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The claims of human-caused global 
warming are not corroborated, even by 
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Hugh W. Ellsaesser reviews the scien­
tific evidence, p. 6 1 .  
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EDITORlh.L 

The Machine Tool Principle: 
The Transfinite in Practice 
U nderstand ing the ph i losoph ical  i s­

sues that were the l i feb l ood of 
Codel, Cantor, and Leibn iz  w i l l  deter­
mine whether we reverse the post- indus­
trial t ide of today's New Dark Age. The 
concept of the transfin ite and, i n  particu­
lar, the transfin ite nature of man's m ind, 
i s  key. It is man's creativity that ensu res 
that there can be no l i m i ts to growth, 
and it is man's cont inu ing i ncrease i n  the 
power of the creative process that has 
enabled mank ind to progress from past 
dark ages to the 20th century. 

T h i s  issue's cover story by D i no de 
Paol i, "Mathematics and the Paradoxical 
i n  Natu re," d i scu sses the P lato n i c  
method of the "positive paradox" from 
the standpoint of the work of Codel and 
Cantor, and the re lat ionsh i p  of both 
t h i n kers to the earl ier  ideas of Le ibn iz .  
De Pao l i  describes how the somewhat 
e lus ive ideas of Codel and Cantor con­
cern ing the reflexive principle have been 
made c lear i n  the modern wr i t i ngs of 
economist Lyndon LaRouche on physi­
cal economy. L i ke Codel and Cantor, 
LaRouche is a Leibnizian, and it is h is i n­
novative work on the principles of physi­
cal economy that prov ides a concrete 
example of the actual phys ical force of 
creativity. 

LaRouche's  concept of tec h n o l ogy 
puts the transfin ite i nto practice. To Can­
tor's system of the a leph ser i es, 
LaRouche has added the concept of this 
series as a transfin i te transformation, a 
sequence of successive i ncreases i n  po­
tential population dens ity. T h i s  means 
measu r i  ng progress by look i  ng  at the 
leaps in sc ience and tech n o l ogy that 
have i ncreased man's mastery over na­
ture and man's productive power, and 
hence, have i n c reased the n u mber of 
people that a square k i lometer of Earth's 
su rface can potential ly sustain.  

Leibn iz's conception of techno logy, 
which is the starti ng point for LaRouche's 
phys ical economy, comes to l i fe in the 

story told by Ph i l i p  Valenti, "Leibniz, Pa­
pin, and the Steam Engine."  Valenti de­
scri bes the ph i losoph ical  bas is  for the 
work on the dynami cs of the steam en­
g ine, i n  particu lar the goal of designing 
mach i nes that wou ld perform the work 
of many men, t h u s  i ncreas i ng man's 
mastery over nature. 

The Machine Tool Principle 
The dr iv ing force beh i nd Leibniz and 

Pap i n 's steam e n g i n e  d eve l opment i s  
what LaRouche today cal ls the "Machine 
Tool P r i n c i p l e . "  H e  ident i fies the ma­
c h i ne tool sector of an economy as the 
cruc ia l  transmiss ion  be l t  of sc ient if ic 
b reakthroughs  to app l i cat ions  in new 
technologies that i mprove products and 
increase the capital- and power-intensity 
of the economy. Combi ned with a clas­
s i ca l  h u ma n ist educat ion,  such  eco­
n o m i c  growth t h rough i ncreased pro­
ductivity, LaRouche says, leads to h igher 
level s  of deve lopment, and of creative 
reason in the ind ividual . 

The shares of various nations i n  world 
mac h i ne tool production over the past 
30 years provide a k ind of l itmus test of 
the health and growth potential of each 
nation's economy. Whi le  the world share 
for the U n ited States has fal l en almost 
stead i ly between 1965 and 1995, Japan, 
South Korea, and Taiwan have contin­
ued to i ncrease thei r share of world ma­
chine tool production (see figure). 

I n  the same per iod, the phys ical  
economies of the i ndustrial ized nations, 
most especial ly  the U n ited States, have 
been character ized by an accelerati ng 
rate of dec l ine (as opposed to the hyper­
bol ic increase i n  fi nancial and monetary 
aggregates) .  Neo-Malthu s ian, post- i n­
d u str i a l  po l i c i es-the oppos i te of the 
pol ic ies on which this nation was bui lt­
have turned th is  country i nto a cultural 
and economic rubble-fie ld.  

W h i l e  U . S .  pol i cy  makers today ex­
h ib i t  no u nderstand i n g  of the Mach i ne 
Tool Pri nc ip le  or of how the shutdown 
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of strategic investment in scientific and 
technological progress is responsible for 
the accelerating contraction of the econ­
omy, many leaders in the  developing 
sector see the relationship c learly. A May 
7 symposium, " N atio n a l  Science  and  
Technology Strategies in a G lobal Con­
text," sponsored by the National  Acad­
emy of Sciences in Washington, D . C ., 
vividly made this point. 

Korea's Science Driver 
Dr. Ku nMo Chu ng, Ambassador-at­

Large of the Atomic Energy Commission 
of South Korea, described how his na­
tion has increased its per capita income 
from $ 80 per year 35 years ago, to more 
than $ 1 0,000 in 1 99 5 .  Chung  stressed 
that long-term thinking is crucia l, and 
that  bold strategies m u st be p u rsued, 
even if they a re u npopu l a r  at 
fi rst. "We know that science 
and technology are key for fur­
ther development in the Re­
public of Korea. Our only tool 
is science and technology. We 
h ave few natura l  resou rces, 
and good h u m a n  resou rces .  
This  provides the  motive 
power of our development." 
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Chung reported on a new Korean law 
stipu lating that 5 percent of the national 
budget wil l  be in science and technol­
ogy five years from now. ( I n  the U nited 
States, federal investment in science and 
technology is about 4 . 5  percent of the 
nationa l  budget) . He  a l so pointed out 
that "the m ajority of Korean C EOs are 
scientists and engineers, not accountants 
and economists." It is, therefore, not sur­
prising that South Korea has a growing 
machine tool capability, for application 
in increasingly science-intensive indus­
tries. 

China: large-scale Development 
At the same symposium, Prof. Chen 

Zhang-Liang, vice president of Peking 
U niversity and a member of China's  
Academy of Science and of the People's 

PERCENTAGE SHARE OF WORLD MACHI N E  
TOOL PRODUCTION (1 965-1 995) 

Taiwan and South Korea 

National  Science Foundation and funds 
basic research. NSFC is the fastest grow­
ing agency in the world, he said, and its 
funding is growing geometrical ly. I n  the 
priority fie ld of agricu ltu ra l  biotech nol­
ogy, he said, China  is re leasing the 
l a rgest n u mber of transgenic p lants in 
the world,  a l though the nation did not 
embark on this research until 1 986. 

The Chinese government is promoting 
research and development through spe­
cia l high tech economic zones, where 
new companies are started by university 
professors, similar to the way the Massa­
c h usetts I nstitute of Tech no logy has 
functioned in N ew England.  At Peking 
U niversity, Zhang-liang said, the teach­
ing load is reduced for professors in or­
der to al low them to "spin off" new com-

panies. There are now 1 8  such 
com pan ies establ ished and  
owned by  the university, which 
give back to the university their 
profits, amounting to one third 
of the university'S budget. 

Z h a n g-Liang noted that 
China " lost 1 5  years th rough 
the Cu ltural Revolution, a gen­
eration of scientists . . . .  But by 
the late 1 970s, there was a re­
covery in the number of scien­
tists and engineers, and we sent 
students to the U .S .  and Japan, 
and now there is a new genera­

"In the 2 1  st Century, we wil l  
develop new high tech nology 
areas," he stated, one of which 
will be the Korea Standard Nu­
clear P lant .  People laughed at 
him in 1 983,  when he pro­
posed a standardized plant de­
sign, he said, but after a 1 2 -
year deve lopment program, 
" now we are discussing ex-

-------�-------
o ���-�-�-�- �-�-�-,-------_.---- _,----_,----_, tion .  There a re now 1 70,000 

Chinese students in the U nited 
States. They wou ld have a very 

1965 1970 1975 1980 1985 1990 1995 

Source: Executive Intelligence Review, Feb. 7, 1 997 big impact if they came back to 
China," he said. 

porting it to China and build-
i ng it in North Korea, and we a re de­
signing plants." 

In response to the frequent c riticism 
that Korea quickly commercializes tech­
nologies that have been developed else­
where, without doing the basic research, 
Chung reported on Korea's new science 
institution, the Korean Institute for Ad­
vanced Studies, which opened l ast year 
and held a workshop with American sci­
entists for designing a supercond u cting 
fusion tokamak, a steady state machine 
to run 1 ,000 seconds at a time. "Practi­
cal people criticized our putting money 
into fusion," he said. "Fusion is complex, 
mu lti-disciplined R&D. Maybe we wil l  
have fusion 4 0  years from now. B u t  we 
are an optimistic cu l ture in Korea. We 
shouldn't count our pennies in [this kind 
of] project." 

EDITORIAL 

Congress, discussed the p lans  of this 
largest developing nation, stressing the 
concept of the science driver. 

" Peop l e  in many cou ntries are con­
cerned about whether China can feed its 
1 .2 billion people, and there have been 
books written about this," Zhang-Liang 
said . " I n  China we have 23 percent of 
the world's population and 7 percent of 
the cu l tivatable land .  The cha l lenge is 
that i n  2025,  we wi l l  have 1 . 5 bil l ion 
people, with rapid ly decreasing fa rm­
land, and severe water problems. China 
shou ld  be self-sufficient in food and  
modernize technology. For the past 5 to 
1 0  years we have been investing in sci­
ence and technology for agriculture, and 
reforming state companies." 

Zhang-liang emphasized the activities 
of the NSFC, which is similar to the u.s. 

With a growth rate of 1 0  per­
cent in G ross Domestic Product, and a 
perspective of integrating its domestic 
economic d eve lopment with those of 
l ike-minded n ations, it is c lear  from 
Zhang-liang's  remarks that China in­
tends to be well positioned to take the 
lead in the G reat Projects a long the old 
Si lk  Road, which wil l  be the motor for 
worldwide development in the 21 st cen­
tury. 

The chal lenge to the U nited States and 
other industrialized nations is to put the 
transfinite into practice-and join with 
Eurasia in developing the Great Projects 
to carry m a n kind forward into the 2 1  st 
century. 

------ Note to Readers ----­

Carol White retired as editor-in-chief 
of 27st Centuryin early 1 997.  
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Letters' 

On Keplerian Harmony 

To the Editor: 
The article by Lothar Komp ["The Ke­

p ler ian Harmony of P lanets and the i r  
Moons," Spring 1 997,  p .  28] was espe­
cially i nteresting to me, s i nce I had dealt 
with many of the same p lanetary rela­
tionships, including h is  treatment of Mer­
cury and Venus .  In looki ng at a l l  of the 
remarkable relat ionsh i ps that become 
apparent as we delve, we recogn ize that 
these, w h i l e  i nteresti ng  and worthy of 
d i scuss ion,  are but  fi ngerpr i nts of a 
h igher lawfu l ness, whose d i scovery i s  
sti l l  awaited. 

The problem with these 
" items" is that they lack a 
un iversal b i n d i n g  pr inc i ­
ple, or  " law," from which 
al l  of them are shown to 
fo l l ow, such as Kep l er's  
th ree l aws of p l a n etary 
mot i o n .  Based on some 
new material which I have 
fou nd ,  I be l i eve that we 
are very near to such new 
p l anetary r u l es ,  w h i c h  
w i l l  not o n l y  make c l ear 
the reason for Kep ler's 
laws, but g ive us  several 
additional ones, inc lud ing 
the dete r m i nat ion of a 
planetary d iameter and its 
s iderea l rotat ion  per iod 
from its axis and eccentricity. 

U ltimately, we know that a l l  parame­
ters of a body need to be lawfu l ly  deter­
mined, inc luding mass, inc l ination to the 
ecl iptic, and so forth, si nce anyth ing less 
wou ld not be coherent with God's wis­
dom and lawfu l ness, and, therefore, not 
possible i n  this universe. 

Concern i ng the i nteresti ng use of spi­
rals to plot sate l l ite systems, I know that 
t h i s  idea or ig i nated w ith an art i c l e  i n  
2 7 st Century b y  Dr .  Jonathan Ten nen­
baum some years ago. In  i t ,  he attempted 
to map the p lanets of the solar system 
onto one rotation of a logarithmic spiral, 

whereon non-arbitrary poi.nts were de­
term i ned by the i ntersect ions of 1 2  
eve n l y  spaced rad i a l  l i nes extend i n g  
from the spiral 's  center, the spaces be­
tween these l i nes being one-twelfth (or 
30 degrees) of a s ingle rotation, thereby 
represent i ng the twel ve-tone m u s i ca l  
scale .  D r .  Ten nenbaum found  that the 
positions of the p lanets fit qu ite c losely  
where the musical notes wou ld be. 

I got an idea from my Canadian friend 
Benoit Cha l i foux to try Tennenbau m's  
method on Jupiter's moons. He had been 
trying to map the Jovian system onto one 
rotation, using Tennenbaum's method. I 
noticed a constant in the ratios of lo/Eu­
ropa and Eu ropa/Ca l l i sto, th ree of the 
fou r  large Jovian moons, which meant 
that a logarithmic spiral originating at 10 
and destinating at Cal l isto wou ld hit  Eu­
ropa at exactly one-half rotation. There­
fore, I took th i s  sp i ra l  and extended i t  
several rotations ("octaves") inward and 
outward to see what would resu lt. 

The resu It was del ightfu I !  Every known 

body in the Jovian system fit w i th th i s  
system to with in approximately 9 8  o r  99 
percent. This included all of the moons, 
but also the ri ngs-even the rad i u s  of 
Jupiter itself. Moreover, this arrangement 
d iv ided the Jovian system i nto c lear ly  
d i st i nct octaves. One resu lt  of  th i s  was 
that the two sma l l est of the fou r  g iant  
moons, 1 0  and Europa, were i n  the fi rst 
octave, whi le the two largest of the four  
b i g  moons,  Cal l i sto and Ganymede, 
were i n  the second octave. 

Komp's use of barred spirals may be a 
step forward from Tennenbaum's  
method, s i nce it takes i nto account the 
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d iameter of the p lanet.  H owever, it is 
sti II the case that we have not yet u n­
covered the u n ive rsa l l awfu l ness that 
makes a l l  of these approximations work. 
When we do, far from hav i n g  to com­
pletely  th row out a l l  of these del ightful 
and beaut ifu I systems,  we wi II see, fi­
nal ly, why they almost work-but don't 
quite work, the reason bei ng that they 
are but shadows of an even more beau­
tifu l system, whose d iscovery sti l l  awaits 
us, but which, we know, w i l l  overjoy us 
i n  its s imp l ic ity and beauty, being testi­
mony, yet again,  of God's wisdom. 

Jeremy Batterson 
Ridgefie ld Park, New Jersey 

Solar Distances 
Corrected 

To the Editor: 
On page 3 2  i n  F i g u re 5 [of Lothar 

Komp's article, "The Keplerian Harmony 
of P la nets and  t h e i r  Moons ,"  Spr ing 

1 997] "distances i n  solar 
d i ameters" shou l d  read 
"rad i i "  i nstead of "d iam­
eters . "  The same is true 
for Figure 6 on page 33 .  

I reti red from Pacif ic 
Telephone, as a Sen ior 
Engineer i n  1 978, after 32 
years . Although astron­
omy is not my hobby, I 've 
a lways been fasci nated 
by Bode's geometri c  ar­
ray of planetary d istances 
from the Sun. 

So it was of great inter­
est to l earn that Johan n 
Dan iel  Tit i us, a theology 
professor, was fi rst, and 
that Johann E le rt Bode, 
d i rector of the Berl in Ob­

servatory, claimed the i dea. I sha l l  now 
forever refer to it as the Titius-Bode Rule 
as does Lothar Komp in his wonderfu l 
and amazing article. 

I am very impressed by your magazine 
and look forward to each issue. 

Svein E .  Mikkelsen 
Ed ina, Minn.  

A Mercurial Correction 

To the Editor: 
Congratu lations on a most excel lent 

article, "The Keplerian Harmony of Plan-
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ets and the i r  Moons" by Lothar  Komp! 
There is a sma l l  e rror on pages 3 9-40, 
where the period of Mercury is given as 
87,969 d ays, and  i ts a x i a l  rotat ion  as 
58 ,646 days ( i nstead of 8 7 . 9 6 9  and  
58 .646). Perhaps the  error occu rred i n  
translation, s ince i n  t h e  E u ropean sys­
tem, decimals are ind icated by commas, 
rather than periods. 

On the other hand,  i f  Mercu ry's pe­
riod real l y  is 87,969 days, perhaps that 
expla ins why I have never succeeded i n  
seeing it! 

Susan Welsh 
Leesburg, Va. 

