
Amateur scientists
In his recent guest comment (December,
page 9), Lawrence Cranberg has empha-
sized that amateur scientists can be more
impressive and more productive than
professional scientists. May I point out
that this phenomenon may be far more
common than generally thought. The
airplane was invented by two bicycle
mechanics, not by Professor Samuel
Langley. Xerography was discovered by
a New York City lawyer in his Brooklyn
apartment, not at any well financed and
well-organized industrial research labo-
ratory.1 Thomas Edison never went to
college. Gregor Mendel was a monk.
Wilhelm Roentgen made the discovery of
x rays in a momentary lapse from a life-
long study of crystals.2 The important
geological concept of continental drift was
introduced by Alfred Wegener, a meteo-
rologist who received his doctorate in as-
tronomy.3 Among the truly great math-
ematicians, Fermat was a government
official, Galois and Ramanujan were col-
lege dropouts. In recent years we have
seen Nobel prizes coming from the glori-
fied tinker toys of James Watson and
Francis Crick, the beer bottles of Donald
Glaser and the phonograph turntables of
Rudolph Mossbauer.

It is not my intention to be anti-intel-
lectual. However, I do wish to emphasize
that the first-generation founding fathers
are often amateurs. In fact, Hallam3 has
pointed out that professionalism can be
a hindrance in some cases; for example,
concepts such as continental drift or virial
origin of cancer were not accepted for fifty
years as a consequence of professional
inertia. As the field matures and pro-
gresses, these amateurs were then fol-
lowed by the more academically oriented
professionals. It was the natural cycle of
evolution that Thomas Edison was suc-
ceeded by the Irving Langmuirs, the
Wright brothers by the Donald Douglases,
the Willie Messerschmitts and the slide-
rule engineers (and now, of course, the
computer engineers). Similarly, the more
sophisticated Maxwell's equations would
come many years after the kite of Benja-
min Franklin. In 1945, there were no
molecular biologists around to be the
founders of molecular biology, so it was up
to the physicists (such as Max Delbruck)
to do so.

Under present conditions of more bu-
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reaucracy combined with rising oil prices
and hence less venture capital, it is much
safer to solve the same problem on a
slightly bigger computer for a slightly
more accurate answer, since few can af-
ford to risk their careers (May 1978, page
15). With high unemployment in phys-
ics, young physicists are often forced to
work along the lines of their thesis re-
search. With very scientific matchings
between jobs and applicants by comput-
ers, Willard Gibbs would have had to
work on "the form of the teeth of wheels
in spur gearing" forever under our present
conditions. I wonder if the amateur spirit
is gradually leaving us. Indeed, this
"departure" may contribute to the well-
publicized breakdown of US innovation.
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"Einstein: Amateur Scientist" by Law-
rence Cranberg was a beautifully lucid, if
provocative, exposition.

Allow me to quote from two relevant
letters from Einstein (to this writer) that
may shed more light on the issues: " . . .
Spinoza was moved by similar thoughts as
you expressed . . ." (27 Feb. 1938), and:
" . . . I appreciate your brave and intelli-
gent remarks concerning witch hunts."
(4 July 1953).

Note that although the witch hunt in-
cluded Einstein, his note is directed
toward an appreciation of a defense of
freedom per se. It may be difficult for
many of us to grasp, but objectivity of this
concerned order follows from Spinoza's
"psychology of the emotions."

Also note that Einstein had the re-
markable ability and endearing quality to
judge a case on its own merits; the pro-
tagonist might indeed be a "professional"
plumber or an "amateur" academic!

Although Einstein thus advocated civil
disobedience against witch hunts per
Thoreau and Gandhi, he did not suggest

JL
T

AMPLITUDE
JITTER
0 001Jo

_ C LINEARITY
r 0005%

Jitter and Linearity
Characteristics

The Model PB-4 provides unprece-
dented stability and versatility in a pre-
cision pulse generator. You can get
either flat top or tail pulses with
±5 ppm/°C stability. The amplitude is
adjustable with an integral linearity of
±50 ppm and both rise and fall times
are independently adjustable.
The Model PB-4 is ideal for high reso-
lution spectroscopy and use with Berk-
eley Nucleonics1 Model LG-1 Ramp
Generator to produce a sliding pulse
train.

The price is $1970. For more information
on this and other BNC pulse generators,
phone (415) 527-1121 or write:

BNC

Berkeley Nucleonics Corp.
1198 Tenth St.
Berkeley, Ca. 94710

Circle No. 10 on Reader Service Card



Our new IEEE-488 Line is called The Interfaceables. It is an elegantly simple solution to the
expensive problem of automating your measurement data collection. Suddenly the system
you thought was out of reach is now quite affordable.

Our high value, low cost 488 DMM line consists of Models 177,179,179-20A and 480.
Among them they offer you as much DMM capability as you could ask for—4x/2-digit
sensitivity, 5-function capability, IJUV, lmQ, lpA and True
RMS. Plus, they are all IEEE bus interfaceable. Which
means goodbye to manually recording, transcribing and
entering tediously large amounts of measurement data.

