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Laser Isotope Separation 

The report on uranium enrichment 
by Robert Gillette (News and Com- 
ment, 22 Mar., p. 1172) is an excellent 
summary of interest in the possibility of 
laser isotope separation (LIS). How- 
ever, some of the statements may in- 
advertently help to perpetuate common 
misconceptions regarding the role of 
enrichment in the economics of nuclear 
power. Many assume that LIS will re- 
sult in greatly reduced costs of gen- 
erating nuclear power. The projected 
fuel costs of nuclear power for the 
plants now planned and under construc- 
tion are 12 to 15 mils per kilowatt- 
hour. Since the present cost of the en- 
richment part of the fuel cycle is only 
about 0.5 mil/kw-hr, the result is likely 
to be a reduction in the total cost of 
nuclear power from 15 mil/kw-hr to ap- 
proximately 14.5 mil/kw-hr, an im- 
portant but not earth-shaking saving. 
The recent dramatic price increase in 
oil and coal have increased the price of 
some fossil-generated electricity by 15 
to 20 mil/kw-hr, to a present total of 
25 to 30 mil/kw-hr. 

The possibility of removing 100 per- 
cent of the 235U from the 238U is an 
intriguing prospect but one which is 
probably not practical with LIS. How- 
ever, if this goal is achieved it would 
indeed increase the nuclear fuel supply 
by the amount of 2.3U now left in the 
"tails" from the diffusion plant. A suc- 
cessful centrifuge enrichment plant 
might show a similar although smaller 
advantage if it is desirable and economic 
to operate it in this mode. The obso- 
lete electromagnetic separation process 
achieved almost complete removal of 
235U from the tails and had low power 
costs, but it failed to meet the economic 
criteria. 

The effect of LIS on breeder reactor 
economics will be negligible because 
the breeder reactor requires so little 
uranium fuel that even at $500 a pound 
the uranium fuel cost is less than 1 
mil/kw-hr. By the year 2000 there will 

24 MAY 1974 

Laser Isotope Separation 

The report on uranium enrichment 
by Robert Gillette (News and Com- 
ment, 22 Mar., p. 1172) is an excellent 
summary of interest in the possibility of 
laser isotope separation (LIS). How- 
ever, some of the statements may in- 
advertently help to perpetuate common 
misconceptions regarding the role of 
enrichment in the economics of nuclear 
power. Many assume that LIS will re- 
sult in greatly reduced costs of gen- 
erating nuclear power. The projected 
fuel costs of nuclear power for the 
plants now planned and under construc- 
tion are 12 to 15 mils per kilowatt- 
hour. Since the present cost of the en- 
richment part of the fuel cycle is only 
about 0.5 mil/kw-hr, the result is likely 
to be a reduction in the total cost of 
nuclear power from 15 mil/kw-hr to ap- 
proximately 14.5 mil/kw-hr, an im- 
portant but not earth-shaking saving. 
The recent dramatic price increase in 
oil and coal have increased the price of 
some fossil-generated electricity by 15 
to 20 mil/kw-hr, to a present total of 
25 to 30 mil/kw-hr. 

The possibility of removing 100 per- 
cent of the 235U from the 238U is an 
intriguing prospect but one which is 
probably not practical with LIS. How- 
ever, if this goal is achieved it would 
indeed increase the nuclear fuel supply 
by the amount of 2.3U now left in the 
"tails" from the diffusion plant. A suc- 
cessful centrifuge enrichment plant 
might show a similar although smaller 
advantage if it is desirable and economic 
to operate it in this mode. The obso- 
lete electromagnetic separation process 
achieved almost complete removal of 
235U from the tails and had low power 
costs, but it failed to meet the economic 
criteria. 

The effect of LIS on breeder reactor 
economics will be negligible because 
the breeder reactor requires so little 
uranium fuel that even at $500 a pound 
the uranium fuel cost is less than 1 
mil/kw-hr. By the year 2000 there will 

24 MAY 1974 

Laser Isotope Separation 

The report on uranium enrichment 
by Robert Gillette (News and Com- 
ment, 22 Mar., p. 1172) is an excellent 
summary of interest in the possibility of 
laser isotope separation (LIS). How- 
ever, some of the statements may in- 
advertently help to perpetuate common 
misconceptions regarding the role of 
enrichment in the economics of nuclear 
power. Many assume that LIS will re- 
sult in greatly reduced costs of gen- 
erating nuclear power. The projected 
fuel costs of nuclear power for the 
plants now planned and under construc- 
tion are 12 to 15 mils per kilowatt- 
hour. Since the present cost of the en- 
richment part of the fuel cycle is only 
about 0.5 mil/kw-hr, the result is likely 
to be a reduction in the total cost of 
nuclear power from 15 mil/kw-hr to ap- 
proximately 14.5 mil/kw-hr, an im- 
portant but not earth-shaking saving. 
The recent dramatic price increase in 
oil and coal have increased the price of 
some fossil-generated electricity by 15 
to 20 mil/kw-hr, to a present total of 
25 to 30 mil/kw-hr. 