The Physical Basis of the 
Geometry of Moons 

The advance represented i n  Lothar 
Komp's art ic le  is  the i ntrod uction of a 
metric of spiral action, that is, of a metric 
of a physically possible basis for the ex­
istence of the systems of moons, in place 
of the Titius-Bode l inearity. 

Komp treats the d iameter of a p lanet 
as a key parameter in determ i n i n g  the 
spacing of its moons. Are even better re­
su lts obta ined in determi n i ng the spac­
ings by using i nstead the d i stance from 
the center of the p lanet to the center of 
the first moon? Since the govern i ng con­
cept here is that moon systems share the 
geometry of barred spira l  galaxies, th is 
parameter wou ld make more physical  
sense. 

And what if one constructs two spiral 
arms, with identical rates of growth, from 
the ends of this "bar" that has the planet 
on one end and the fi rst moon on the 
other, i n  the manner  of barred s p i ra l  
galaxies? 

A l ternatively,  what happens if o n e  
uses a longer bar, that runs from the cen­
ter of the nearest moon to the center of 
the next-nearest moon at opposition, ac­
knowledging the p lanet as the "nucleus 
of the galaxy," and constructs two spiral 
arms? These proposals are aimed at mak­
ing the "bar" a physical entity, instead of 
a merely mathematical quantity. But it is 
a lso necessary to remember, that the 
physical geometry by which the orbita l 
d istances were produced, m ight not be 
marked off i n  a way that is so conve­
niently visible today. 

LETIERS 

David Cherry 
Associate Editor 

21 st Century 

We're in a Little Ice Age! 

To the Editor: 
I agree with Dr. Zbigniew Jaworowski 

[ "Another G lobal  Warm i n g  Fraud Ex­
posed : Ice Core Data Show No Carbon 
Dioxide I ncrease," Spring 1 997, p.  42] 
that we are headed i nto another major 
glaciat ion.  Temperatures have decl i ned 
by 5°C i n  the Northwest Territories of 
Canada s i nce the C l i m atic Opti m u m, 
6,000 years ago, accord i ng to the Col­
orado Arctic and Alpine Institute. 

However, it is my view that we are al­
ready in t h i s  H o l ocene I nterg l a c i a l ,  
about two-thirds of the way into another 
L i tt le  I ce Age, l i ke the Maunder M i n i ­
m u m ,  because, accord i n g  t o  a l .1 the 
Scandinavian Meteorological I nstitutes, 
temperatures have declined by 1 degree 
from the m id-century to 1 990 ;  with 
other proxy d ata now the dec l i ne may 
be sti l l  lower. 

Our current snowpack in the Cascade 
Mountains this last wi nter was 1 85 per­
cent of norm a l .  "Normal"  is a 3 0-year 
r u n n i n g  average. We saw record low 
temperatu res l ast wi nter, as we l l  as 
record snowfa l l  and record flood ing  in  
the  Dakotas and Minnesota. Due  to the 
q u asi-bien n i a l  polar osc i l l at ion cyc le, 
the polar vortex shou ld  once aga i n  ex­
pand down the East Coast this com i ng 
fa l l  and wi nter, g iving record low tem­
peratures and snowfa l l ,  as in the winter 
before last. 

We are even now having some symp­
toms s i m i l a r  to those of the end of the 
Eemian I nterglacial ,  1 1 5,000 years ago, 
as described by G. Woi l l ard, in the clas­
s ic  palyno logy paper i n  1 979, entit led 
"Abrupt End of the Last I nterglacia l  s.s.  
i n  Northeast France," Nature, Vol .  281 , 
pp. 558-562. The end of the Eemian was 
obscured by a massive drought, as hard-

woods d ied i n  75 to 1 5 0 yea rs, and  
Abies genera firs d ied in  on ly  20 years. 
Cu rrently dutch e lms are dying, as wel l  
as oaks, i n  the Midwest, a s  wel l  as many 
species of trees in  the far west, l i kely for 
s imi lar reasons. 

Eu rope this l ast winter saw extremely 
cold weather, with the Thames and Hoi­
l a nd cana l s  freez ing  over, as in the 
Maunder  Min imum, described by Prof. 
H . H .  Lamb in Chapter 1 2  of h i s  book 
Climate, History, and the Modern World. 
The two-year cycle was strong then, too. 

Jack Sauers, geologist 
Seattle, Wash. 
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Scientists Respond to the 'Non-Science of Global Warming' 
Dr. Robert Stevenson, whose article, 

/IAn Oceanographer Looks at the Non­
Science of Global Warming, /I appeared 
in the Winter 7 996- 7 997 issue of 2 1  st 
Century magazine, received a great many 
comments from scientists around the 
world who are concerned, as he is, about 
the abandonment of science in the de­
bate over global warming. He has made 
his open letter to colleagues and some of 
their responses available to 2 1  st Century, 
because of the importance of the issues 
involved for the future of science. 

Dr. Stevenson's letter 

Dear colleagues and friends: 
I am send i ng you the W i nter 1 996-

1 997 edition of 27 st  Century Science & 
Technology, in which you' l l  note my pa­
per on the " No n-Sc ience of G loba l  
Warm i ng . "  After read i n g  the paper, I 
hope you wi l l  become enthused and ac­
tive i n  the defense of honorable scien­
tific research. 

My first peer-reviewed paper was i n  
1 947, co-authored w ith U .S .  Grant IV, 
my major professor at UCLA.  I cou ld  
have publ ished before 1 947, but in  1 942 
I joined the u.s. Army Air Force to "save 
the world for democracy" ;  with an en­
core d u ri ng the Korean Confl ict. S i nce 
then, I 've p u b l i shed a n n u a l l y  papers,  
books, tra i n i ng manua ls, and classified 
oceanography tactical documents for the 
N avy, and became an expert in space 
oceanography. 

My professors were a l l  from the great 
American un iversit ies of the early 20th 
centu ry; H a rvard, C h icago, I l l i no is, 
Ca l/Berkeley, Stanford. Each practiced 
the principle of personal "honor." Scien­
tific honor codes were not exp l i c i t ly  
taught in  my classes, but were learned by 
example. Of course, about 99 percent of 
fel low students then were veterans of 
World War I I  i n  whom honor had been 
thorough ly  i ndoctr inated . It was en­
hanced by our professors, and a l l  of  us  
u nderstood "d i shonor."  Such conduct 
s imply was not tolerated; by student or 
professor. 

D u r i n g  my career, as professor, sci­
ence and i nstitution d i rector, oceanogra­
pher with the Office of Naval Research, 
and as Secretary General of the Interna-

t ional  Association for the Physica l  Sci­
ences of the Oceans (IAPSO), I met thou­
sands of scientists, read and I istened to 
uncountable scientific papers, attended 
h u n d reds of scientif ic meet ings and  
workshops, national and internat iona l ,  
and reviewed hundreds of research pro­
posals .  The science ranged from excel ­
lent to mundane; the papers, books, and 
monographs, the same. Through it a l l ,  I 
watched the tremendous growth i n  o u r  
knowledge o f  geophysics, a n d  t h e  dy­
nam ics of the atmosphere, the oceans, 
and the sol id Earth. It has been exh i larat­
i ng to be part of th is greatest of a l l  possi­
ble adventures. 

In a l l  these years, I never recogn ized 
any fraudu lent or del iberately d ishonor­
able scientific conduct-u nti l 1 989 .  I t  
was then, as Secretary Genera l/IAPSO, 
that I began to hear about anthropogenic 
"global  warmi ng" and "ozone dep le­
tion ."  At fi rst, I considered these "dooms­
d ay scenar ios" j u st the u s u a l  id iot ic 
bleating of radical environmental NGOs 
[nongovernmental organizations] . Then 
came the extraord inary, non-scientif ic 
Rio Summi t  i n  1 992!  In the fo l lowing 
years, I observed "scientists" associated 
with, and supporti ng, the I ntergovern­
mental Panel on Cl imate Change (lPCC), 
Wor ld  Meteoro log ica l  Organ izat ion 
(WMO), and U n ited Nat ions E n v i ron­
mental Program (UNEP) practice d ishon­
est and, therefore, dishonorable science. 
It seemed, too, that much of the scien­
tif ic commun ity had lost its i ntoleration 
of d ishonorable scientific conduct. Per­
sonal pragmatism appeared to repl ace 
honor, espec ia l ly  amongst those scien­
tists supported by government funding.  

Science is the anchor of rationality for 
our civilization. It cannot serve this pur­
pose if dishonorable conduct is common 
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a n d  tole rated . Such conduct m ust be 
e l iminated! True scientists and the i r  sci­
entific institutions must stand up and be 
counted. 

Dr. Robert E. Stevenson 
Del Mar, Cal if. 

Aksel Wiin-Nielsen 
Craested, Denmark 

Thank you very much for sending me a 
copy of your paper, "An Oceanographer 
loo ks at the Non-Sc ience of G lobal 
Warming." . . .  I have read it with great 
interest. 

F rom my present base as a professor 
(now emeritus)  at the U n ivers ity of 
Copenhagen, I have done what I cou ld to 
th row some l i ght o n  the same matters 
through the last decade. I have publ ished 
papers ( in  Dan i sh) in the journal  of the 
Dan ish  Meteorolog ica l  Society cal led 
Vejret (The Weather) try ing (in va in )  to 
influence the position of Denmark's Me­
teorological Institute i n  the I PCC work. 
Rather critical comments were submitted 
as one of the many reviewers of I PCC 
(1 990), but si nce my remarks were total ly 
neglected, I asked at that t ime to be re­
moved from the review process . . . .  

I n  Denmark,  we pay a CO2 and an 
S02 tax. They a re s imp ly  added to the 
e lectric ity b i l l .  Add ing  these two taxes 
to the common sales tax, the e lectric ity 
expenses are i ncreased by 1 67 percent. 
In general ,  you do not hear many com­
plaints about these taxes s imply because 
the env i ro n mental  act iv ists have won 
the battle and convinced everybody that 
doomsday is near. I fi nd it tota l ly  unac­
ceptable that my grandch i l d ren are in­
doctri nated a l ready i n  the lower grades 
to be l i eve that most of their  rather flat 
homeland w i l l  d i sappear under the sur­
face of the ocean in a few decades! I am 
j ust q u ot i ng the teachers' i n struct ion 
book. 

To cou nteract these developments I 
have recently publ  ished an e lementary 
textbook ( Climate Problems in Dan ish), 
co-authored by my daughter, who is a 
staff meteorologist at the Danish Defense 
Command, and a imed at fi rst- and sec­
ond-year col lege students. The reason is 
of course that we need to re-educate the 
young students to take the normal critical 
scientific attitude . . . .  
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As a former Secretary General 6f the 
Wor ld  Meteoro l og ica l  O rgan izat ion 
(1 979-1 983), I look with some dismay on 
the role of this organ ization and the U .N .  
Environmental Programme in  the whole 
I PCC affa ir .  But si nce I am persona non 
grata at the WMO Secretariat I can do 
nothing about it. 

Paul Scully-Power 
Sydney, Australia 

Thanks for sen d i ng me a copy of the 
21st Century magazine. It is a very good 
article that needs/requi res that it be pub­
l i shed in other journals and period icals 
so that the scientific commun ity and the 
general popu lar comm u n ity can be ex­
posed to the ideas in  it . . . .  

I . . .  start from the premise that nature 
is inherently nonl i near. Once you accept 
that, it is blatantly obvious that any mod­
ell ing of nature is today rather l i m ited ei­
ther in  accuracy or extent. . .  We there­
fore probably need to consider a series of 
non l i near balances i n herent i n  nature if 
we are to ever understand nature and its 
embedded balancing mechanisms. 

Dr. Scully-Power, an oceanographer 
for 7 9  years at the Na va l Underwater 
Center, New London, Conn., flew on the 
Space Shuttle (STS-4 7 G) in Oct. 7 984. 
He is now chief executive officer of Zy­
lotech Corp., Sydney, Australia. 

Ye longfei 
Guangzhou, China 

It is exh i l a rati ng  to read you r  paper, 
"Non-Science of Global Warmi ng." F i rst 
I am happy to learn that you work so wel l  
now after you resigned from IAPSO. Sec­
ond, th is is so important not only j ust in  
science. 

I t  is wel l known very certa i n l y  that 
about 3 ,000 years ago, e lephants were 
even commonly  employed for agricu l­
tural labor in  northern China .  Th is  agrees 
wel l with [the view] that the Earth is go­
ing on the way to an ice age as predicted 
by long-term statistics. 

Dr. Ye works at the South China Sea 
Institute of Oceanology of the Chinese 
Academy of Sciences. 

Alfred H. Pekarek 
Englewood, Colorado 

I am constantly amazed by the vol ume 
of hard data that conc lus ive ly  a rgues 
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against g lobal warmi ng .  The use of the 
paper tiger, global warming, as justifica­
tion for the global social engineering be­
ing proposed is noth ing short of fraudu­
lent. 

Dr. Pekarek is a consulting geologist 
in the field of oil and gas exploration. 

Michael Gadsden 
Aberdeen, Scotland 

I was g lad to be on you r  mai l i ng l i st 
for "The Non-Science of G lobal Warm­
ing." I found myself, not for the first time, 
in  fu l l  sympathy with your rant. . . .  

A l l  this, Bob, is to say that you are not 
a l one.  And long may that cont i n u e  to 
be! 

Dr. Gadsden is professor of physics at 
the University of Aberdeen and secre­
tary general emeritus of the International 
Association for Geomagnetism and 
Aeronomy. 

Yuli D. Chashechkin 
Moscow, Russia 

Aga i n  everybody can recogn ize the 
l io n  from his c l aws. T h a n k  you very 
much for you r  message and magaz ine  
with impressive paper which I have read 
with great pleasure . . . .  It is my pleasure 
to let you know that physicists who are 
not i n vo l ved in c l i matic problems are 
sti l l  cont i n u i ng their  rout ine  work. By 
the way, in one of them we describe the 
poss ib le  mechan ism ( l i near ! )  of d i rect 
interaction of large and smal l  scales mo­
tions without any vortex cascade. 

Dr. Chashechkin works at the Institute 
for Problems in Mechanics of the Russ­
ian Academy of Sciences. 

Anna Ginzburg 
Moscow, Russia 

Yesterday I received and  read you r  
paper i n  2 7 st Century. M y  congratu la­
t ions !  I m portant problem, good argu­
mented paper in  polemic style. I d id  not 
i magine that [such] evident d isregard of 
sc ient i f ic  resu lts is poss i b l e  i n  such a 
progressive country as America. It w i l l  
b e  interesting, if your paper, which gives 
the tota l  i nformat ion  on the g loba l  
"warming" problem, wi l l  change the sit­
uation. 

Ginzburg is an oceanographer at the 
Institute of Oceanolo�y of the Russian 
Academy of Sciences, Moscow, Russia. I 21 st CENTURY 

Peter Dietze 
langensendelbach, Germany 

. . .  I am glad to be able to contact an­
other  act ive contra r i a n .  F rom sc ience 
journal ist H olger Heuseler, I got an ex­
cel lent artic le  from you, translated i nto 
German to be publ ished here . . . .  

Dr. Dietze is an electrical engineer at 
Siemens. For 7 0  years he studied the 
global warming debate privately and in­
dependently, and, with others, presented 
a new global carbon model in Leipzig in 
November 7 995 at the congress of the 
European Academy for Environmental 
Affairs. 

Gunther Krause 
Bremerhaven, Germany 

Thank you very much for your exciting 
a rtic le  on "The Non-Science of G lobal  
Warm i n g . "  N ext door to my off ice re­
sides the secretary of a German Federal 
Cou n c i l  on  "g lobal  e n v i ro n m enta l i s­
sues, " who w i l l  d i stri bute copies to its 
prominent members. I have also handed 
out copies to o u r  department leaders, 
and I am looking forward to reactions. 

I l i ke your artic le very much and also 
your  treatise on the sc ient if ic  honor 
codes and their violations in  recent times. 
I share your  views, and I am rea l ly look­
i ng forward to the response of the power­
ful i nternational organizations to the crit­
ic i sm of a brave and we l l -known 
scientist! 

Prof. Dr. Krause, of the Alfred Wegener 
Institute in Bremerhaven, is a deputy sec­
retary general emeritus of IAPSo. 

Bob Dale 
San Diego, Calif. 

. Real ly, you r  article should be re­
q u i red read ing  i n  all science c lasses. A 
young sixth grader wrote to me for an in­
terview on "global warming" and how it 
w i l l  affect fly ing.  The boy wants to be a 
p i l ot .  So, I exp la i ned how an a i rp lane 
hand les differently on hot days and cold 
days-and there was much evidence to 
support "Non g l obal  warm i n g . "  I sent 
him a copy of your article and suggested 
it m ight be i nteresti ng to do h is  science 
fai r  project using some of your i nforma­
t i o n  rather than  j ust accept i ng g l obal  
warming as  a "done dea l . "  

Bob Dale is the long-time weatherman 
on the San Diego NBC-TV affiliate. 
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EMERGENCY MEASURES NEEDED: 

'Feed North 
Korea Now' 

The Sch i l ler I nstitute issued an emer­
gency plan of action June 1 3, to end 

the starvation in North Korea, and ap­
pealed to the U n ited States, the European 
Commission, and other nations to imme­
d iate ly sh ip 1 .8 m i l l ion tons of gra in  to 
North Korea. More than 50 percent of 
North Korea's 24 m i l l ion people are near­
ing death from starvation. 