InterfaceablesIThe beauty of The
Interfaceables
is our new

affordable,1
predictable.

Model 1793 IEEE-488 output
„/ card. Specify it now or retrofit it

later as needed—all it takes
is a screwdriver. With the 1793 interface you not only
eliminate tedium and speed up your application, but you

also do away with the potential for human error.
That alone will justify the cost of The Interfaceables.

But when you consider that Keithley's highly-regarded basic DMM's are about xh the
cost of competitive IEEE-compatible DMMs, and that the 1793 card costs less than the
DMM itself, you not only have an automated capability that is reachable, you have a
value that is unbeatable.

For Keithley, that's expectable. We have built our 30-year reputation on developing
user-oriented instruments which are exceptional price/performance values. The
Interfaceables are just one more example.

For a copy of our new catalog, send us a request on your company stationery.

Keithley Instruments, Inc/28775 Aurora Road/Cleveland, Ohio 44139/(216) 248-0400/Telex: 98-5469
Keithley Instruments, GmbH/Heiglhofstrasse 5/D-8000 Munchen 70/(089) 714-40-65/Telex: 521 21 60
Keithley Instruments, Ltd./I, Boulton Road/GB-Reading, Berkshire RG2 ONL/(0734) 86 12 87
Keithley Instruments, SARL/44, Rue Anatole France/F-91121 Palaiseau Cedex/01-014-22-06/Telex: (842) 204188

Booth #62 A.P.S. Show

Circle No. 11 on Reader Service Card



letters
acquiescence to unjust economic depri-
vation. Plumberdom might serve as a
last resort to the national scandal of lim-
ited academic posts, but there are other
alternatives in various collective actions
more suited to our democracy.

CARL COLODNE

1/4/80 Cedarhurse, New York
•

Lawrence Cranberg's guest comment re-
minded me of a letter I published in
PHYSICS TODAY about a year ago (Feb-
ruary 1979, page 15). Apparently the
primary difference between his letter and
mine is not what we say, but in our van-
tage points: my view, unlike Cranberg's,
is that of an "amateur scientist." Rather
than adding more strokes to the romantic
picture Cranberg painted, I would like to
describe some of the realities of the avo-
cational study of nature I've encountered
while performing some recent work (Phys.
Rev. D 20, December 1979).

Unless you're independently wealthy,
the best research topics will of economic
necessity be theoretical. Furthermore,
you will probably want to limit your study
to a topic which requires calculations that
can be completed with a pocket calculator
(or a small computer for you computer
buffs). This restriction is not as great as
it might at first appear. (I have compiled
a list of topics that should require only
time to complete. If you would like to see
the list, let me know and I'll send you a
copy.)

Once you've chosen a topic, you might
need to review the literature. With the
relatively widespread availability of in-
terlibrary loans, most books should be
accessible. Copies of journal articles may
be more difficult to obtain, but authors
are usually good at responding to re-
quests, even if the request is not from an
institution.

Having accumulated your background
information (as much as you need to get
started anyway; your comprehensive lit-
erature search will probably not be com-
plete), you are ready to attack your
problem. The biggest task you have now
is allotting time for reasearch. One word
of caution: do not let yourself feel guilty
if you do no work at all over an extended
period of time. Unlike "professionals,"
you are not paid to produce quantity.
Your biggest satisfaction will come from
producing a quality paper. As an "ama-
teur" you do not have to function in a
publish-or-perish environment.

You have now completed the study of
your research topic and have prepared a
manuscript (in accordance with the
guidelines of the target journal) describ-
ing your contribution. If you can let a
colleague preview the manuscript, fine. If
not, and this could well be the norm for
isolated physicists, set the manuscript
aside for a week or two and then review it
yourself. This step is important because

it may save you some embarrassment
when you submit the manuscript. It will
also help minimize premature submis-
sions, which only irritate referees and
make them more hostile than they may
already be (remember: your byline does
not include the name of a prestigious in-
stitution; although this should not matter,
there is a chance it will).

Finally, your manuscript is accepted
and you are asked to pay page charges.
Chances are you cannot afford to pay
$70-$80/page. Say so! The result will be
publication delay of three months in some
cases. This depends on the journal.

The above briefly describes some
realities of "amateur science" and brings
me to the heart of what I have to say.
Those of us who study nature as an avo-
cation have a difficult—but not impossi-
ble—path to follow. Our task could be
made easier by the physics establishment
if it chose to do so. Cranberg's comments
indicated that it might. If his words are
more than just rhetoric, then perhaps he
and other members of the physics estab-
lishment will use their influence to di-
minish the obstacles facing the growing
number of physicists who must accept
vocations out of their chosen field yet seek
to contribute to humanity's store of
knowledge. But what can the establish-
ment do? Two immediate obstacles that
can be eased are the following:

First, referees should not judge a paper
by its byline. We all know they do not
intend to, but we also know that referees
are human and Harvard University looks
more credible on a paper than Broken
Arrow, Oklahoma.