The possibility of removing 100 per- 
cent of the 235U from the 238U is an 
intriguing prospect but one which is 
probably not practical with LIS. How- 
ever, if this goal is achieved it would 
indeed increase the nuclear fuel supply 
by the amount of 2.3U now left in the 
"tails" from the diffusion plant. A suc- 
cessful centrifuge enrichment plant 
might show a similar although smaller 
advantage if it is desirable and economic 
to operate it in this mode. The obso- 
lete electromagnetic separation process 
achieved almost complete removal of 
235U from the tails and had low power 
costs, but it failed to meet the economic 
criteria. 

The effect of LIS on breeder reactor 
economics will be negligible because 
the breeder reactor requires so little 
uranium fuel that even at $500 a pound 
the uranium fuel cost is less than 1 
mil/kw-hr. By the year 2000 there will 

24 MAY 1974 

be enough uranium in our stockpile of 
tails from enrichment plants to fuel 
1000 breeder reactors for 300 years. 
The existence or nonexistence of a 

cheap isotope separation method will 
have a second-order effect on the com- 

plex mix of calculations involving capi- 
tal, uranium ore, enrichment, and other 
fuel cycle costs used in determining the 

comparative economics of breeder and 

light water reactors. The United States 
has enough reserves at less than $500 
a pound to fuel a greatly expanded 
breeder nuclear electric company for 
100,000 years at a cost for the uranium 
fuel of less than 1 mil/kw-hr. 

There is no doubt about the impor- 
tance of active research in this field, 
but one needs to be cautioned against 
expecting early commercial success. 
There is a very low probability that 
this process can be brought to the 

point where it will affect plans for ex- 

panding enrichment production facili- 
ties to meet the nuclear fuel needs of 
the 1980's. Further, the private U.S. 
corporations that are actively working 
in the uranium enrichment area will 
be given the opportunity to review LIS 
work at the laboratories of the Atomic 
Energy Commission in order to make 
an independent judgment of the future 
commercial potential of the process. 

C. E. LARSON 
Atomtic Energy Commission, 
Washington, D.C. 20545 

Disruptions at AAAS Meetings 

Now that disruptions at AAAS 
meetings have largely subsided, a back- 
ward glance provides some perspective 
about the unique phenomenon known 
generally as "Science for the people." 
I have attended AAAS meetings at in- 
tervals since 1933, served on the AAAS 
council for a number of years, and had 
the opportunity to observe rather 
closely and to attend some of the meet- 
ings and planning sessions of the ac- 
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tivists since the Boston meeting in 
1969. My impressions can be sum- 
marized as follows. 

1) There is a lack of unity within 
the activist group. They fight among 
themselves and accuse each other of 
having the same faults as those they 
attack. They yell obscenities at each 
other as violently as they do at the 
"establishment." Their own meetings 
often end in disruption. 

2) They lack a positive program or 
cause. They are "against" the estab- 
lishment, but not really "for" anything 
specific. Their criticism is destructive 
rather than constructive in nature. 

3) The dissidents and activists have 
the same symptoms of "illness" as they 
claim for society. They seem to be 
driven by fear and frustration oc- 
casioned by the draft (in earlier years), 
unemployment, lack of political power 
and recognition by society, and mistrust 
of their elders. 

Some of them are undoubtedly sin- 
cere in their beliefs and some are 
worthy of careful attention, but they 
are learning that disorderly protest 
and violence are not the answers. They 
can bring problems to the surface, but 
they cannot solve them by their tac- 
tics. 

RALPH W. DEXTER 
Department of Biological Sciences, 
Kent State University, 
Kent, Ohio 44242 

Japanese Conception of Nature 

In "The conception of nature in 
Japanese culture" (25 Jan., p. 279) 
Masao Watanabe lists two examples 
of possibly "positive and unique con- 
tributions to science that were re- 
lated to the intellectual and spiritual 
traditions of Japan and that would not 
likely have been made by Western 
scientists. No doubt the examples 
Watanabe cites will provoke disclaim- 
ers, but I should like to offer what may 
be an equally good example of what he 
proposes. The case I have in mind 
relates to China rather than Japan, but 
from the context of Watanabe's ac- 
count and from some of the specific 
stories he relates, this example would 
undoubtedly reinforce his arguments. 