At a June 1 6  press conference in Los 
Angeles, Sch i l le r  I nstitute head He lga  
Zepp-LaRouche cal led on President Cl in­
ton to urge Japan, Austral ia, and Thai land 
to use the i r  strategic  reserves to supply 
North Korea, so that the food cou ld  get 
there in days, not weeks. The Sch i l ler In­
st itute, she sa id,  was asking  C l i nton to 
raise the issue at the upcoming G-8 sum­
mit meeti ng in Denver, of the U n ited 
States and the European Un ion resupply­
i ng countries that sent the i r  reserves to 
North Korea. Any delay is crim ina l ,  she 
stressed. To argue that this relief wi l l  only 
help the m i l itary, is mora l ly criminal and 
unacceptable. 

The Sch i l ler statement reports on the 
visits of human itarian organizations and 
U .S .  Congressmen to North Korea that 
document the vast extent of the famine. 
Whereas i n  most fam i nes, the poor die 
ear ly, in North Korea the paltry food 
stocks are being shared eq u a l ly by the 
entire population, in  tiny 1 00-gram-a-day 
rations. Therefore, the enti re population 
of North Korea is g rowing  weaker and 
weaker, and when the dy ing begi ns, it 
wi l l  be too late. 

Beyond the food cris is, the statement 
reports, North Korea's entire economy is 
nearing paralysis, as malnutrition grinds 
workplaces to a halt and all avai lable im­
port cash goes to pay for food. 

The Sch i l l er I nstitute's p lan  out l i nes 
food sources, logistics for food del ivery, 
and the agricultural  mobi l ization neces­
sary, and ca l l s  for an end to the World 
Trade Organ ization provis ions that re­
strict nations in  their  efforts to protect and 
increase their agricu ltural production. It 
also attacks the Malthusian pol icy of us­
ing food as a political weapon. 

For more information, contact the Schiller Institute, 
P.O. Box 20204, Washington, D.C. 20041 , (202) 
322-7889. 

The 
Lightning Rod 

My dear Friends: 
I have not written here in some time, 

being occupied with other matters and, 
frankly, having decided that so much of 
today's history resembles even the most 
outlandl ish items I had mentioned in this 
column in  the past that readers wou ld be 
quite bored . However, in  going through 
my papers, I came across a remarkable 
account that I thought sho u l d  i nterest 
even the most jaded : To wit, some 1 726 
correspondence from one Capta in  G u l ­
l i ver, k i n d ly forwarded to m e  by 
Jonathan Swift. 

Now, th is  Capta i n  G u l l iver, i n  the 
course of  his seafaring jou rneys, vis ited 
many odd p l aces, which he descri bes 
very oddly, as you may know.* The par­
ticular journey to catch my attention was 
made to a qu ite ru ndown metropo l is 
known as Lagado. As Gu l l iver describes 
it, this area was ruled by a group of per­
sons who wanted to put " a l l  a rts, sc i­
ences, languages, and mechanics upon a 
new foot." 

Wel l ,  that's not necessari ly a bad idea, 
if the o ld  foot was rotten ,  but unfortu­
nately, the "new foot" that G u l l iver de­
scribes bears a pungent resemblance to 
the green foot, so to speak, with which 
today's rad ical  environmenta l ists 
are stomping around. As G u l l iver 
te l ls it, the projects associated with 
this new foot d idn't work, " and in 
the meantime, the whole cou ntry 
l ies miserably waste, the houses i n  
ruins, and the people without food 
or clothes." 

G u l l iver, a great admirer of pro­
jects, vis ited the Grand Academy 
of Lagado for several days, and de­
scribed his tour and meetings with 
"projectors" in some deta i l .  I feel 
certa i n ,  a lthough G u l l iver's ac­
count dates back nearly 300 years, 
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that it is the metaphor ica l  model  for 
many of today's environmental rad icals, 
whose proj ects, u nder  the ban ner of 
"sav ing  the wor l d , "  a re destroyi ng  i t .  
G u l l iver writes: 

Sunbeams 
"The fi rst man I saw was of a meagre 

aspect, with sooty hands and face, h is 
ha ir  and beard long, ragged, and singed 
in several p laces. H is c lothes, shirt, and 
s k i n  were a l l  of the same co l o u r. H e  
had been eight years upon a project for 
extracting sun-beams out of cucumbers, 
which were to be put into vials hermet­
ica l l y  sea led,  and  let out to warm the 
air in raw i nc lement summers.  He told 
me that he did not doubt in eight years 
more he shou l d  be a b l e  to supp ly  the 
Governor's gardens with sunsh ine at a 
reasonable rate; but he complai ned that 
h is stock was low, and entreated me to 
g ive h i m  someth i n g  as an encourage­
ment to ingenu ity, espec i a l l y  s ince th is 
had been a very dear season for cucum­
bers . I made h i m  a sma l l  p resent, for 
my lord had fu rn ished me with money 
on pu rpose, bec a u se he knew t h e i r  
practice o f  begg i ng from a l l  w h o  g o  to 
see them. 

"I went i nto another chamber, but was 
ready to hasten back, being almost over­
come with a horrible st ink. My conduc­
tor pressed me forward, conjuring me in 
a wh isper to g ive no  offence,  wh ich  
wou ld be  highly resented, and  therefore 
I durst not so much as stop my nose. The 
projector of th is  ce l l  was the most an­
c ient student of the Academy; h is face 
and  beard were of a p a l e  ye l low; h i s  
hands  and  c l othes d a ubed over with 
fi lth . . . .  

" H is employment from h is  fi rst com­
i ng i n to the Academy,  was an opera­
tion to reduce human excrement to its 
or ig inal  food, by separati ng the several 
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parts, removing the t incture which it re­
ceives from the ga l l ,  making the odour 
exha le, and  scu m m i ng off the sa l iva .  
He had a wee k l y  a l lowance from the 
society, of a vessel fi l l ed w i th h u man 
ordure . . . .  

"There was a most ingenious arch itect 
who had contrived a new method for 
bu i ld ing houses, by beginn ing at the roof 
and work ing downwards to the founda­
tion, which he justified to me by the l i ke 
practice of those two prudent insects, the 
bee and the spider. 

". . . I n another apartment I was 
h i g h l y  p l eased with a proj ector, who 
had fou nd a device of p l o ug h i ng the 
ground with hogs, to save the charges of 
ploughs, cattle, and l abour. 

Natural Labour 
"The method is t h i s :  i n  an acre of 

ground you bury, at six i nches d istance 
and eight deep, a q u a n ti ty of acorns,  
dates, chestnuts, and other mast or veg­
etables whereof those an imals are fond­
est; then you d rive six hundred or more 
of them i nto the f ie ld ,  where i n a few 
days they wi l l  root up the whole ground 
in search of the i r  food, and m ake it fit 
for sowing, at the same time manuring it 
with their d u ng. It is true, u pon  experi­
ment they found the charge and trouble 
very great, and they had l ittle or no crop. 
However, it is not doubted that this i n­
vention may be capa b l e  of g reat i m ­
provement." 

Wel l ,  dear readers, I am certa in  that 
many of you wi l l  find even this brief se­
lection from 1735 of use in your evalua­
tions of some of today's academies, and I 
commend to you as wel l G u l l iver's writ­
ings on the "specu lative" departments of 
the Legado Academy, in particu lar, the 
mathematical schoo l .  The i ngen ious 
method of  learning here requ i red pupi l s  
to  ingest thin wafers on which the math 
was written using cepha l i c  i nk, w h ich,  
with proper d iet, was said to imprint itself 
on the bra in .  How such a measure suc­
ceeded, I leave to the reader to ponder. 

I remain, 
Yr. Obedient Servant 

Notes ------------­

• Jonathan Swift's 1 735 satire, Gulliver's Travels, 
has been reprinted in several editions. 

VIEWPOINT 

VIEWPOINT 
. The Bunkification of Physics Today 

>­
'" 

15 () 
w 
VI '" 
E '" ..., 

by Thomas E. Phipps, Jr. 

Dr. Phipps, a retired physicist, de­
scribes himself as a certified heretic in 
the· field of modern theoretical 
physics. He recently carried out ex­
perimental work to verify the exis­
tence of- the Ampere longitudinal 
force. His viewpoint is a response to a 
recent article in Physics Today by Ed­
ward Witten,l a professor of physics 
at the Institute for Advanced Study in 
Princeton. Witten is the inventor of 
string theory, and has been dubbed 
by the media, the "new Einstein. "  As 
Phipps commented in submitting this 
viewpoint, "/ do not think it is 'safe' 
for practical people to let the theorists 
go their way to perdition unimpeded. " 

Professor Witten's panoramic sur­
vey 1 of modern theoretical physics 

cal ls for a Luddite response, which (as 
a certified heretic2) I feel qua l ified to 
supply. The basic point in question is: 
Are bad ideas made better by combin­
ing, symmetrizing, and concatenating 
them ? We start from an idea,. "space­
time symmetry," which is bunk, but at 
least postu lat iona l l y  cons istent and 
phys ica l ly comprehensib le  bunk  ( i n  
that a l l  cooord inates are "boson ic," 
that is, they homogeneously obey the 
same c-number postulates of commu­
tativity). Then we (speculatively) build 
this i nto a "supersymmetry," which is 
( b u n k)2 ( i n  that now not a l l  coord i­
nates are c-numbers but some of  them 
are "fermion ic." Thus, some, but not 
a l l , obey a non-commutative q-num­
ber postu late system; so "coord inate" 
postu lat iona l  homogeneity and any 
connection to measurabi l ity or opera-

tional definabil ity are dropped. 
Next, we parlay this i nto stri ng the­

ory, which is  (bunk)3, i nasmuch as it 
gives rise to supersymmetry plus gen­
eral relativity (the higher bunkification 
of the o r i g i n a l  spacet ime symmetry 
bunk), plus non-Abel ian gauge theory 
( the b u n k  that sta nds i n  the way of 
any u nderstanding of sub-nuclear dy­
n a m i cs) .  B lessed with  s ix  (five p l us 
one) v�rsions of string theory, we then 
proceed to m u c k-up q u a n t u m  me­
chan ics, our last feeble l ink to rea l ity, 
by touting (bunk)4, an "M-matrix the­
o ry" generative of a l l  s i x .  Can it  be 
doubted that if  there exists a (bun k)s 

level of physical description, our stout 
Cortez wi l l  find the words to render it 
beautifu l in the eyes of h is  col leagues, 
as they sta nd s i l ent u pon  a peak i n  
Darien? 

So, this is physics at the end of the 
2 0th century :  t h us fa r,  the modern 
dabblers i n  Newton's ocean. Is i t  pos­
s i b l e  that the  young are foo l ed ?  I t  
wou ld seem so-those of them not  
gifted by nature with the wits to steer 
clear of physics altogether. 

Let us now stand back from this and 
see what it  means on the  l evel  of 
grand strategy for theoretical physics. 
Suppose, as I am freely wi l l i ng to con­
cede, that 99 percent of what I have 
just sa i d  is  itsel f  bunk .  If even 1 per­
cent is  correct, so that embedded 
among the "truths" of modern physics 
there lu rks a single atom of falsehood, 
then the method of concatenating pre­
vious theories espoused by Admiral  of 
the Ocean Sea Witten a n d  c rew, is  
certa i n  to amp l ify and  transmogrify 
that error, "cl inching" it and making it 
i rrevers i b l e, barr i ng  the trauma of 
"scientific revo lution." 

Band-aid Physics 
H ow m a n y  generat ions of sym­

metriz ing and concatenating of even 
the sma l lest error w i l l  be requ i red to 
render  the resu l t i ng  " p h ysics" p u re 
nonsense? To put correction beyond 
the reach of imagi nation ,  hence be- • 

yond the h e l p  of revo l ut i o n ?  Obvi­
ously, not many.  In other words, the 
cu rrent strategy is  not bu l letproof. It 
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, of ultim'ate di�aster fot physics (not; �fi' • •• ,,'" 
'a ' ': theory.'M everyth ing" but  a' Witten's article in Physics Today weaves togethW four,major themes in theoretical 

;�!td;���r��:�ue�r��lR�i���(r� ' . ph��i$� {nto wh��te ca"� a "s�c:ond �#��erstr(gg'fev�lution;'li 

ter i n  a mortar, with a n  a l l -powerfu l said of h istory) "the bunk." Spac;etirne planets into eight -dasses, according to 
priesthood i!,! sole control of the p�?tle). . symmetry ( l bke a l l  of special  relativity ; Jhe .order in;which they might develop . 

I ndeed, it i,s my opInion, that the ::ulti- theory) i s  s imply Maxwel l 's  equations three fancy ideas thaL appeal to him as 
milte" d isaster1is practical ly upo!,! ,us al-. writ large. It a'rises frolT,l the symm�triGal "great." I su'ggest th is  reveals a corus­
ready. For acade m i c  physic ists h ave presence of partial differential operators cati ngly ,b r i l l i ant lack of i magi n ation 
consiste�tly scorned Rlural i�rn i� �:�rest L( ,a a

. 
1., •.. l...\ in Maxwe Ws . e.

' u Cl_ } /�gar,d ing th. �:
.
sc?pe of alternative phys� 

Bolshj:!v,k styJe, throughout, the!'se�ond: ;  ' ax : ay ' aZi (\act) , . " " 4{09 l c' " ' C a lltlie,o rY,:\y M ' ght:nbt one of  >those 
half of t!:lis century" and' have taught l it- tions. The latter revered equations, as thousands go the pathway of i nvari­
t ie beyond one evolvi ng �'.party l i ne." they appear on the sweatsh i rp;. of ance ratherJhan covariance? I s i t  en­
The,cu rrent ,!'ack of a lternative p,ath- ' . sophomores, a re i nvar iant u nd�r: 1')0 'tir�ly certai n;, �hat all conceivabl� physi­
ways is the direct result of physical jour- known coord i n ate transformat ion . c i sts i n  the u n i ve rse p refer ersatz 
na l  editor ia l  po l ic ies, d e l i ber'ate ly  Hei n r ich Hertz saw th is  as a f law,  '(covariance)- to echt [genu i ne] ( i nvari­
crafted to exclude deviant ideas. Arid it which he corrected3 at fi rst order, by ance) ? Are all imaginable planets Dis­
is iecade m j�!physic,.i�ts who h a�'r set .·sybstituting a. total .t i rpe d�rivati�.e Jor ·(;!(neylflQps. �tfl;1ype? A l l i ns.ufferably the 
those policies and ·have enforced them the partial Orie, , . .  : • same'? Or C),re such spectacu lar  stunt-
as referees. The gleeful, k i l l ing of theo- a d  a ings 9f the imagination possi bly unique 
retic.al alternatives has been a tradition at -> dt = V d • V + at '· :1t) to EarthmeQ? . 
of thi* century's sci entists, beg i n n i n g  and b y  a trivial adjustment of the source S a d  t o  say, a l l  modern field theory 
with the rejectibn of Weber's action-at- terms. The result ing equations o(vac- has its roots, in Maxwell 's non invariant 
a-distance electrodynamic� in  ·f avor of uum electromagnetism were rigor�usly special cilse 'of Hertz's equations. Thus 
M�xwel l ' s  f i� ld . the%y� Contras� the .. . .• • invarifnt .. �t,' fi rst Jlrq�r lJ nd�!;;ijj the i(, t��: �.Ran.is,Q;f;,�stle,?:.u pon pstles.,,�u i lt 

" sUccessful st�at�gy tli'i:it' pro{Juceditlle A- j' Gali lean trah�foi-mation ;' This des'tr'Oyed .. by the Wittens of this world look back 
bomb : Alternatives were del i berately spacet i me sym metry at the sou rce, h i storica l l y  to their  fou n d i ng u pon a 
fostered,. not u nti l a rival proved como ' since the space partial derivatives. yvere · dungheap. Although violence is no cure 
petent, but ,u nti l  each was given ful l  op- no longer mathematical ly symmetrical ; for human i l ls, a l low me .to be at least 
port u n ity to demon strate i ts own i n- with the total time derivative. ' ,. violent,ly i I L"l; 

1 0  

competence. ." , H ertz ' s  d i scovery of an i n vari ant  Notes-�-':"'---'----------
Spacetime Symmetry covering thepry of Maxwell's equations 1. E. Witten. 1997. "Duality. Spacetime, and 

F ,· n a.I. ly, " n, ;·.<&order .·.·. no .. · t ., to. leav.e\.··.··the <-was ·,·gnored· by th' e' 'dom,· n a nt .. ' '''ax- " '/ov Quantum MEl9!lanics:� PhYSics Today,. Vol. 50. .. . . IVI ,,"' , p: 28 (May). ';�" . , ' , reader with an im pression of cr iminal  wel l ians .  Professor Witten speaks of 2.  T.E. Phipps. Jr., 1986. Heretical Verities: Math-

insanity on my part, let me give the, jus- physics as being possibly "deveI9pe� ematical ThEimes in Physical Description (Ur· 

t','f,'cat,'on for.my original contention that on thousands of planets throughout our bana. III.: Classic Non-fiction Library). 
. 