Second, eliminate the three-month
delay in publication because page charges
are not honored. This delay is contrary
to the stated object of the APS to advance
and diffuse the knowledge of physics.
The delay hurts unfunded research, which
is often just research that is not part of the
mainstream. In the case of "amateur
science," virtually all research will be
unfunded since most grants may go only
to institutions, not individuals. Remu-
neration of any lost funds could be sought
from the Federal government which has
a vested interest in fostering "amateur
science." After all, contributions from
"amateur scientists" are basically windfall
gains to the nation's knowledge base.

The removal of these obstacles could
greatly aid the revival of "amateurism" in
the study of nature.

JOHN R. FANCHI
1/4/80 Broken Arrow, Oklahoma

T H E AUTHOR COMMENTS: I welcome the
opportunity to compare notes with a fel-
low amateur scientist on the problems of
the amateur's role in present circum-
stances.

There is no question that the difficul-
ties can be substantially alleviated by
appropriate official actions. In addition
to those recommended by John Fanchi, I
recommend reconsideration by the Na-
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tional Science Foundation of its policies
in implementing Section 3.(c) of the Na-
tional Science Foundation Act, which
stipulates:

" . . . it shall be one of the objectives of
the Foundation to strengthen research
and education in the sciences, including
independent research by individuals."

So far as I have been able to determine,
this provision of the Act has been ignored
or flouted almost without exception for
the entire 30-year history of the Founda-
tion. If Einstein or the Wright Brothers
were to apply for an NSF grant, they
would be risking disclosure of their ideas
to others and they might invest substan-
tial time and trouble with almost no
prospect of a good-faith review of their
proposals.

Either the Act should be modified to
eliminate provision of support for indi-
viduals, or the Act should be implemented
in good faith.

LAWRENCE CRANBERG
1/22/80 Austin, Texas

Lawrence Cranberg states that: "His
skill as an instrument maker . . . brought
Spinoza a living that was ample for his
modest needs. Equally important, it
brought him the friendship and patronage
of the leading intellectuals and scientists
of his day, including Huygens and Leib-
nitz, whose scientific correspondence with
Spinoza is still e x t a n t . . . "

Scholars of Dutch history do not paint
such an idyllic picture of the life of Spi-
noza, the underemployed intellectual.
For example, according to Leo Balet1:
"When we hear that the philosopher Ar-
nold Geulinex, as a professor at the Uni-
versity of Leyden, enjoyed a salary of 300
guilders a year, and that everybody in
those days held the man for gruwelijk
arm (terribly poor), we can imagine the
poverty of the lens-grinder Spinoza with
his yearly earning of one hundred guil-
ders." It was malnutrition, and unheated
room, and the fine dust he ground that
exacerbated Spinoza's tuberculosis and
led to his early death.

Balet goes on to state that: "Huygens
could not abide him [and] did not even
call him by his name [but] used to speak
of Spinoza as the "Jew of Voorburg" or
the "Israelite." Huygens found that
Spinoza was a lens-grinder, but a poor
philosopher . . . Leibnitz did not like
Spinoza either . . . Leibnitz, who owed
much to him, concealed his debt, and
carefully abstained from saying a word in
his praise . . . The last important influence
on Leibnitz's philosophy was that of
Spinoza, whom he visited in 1676. Leib-
nitz spent a month in frequent discussions
with Spinoza, and secured part of the
Ethics in manuscript. In later years he

joined in decrying Spinoza, and mini-
mized his contacts with him, saying he
had met him once, and "Spinoza had told
some good anecdotes about politics . . ."

The tragic life of Spinoza may provide
a "moral for our days," but not the one
that Cranberg cites. Rather, the moral is
that underemployment makes intellec-
tuals vulnerable to exploitation, attack
and annihiliation.
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GERALD ROSEN
Drexel University

12/26/79 Philadelphia, Pennsylvania

T H E AUTHOR COMMENTS: Neither of
Spinoza's contemporary biographers1

confirm the "tragic" interpretation of
Spinoza's life advocated by Gerald Rosen,
nor does his own source, read in context.
Spinoza's refusals of a Heidelberg pro-
fessorship and of designation as sole heir
of an affluent admirer speak to his em-
ployment opportunities and to his eco-
nomic options. A man who outlived his
mother by 39 years and his father by 23
years has not obviously been cheated on
life span.

Rosen's "tragic" view derives from
secondary sources that may reflect sec-
tarian hostility lingering from Spinoza's
excommunication and are not supported
by evidence.

Spinoza's life was not idyllic but an in-
spiring example of strength in adversity.
He survived condemnation in his youth
without bitterness or self-pity and went
on to create a legacy of enduring intel-
lectual achievement, adorned by universal
testimony of his gracious personality and
impeccable character.

He amply earned the role of hero and
life-style model not only for Einstein but
for generations of intellectuals.2 His
position remains unassailable today, and
stands as a monument to the opportuni-
ties and rewards of free thought and per-
sonal resourcefullness in an open so-
ciety.
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Laser for Fusion

I read with great interest your news story
"Shiva Moves Closer To Laser Fusion" in
November (pages 20-22). I should like to
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