
reprints, I suggest that the authors in- 
clude a mimeographed list of all 
their previous publications in the field, 
with asterisks by papers of particular 
note. Nothing is more frustrating than 
to be criticized through ignorance 
of one's own previous work. Such a 
list would increase the probability of 
the recipient finding and reading the 
author's early papers and important 
papers and of referring to them in his 
next publication. 

In order to achieve immediate bene- 
fit from these professional courtesies, 
I further suggest that investigators 
review their publications in the last five 
years and notify authors cited, and 
finally that publishers include in their 
instructions a reminder to authors to 
notify authors cited. 

If these professional courtesies be- 
come accepted, I believe that the inter- 
change of ideas and information among 
scientists would be greatly facilitated, 
duplication of effort reduced, and dis- 
puted points between different schools 
of thought resolved more quickly. 

DAVID A. MILLER 

Department of Physiology, School of 
Medicine, Tulane University, 
New Orleans, Louisiana 70112 

Observations on Observational 

and Other Astronomy 

K. S. Thorne's article "gravitational 
collapse and the death of a star" 
[Science 150, 1671 (1965)] forms a 
good illustration of whither science is 
going and indicates a change which, 
to us old-timers, is not an improve- 
ment. The author starts off by saying, 
"What is the fate of a star. . .? 
This is a question which observational 
astronomy has done but little to 
answer . . ." and he then continues, 
"Despite the paucity of observational 
data, theoreticians are now able .. ." 
Since Thorne admits that, theoretically, 
there are no equilibrium configurations 
for dead stars containing more than 
1.2 times as many baryons as the sun, 
that such objects must collapse into 
a singularity, and that the prospect 
for observing these is nil, it is hardly 
fair to blame the observers for not 
having observed them, and I shall con- 
fine my remarks to the dead start of 
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and of finding more white dwarfs- 
the dying stars of which Thorne speaks 
-I can only marvel at the author's 
disregard of what observational as- 
tronomy has accomplished. I have 
found and published data on more 
than 1300 white dwarfs; Greenstein, 
using the 200-inch telescope, has done 
a great deal of very important work 
on the spectra of the brighter speci- 
mens. But don't the theoreticians real- 
ize (i) that probably at least half the 
white dwarfs now known are too faint 
for spectroscopic observations, even 
with the 200-inch telescope, and (ii) 
that to obtain spectra for the other 
half would probably tie up the 200- 
inch telescope for the equivalent of 
several full years, as well as a similar 
200-inch in the Southern Hemisphere 
-which we haven't got yet? Most as- 
tronomers think there are a few other 
problems in observational astronomy 
that deserve the attention of the 200- 
inch. 

Thorne says that "Astronomical 
measurements of the masses and radii 
of radiating white dwarfs are in fairly 
good agreement with the predic- 
tions. . . ." The proper way to state 
this would be to say that present 
theoretical predictions are in fairly 
good agreement with the observed 
masses-the mass of Sirius B having 
been known for more than 50 years. 
No radii have ever been observed; 
they are calculated from the assumed 
laws of radiation. 

Finally, in a discussion of the cen- 
tral densities of white dwarfs, neutron 
stars, and so on, the curves drawn 
are continued to 1022 g/cm3, and in 
the text the discussion of the theoreti- 
cal singularities resulting from super- 
nova explosions of massive stars is con- 
tinued to densities of 1049, beyond 
which the admission is made that 
theory is "far from completion." Since 
we are now talking about nuclear den- 
sities of the order of 1014 to 101, 
these new values represent extrapola- 
tions by factors of at least 107 to 
10'4. This brings to mind William 
Whewell's comment: "The cultivation 
of ideas is to be conducted as having 
for its object the connexion of facts; 
never to be pursued as a mere exercise 
of the subtlety of the mind, striving to 
build up a world of its own, and 
neglecting that which exists about us. 
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a full-page advertisement in Science 
(10 April 1959, p. 931) by the Rand 
Corporation, and it might well serve 
as a text for the theoretician in the 
computer lab. 

WILLEM J. LUYTEN 

University of Minnesota, 
Minneapolis 14 

Luyten's contributions to our under- 
standing of white dwarf stars are so 
basic to all work in the field that his 
comments deserve serious attention. 

Luyten's inference that I am dis- 
satisfied with the contributions of ob- 
servational astronomy to our knowl- 
edge of the deaths of stars is a mis- 
understanding resulting from my poor 
choice of phraseology. In actuality, I 
find it inspiring that, despite the great 
technical difficulties involved, observers 
can discover as much as they have 
about the final stages of stellar evolu- 
tion. 