S. H.R. Hertz. 1962. Electrical Waves (New York: 
spacetime symmmetry is (as Henry �ord u n i verse." He sorts these Gedanken l)over)" Chapt. 14. 
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I?rastic Changes Needed in Scien(:e 

have been given. I am trying to 
u�e the Illed ia attention that is  

<'c'u rrently being 'fbcussed upon ' 
me to raise awareness of tnis state 
of affairs, and perhaps start to ef­

> feet those changes 'that wiW aliow 
me to convey a more pos it ive " 
message to the next generation. 

So far, I ' m  sensing a ce.rta i n  
reluetance among the media to 
d iscuss this  issue, as they seem 

,'yo. far more i nterested i n  items 
Dr. Alan Hale, the co-discover,er of which I consider to be irrelevant 

Comet HaJe-Bopp, is the director of the and unimportant. But I intend to 
Southwest Instit�te for Space Res�a;ch, ' keep nammering away at th is ,  
in New M,exico. The 39-year-old as- and I 'd l ike to believe that even­
tronomer,;'graduated from. the@ kJS .... tua l ly  some are going to s i t  u p  

" � �: ' - ,," ' . , ', " " ' ,- , «,< -'t" < . . � " . ��.'.', � . \1{-" " , <';:'::" ' ,,� 
,', . ', - � ::�'. ' '·co : , ' ; ::_ , -':" '-' ' , 

Naval Academy iri '1 980? ana earned F �lnd take notice. ' , ', 
his Ph. D: in astronomy in 1 99Z from I am also attempting to sched-
New Mexico State University a.' s , u le meeti ngs with some of our 
Cruces. " . ,,,' :.;; government leaders, to see 'if I , Comet Hale-Bopp , 

Hale's statement was sent as an  can a t  least get some acknowl-
"open letter, to the scientists of my gen- edgment from Washington that this is a not a bunch of il1)personal statistics, but 
eration" via electronic mail; to' friends problem that needs to be dealt with. that we're human beings trying to make 
and colleagues, April 1 7. c• ; , �; 'Horror Stories' Requested an hon est l iv ing  and perhaps make a 

>My reason for writing to you is to ask , contribution or two t6 society w h i le 
¥our help. I know that I 'm not alone i n  we're a t  it. 
be'i n g  fq,lstrated about the cu rrent Speaking' of statistics, though, if you :prospects for pursuing any kind of de- ' rece i ved aQy i nformatfoh abo�t: the 

, cent career with i n  science, and I ' m· n umbers of appl icants to s,ome 6f the 
As I'm s u re i s  true for many of yolJ" I qu ite sure that many of you have "hor- positions you appl ied to-"which was 
was .i nspir�d' by the scientific., d is,SioMer- . , ' rQL stori�S!' about your sea,rches for de- . f often a th ree-digit mu mb�r in my ca�e� 
ies and events taking place dwring'my " c&nt employment that are qu ite similar I'd l ike to hear th�t, too. '" '. . , 

I am Alan. H ale, the co-d i scoverer of 
Comet H ale-Bopp, which, as I'm' sure 

you're aware� is gettingt3. J/eme6oaus 
amount of media atte�tion'at this iitne: 

ch i ldhood to p u rs u e  a career in sci- ,to my own. I'd l ike to hear them. P lease e-mai l  you r  stories to me at 
ence, only to find, after cot:l1pleting'1;he .ahale@nmsu.edu" with a subject l ine of 
rigors of u ndergraduate abd gradUate " "Unless there are some ' "horror stories" 'or somethi ng l i ke that. 
school, that the opportu n ities for ds to d ·  h 

. 
h Please let me know if you would prefer 

have a career 'i n  sciEmCe ';:lre l im ited at ' pretty rast.c c anges In t e to rem a i n  a nd nymoLi s' 'When I s hare ' 
best and are what I usual ly' describe as ' way that our society these stories with the pre�s and th� gov-
"abysmal .;' ., " . %;r' ' ,approaches science, . . ernment. Also/ pl�ase pa�? this message 
" B ased upon my own experientes, there is no way'that I can on to any of youi"friends'ai1d col leaguef 
and those 6f you with whom I have d is-' , who might be interested in sharing their 
cussed this issue, my personal {eel ing is ,/ ' .' en��)Urage present-day storie,s with m,e, .a'nd keep in mind that I 
that, u nless' tliere are s6ine pr�tty,a'�as� ;;' i.t Sf.udents to pursue a career wou l d  l i ke to rete.ive stciries frtifu as 
t ic changes i n  the way that our society in science." many scientific d iscipl i n�s as possible. 
approaches, science and treats thos;e of (Because of the amount of e-mai( traffic 
us who have devoted our l ives to .rt\ak- ; l'd especially I i,ke to headrom those I 'm, rece iv ing  thes,e d ays,< ,a long with 
i ng some ' of our  own contr ibut ions, of you who are on your second or third everything else that's going on, I proba­
there is no way that I can, with a C:lear or fourth post-doc, or who have left the bly won't be able to acknowledge each 
conscience, encourage present-day'stu- field as a result of the employment situ- message individually.) 
dents to pursue a career in science.,.': ' ation, or who have' experienced severe Thank you for your time, and I bope 
, I t  real ly pains me a great deal to say personal difficulties (for example, break- to hear 'from you. Perhaps, with the op­

something l ike that; but I fee/ so stro,�gly u p of a marriage, and so on) .  I real ize portun ity we have before us right now, 
about this that I have publicly made this that some of these might be painfu l  to we h ave the c hance to make a differ­
statement at almost every opportu'n lty I ' d}scuss, but I'd l ike to show that we are 
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NEWS BRIEFS 

NASA Goddard and the University of Iowa 

Computer enhanced, time-lapse image 
in ultraviolet light of an icy comet break­
ing up, between 1 5,000 and 5,000 miles 
above Earth, Sept. 26, 1 996. 

'" -:<.; N> 
cMCMXCVII Imax Corporation and Lockheed Martin Corp. 

A scene from the IMAX film Mission to 
Mir, showing the space station Mir 
crossing the Earth 's limb. The Mir was 
filmed by a remote camera mounted on 
the Space Shuttle Discovery. 

POLAR SATELLITE IMAGES SHOW SNOWY COMETS H ITTING EARTH 
Thousands of snowy comets, weigh ing 20 to 40 tons each, fal l  on Earth every day, 

Dr. Lou is Frank, a p lasma physicist at the U n i versity of Iowa, tol d  a May 28 press 
conference at the American Geophysical U n ion spring meeting in Baltimore. Frank 
presented a series of breathtaking ly beautifu l images of objects streak ing toward 
Earth and breaking up. The camera system employed, designed by Frank, was lofted 
into nearly polar orbit aboard the POLAR sate l l ite early l ast year, and takes images 
at both visible and far-ultraviolet wavelengths. Since then, Frank and his col leagues 
have obtained so many images of wh ite streaks that even h i s  harshest critics have 
been forced to agree that his ice comet theory has merit. 

F rank ign ited a storm of controversy in the scientific comm u n ity when he first 
publ ished his ice comet theory in April 1 986. He proposed a comet influx to explain 
the thousands of "holes" i n  u ltraviolet images obtained by an  earl ier sate l l ite, Dy­
namics Explorer I .  Th is sate l l ite, l au nched into polar orbit in mid-1 98 1 ,  carried a 
camera designed by Frank to investigate the nonvis ible l ight emissions from Earth. 
As Frank noted in his 1 990 book, The Big Splash, "I was driving a bul ldozer through 
dozens of the neatly planted fields of science and everyone was upset." 

An article about Frank and his theory, "Great Heavenly Bal ls  of Ice," appeared in  
the Fa l l  1 995 issue of 2 1st Century. 

'NATURE PARKS' SHOULD REPLACE BORDERS, WIRTH TELLS MILITARY 
The national borders of Central and South America should be replaced by nature 

parks under armed guards, Timothy Wirth, U .S .  State Department U ndersecretary 
for G lobal Affai rs, told the "Western Hemisphere Environmental Security Confer­
ence," June 3-4, in Miami.  Wi rth was the featured speaker at the conference, which 
was cosponsored by the U.S .  ·Army Southern Command and ·the Defense Depart­
ment's Deputy Undersecretary for Environmental Security. Accord ing to a report on 
the conference in Braz i l ' s  0 Clobo dai ly, June 5 ,  some 300 m i l itary officers from 
I bero-America were lectu red by Pentagon offic ia l s  on how they shou ld  become 
"ecological warriors." 

FREEMAN SPEAKS AT AIAA WASHI NGTON MEETING ON SPACE HISTORY 
2 1 st Century Associate Editor Marsha Freeman addressed a special history sympo­

sium at the annual meeting of the American I nstitute of Aeronautics and Astronau­
tics on May 6, on the history of space exploration and the idea of time reversal-the 
understanding that a concept of the future can determine the present and the causal 
effect of the past. Freeman poi nted out that the opt imism of Pres ident Kennedy's 
Apol lo  announcement in May 1 96 1  mob i l ized the nation to do great deeds. S imi­
lar ly, it was their plans for future manned space exploration that a l lowed the Ger­
man space pioneers to weather the Depression, the Nazi regime, and work for the 
U.S .  Army, while never abandoning their  d ream to land men on the Moon . It is that 
optim ism about the future, Freeman said, that is needed today for our nation to be 
mobil ized to accomplish great projects. 

I NTERNATIONAL SPACE STATION ASSEMBLY TO BE F ILMED BY IMAX 
NASA has signed a contract with the Imax Corporation to produce a documentary 

fi lm of the in-orbit assembly of the international space station, which wi l l  begin next 
year. The space station is scheduled to be completed by 2002. NASA Admin istrator 
Dan Goldin said, when he announced the project, "Our astronauts have said that 
previous Imax fi l ms are the c losest th ing to actua l l y  being in space. Capturing the 
assembly of the I nternational Space Station in this rea l istic and compel l i ng format 
wi l l  help NASA share this experience with the publ ic ."  

On May 20,  the Air & Space Museum in  Washington, D.C. ,  premiered the fourth 
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Imax fi lm about the space program, Mission to Mir. F i lm  footage taken by the astro­
nauts, combined with h istorical footage, tel l s  the story of the relationship between 
the American and Russian space programs from the beginn ing of the space age dur­
ing the Cold War, th rough the ongoing joint Space Shuttle/Mi r  docking missions. 
Mission to Mir wi l l  appear in 1 50 I max theaters i n  22  countries this fal l .  The Imax 
space fi lms have been viewed by more than 60 m i l l ion people in 22 countries. 

NEWEST U.S. RESEARCH VESSEL, A TLANTIS, TO SET SAIL THIS SUMMER 
The newest u .S .  ocean-explor ing ship,  Atlantis, a 2 74-foot vessel designed for 

deep-sea research, w i l l  set sai l  th is  summer equ ipped with the most sophisticated 
oceanographic research instruments avai lab le :  precision navigation, bottom map­
ping and sate l l ite telecommunications systems, and several deep submergence vehi­
cles. (The most famous of these is the submersible Alvin, which surveyed the wreck 
of the sunken ocean l i ner Titanic in 1 986. )  Atlantis, which is fu nded by the u .S .  
Navy and admin istered by the Woods Hole Oceanographic Institution, was on d is­
play in New York and Washington in May, with its array of research devices. 

One Atlantis project wi l l  use sound waves at several frequencies to characterize 
the reverberations from different types of plankton .  Although scientists had assumed 
that echoes from plankton were the same for organ isms of same size, it was found to 
be untrue, and new techniques for estimating size and biomass wi l l  be tested. 

A future issue of 21 st Century wi l l  inc l�de a review of the Atlantis mission and its 
technologies. 

FI RST MI RROR FOR MT. G RAHAM TELESCOPE REQU I RED TOPPI NG UP 
After three months of coo l i ng, the rotat ing furnace conta i n i ng the world's first 

8A-meter monol ith m irror, at the Steward Observatory Mi rror Laboratory, Un iver­
sity of Arizona, was opened Apri l 2 .  It is the first of two identical, spincast m i rrors 
for the Large B i nocu l a r  Te l escope on Mt.  G ra h a m .  F rom video i mages taken 
through sma l l  ports, i t  was a l ready known that the mold had spru ng leaks at the 
bottom of the tub wal l s .  But  it was d iscovered on Apri l 2 that an estimated 3 tons 
of glass had leaked out. On ly  2 tons of extra g lass had been incl uded to a l low i n  
advance for such leaks. A s  a result, the faceplate (upper su rface) was th inner than 
the p lanned 36 m m .  With more g lass chunks added, the mi rror was softened by 
being slowly reheated to about 700°e. The upper su rface was then flash-heated on 
June 1 0  to 1 , 1 800 with 40 kW of power from the l id  heaters, to melt and fuse the 
new glass to the rest of the mi rror. The th ree-month coo l ing and annea l i ng process 
is now under way. 

IN MEMORIAM: SUSAN P. JOH NSON (1 944-1 997) 
Susan P. Johnson, whose translations from German have often graced the pages 

of 21 st Century, died Apri l 22,  after an 1 1 -month battle with a mal ignant brain tu­
mor. In 1 996, she col l aborated with 21 st Century's imprisoned associate ed itor, 
Laurence Hecht, to render the first Eng l ish trans lations of W i l he lm Weber's fi rst 
memoir, "E lectrodynamic Determinations of Measure"; of Carl F. Gauss's first trea­
tise on magnetism, "The I ntensity of the Earth 's Magnetic Force Reduced to Ab­
solute Measure";  and the 1 85 6  report of the Weber-Koh l rausch experiment. Her 
translation of "Godel, Cantor, and Leibniz:  Mathematics and the Paradoxical in Na­
ture," by Dino de Paol i ,  appears in this issue. 

Susan was a woman of many talents-editing and writing, train ing and lead ing a 
chorus, and tough pol itical combat. She ded icated her l ife to the fight for truth and 
worked with the LaRouche pol itica l movement from 1 968.  Her devotion to truth 
and the high standards she set for herself inte l l ectua l ly  were-and sti l l  are-an in­
spiration. We wi l l  miss her greatly. 

Woods Hole Oceanographic Institution 

The capabilities of Atlantis will make it 
possible for scientists to survey a wide 
area and zero in on features of interest 
on the same cruise. 
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SPECIAL REPORT 

We Can Feed the World ! 
A review of new technologies for agriculture­
and what's slowing their implementation. 

by Col i n  Lowry 

China announced in Apri l that it plans 
to use advanced agricu Itural  tech­

nologies to become self-sufficient i n  food 
by the m id-2000s, and to produce 
enough food for  export-a pol icy that 
u nder l i nes the fact that feed ing a grow­
ing world population is a question of po­
l i t ica l  wi l l .  The report by the C h i nese 
Academy of Sciences l ays out an ambi­
t ious program of modern iz ing agric u l ­
t u r a l  i n frastructure and  i n creas i n g  re­
search  in b iotechno l ogy, with an 
emphasis on the basic genetic technol­
ogy that is related to improving crops. In 
coord i nation with th is  research effort, 
the report suggests the tra i n i ng of m i l ­
l ions  o f  farmers i n  rura l  vocat iona l  
schools in the use  of  advanced technol­
ogy on the farm to increase production. 

Chi na's crash program in  agriculture 
occurs in para l le l  with its vast industrial 
and infrastructure projects, l ike the Three 
Gorges Dam, which wi l l  make the water 
and power ava i lable for large-scale  i rri­
gation and modern farming. 

As Ch ina  has reiterated, despite the 
shr i l l  warn ings  of Ma l thus ians  ( l i ke 
WorldWatch's Lester B rown), that there 
wi l l  be mass starvation because of an al­
legedly overpopulated Earth, the history 
of agr icu l tu re shows that man can in ­
crease h is  popu lation density and  at  the 
same t ime increase h i s  supply of food .  
Ch ina's new agricu ltural  pol icy echoes 
the approach of the "Green Revolution" 
of the 1 960s, but with a far greater po­
tentia l  to feed its people and increase the 
rate of economic growth. 