In 1957, Lee and Yang published an 
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In 1957, Lee and Yang published an 
unexpected theory on the nonconserva- 
tion of parity. The first confirmation 
came from experimental work done by 
Wu at the National Bureau of Stan- 
dards. My wife, who is an artist, ob- 
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served at that time that this creative 
departure from deeply rooted assump- 
tions of contemporary science might be 
more likely to occur in the minds of per- 
sons who grew up in a radically different 
cultural tradition, and that it would be 
more likely to be assumed worthy of 
testing by a like-minded individual (1). 
She noted that Lee, Yang, and Wu 
had all been born in China, where 
there is less of an obligation, in tradi- 
tional art forms, to paint "a balanced 
picture," and where writing is in 
ideographs instead of in an alphabet 
and is vertical from top to bottom and 
right to left instead of horizontal from 
left to right. It was her surmise that 
Lee, Yang, and Wu, having grown up 
in one tradition and converted for the 
purposes of their scientific pursuits to 
another tradition, could scarcely be un- 
affected by their prior cultural upbring- 
ing and linguistic tradition. They would 
perhaps be more skeptical of the 
Western conception of the conservation 
of parity than would a scientist con- 
fined to the Western cultural traditions. 

The creative process in science has 
been considerably neglected, especially 
in recent decades, in Western science. 
There is a tendency to favor the logi- 
cal positivist explanations as to how 
science progresses. Whorff (2) and 

Vygotsky (3) among others have per- 
ceived that differences of language im- 

pose differences of thought processes 
that are bound to affect our conceptions 
of reality. This argument is not refuted 

by evidence of the common denomina- 
tors among different languages (4). Ex- 

ceptional thinking is what progress in 

any field depends upon. Boulding (5) 
rightly indicates that all we have access 
to are images, of which only rude ele- 
ments can be considered innate. Bould- 

ing proposes "eiconics" as a discipline 
that aims to discover how images are 

processed during thinking and suggests 
that study in this direction could open 
new dimensions in science. 

Perhaps one of the most useful 

practices in science, recently badly ne- 
glected, is the cultivation of cross- 
cultural communication, through the 
international exchange of scholars, and 
the furtherance of research into the 
creative processes involved in science. 
Cross-cultural exchanges that result in 
unusual combinations of thinking may 
greatly facilitate the effective pursuit 
of science. Perhaps investigations of 
these processes can be fostered even 
within Western scientific traditions by 
proper utilization of materials in the 

history of science and the history of 

85( 

ideas in reference to social and cultural 
differences. 

There has been much talk, needed 
and appreciated, about the limits to 
growth, but as far as the future can be 
envisioned, there seems to be an un- 
limited opportunity for growth of 
constructive thinking, an important in- 
gredient of which may be the utiliza- 
tion of schemes of consciousness that 
have only tenuous credentials in our 
own tradition of thinking. It is for this 
reason that Watanabe's contribution is 
so refreshing. 

ROBERT B. LIVINGSTON 

Departmen t of Neurosciences, 
School of Medicine, 
University of California, San Diego. 
La Jolla 92037 
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Watanabe states that, "although the 
Japanese people have been frequently 
visited by earthquakes, they did not 
initiate the scientific study of earth- 
quakes. This can be explained largely 
by their attitude of coexisting with 
nature." 

The realities may be more complex 
than this explanation suggests. It would 
be incorrect, of course, to argue that 
there is nothing distinctive about the 
Japanese attitude toward nature as 
contrasted with the Chinese attitude. 
However, most of the elements that 
Watanabe has chosen to describe in 
connection with the Japanese concep- 
tion of nature were also (and in many 
cases, originally) Chinese, as, for ex- 
ample, the idea of the heavenly stems. 
Yet the Chinese did, in fact, study 
earthquakes at a very early date and 
even seem to have invented a machine 
to study earthquakes in the first half 
of the second century A.D. 

The biography of Chang Heng (A.D. 
78-1.39) in the Hou Han-shu (History 
of the Latter Han Dynasty) contains 
the following remarkable entry (1). 