Of the four subtopics in "Gravita- 
tional collapse and the death of a star" 
-white dwarf stars, dynamics of sup- 
ernovae, neutron stars, and collapse to 
zero volume-only white dwarfs are 
amenable to extensive observational 
study. Luyten wishes that I had devoted 
a larger portion of my article to ob- 
servational results on white dwarfs. 
However, great progress has been made 
recently in our theoretical understand- 
ing of supernovae, of neutron stars, 
and of gravitational collapse, whereas 
by comparison white-dwarf observa- 
tions and theory have changed little 
in the last 5 years. To do. justice to 
exciting recent developments, it was 
necessary to be brief in describing the 
beautiful but well-known observational 
and theoretical results on white dwarfs. 

Luyten fears that the present trend 
of science is to pursue mathematical 
computations in an experimental vac- 
uum. On the contrary, it seems to me 
that recent developments furnish beau- 
tiful examples of the manner in which 
observation and theory are jointly, and 
inseparably, responsible for the prog- 
ress of science. For example, the com- 
putations reviewed in my article pro- 
vide a link between experimental nu- 
clear physics and experimental elemen- 
tary particle physics on the one hand, 
and observational astrophysics on the 
other: From experimental laboratory 
studies one obtains a fairly reliable 
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understanding of the properties of mat- 
ter at and below nuclear density 
(' 1015g/cm3). One then uses this lab- 
oratory-based knowledge, together with 
arbitrary assumptions about the equa- 
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tion of state of matter at supranuclear 
densities, and together with the theo- 
ries of relativity and of hydrodynam- 
ics, to compute the properties of super- 
dense stars, the dynamics of super- 
novae, and the dynamics of collapse 
to zero volume. Happily, one finds 
that, although the results of the compu- 
tations are highly sensitive to the 
known properties of matter at subnu- 
clear densities, they are insensitive to 
the unknown equation of state at sup- 
ranuclear densities (1). From these ex- 
perimentally based computations one 
concludes that supernovae, collapsing 
stars, and young superdense stars 
should all be copious sources of x- 
rays, of neutrinos, and of gravitational 
radiation. This conclusion provides an 
important impetus to the development 
of the very young, and as yet neces- 
sarily primitive, fields of neutrino as- 
tronomy and x-ray astronomy, and to 
the search for gravitational radiation. 

The scope of observation, far from 
being decreased, is undergoing in the 
newer developments of astrophysics 
the greatest enlargment of this century. 
Everyone will agree with Luyten when 
he stresses that observation is the foun- 
dation of all knowledge; and everyone 
is excited by the new realms of ob- 
servation which modern astrophysics 
is opening up. 

KIP S. THORNE 

Palmer Physical Laboratory, 
Princeton, University, 
Princeton, New Jersey 
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Quarks Defined 

May I add a linguistic remark to 
Edwin M. McMillan's lecture on par- 
ticle physics (27 May, p. 1210). 
McMillan states that Murray Gell-Mann 
suggested the name "quarks" for a pos- 
sible set of particles, using a "made-up 
word originally used by James Joyce 
in an entirely different connection." 
In German the word quark is not a 
made-up word, but is the term for a 
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sible set of particles, using a "made-up 
word originally used by James Joyce 
in an entirely different connection." 
In German the word quark is not a 
made-up word, but is the term for a 

tion of state of matter at supranuclear 
densities, and together with the theo- 
ries of relativity and of hydrodynam- 
ics, to compute the properties of super- 
dense stars, the dynamics of super- 
novae, and the dynamics of collapse 
to zero volume. Happily, one finds 
that, although the results of the compu- 
tations are highly sensitive to the 
known properties of matter at subnu- 
clear densities, they are insensitive to 
the unknown equation of state at sup- 
ranuclear densities (1). From these ex- 
perimentally based computations one 
concludes that supernovae, collapsing 
stars, and young superdense stars 
should all be copious sources of x- 
rays, of neutrinos, and of gravitational 
radiation. This conclusion provides an 
important impetus to the development 
of the very young, and as yet neces- 
sarily primitive, fields of neutrino as- 
tronomy and x-ray astronomy, and to 
the search for gravitational radiation. 

The scope of observation, far from 
being decreased, is undergoing in the 
newer developments of astrophysics 
the greatest enlargment of this century. 
Everyone will agree with Luyten when 
he stresses that observation is the foun- 
dation of all knowledge; and everyone 
is excited by the new realms of ob- 
servation which modern astrophysics 
is opening up. 

KIP S. THORNE 

Palmer Physical Laboratory, 
Princeton, University, 
Princeton, New Jersey 
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