The Green Revolution 
The G reen Revol ution in agriculture, 

which began in the 1 960s, doubled the 
yield of major crops such as wheat and 
rice, by developing new hybrid varieties 
that produced h igher y ie lds .  This  con-

centrated effort i n  agricu ltu ral research 
produced new d i sease- and pest-resis­
tant crop varieties which al lowed many 
developing-sector nations to be able to 
feed their people and avoid famines. The 
successes of the "G reen Revo l u t ion"  
show that an even broader use of  mod­
ern technology in  agricu lture today, and 
the accompanying development of infra­
structure, cou ld  eas i ly  provide enough 
food for double the current world popu­
lation. 

For example, i n  Asia, i n  1 960, the av­
erage yield of rice 'per hectare was about 
1 to 2 tons, planting native varieties and 
using trad itional farmi ng methods. Most 
native rice var iet ies have ta l l  weak 
stems, and are susceptible to damage by 
i nsects and  d i sease. The fi rst w i d e l y  
used hybrid rice developed b y  scientists 
at the I nternational Rice Research I nsti­
tute ( I R R I )  in the Ph i l i pp i nes,  was a 
sturdy, short plant with better resistance 
to some pests. This new hybrid doubled 
the rice yield, and responded wel l  to ni­
trogen ferti l izers. However, th is hybrid 
was not resistant to several v i ruses, and 
bacterial bl ight, which broke out i n  the 
l ate 1 960s and  ear ly 1 9 70s in m a n y  
Asian countries. 

The IRR I  scientists responded to th is  
chal lenge by developing another rice hy­
brid that was resistant to many vi ruses, 
bacterial b l ights, and insects, with shorter 
growth duration. This hybrid became the 
most widely planted variety in the world, 
and brought r ice y ie lds  per hectare to 
new h ighs, wh i le  saving farmers money 
by reducing the need for pesticides. 

The large-scale adoption of improved 
farming techniques, along with the use 
of the new h igh yield rice hybrids, had 
dramatic effects in many Asian nations 
(see table).  In India, rice production i n-

1 4  Summer 1 997 21 st CENTURY 

creased from 46 m i l l ion tons in 1 966 to 
1 22 mi l l ion tons in 1 995 .  Indonesia used 
to be one of the largest rice importers i n  
the 1 970s; its rice production increased 
from 1 2  m i l l ion tons in 1 966 to 47 m i l ­
l ion tons in 1 994, a n d  the country i s  now 
self-sufficient. 

Wheat Yield Also I ncreased 
Simi lar gains were made in i ncreasing 

the yield of wheat. The h igh-yield dwarf 
Mexican wheat developed with funding 
from the Rockefel ler Foundation by No­
bel laureate Norman Borlaug, was modi­
fied by scientists at the Ind ian  Agricu l ­
tural Research Institute, who developed 
hybr ids more su ited to I nd i a .  They 
crossed the Mexican wheat to Ind ian va­
rieties, which changed the gra i n  color 
from red to amber, and created a hybrid 
superior in y ie ld to its parent varieties. 
These new wheat varieties helped Ind ia 
increase wheat production from 1 2  m i l­
l ion tons i n  1 964, to 42 m i l l ion tons i n  
1 98 3 .  These n ew h igh-y ie ld  var iet ies 
spread throughout Asia, and by the mid 
1 980s, m o re t h a n  5 0  percent of the 
wheat area was p lanted with h igh-yield 
varieties. 

The pol icy of making the new discov­
er ies i n  hybr id  p l a nts and  improved 
farming methods ava i l able to the public 
sector was key to the success of the 
G reen Revolution . The I RR I  made al l  of 
its new r ice variet ies free ly  ava i l able,  
and d i str ibuted breed i ng l i nes to many 
nations every year. The agricu ltu ra l  re­
search programs of rice-growing nations 
worked together with the I RRI ,  shar ing 
i nformation on plant genetics, and coor­
d inating field experiments. I n  the case of 
wheat, the coord i n at ion  of pr ivate ly  
funded research centers with strong na­
tional research programs produced bet­
ter crop varieties that were put i nto the 
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GRAIN AND MEAT PRODUCTION I N  C H I NA (1 978-1 996) 

Dr. Merle Jensen, College of Agriculture, University of Arizona 

Field research trials on the use of plastic covering and mulches to increase 
crop yields in China. China now leads the world in the use of plastic mulch. 

widest use through the publ ic sector. 
The phi losophy of the G reen Revolu­

tion was that of  the American System of 
agricu l ture, as described below. I ron i ­
caliy, th is successfu l American System of 
agricu ltural  growth is now being stran­
gled by cartel s  i n  the name of the "free 
market." 

Biotechnology Today 
The bas ic  research i n  genetics a n d  

D N A  transfer technology o f  the l ast two 
d ecades has provided agricu lture new 
too ls  for even greater food product ion 
potent ia l .  New geneti c tec h no l og ies 
have made it pos.sib le  to i ntegrate spe­
cific genes for resistance· to disease, or to 

insects, i nto plants that come from d iffer­
ent plant species, or even from bacteria. 

With the older breed ing techniques, it 
was possible to make hybrid plants only 
by crossing different varieties pf the sal1')e 
spec ies .  N o�, it i s"poss i b l e to create 
transgenic plants, which conta in  genes 
from an u n re lated orga n i s m  .. T h i s  new 
tech n o l ogy is c a u s i n g  a revo l u t ion  i n  
new approaches to control I i ng  insects, 
crop d i seases, and improved plant char­
acteristics. Now a resistance to viruses or 
bacterial b l ights that is identified i n  plant 
species unrelated to crops, can be trans­
ferred genetical ly  to crops. 

The d r iv ing  force beh ind most basic 
agricu lture research i n  the Un ited States 
is the U .S .  Department of Agr icu l tu re 
(USDA), which fu nds and operates pub­
l i c-sector research .  Many of the recent 
d iscoveries in agr icu l tura l  science are 
the resu lt of research carried .out under 
USDA d i rection. 

The ab i l ity to make transgen ic  p lants 
has led to a new USDA strategy for con­
tro l l i ng  crop-destroying pests. For exam­
ple, scientists recently identified a pro­
te i n  p rod uced by a bacte r i u m ,  that 
causes worms qnd c.aterp i l l ars to stop 
eat i ng .  They i ntegr<;lted t h i s  bacte r i a l  
g e n e  i nto corn and cotton, and t h e  re­
su lt ing transgenic p lants resist the corn 
borer and other caterpi l lars, without us­
ing any added pesticides. The new corn, 
ca l led Bt corn;  i n trod uced i n  1 99 5 ,  
cou ld save farmers ·more .than $ 1  b i l l ion 
in damages to the corn crop and pesti­
c i d e  costs each year. U nfortu nate l y, 
however, the Bt corn is patented and l i ­
censed by private compan ies, which wi l l  
l i m it i ts use, espec i a l l y ' i n  deve l o p i ng 
sector nations. 

N ew genetic tech nologies have a l so 
a l l owed scientists to engineer crops for 
specif ic character ist ics .  For example, 
new soybean var iet ies a re b e i n g  pro­
d u ced that have more protei n  content, 
or l ess saturated fats. Many other crops 
can  be n utr i t i o n a l l y  i m proved u s i n g  
these techn iques. 

Specif ic character ist ics can a l so en­
hance p lant resi stance to d isease, or to 
poor soi l  cond itions. For example, USDA 
scientists have been studying how fungal 
i nfect ions grow on the leaves of wheat 
p lants. They fou nd that the smooth leaf 
surface commonly found in most wheat 
aids fungal growth, so they engineered a 
wheat plant to have a hairy leaf surface 
that wou ld resist the fungus. USDA sci-
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entists a l so have developed varieties 
of wheat and  rice that can to l erate 
poor soi l  conditions, such as deficien­
cies in zinc and other minerals. 

Another aspect of research is  how 
to rotate crops so that the soi l  is fert i l­
ized, not depleted of nutrients. USDA 
research has developed legume vari­
eties that fix nitrogen from the air, and 
deposit increased amounts of nitrogen 
in the so i l ,  reducing the need for n i ­
trogen ferti l izer use on the next crop. 

There are many  crop pests for 
which pest icides are the on ly  effec­
tive means of contro l .  USDA research 
has been try ing to develop methods 
to reduce pest ic ide  amou nts w h i l e  
mainta i n i ng pest contro l .  O n e  of 
these methods involves incorporating 
pesticide into starch granu l es, which 
then stick to the plant leaves very effi­
ciently. This techn ique uses 99 per­
cent less tota l  pest ic ide, which  
ach ieves pest control that  i s  better 
than 1 00 times more pesticide used 
alone. 

More Food on Less Land 
Although the gains in rice produc­

tion made throughout Asia during the 
last three decades are impressive, the 
amount of land avai lable for rice pro­
d uction has decreased . Scienti sts at 
the I RRI ,  led by Dr. Gurdev S. Khush, 
are developing even higher-yield rice 
varieties to meet the c h a l lenge of 
growing more food on less land.  Us­
ing breeding and genetic engineering, 
they have created an entirely new type 
of rice plant to be released by the turn of 
the century. The new rice type produces 
more biomass per hectare, with an in­
creased percentage of grain-a 20 to 25  
percent h igher yield.  Current h igh yield 
rice can produce 1 8  to 20  tons of bio­
mass per hectare, with 50 percent of that 
being gra in .  

The new "super  r ice" prod u ces 2 1  
tons of b i omass per hectare, with 60 
percent of that bei ng  gra in ,  g iv ing it a 
1 2 .0 to 1 2 . 5  tons of r ice per h ecta re 
y ie ld . "Super r ice" w i l l  be released at 
the turn of the century, after d i sease­
and insect-resistance genes are incorpo­
rated i nto it. 

Khush stressed that research must con­
tinue to meet the chal lenges ahead. "We 
cannot rest on our laurels," he said .  

What Stops New Technologies? 
The advanced technologies to easi Iy  

feed the world a l ready exist, so what is 

INCREASES I N  RICE OUTPUT, 1 967-1 969 TO 1 99 1 -1 993 

Rice production Total area plant- Percentage of 

(million tons/year) Percent increase ed to rice 1992 area planted to 

Nation' 1 967-69 1 991 -93 in production (million hectares) modern varieties 

China 97.6 1 85.3 90% 32.4 1 00 
India 58.9 1 1 0.8 88 42.0 66 
Indonesia 1 8.2 46.7 1 57 1 0.6 77 
Bangladesh 1 7.2 27.3 59 10 . 1  51  
Vietnam 8.8 21 .0 1 38 6.7 80 
Thailand 1 2.4 1 8.6 50 9.5 68 
Myanmar 7.9 1 4.5 84 4.7 50 
Japan 1 8.6 1 1 .7 - 37 2.1 1 00 
Brazil 6.6 9.8 48 4.7 23 
Philippines 4.8 9.4 96 3.2 94 
U.S.A. 4.3 7.6 77 1 .3 1 00 
South Korea 5.0 7.0 40 1 .2 1 00 
Egypt 2.5 3.7 48 0.5 1 00 
Source: Adapted from Gurdev S-:'"Khush, "Modern Varieties-Their Real Contribution to Food Supply and Equity," pp. 
275·284, GeoJournal, March 1 995. 

Notes 
• Countries are ranked by volume of rice output, annual average, 1 991-1993. 

Technology Development Is Key 
"We need to invest today in the future of our children 
and grandchildren. It is our foremost responsibility to 
develop the technologies which will help produce 
enough food for more and more people, " Or. · Khush 
said when he received the 7 996 World Food Prize. 

Khush's work on developing high-yield rice vari­
eties at the International Rice Research Institute was 
instrumental in the doubling of rice production 
worldwide since 7 966. The introduction of new rice 
varieties that produced two to three times more yield 
helped many Asian nations to a void famine during 
the 7 960s and 7 970s. 

Or. Gurdev Singh Khush 

stopping them from being used ? Whi le  
the med ia has  prominently featured the 
radical environmenta l ists who block the 
use of new technology, such as genetic 
engi neering, not so wel l  known are the 
practices of the food carte ls, which are 
restr ict ing  the use and re�earch of 
biotechnology for the public good under 
the gu ise of "free market" po l ic ies.  By 
patenting genetica l ly engineered seed, 
p l ants, and the techn iq ues to c reate 
them, the carte ls  not o n l y  can restrict 
their use, but also can block the govern­
ment from conducting research in areas 
in which the cartels hold broad patents. 

There are several recent legal means 
that a re used by the carte l s  to control 
new tech no l og i es in agri c u l t u re .  The 
most powerfu l i s  the i nd ustr i a l  p l a nt 
patent, which has exi sted si nce 1 985,  
when the patent office ruled that geneti­
ca l ly  mod ified p lants cou ld qua l ify for 
th is  strong form of patent protect i o n .  

T h i s  type o f  patent c a n  b e  used t o  lock 
up new high-yield crop varieties; it does 
not a l l ow any exemptions for research 
or for use by farmers, without a l i cense 
from the cartel company. 

M u c h  of the success of the "Green 
Revo lut ion" resu l ted from the fact that 
d i scoveries made by sc ientists in the 
publ ic or private sector were made read­
i l y  ava i l ab l e  to the p u b l ic .  Today, the 
cartels' i ncreasing control over agricul­
tural research makes it very difficult  for 
new discoveries to be widely distributed 
for the pub l ic  good.  I n  most cases, the 
cartel companies  ho ld  patents and l i ­
censes on any new discovery that cou ld 
produce higher crop yields. 

In contrast, i n  the 1 960s, new hybrid 
seeds, or advanced farming techniques 
developed by government-fu nded re­
search with in  the U S DA, were d i rect ly 
and freely released to individual  farmers 
and  breeders, a n d  no o n e  cou I d  then 
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An ARS scientist compares an insect-ravaged cotton leaf from a control variety with 
one that has been genetically engineered with a protective gene from the bacteria 
Baci l l us thuringiensis. 

Agricultural Research Service/USDA 

An entomologist checks the adhesion of starch granules containing an insecticide to 
a leaf surface. 

patent any of these d iscoveries to stop 
others from us ing it. The advent of the 
industria l  p lant patent i n  1 985 ,  and the 
changes to the P lant Variety Protection 
Act i n  1 994, however, made it i mpossi­
ble for the USDA to freely release its new 
discoveries to the publ ic.  

S i nce 1 985 ,  the U SDA m ust l i cense 
and sel l  the r ight to any new plant vari­
ety it comes up with to the h ighest bid­
d ing company. I n  this "free market" sys-

tem, the largest and most powerfu l com­
pan ies stand i n  the  way of the wide­
spread use of publ ic-sector d iscoveries, 
and  contro l s  who gets access to new 
technology. 

Over the past 1 0  years, because of 
budget cuts, the Agricu ltural  Research 
Service has had to fu nd new projects 
through cooperative agreements with 
private companies, which now make up 
the majority of these agreements. ( In  the 

past, most of these agreements were with 
govern ments of deve lop i ng-sector na­
t ions . )  The pr ivate companies provide 
part of the funding for a short-term pro­
ject, which usua l ly  ends up producing a 
patenta b l e  n ew p l ant  var iety or tech­
nique. 

The companies reta in  the exc l u s ive 
ma rket i n g  r ig hts of a n y  d i scoveries 
made during these research projects, so 
often d i scoveries made by government 
scientists end up in the exclusive control 
of the  carte l s .  If the carte l s  patent the 
tech n o l ogy,  they can then restr ict the 
government scientists from cont inu ing  
research in  the area those scientists pio­
neered. 

Cartel Restrictions 
A few years ago Monsanto was granted 

wide patents on a l l  geneti c a l l y  engi­
neered cotton and soybeans. This  deci­
s ion by the patent office caused USDA re­
searchers to drop projects i n  these areas, 
and  i nstead try to " i nvent a round"  the 
patents .  These part ic u l ar patents were 
subsequently restricted through a legal 
battle, but the long-term damage to gov­
ernment research programs has a l ready 
been done. 

Another case is the new Bt corn that 
resists pests. The patent on th is variety 
prohibits anyone, inc luding government 
researchers, from doing research us ing 
Bt corn without a l icense from the com­
pany. 

The new p l ant patents and the P l ant 
Var iety P rotect ion Act a re a l so be i n g  
u sed by t h e  carte l s  t o  restrict fa rmers'  
rights. The Plant Variety Protection Act, 
amended in 1 994 to meet GATT (Gen­
era l  Agreement  on  Trade and Tar iffs) 
standards, den ies farmers the right to ex­
change or sel l  any protected or patented 
see d .  H owever, m a n y  of the  p l ant  
patents go even further, prohibit ing the 
farmer from sav ing  seed to repl ant, a l ­
lowing inspection teams onto h i s  farm 
to enforce patents, and  d ictati ng what 
chemicals he can use on h is  crops. The 
farmers m ust a l so  pay l arge l i cens ing  
fees, i n  add ition to  the cost of  these new 
patented seeds, just to access the tech­
no l ogy. T h i s  new system is  squeezi ng  
the independent farmer into bankruptcy, 
forcing h im under the control of the car­
tel companies if he wants to use geneti­
cal ly engineered seeds that wou ld give 
h igher crop yields. 