In A.D. 132 Chang Heng again con- 
structed an instrument to indicate the 
weather and earthquakes, cast from fine 
copper, . . . eight feet [in] diameter, which, 
with its cover, stood up like a wine am- 
phora. It was adorned with seal characters, 
mountains, turtles, birds, and animals, had 
a main prop in the centre and eight 

gro[o]ves at the sides. Bolts could be opened 
and a mechanism set in motion. Outside 
there were eight dragon heads with copper 
balls in their mouths and, below, toads 
which could receive these balls in their 
open mouths. The cogged wheels were 
very elaborate, but all concealed in the 
amphora, the lid of which was tightly 
closed, leaving no fissure. When there was 
an earthquake, the amphora shook the 
dragons, the mechanism became stirred, 
and they vomited the balls, which were 
caught by the toads. The sound of the 
concussion was the signal to rouse the 
observer. Even if only one dragon was 
set in motion and seven heads were not 
stirred, upon investigating the environs the 
place of the earthquake was discovered. 
There was the most wonderful agreement 
with facts, and nothing similar had hap- 
pened since records were kept. Once the 
mechanism of one dragon moved, but no 
earthquake was felt. All the scholars in 
the capital were surprised at this inac- 
curacy, but several days later a courier 
brought the news that in fact there had 
been an earthquake in Shensi. Then all 
believed in this wonderful invention, and 
an astronomer was ordered to record all 
the places from where earthquakes started. 

Early Chinese work in seismology 
was, according to this and other indica- 
tions, very advanced, and yet it could 
never be said that the Chinese were 
not deeply imbued with "the attitude 
of coexisting with nature." 

IRENE BLOOM 

Regional Seminar in Neo-Confucian 
Studies, Columbia University, 
New York 10027 
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Watanabe presents an interesting 
view of the potential contribution to 
science of traditional Japanese attitudes 
toward nature, but by relying on an 
outdated article by Frisch (1) to char- 
acterize field studies of nonhuman pri- 
mates by Western scientists, he creates 
an artificial gap between West and 
East. 

Although some nonhuman primates 
have been caught and subsequently tat- 
tooed for ease of identification, this 
procedure is the exception for Western 
fieldworkers, rather than the rule, as 
Frisch seems to imply. I do not wish 
to denigrate the contribution of Japa- 
nese primatologists, which has been of 
great value. However, equally abundant 
and significant data have been obtained 
by Western field observers who have 
used techniques that do not differ 
from those described as typically Jap- 
anese. Far from regarding the animals 
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they study as "bacteria under the FOVIG r 
microscope," non-Japanese primatolo- 
gists, as a matter of course, have made tO t fl G 
a point of learning about their sub- 
jects' life histories and personalities. resea rcher 

Indeed, van Lawick-Goodall (2), 
whose work in this field is perhaps the 
best known to nonprimatologists, began 
by naming some of her chimpanzee 
subjects after "popular and traditional 
figures," for example, Huxley and 
Leakey. 

ROBERT S. 0. HARDING 
Department of Anthropology, 
University Museum, ' 

University of Pennsylvania, 
Philadelphia 19174 
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natural "gap between West and East," 
and this gap has been artificially nar -3.41 
manly as a result of mutual exchange..porosity DEAE! 

rowed down to its present state pri- 
I strongly suspect that it was the Jap- DEA.E Sb-Gel A has hig.h capacity to.rwiriacromolecules 

and.rio bed volurn.e variaU*n. 
anese workers that first started to name 
the animals they studied and that there 
still is something different between the 
respective approaches of Western and 
Japanese researchers. 

ln closing, let me cite the following 
passages from the preface of Robert 
Hooke's Micrographia (1665) (1). This new a inig Rapid 

.4iPtiQfl. desorption 
It is the great prerogative of Mankind exchanger,  proteins 

above other Creatures, that we are not based on Bio 
only able to behold the works of Nature, Red s strong, Easy column 
or barely to sustein [sic] our lives by them, highly porous, fsupplied fully 
but we have also the power of considering, beaded age 
comparing, altering, assisting, and improv- rose el sepa 
ing them to various uses. . . . And as at rates ad pun ' gel), Excellent 
first, mankind fell by tasting of the forbid- fies large proteins, chemical stebifty; 

nucleIc acgs and 
den Tree of Knowledge, so we, their other mecromole- 
Posterity, may be in part restor'd by the Autoclavable, Use you would use same way, not only by beholding and con- oules better than other DEAE Bic*-Gel A 

exchangers. Why'? OEAE 
templating, but by tasing [sic] too those   A has.high por'osity hll 0 EA F cell u lose. You'll fruits of Natural knowledge, that were capacIty - end, t &es.'t siPn r save.tirhe end.gt bette.r reprodu. never yet forbidden. swell wlth-%IhSflqeS lhilOflk coltions. ibility >FOr morej complete technical 

This will help illustrate how deeply and It has othe.r advantge, - too holud-,, 'hfrrnioriAie uding.pri&ng, co.ntact: 
positively modern scientific investiga- 
tion of nature was rooted in Western 
thought and culture. 32nd &.Gniffi AVenu; Riclflno.nd, CA 94804.,Ph&ne (4l5 234-41.30 
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