Motors Research
Laboratories. And they now believe they’ve not only
explained the Cr*3 mystery, but developed a correct
theory of the entire chromium plating process as well.

By analyzing polarization curves obtained from
carefully designed experiments, they concluded that:

Cr+3 (GREEN BALL . . )
aounntsv(wmen MOLE)CULES e Starting with Cr+3 fails

AS A STABLE COMPLEX ION because it immediately
forms a stable complex
with water molecules (see
drawing) from which Cr
cannot be deposited.

® Starting with Cr+® suc-
ceeds because during
reduction a chemical film
forms around the cathode
(the part being plated); and
since Cr*3 is bound in that
film, it does not react with
water. . . but, instead, plates out as chromium metal.

TYPICAL POLARIZATION CURVE
Cr+e .
1.0} : P P ity S (e

Cr+a
| Reduction

0.5

e ||m
Formation

(Cr3)

Volts

e ad

£

! Piatln
0.5 [ ] T 1 --—i

oo 001 01 1 0 100

Apparent Current Density x 10-4 (amp/cm?2)

Our researchers have, in fact, determined all 10
steps that take place as Cr*® reduces to bright Cr,
pinpointed the step at which catalysis begins, and
identified the active catalyst. (It's not the sulfate ion, as
commonly held, but the bisulfate ion.)

So have we merely solved a stubborn puzzle? No.
More than that, we've gained important new insight to
guide us toward a more efficient chromium electroplating
process.

We currently have openings for Ph.D.s in engineering
or the physical, mathematical, or biomedical sciences. If
interested, please send your resume to: GMR Personnel, Dept.
515. An Equal Opportunity Employer.

Fromamurky

chromium
platll'lgbath
some

right

new answers-

M General Motors

Research Laboratories
Warren, Michigan 48090
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SCIENCE

Public Policy and Health Manpower

Health, Education, and Welfare Secretary Joseph Califano recently ac-
knowledged before the annual meeting of the Association of American Med-
ical Colleges that the nation may face an oversupply of physicians. He in-
dicated that HEW will seek ways to encourage medical schools to reduce
enrollments.

This dramatic policy shift was made less than 2 months after the begin-
ning of an academic year in which there was a federally mandated (one-
time) enrollment increase. Even now, a number of medical schools across
the country, old and new, are expecting state budgetary support for the
1979-1980 academic year to meet enrollment increases. In many instances,
the federal government is obligated to assist in meeting construction or op-
erations costs. The paradox of continued expansion in the face of a threat-
ening surplus, with the associated costs to society, is poignant in a time of
public fiscal constraint.

How did we get into this position? The first health manpower legislation
(1963) was passed on the background of the Bane report, which contained
concrete goals in terms of aggregate physician numbers and a plan for how
to achieve them. Federal funds were provided for operational support, con-
struction, and student aid. The possibilities were not lost on aggressive in-
stitutions, chambers of commerce, professional and academic entrepre-
neurs, political aspirants, and state legislatures. Community developers
could envision the economic benefits of a publicly supported academic med-
ical center. State legislatures had the statutory authority and the tax base to
launch expensive new educational and service enterprises. In status and
dollars, a medical school represents an especially attractive political spoil.

By 1968, the legislative goal had shifted from a reasonably concrete num-
ber to ‘‘meeting the demand,”” and a serious shortage of physicians was still
envisioned. Barely noted in the congressional hearings was evidence of a
decline in the rate of population growth. Although it was originally esti-
mated that about 20 new medical schools would be needed by the middle
1970’s, twice that number have been started. And programs in other health
professions have been expanding at similar rates.

It is clear that decision-making in national health manpower legislation
has been characterized by vacillating goals and increasing frustration.
There is some evidence that aggregate numbers will not solve the problems
of access to medical services, but may enhance the problem of increasing
medical costs.

Although the answers are not yet in, even the questions point to a serious
dilemma in health policy and in public policy. There has been no clear plan
for the expansion of medical education, no continuity in setting and revising
goals, and insufficient collaboration between state and federal agencies. A
manpower shortage was perceived, and we raced pell-mell to correct it,
incorporating a variety of agendas (other than the care of patients).

As we approach an era of probable retrenchment in health professional
education, it is profoundly to be hoped that more rational, collaborative
long-term planning and implementation can obtain. Administrative
agencies, Congress, and the academic and professional communities should
work together to achieve these ends. Prospects for such an approach have
been compromised by the proposal of the Administration, made within
months of the undertaking of new obligations by the schools, to reduce insti-
tutional funding as of 1 October 1979.

It is time for the establishment of a national commission, made up of
leaders from the public and private sectors, to undertake the development
of intermediate and long-range plans for health manpower and assist policy-
makers in serving the public interest.—CHRISTOPHER C. ForpHAM, III,
Dean, School of Medicine, University of North Carolina, Chapel Hill 27514



It’s not an easy puzzle!

HEALTH CARE: REGULATION, ECONOMICS, ETHICS, PRACTICE

Physicians have at their command a continually improving understanding of many facets of health care.
New diagnostic techniques, including powertul instrumentation, have become available. Progress has
been especially marked in treatment and research bearing on mental iliness. The use of antibiotics, .
immunization, and detection of genetic defects has become commonplace. But these are just a few of the

many pieces that one must fit together to form the complete picture of health care and maintenance in the
United States today.

The 39 chapters in HEALTH CARE: REGULATION, ECONOMICS, ETHICS, PRACTICE, the seventh
publication in the AAAS Science Compendia Series, will help the professional and lay person understand not
only recent advances in medical practice, but also the hidden yet vital pieces of our health care system.
What is, or should be, the role of government in regulating and funding medical care and research?

Can we as a nation afford health care for all? Does public education and preventive medicine lower

costs while improving the general level of well-being? What are the problems in evaluating new techniques,
new trends? What are the ethical questions involved in medical practice and research?

Each of us—policymaker, physician, technician,and lay person—controls a sizable portion of the entire
picture. HEALTH CARE: REGULATION, ECONOMICS, ETHICS, PRACTICE helps define and clarify the many
pieces of the health care puzzle. .

HEALTH CARE: REGULATION, ECONOMICS, ETHICS, PRACTICE—essential reading for both the
providers and the regipients of health care today.

To order your individual copy of HEALTH CARE: REGULATION, ECONOMICS, ETHICS, PRACTICE
send your name and address to AAAS,

Department HC-1, 1515 Massachusetts Avenue, NW, Washington, DC 20005.
Remittance must accompany all orders under $10.00. Please allow 6-8 weeks for delivery.
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