The 1 994 GA n agreements also have 
provis ions whereby deve loping-sector 
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nations must recognize the patents and 
i ntel lectual property protection held by 
foreign compan ies on p lants and other 
l iv i ng orga n i sms.  This gives the cartels  
the abi l ity to deny developi ng-sector na­
t ions access to advanced agri cu l tura l  
b iotech no l ogy, and provides e nforce-

ment of their patent rights by the World 
Trade Organization. 

Cargil l  in India 
For example, Carg i l l  has been push­

i ng hard for i ntel lectu al property rights 
for its seeds in India.  Cargi l l  was market­
i ng su nflower seeds pro m i s i n g  h i g h  

1 8  Summer 1997 21 st CENTURY 

yields, but refused to submit seed sam­
p l es to the I n d i a n  Gove r n ment  Seed 
B ank, as req u i red by law, c l a i m i n g  this  
wo u l d  v i o l ate their  p r i vate p roperty 
rights. When these seeds were grown by 
loca l  fa rmers,  t h e  y i e l d s  were d i sas­
trous ly  low, sparki n g  a p rotest agai nst 

Xi\':: :;%ff:; , 
eas possible . . 

��I v i � i�  i n t�r�ste9, ! n  th� deve'l()p­
m��t o( ���sbrs to b�' p l aced o� f�'rm 
ma�9 ineryl and ?!] sa�e l l .ites, that could 
take', autbhlateth measu rements ,that 
w�u.l d  descr ibe bas ic  crop .a n d s o i l  
chaf�.cteristics ard,'usi�g thei �PS' navi­
gat ional  data, m a ke a p rec;ise map of 
thl';:Jarm��:s fieI8. , -r;h�p, easb •. , t ime.the" j.l 

• farmer crosses h i s  field with n is  tractor, ' " 

SPECIAL REPORT 



Carg i l l  and  its su pport of the  G ATT 
agreements,  in w h i c h  some farmers 
burned the fi les and seed samples of the 
local Cargi l l  office in 1 992.  

A Break with the 'American System' 
The current cartel pol icy is the oppo­

site of that of the "G reen Revol ut ion"­
Continued on page 21 

"'-'-N� , 
GE Astro. Space 

The Globa l Positioning System is 
comprised of a constellation of 24 
satellites in crossing orbits: They pro­
vide multi-satellite coverage, 24 
hours a day, for every location on 
the Earth. 

ACcord ing  to @g-lnnovatOr inaga­
z ine, l ast year ther.e were rn9t'e than 
5 , 000 G PS receivers o n  .com b i nes .  
Th is  compares to  300 G PS receivers 
in use on farms in 1 99 3 .  O n e  t h i ng 
that could hold back further use of the 
technology is  the near-ru' i n  fi nanc ia l  
conditions of  many independent farm-
ers. 

Removing Guesswo 
Reducing the amount of ch�micals 

in  areas of the field wher� th,ey ar� not 
needed d oes more thail ·save the  
farmer money. Accord i ng to.Colv in ,  
over-fert i l ization of  some crops, such 
as potatoes and sugar beetsican de­
grade the qual ity of the produc�, Prac­
tic i ng prec i s ion  farmi ng, the farmer 
may even be able to vary the number 
of seeds that are planted, max imizing 
his effort, based on soi l  fert i l ity. The 
Agricu ltural Research Service' i s  now 
studying how the farmer w i l J ) e  able 
to use h istorical data about<�Ma l l  ar­
eas of his field to try to help d�termine 
in  advance how to treat each site. 

Colvin stated in a 1 992 art icle that 
eventua l ly ,  fa rm i n g  u s i ng sate l l i tes 
"should take much of the guesswork, 
except for weather vari a b l es,  out of 
farming." 

. .. 

SPECIAL REPORT 

I RRA D I ATION PROC ESS I N G  
Increasing the Quantity and Quality 
Of the Food Supply 

by Marjorie Mazel Hecht 

Any  nat ion that is ser ious about i m­
proving the quantity and qua l ity of 

food for its population wi l l  develop a ca­
pabi l ity to use food i rrad iation technol­
ogy i n  the 2 1 st century. Low dose i rradi­
ation, us ing the h igh-frequency energy 
from X-rays, gamma rays, or. accelerated 
e lectrons, can dis infest fruit and vegeta­
bles and lengthen their  shelf I ife, de lay 
the sprout ing  of potatoes and  on ions,  
and destroy or reduce pathogens l ike sal­
monel la  in meat, poultry, or fish. 

I n  deve l o p i n g  c o u ntr ies ,  where 5 0  
percent or  more of t h e  harvest i s  rou ­
t i n e l y  lost t o  i nsects, rodents, mold,  o r  
fu n g i ,  a re l at ive ly sma l l  i nvestment  i n  
food i rrad iat ion techno logy can mean 
the d i fference between whether crops 
are eaten by the people whose l ives de­
pend on  them-or by other species. I n  
the U n ited States, food irradiation cou ld 
a l l eviate the situation of  food-borne i l l ­
nesses, which now c la im 1 0,000 l ives a 
year and b i l l ions of do l lars i n  lost work 

IAEA 

A food irradiation facility in China, where cartons of apples are being conveyed to 
the cobalt-60 source for processing. 
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t ime and med ical  treatment. Esti mates 
are that 20 m i l l ion persons suffer from 
food-borne i l l nesses yearly in the Un ited 
States. 

Although food irrad iation technology 
was pioneered in the U n ited States j ust 
after Wor ld War I I ,  other cou ntries are 
now taking the lead in using the technol­
ogy. China, for example, has i ntegrated 
food i rrad iation into its ambitious plans 
for expand i ng food production, i rrad iat­
i ng app les, cereal g ra i ns, cooked meat 
products, d r ied fru i ts,  garl ic, potatoes, 
rice, and spices. 

Thoroughly Tested 
By 1 970, the u.s. Atomic Energy Com­

mission had a lready labeled food irradia­
tion as "more thoroughly tested than any 
other method of food preservation." To­
day, more than 25 years later, there is an 
i m press ive wor ldwide research base 
(30,000 references) for food i rrad iation, 
covering all aspects of safety and whole­
someness for a wide range of produce, 
grains, fish, meats, and pou ltry. Forty na­
tions have approved the use of i rradiation 
process ing  for a wide variety of food 
products; current products on the market 
range from i rrad iated fermented pork 
sausage (Nham) in Thai land, to Camem­
bert cheese in France, to irradiated pota­
toes i n  Japan, to i rrad iated meals for as­
tronauts and  hospita l  patients i n  the 
Un ited States. 

Food i rrad iation uses the ionizing en­
ergy from a decayi ng rad ioactive iso­
tope, l i ke cobalt-60, to penetrate inside 
sol id part ic les and k i l l  m icroorganisms 
by breaking down the cel l  wal l s  or de­
stroying  the metabo l i c  pathways of the 
orga n ism so that its ce l l s  d i e .  There is 
no  rad ioact i v i ty i nd uced in the 
processed food. The chemical reactions 
cau sed by the very-short-wave l ength 
gamma rays do not i nvolve the atomic 
n u c l e i  of the food,  a n d  therefore the 
atomic structures i n  the food molecu les 
are not changed . . 

The red uct ion of m i c roorgan i sms  
caused by the i o n i z i n g  rad iat ion de­
pends on  the  dose absorbed, which i s  
control led by  varying the amount of irra­
d iation appl ied and the length of expo­
sure of the food product. u.s. and inter­
nat iona l  reg u l atory agenc ies h ave 
determi ned specific m i n im u m  i rrad i a­
tion levels  for various food products to 
ki l l  m icrobes, bacter ia,  i nsects, i nsect 
l a rvae, paras ites, or mo lds .  At h igher  
levels a l l  pathogens and viruses can  be 

Dick Conneily/EIRNS 

Some of the first irradiated poultry on sale in the United States at Carrot ToP, a mar­
ket in suburban Chicago. The poultry was processed at the Vindicator plant in 
Florida (now Food Technology, Inc.). 

e l im inated, thereby steri l iz ing the food. 
After 50 years of research,  scient ists 

have perfected the dose levels and con­
d i t ions for var ious foods, so that the 
color, taste, texture, odor, or nutritional 
q u a l ity of the foods a re not affected . 
(There are a few except ions to t h i s­
some dairy products, for example-for 
which i rrad iation processing is not rec­
ommended.) 

The Food and Drug Adm i n istrat ion,  
respons ib le  for assess ing the safety of 
food i rradiation, concl uded that the d if­
ference between i rrad iated and noni rra­
d iated foods is so sma l l  as to make the 
foods i nd i st ingu i shab le  i n  respect to 
safety. All the major i nternational orga­
n izations responsible for food and food 
safety have enthusiastical l y supported 
the technology, as have the major scien­
tific organizations. 

Consumers have also shown their  ap­
proval-by buying irradiated products. In 
the Un ited States, for example, test mar­
ket ing of i rradiated papayas, strawber­
ries, and mangoes showed overwhe l m­
ing ly  that U .S .  consu mers preferred to 
buy the irrad iated products and wou l d  
even pay a l ittle more for the qual ity. The 
advantage of irradiation for d isinfestation 
is especial ly important in fruits and veg­
etables, which can be picked r iper and 
then be treated, giving the consumer a 

better tasting product. (The ava i lable a l­
ternatives for tropical fruits, for example, 
are a hot-d ip  treatment or a month- long 
cold storage, both of which do not en­
hance flavor or qual ity.) 

The deve lopment of food i rrad i ation 
was slowed down from the bright hopes 
of the Atoms for Peace project in the late 
1 950s and ear ly 1 960s, by the anti- i  n­
dustrial counterculture launched as a re­
action to the scientific rena issance be­
g u n  by the Apo l lo progra m a n d  the 
c iv i l ian nuclear power program.  Today, 
the opposition to food i rradiation comes 
from a sma l l  group' of ant i-n u c l ear  ac­
tivists, who churn out ly ing propaganda 
and  use extort ion  and  i n t i m idat ion  to 
stop food-process ing compan ies from 
using the technology. 

But ti mes are changing.  The demand 
for pathogen-free food is growing, new 
food i rradiation plants are being bu i lt in  
the Un ited States, and a county counci l  
i n  Hawa i i  just approved fu nds for an i r­
radiator for tropical fruit. 

An I nnovative I rradiator Design 
Most i rrad i at ion fac i l it i es, i n c l u d i ng 

those i n  the U n ited States that steri I ize 
med ical  suppl ies, use coba lt-60 as the 
radiation source, submerged in a well of 
water and shielded by 6 to 8 feet of con­
c rete. The prod uct moves a ro u n d  the 
source in contai ners, supported by rai ls. 
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Courtesy of Gray*Star™ 

An artist's illustration of the G ray+-Star™ on a plant floor, with a pallet ready to be 
loaded in for irradiation. 

Each centra l i zed fac i l i ty m ust be l i ­
censed by the regu latory agencies, and 
the operators must be highly trained and 
l icensed. 

The latest commerc ia l  i rrad iator de­
sign is radica l l y  d ifferent-it is a modu­
l ar, prefabr icated,  transpo rta b l e, se lf­
conta i ned,  d ry storage u n i t that uses 
cesi u m-1 3 7  as the rad iat ion s o u rce .  
Cal led the Gray+-StarTI.) i t  i s  designed to 
be transported to existing food-process­
ing or packing p lants, where it can be 
insta l l ed s i ngly,  or in as many u n its as 
necessary to keep up with the p l ant's  
output. The product, therefore, does not 
have to be transported to a centra l ized 
fac i l ity, thus  cutti ng  the cost of the 
process . N o  spec i a l  fac i l ity need be 
bui lt; the un it is instal l ed i n  a pit dug in  
the floor of  the processing p lant. 

The G ray+-Star™ c h a m be r  accom­
modates a standard pal let (40 i nches by 
48 inches) of produce, so that no stack­
ing or reconfiguring is necessary for the 
product. The entire pal let goes i nto the 
i rradiator, stays the requ i red amount of 
t ime to rece ive the appropr i ate d ose, 
and then comes out of the c h a mber .  
(Pou ltry m ight take 1 /2 hour; produce 6 
m i nutes, for exa m p l e . )  Each u n it can 
handle 1 0,000 pounds of produce per 
hour, and the pa l let can rema i n  u nder 
refrigeration dur ing the process. 

U n l i ke trad i t iona l  i rrad i ators, the 

G ra y+-Star™ does not requ i re h i g h l y  
trained personnel to operate it. The steel 
chamber that contains the cesium-1 37 is 
a sea led box, the outer d i mens ions of 
which are 8.5 x l  0.5 x 1 2  feet. The box is 
placed below ground. When the pal let of 
produce is i n s ide the above-ground 
c losed chamber, the  panels conta in ing  
the cesium source move up and surround 
the pal let on four sides. The innovative 
control systems of the Gray+-Star™ make 
it an inherently safe un it, which can be 
accessed and mon itored remotely via a 
sate l l ite data- l ink phone system. 

Because the self-contained i rradiation 
un i t  w i l l  be pre-fabricated, the insta l l a­
tion can be done in a day, once the site 
is p repared, and operat ion can begi n .  
The u n it w i l l  b e  preapproved; the regu­
latory agency just has to know who is in 
charge and  how it  was i nsta l led .  Th i s  
a lone wi l l  make a big difference in mak­
ing the technology accessible for indus­
trial users. 

Suitable for. Developing Countries 
The G ray+-Star™ was designed by a 

father-and-son team in New jersey, Rus­
sel l  N. and Martin H. Stein, who have 54 
years of experience i n  the food i rrad ia­
t ion f ield between them.  The u n its wi l l  
cost approximate ly  $ 1 . 5 m i l l ion each, 
and accord ing  to Marti n Ste i n ,  wi l l  be 
very su itable for developing countries, 
because they are easy to sh ip, "reason-

ably easy" to operate, and do not require 
a special central ized faci l ity. 

Ste i n  est imates that processi n g  meat 
and pou ltry w i l l  cost about 2 cents per 
pound,  w h i l e  i rrad iat ing produce wi l l  
cost less than 1 cent per pound. 

R ight now, the U .S .  N uclear Regu la­
tory Comm iss ion is rev iew i ng the de­
sign for l icensing, and the Department 
of Agr i c u l t u re is p repa r i n g  to test a 
commerc i a l  prototype, to confirm the 
p re d i cted u n i form ity of dose, a mong 
other  th i ngs .  The U S DA's  Dr .  Dona ld  
Thayer, who has carr ied out much of 
the U .S .  food i rrad i at ion  research,  i s  
enth u s i astic about  the project, and its 
potentia l  for rap id ly  expand ing  the use 
of i rrad iation.  

S ix  G ray+-Star™ u n its a re on order, 
and more are expected . 

Feed the World 
Continued from page 1 9  
a n d  o f  the U n ited States i n  the past.  
When the Department  of Agri cu l t u re 
was set up in 1 862, its purpose included 
the d uty "to procure, propagate, and d is­
tribute among the people new and val u­
able seeds and p lants." The USDA d is­
t r ibuted new seed varieties d i rectly to 
farmers from the 1 890s u nt i l  1 923 ,  un­
der  the free seed program, which re­
su lted in  the increased d iversity of cu lti­
vated crops. 

The fi rst P lant Patent Act of 1 930, ap­
p l ied o n l y  to f lowers and  ornamental  
p lants, and  pro h i bited the patent ing of 
any food crop, reco g n i z i n g  that such  
patents wou ld th reaten the food supply. 
The current patents on food crop seeds 
and  advanced tech no l og i es that g ive 
the carte l s  monopol ies over the use of 
n ew d i scover ies  wou l d  not be to l er­
ated, if  the courts considered the com­
m o n  good of the n at i o n  to be of p r i ­
mary importance. 

Ch ief j ustice john Marshal l ,  in 1 823,  
overtu rned patents and monopo l ies that 
l i m ited the use of the steam engine, that 
v io lated the Constitution's authority to 
"promote the progress of science and  
u sefu l a rts, "  argu i n g  that monopo l i es 
den ied the n at ion  the benefits of new 
d i scover ies .  If the  U n i ted States i s  to 
take a lead ing  role  in creating new sci­
entific d i scoveries to feed the world's  
popu l at ion ,  the nat ion m u st return to 
the out look of C h i ef j u st ice John  Mar­
sha l l .  
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GODEL, CANTOR, 
AND LEIBNIZ 

Mathematics 
And the 
Paradoxical 
In Nature 

I l "  

Only the "positive paradox, /I as a method of 
creative thinking, can solve fundamental 
metaphysical questions and profound paradoxes. 

by D ino de Pao l i 

Melancholia I., an engraving by Albrecht Durer, 
depicts the human spirit in its striving for truth, 
surrounded by representations of its creations. 

This is the second part of the author's study of the mathe­
matician Ceorg Cantor, and presents a further analysis of the 
importance of Cantor's notion of the absolute series of trans­
finites. 1 

famous predecessor, Cottfried Wilhelm Leibniz, and his im­
mediate successor, Kurt Code/. What is the thread connect­
ing Leibniz, Cantor, and Codel? The author shows that all 
three scientists, using Leibniz's method as their point of de­
parture, polemically prove that the effort to reduce human 
reason to a closed formal system must necessarily lead to 

In order to understand the significance of Cantor's work, it 
is essential to examine it in the context of the work of his 
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paradoxes. All three intensively occupied themselves with 
the question of the "ontological proof of God" and showed 
that only the method of "the positive paradox, " wielded as a 
method of creative thinking, offers an approach to solving 
fundamental metaphysical questions and profound paradoxes 
in mathematics. 

This article first appeared in the German-language cultural 
quarterly, Ibykus, in April 1 993, and was translated into Eng­
lish by Susan P. Johnson. 

I f any 20th-century mathematic ian ought to be considered 
the intel lectual  heir of Georg Cantor, it is Kurt Gode! .  There 
ex ist o n l y  a few scattered ph i losoph ica l  reflections  by 

Godel, assembled by his b iographer H ao Wang. Yet despite 
Wang's efforts to make Godel's ph i losoph ical and theol9gical 
ideas ava i lable, Wang h imself says that he did not u nderstand 
them.2 A deeper study of Godel's mathematical wr

-
itings, espe­

cia l ly  his commentaries on what are usual ly considered Can­
tor's "crazy" hypotheses about theology, p h i l osophy, and  
physics, gives the reader a sense of  the issues. with which both 
Cantor and Godel were wrestl ing. 

. 

In particu lar, I wi l l  i nvestigate why Godel became so inter­
ested in the "ontological proof of God."  In my view, the formal 
out l ine known as his "proof of God" is  of very secondary sig­
n ificance. The actua l  proof was conta ined in his l i fe's work, 
where he conff rmed Cantor's answer to the question of "the 
Abso l ute, " by prov i n g  t h at "posit ive q u a l itative creative 
changes" are necessary. Godel showed that "contrad ictions" 
are not simply Kantian antinomies, but c·an carry with i n  them a 
positive notion of truth; they can on ly  be solved creat ively, 
through a necessary transition to a h igher level of th ink ing.  

Godel demonstrated that the necessity and l awfu l ness of 
these "transit ions" are a reflex ive property, 3 which derives 
from the existence of Cantor's Absolute, or from the "absolute 
impossibi l ity of a complete linearization. " To use a metaphor: 
He speaks of the Absol u te with a capital  A, and a lso of the 
"absolute l im it to l i nearizat ion"  with a sma l l  a, i nd icat ing a 
fu ndamenta l  d i fference, but  a lso a fu n damental  s i m i l arity, 
comparable to the paradox in P lato's Parmenides d i alogue. 
The reflexivity of the Absolute is  functional  at every point, al­
though to different degrees, which means, as Godel success­
fu l ly  establ ished, that no Russe l l ian "dead points" exist in our 
universe. 

The d ifficu lty in a l l  this has to do with a prevai l ing miscon­
ception about the actua l  origin of the "ontological proof." The­
ology investigates the "knowabi l ity" of God for human beings; 
that is, theology is  an essentia l  science which has to be con­
ducted with "a fu l l  heart, a clear/pure m i nd,  and one's whole 
self." Theology seeks what is necessary in how man th i n ks, 
knows, and discovers. That means it is  "subjective," and in  the 
effort to make God "knowable," i t  must proceed from an " in­
ternal image." In order not to fal l  i nto pure subjectivity, how­
ever, theo logy must develop a "necessary" trans i t ion in its 
mode of th inki ng, as i l l u strated by the beautifu l prayer of st. 
Anselm and his argumento unico for God's existence,4 which 
shou ld not be confused with formal logic. 

Can the ex i stence of G od be proven by means  of Ar i s­
tote l ian logic? The Cartesians th i n k  so, and Rene Descartes's 
( 1 596-1 650) formu l ation is  considered the offic ia l  "onto logi­
cal proof." That i s  the proof demol ished by I mmanuel  Kant 
(1 724-1 804), who aimed his destructive rage against a l ifeless 
corpse. He fought and vanqu ished a nonexistent ghost, and 
then declared that it is imposs ib le to prove God's existence.5 

And so, today, the debate has been reduced to Cartesians ver­
sus Kantians. 
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I n  any u n iversity today, Godel's 
work is a mandatory reference point 
for mathematics students, and in  the 
fields of logic and i nformation the­
ory, as wel l  as mathematics, he has 
become a sacred cow. But i n sofar 
as  he is made i nto an object of 
super-spec ia l  izat ion,  the actual 
p h i l osoph ica l  i m p l i cations of h i s  
work a re d ifficu l t  t o  grasp, even 
though they are i n d ispensable for 
mapping the human thought process. 
H ere we attempt to shed I ight on 
those impl ications, on precisely the 
aspects of Godel's ideas which Wang 
found "strange," and which are only 
understood through an acquaintance 
with the essent ia l s  of Le ibn iz,  on 
whom Godel bui lt his work. 

Institute for Advanced Study Archives! Princeton University Godel Papers 

Kurt Codel with his student and biographer, Hao Wang, in March 1 972. 
Codel's life and Accomplishment 

Godel  was born i n  1 906  i n  

However, patristic writers had a l ready shown that no Aris­
totel ian proof of necessary existence can be given, yet there is a 
Platonic solution: the method of "positive paradox," expressed 
in the statement, "I know that I do not know." The effort to re­
duce the whole debate to Kant versus Descartes excludes the 
thought and method of a crucial th inker who is ind ispensable 
for solving the question : Gottfried Wilhelm Leibniz. 

Cantor and Godel red iscovered Leibniz and the method of 
positive paradox, a method which becomes even clearer in Lyn­
don H .  LaRouche, J r.'s essay "On the Subject of God," which 
addresses the same problem.6 What l i nks Godel, Cantor, and 
LaRouche to each other is, on the one hand, their roots in Leib­
n iz, and, on the other hand, their original i nterest in, and then 
strong rejection of, Kant. Of the three, LaRouche has grasped 
Leibniz most profoundly. Thus he was able to reach conclusions 
which some consider diversionary, but which represent a solu­
tion-in fact a "formal" sol ution-to the efforts of Cantor and 
Godel : He has defined a function for non l inear transformations, 
in the form of h is function for physical economy. 

This physical-economic function serves as a sort of "golden 
bridge," as Cantor always cal led it, between science and theol­
ogy. LaRouche developed a "Science of Christian Economy" in  
which the reflexive pr inc ip le  of  Godel  and Cantor is  g iven 
content as the physical ,  soc ia l ,  and moral reflection of the 
imago viva Dei principle, the idea of man in  the l iving image 
of God. Without LaRouche's elaboration, the goals of Cantor 
and Godel would remai n  mysterious, even to serious, honest 
scientists. Of course, it takes a bit of courage to pursue the im­
pl ications of their  work. The rea l ity is that a l l  three of these 
th inkers have been subjected to frantic slanders and sabotage 
attempts. Cantor spoke in passing of the destructive role of "sa­
tanic and Freemasonic networks," which some d ismiss as Can­
tor's "paranoid side," a term also appl ied to Godel.  

But let us now look at Godel h imself. 
"For most people Godel's l i fe and work are l i ke a remote 

and esoteric landscape that is attractive but hard to reach," 
wrote h is  biographer Hao Wang. 
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BrO n n, in the Moravian part of the 
Austro-H ungarian Empire. H is mother was Lutheran, his father 
Cathol ic .  As for h i s  own rel igious convictions-accord ing to 
h i s  wife, he read the B ib le  i n  bed on Sundays-he wrote i n  
1 974:  "Baptized Lutheran (but not member o f  any rel ig ious 
congregation). My bel ief is  theistic, not pantheistic, fol lowing 
Leibniz rather than Spinoza" [emphasis i n  original ] .  

At the age of 1 4, h e  taught h imself mathematics. Two years 
l ater, he began to study  Kant.  Yet, he wrote i n  1 9 74 :  "the 
greatest ph i losophical  i nfluence on me came from Leibniz."  
Wang reports, "He says that h is  phi losophy agrees, in  its gen­
eral features, with (the metaphys ical system of) the monadol­
ogy of Leibniz." 

I n  1 924, Godel began to study mathematics and phys ics at 
the U n iversity of Vienna under Professor Furtwangler, cousi n  
of the great conductor. Here h e  also joined the Vienna Circle 
under Rudolf Carnap for two years. Yet he maintained a highly 
critical attitude toward its positivist ph i losophy, and i ndeed, it  
was at this time that he began to develop "a strong antipathy 
toward Aristotle, toward empiricism and materia l ism . . .  and 
felt drawn toward Platonic real ism." In a later comment on this 
period, Godel wrote: 

I don't consider my work "a facet of the i ntellectual 
atmosphere of the early 20th century," but rather the 
opposite. It is true that my interest in  the foundation of 
mathematics was aroused by the 'Vienna Circle,' but the 
phi losophical consequences of my resu lts, as wel l  as the 
heuristic principles leading to them, are anyth ing but 
positivist or empi ricist. 

In 1 928-1 929, Godel studied David H i lbert's mathematical 
work and wrote his now-famous d issertation, "On the Com­
pleteness of the Calcu lus of Logic ."  It was duri ng this period 
that he developed the deep interest in Leibn iz  which cu lmi ­
nated in  three years of  immersion i n  Leibn iz's work, i n  1 943-
1 946. In  1 930, he received h is  doctoral degree, and in 1 93 1 ,  
he publ ished what would become his  1 932 habi l itation thesis, 
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"On Forma l ly  U ndecidable Propositions of Principia Mathe­
matica and  Re lated Systems,"  w h i c h  led h i m  to h i s  major 
breakthrough. Between 1 933  and 1 938, he taught as a univer­
sity lecturer in Vienna. 

Let us consider the sign ificance of Godel's results at this very 
early stage. Rough ly  speak ing, he had proven the fol lowing 
theorem: 

G iven a suitable formal system L [a deductive lattice], 
there are undecidable propositions in L;  that is, 
propositions F such that neither F nor not-F is provable in 
it. Then if L is consistent it is incomplete and 
incompletable. But as F and not-F express contradictory 
sentences, one of them must express a true sentence. So 
there wi l l  be a proposition of L which expresses a true 
sentence, but nevertheless is  not provable in L .  

I n  other words, working within formal  logic, Godel is ab le  to 
prove that any formal language, no matter how much one tries 
to make it narrow and precise, that is, consistent, wi l l  neces­
sari ly lead at some point to contradiction and inconsistency­
to a paradox. Therefore, the effort to construct restricted logi­
cal systems or  l anguages with the so le  a i m  of avo i d i ng 
anomalies, ambigu ities, and so forth, as Bertrand Russel l ,  Lud­
wig Wittgenste in ,  and the Vienna C i rc le  were attempting to 
do, is condemned to fai l u re from the outset. The human mind 
possesses exactly that qual ity which is irreducible to any type 
of language which seeks to exc lude ambigu it ies, anoma l ies, 
and metaphors. Godel's compl icated procedure for the proof 
may simply be characterized for our purposes by noting that it 
is inspired by Georg Cantor's d iagonal method.7 

To use an image: The problem of anomal ies is l i ke the ap­
pearance of d issonances in music, or the incommensurabi l ity 
of the d iagonal of the square with the sides. It is l i ke believing 
that "water" i s  the sole p r inc ip le  of the u n iverse, and then 

suddenly being presented with a piece of ice whose existence 
or truth-content cannot be proven i ns ide the parameters of the 
deductive "water" lattice. 

But  there is  a sti l l  more i m portant poi nt i n  Godel 's  theo­
rem. The issue is  not s imp ly that closed , formal systems are 
doomed to generate some form of paradox, anomaly, or u n­
decidabi l ity cr is is .  What we have here is a "true statement," 
a real existence, whose truth nevertheless appears impossi ­
b le  to  prove i nside the  or ig inal  system.  Thus  the  origi nal  sys­
tem is not complete; it is part of a more comprehensive form 
of rea l i ty. Let me repeat th i s  poi nt, because it is essentia l :  
We have reached a s i tuat ion where truth a n d  consistency 
can not be considered equal, but nevertheless they are sti l l  
coherent. 

An "undecidable" existence i n  one man ifold, that is, an ex­
i stence w h i c h  with i n  that system wou l d  lead to so-ca l l ed 
Kant-Russel l antinomies, paralogisms, or paradoxes, is  never­
theless a true ex i stence. That means that an anomaly is  not 
always a s imple "negation ." It a lso has a positive value, ind i ­
cating someth ing h igher, which demands a non l i near evolu­
t ion  of the  process of t h i n k i ng .  Let u s  take a somet i mes 
abused but class ic example of evol utionary and non-evo lu­
t ionary paradox.  I n  the  1 9 3 0s, the  famous  phys ic i st P a u l  
D i rac developed a new hypothes is ,  from w h i c h  i t  was de­
duced that the world wou ld d isappear with in  a microsecond.  
But it d id  not. So he had to change the premises which had 
led to the contrad ict ion .  Soon he a rrived at a new paradox : 
the ex istence of " negat ive energ ies" a n d  "ant i -part ic les ,"  
never before seen or conceived of. This  t ime he let the para­
dox stand,  forci ng changes in estab l  i shed theor ies .  A few 
years later, such particles were d i scovered as real existences 
with real effects in the world .  

The psychological impact o f  the you ng Godel's d iscoveries 
becomes c lear  when h i s  cu l tura l  m i l i eu is  exami ned . The 
t ime is 1 930. Eu rope is going  toward the so-ca l led New Or-
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der. The dominant cultura l  parad igm is 
d efi ned by the  " b i g  n ames,"  Russe l l ,  
Wittgenste i n ,  a n d  the V i e n n a  C i rc le ,  
who have arrogantly decreed that meta­
physics and theology can be e l im inated 
as "ambiguous" sciences, now that the 
h u m a n  m i nd ,  t h ro u g h  s i m p l e  "facts" 
a n d  strict term i n o log ies, can obta i n  
com p l ete coritro l over know l edge, 
truth, and falsity. Their b ible is Russe l l 's 
and Whitehead's Principia Mathemat­
ica. Now a young student comes on the 
scene and, from the inside, brings down 
the whole house of cards at one stroke. 

I n  1 930, the stock markets have col­
lapsed, panic i s  spread i ng.  In quantum 
mechan ics, " u n certa i n ty"  has a l ready 
appeared , and n ow i t  is spread i n g  
withi n  the real m  of the queen of the ex­
act sciences,  A r i stote l i a n  l o g i c .  The 
e l i tes respon d  w i t h  the i r  o l d  t r i ck :  a 
move away from Aristote l ian formal ism, 
toward Aristote l ian  i rrat ional ism, in the 
form of H e i d egger's ex i stent i a l i s m ,  
Theosophy,  g n ost i c i s m ,  N a z i s m .  A s  
soon a s  Godel has demol i shed logical  
pos it iv i sm,  he  i s  forced to batt le  w i th 

Library of Congress 

Bertrand Russell 
The Charles Babbage Institute Reprint Series 

Alan Turing 

Codel's discoveries were a devastating attack on the Aristotelian formalism of 
Bertrand Russell and the Vienna Circle, as well as on post-modern irrationalism and 
the modernist, mechanistic outlook of Alan Turing. 

the post-modern ism of Karl Popper, the father of latter-day 
radical relativistic subjectivism. 

Thus, starti ng in 1 93 5 ,  Godel was fight ing  on two fronts: 
combatt i n g  the " modern i sts," the mec h a n i st ic  out look of 
A lan  Tur ing, and l ater Norbert Wiener  and  h i s  coth i n kers, 
whi le  attacking the "post-modern ists" and "free-market" ide­
ologues who rejected the notion of "function" or causal ity i n  
science, economics, a n d  h i story. 

We w i l l  now focus on t h i s  q uest ion of the evo l ut ion of 
ideas. 

Giide!'s Transfinite Functions 
As we have seen, paradoxes can have a positive effect, if 

thei r solution is  defined by means of an evolutionary "transi­
t ion" i nto a h igher ordering. Clearly, music does not consist 
solely of d issonances, but instead they become contributory 
elements of counterpoint, so that the excitement of a compo­
sition includes the creative resolution of d i ssonances. Godel 
writes: 

The true reason for the incompleteness inherent in all 
formal systems of mathematics is that the formation of 
h igher types can be continued into the transfin ite, while 
i n  any formal system, .at most only an enumerable 
number of them are avai lable. For it can be shown that 
the undecidable propositions constructed here become 
decidable whenever appropriate higher types are added 
. . .  an analogous situation prevai l s  for the axiom system 
of the set theory [ Werke I, p. 1 8 1 ,  note 48a] . 

Return ing to the concept of the transfin i te i n  another letter, 
Godel comments on why others had missed what he had been 
able to see: 
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This b l indness (or prejudice) on the part of logicians 
. . l ies in a widespread lack of the requisite basic episte­

mological attitude toward meta-mathematics as wel l  as 
toward non-fin itary thi n king [Cantorian transfin ite] . . . .  
[A]dmitting "mean ingless" transfin ite elements into meta­
mathematics [seemed] i nconsistent with the very idea of 
this science prevai l i ng at the time . . .  [which attributed 
meaning] solely to propositions which speak of concrete 
and fin ite objects . . . .  1 may add that in  particular my 
conception of . . .  transfi n ite reason ing was fundamental 
to my other work in  logic as wel l .  F i nal ly, it shou ld be 
noted that the heuristic principle of my construction of 
undecidabil ity . . .  in the formal systems of mathematics 
is the transfin ite concept of "objective mathematical 
truth" as opposed to that of "demonstrabi l ity." . .  
[A]gain the use of this transfin ite concept has the 
poss ib i l ity of lead ing to finite, provable results . . .  to 
general theorems of existence . . .  i n  consistent formal 
systems. 

And in an article in which Godel seeks to define a function 
for evolutionary processes: 

The process of extension can be iterated into the transfi­
n ite. Thus there cannot be any formal ism which 
comprises a l l  these steps [this is a imed against Turing], 
but this does not preclude that all these steps (or at least 
a l l  those which introduce someth ing new i nto the 
domain) could be described and brought together in some 
non-constructive way . . . .  [T]he successive extension can 
best be represented by a stronger and stronger axiom of 
i nfin ity [nested transfin ites] . . . .  [A] n axiom of i nfin ity is a 
proposition which has a certain decidable formal 
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structure and which in addition is true . . . . The simplest 
way is to take the [transfin ite] ordinals themselves as 
primitive terms. I would th ink  that definabil ity i n  terms of 
ordinals, even if it is not an adequate formu lation for 
comprehensibi l ity by our m inds, is at least an adequate 
formulation in an absolute sense for the property of 
"being formed in accordance with a law," as opposed to 
"being formed by a random choice of elements" [ Werke 
I I ,  pp. 1 5 1 -1 52 J .  

Here Godel clear ly i nd icates the d i rection o f  h i s  th inki ng. 
The min imal elements of our un iverse are not "fi n ite points," 
material  or logica l .  The b u i l d i ng-blocks of the u n iverse are 
"transfin ite." We sha l l  see that th i s  means that they are ele­
mentary q u a nta of act i o n .  The  paradoxes and  the need to 
reach h igher levels do not appear, so to speak, only at the end 
of the road, when people start talking about God .  If that were 
the case, then Russe l l ,  Tur ing, et a l .  cou ld apply their motto: 
"F ine, keep your God for Sundays, but we don't need H im dur­
ing normal working hours !"  

Godel has  underscored the fact that the "paradox" of  God's 
existence, or of Cantor's Absolute, is efficiently present at each 
moment, not s imply as punishment through the emergence of 
crises and antinomies, but also in  the joy of d iscovery and res­
olution. 

With th is  in m i nd ,  i t  shou ld  be c l ear why Godel devoted 

three years to studying Leibniz. The key to this effort was Leib­
n i z ' s  Monadology. B efore we exa m i n e  t h i s  su bject more 
closely, let us briefly fi n ish Godel's biography. 

After the Nazis annexed Austria in 1 940, Godel emigrated to 
the U n ited States. At Pr inceton U n ivers ity, he  developed a 
close friendship with Albert E inste in .  In 1 944, he wrote h is  pa­
per titled, "Russel l 's Mathematical Logic," i n  which he attacks 
Russel l 's view that "Classes exist only as many . . .  but not as 
one," classes are "mean ingless symbols," and transfin ites are 
"just a manner of speaking." In th is  paper, Godel further em­
phasizes the need to carry forward Leibn iz's project for a char­
acteristica universalis, and  quotes h i m : " 'so that h u m a n ity 
would have a new kind of instrument i ncreasing the power of 
reason far more than any optical i nstrument has ever aided the 
power of vision' " ( Werke I i, p. 1 40).  

During these years Godel  a lso worked on Cantor's contin­
uum hypothes is, and on re lat iv i ty theory, develop ing solu­
tions to  the equations i n  wh ich  the  un iverse is  rotating, which 
need not be d i scussed here .  I n  1 970, apparently for the first 
time, he c i rcu lated some i nformal reflection on Leibn iz's for­
mal attempts at a proof of the existence of God.  Godel d ied 
in 1 978. 

Godel and Leibniz 
Let us  now see whether  we can m ake sense of Godel 's  

"strange" interests. I t  is  obvious that, i n  order to reject mech-
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an ist ic theories of the h u man m i nd,  Godel  had to grapp le 
with  the question of  why m i nd, or ,  better stated, why the hu­
man being, is  d ifferent from both animals and machines. He 
had a l ready stated that h i s  own work "had not estab l i shed 
any boundaries for the powers of h uman reason, but rather 
for the poss i b i l i t i es of p u re fo rm a l i s m  i n  mathemat ics"  
( Werke I ,  p.  369),  and furthermore, that  "reason, when it is  
used, is  not static but constantly self-developing" ( Werke I I ,  
p. 306). 

It is against the background of this conviction that Godel, ac­
cord ing to Wang, began to say: 

I bel ieve that there is much more reason in rel igion, 
though not in  the churches, than one commonly bel ieves, 
but we . . .  were brought up from early youth to a 
prejudgment against it through the school, the poor 
religious teaching, through books and personal 
experiences. 

Wang also relates: 

Given my lack of fami l iarity with (and interest in) 
theology, Godel rarely talked to me about it, but did say 
that to study phi losophy, I shou ld know something about 
rational theology. 

And Godel would have added : "It is when rel igion is given up 
as beyond the reach of reason that phi losophy loses one of its 
principal unifying principles." 

Wang continues: 

Godel did propose a proof of the existence of God, 
argue for a next world, and suggest taking God as one of 
the primitive concepts of metaphysics . . . .  [C]entral to his 
thinking was the predominant (or even exclusive) 
importance that he attributed to the ind ividual soul or 
person . . . .  According to h im, if you know yourself, you 
know everything. 

Fai l i ng to grasp this d i rection in  Godel's thought, Wang also 
seems not to fu l ly understand why Godel 

appears to wish to continue from where Newton and Leib­
niz left off and to bel ieve that the historical course after 
the 1 7th century has regressed rather than progressed, 
except for the increase in information . . . .  [Godel] is not 
satisfied with Newton's understanding of the physical con­
cepts, but wishes to continue Leibniz's attempt to analyze 
the concepts deeper so that the physical concepts of 
physics are merged with the truly prim itive concepts of 
metaphysics. Hence, in particular, he is not satisfied with 
Kant's "metaphysical foundations" of (Newtonian rather 
than Leibnizian) physics . . . .  Godel was in favor of a 
richer concept of force (than Newton's), that belongs, as 
with Leibniz, to the fundamental d iscipl ine of 
metaphysics. 

Wang also cites Godel's opposition to Kant from the stand­
point that Kant played a crucial role in "separating religion into 
an ' i rrat iona l '  dom a i n . "  By d o i n g  so, Kant sp l i t  up many 
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branches of knowledge, d issociating art from science and phi­
losophy, and so on. 

Godel's thinking thus becomes qu ite clear and coherent, re­
flecti ng the i ns ights wh fch had produced h i s  earl i est break­
through. Godel is  interested in theology, beyond what is  usu­
a l l y  cons idered rel i g ion ;  he is part i c u l ar ly  i n terested i n  
Leibnizian theology, not because i t  cou ld produce miracles in 
mathematics, but because Leibniz makes inte l l igible a method 
of d i scovering fundamental problems, j ust as Cantor d id  not 
l ink  the Absolute to God simply in order to make our arrogant 
academics nervous. 

Leibniz wrote, in  a 1 678 letter to Countess E l izabeth of Pfalz, 
replying to a question about Descartes's ontological proof of 
the existence of God : 

Your h ighness knows that there is noth ing more trite 
today than demonstrations of God's existence; I observe 
that it is almost l ike proofs for squaring the c ircle and 
per-petual motion. The greenest student of mathematics 
and of mechanics lays cla im to these subl ime problems 
. . .  which, in my opin ion, are the fruits of a l l  our 
studies, si nce they constitute the foundation of our 
greatest hopes . . . .  

As for myself, I cherished mathematics only because I 
found in it the traces of the art of invention in general; and 
it seems to me that I d iscovered, in  the end, that Descartes 
h imself had not yet penetrated the mystery of this great 
science . . .  .I c la im that there is yet another analysis in  
geometry which is completely d ifferent from the analysis 
of [Franc;:ois] Viete and of Descartes . . . .  

I have recogn ized that metaphysics is scarcely different 
from the true logic, that is, from the art of i nvention in  
general ;  for, in  fact, metaphysics is natural theology, and 
the same God who is the source of all goods is also the 
principle of all knowledge. This is because the idea of 
God contains with in  it absolute being, that is, what is  
simple in  our thoughts, from which everything we think 
draws its orig in .  Descartes did not go about it in  this 
way . . . .  

[F]or now it is sufficient for me to note that the founda­
tion of my [universal] characteristic is  also the foundation 
of the demonstrat ion of God's  ex istence. For s i m p l e  
thoughts are the elements o f  the characteristic and simple 
forms are the source of things . . .  [Philosophical Essays, pp. 
235-237, 240; emphasis in  the original ] .  

In  1 679, in  the  article on analysis situs in  which Leibniz de­
veloped the crucial notion of topological quantitative measure­
ment beyond algebra, based on the concept of s imi larity, as op­
posed to algebraic equal ities, Leibniz d iscusses Platonic ideas 
or "forms": 

In  addition to quantity, figures in  general also include 
qual ity or form . . . .  The theory of s imi larity, or of forms, 
l ies beyond mathematics and must be sought in  
metaphysics . . . .  

The true reason that geometr ic ians  h ave not made 
enough use of  a theory of  s imi larity i s ,  I th i n k, th is .  They 
did not have any general concept of it which was suffi­
ciently d istinct. . . .  This is a fault of phi losophers, who are 
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usual ly content . . .  with vague defin itions . . . .  Thus it is  
not enough to designate objects as s imi lar whose form is 
the same, unless a general concept of form is further given 
. . .  [Author's translation] .8 

I n  a l etter to Queen Soph i e  Charlotte of Pruss ia,  around 
1 702, Leibniz writes: 

Thus, what the anc ient P laton ists have remarked is 
very true, and very worthy of consideration, that the 
existence of i nte l l ig ib le th ings, and part icularly of this I 
who thi nks and is cal led m ind  or sou l ,  is incomparably 
more certai n  than the existence of sensib le th i ngs . . . .  
This conception of being and truth is, therefore, found 
in  this I and i n  the u nderstandi ng, rather than i n  the 
external senses and i n  the perception of sensible and 
material th ings outs ide of us  . . . .  [ In the self] we find 
the force of the conclusions of reasoni ng, which are 
part of what is  cal led the natural light. . . .  [ I l t  is 
genera l ly  true that we know necessary truths only by 
this natural l ight, and not at a l l  by the experiences of 
the senses . . . .  This consideration [s ingularit ies i n  
geometry a n d  experimental science] also shows that 
there is  an inborn light within us. For s ince the senses 
and induction can never teach us truths that are fu l ly 
un iversa l ,  nor what is absol utely  necessary, but on ly  
what i s ,  and what  is found i n  particu lar  examples, and 
s ince, nonetheless, we know some u n iversal and 
necessary truths i n  the sciences, a priv i lege we have 
over the beasts, it fol lows that we have derived these 
necessary truths, in part, from what is with i n  us. Thus 
one can lead a ch i ld  to them i n  the way Socrates did, 
by s imple questions [Philosophical Essays, pp. 1 89, 
1 9 1 ;  emphasis in or ig inal ] .  

I n  the preface to his New Essays on Human Understanding, 
Leibniz writes: 

. . .  I bel ieve with Plato and even with the School men, 
and with all those who find this meaning in the passage of 
St. Pau l  (Romans 2 :1 5 )  where he states that the law of 
God is written in our hearts. The Stoics call these 
principles Prolepses, that is, fundamental assumptions, or 
what is taken as agreed in advance. Mathematicians call 
them common notions . . . .  Modern phi losophers give 
them other fine names . . .  [such as] l iving fi res, or 
flashes of l ight. . .  [Philosophical Essays, p. 292; emphasis 
in  original ] .  

K u  rt Godel remarks in  h is  paper on Bertrand Russel l :  

Furthermore, Leibniz explained repeatedly that his 
theory [of the characteristica universalis], however 
rudimentary it might be, was the origin of a l l  h is  
mathematical d iscoveries, which even Poi ncare would 
have to acknowledge as suffic ient proof of its fru itfu lness. 
[ Werke l,  p. 1 41 ]  

Now we have begun to recognize what Leibniz d iscovered, 
and why Gbdel sought to grasp it. Someth ing more shou ld be 
added, however. Wh i le he was in Paris, Leibniz had taken up 
the work of B la ise Pascal ( 1 623-1 662), who at that t ime was 
lead ing the opposition to the Cartesians i n  every field of study. 
Leibn iz never concealed Pascal 's i nf luence on h is  own work, 
and Cantor too had a very affi rmative attitude toward Pascal .  
Therefore we wi l l  take a brief look a t  Pascal's "theology," be­
cause it was as i mportant to Leibniz as Pasca l 's accompl ish­
ments in  geometry. 

Pascal is often wrongly associated with the so-cal led fideists, 
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or with existent ia l  pess i m ists such as Heidegger and Barth .  
To prove the case, the famous sentence i n  h i s  Pensees i s  a l ­
ways quoted : "The eterna l  s i lence of these i n fi n ite spaces 
frightens me." 

But let us put this excerpt in  the larger context of his writings: 

Pen see 348: It is not in space that I must seek my 
d ign ity, but from the ordering of my th inking . . . .  As 
space, the un iverse grasps me and swal lows me up l i ke a 
point; by means of reason, I grasp the universe. 

527 :  The knowledge of God without knowledge of our 
impoverishment generates arrogance. The knowledge of 
our impoverishment without knowledge of God generates 
despair. The knowledge of Jesus Christ constitutes the 
center ground, because there we find both God and our 
impoverishment. 

267:  The last step of reason is to recogn ize that there is 
an infin ity of things which surpass it. Reason is but weak 
if it does not go far enough to know this. 

270: Saint Augustine-Reason would  never submit if it 
did not judge that there are occasions when it must sub­
mit. It is then proper for it to submit when it judges that it 
must submit. 

Th i s  i s  not pess i m ism, but an unsolvable paradox for a l l  
Aristotel ians. This means to real ly  grasp that Socrates d id not 
simply say, " I  do not know," but "I know that I do not know." 
And N icholas of Cusa d i d  not s imp ly  say " ignorance," but 
"learned ignorance." 

In  Paris, in  the course of debating Pascal's ideas about geom­
etry, Leibniz developed his notion of transcendental functions, 
a concept crucial both to mathematics and to the "ontological 
proof," and publ ished it in 1 675 in his paper " De vera propor­
tione circuli." Leibniz cal ls "transcendental" most of the curves 
which bypass Cartesian algebra, that is, non-algebraic curves, 
but which can nevertheless be made i nte l l ig ible by means of 
new mathematical tools. 

Most of the functions or numbers of this type are related to 
the prob lem of "sq u a r i n g  the c i rc le" : The i m poss i b i l ity of 
squaring the c ircle takes the form of an i nfin ite process or se­
ries. Leibniz is the first to concentrate, not on the i nfin ite per 
se, in an attempt to exhaust a series, but on the d iscovery of 
some inner law subsuming the paradox. With h is  functions, we 
are able to define, not equalities, but coherent relations. 

Leibn iz declared: 

If we consider the total ity of the series, even if it is 
infi n ite, as long as it is  defined by some law of 
progression . . .  then we can conceive of it as a total ity, 
even if it cannot be expressed by a simple number 
[referring to Cartesian numbersl . 

Transcendental numbers or functions represent this kind of 
"unity of multipl ic ities." The same concept plays a crucial role 
in Leibn iz's Monadology. 

Thus we see that the actual opposition to Descartes in  both 
phi losophy and mathematics is not Kant, but Pascal and Leib­
n i z .  Kant wou ld  essentia l l y  accept Descartes's a rgu ments 
against Leibniz; neither Kant nor Descartes understood the no­
tion of real number, or of the transcendental form of intel l igi-
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ble existence. Let us summarize the d ifference between Leib­
niz on the one hand, and Kant and Descartes on the other, by 
means of an imaginary dia logue: 

Descartes: The only metric we have for existence is a 
l i near algebra corresponding to fin ite objects i n  space. 
Nevertheless, I can think of an infinite polygon, therefore 
it exists. 

Kant: I agree with Monsieur Descartes about the metric, 
but in order to say that the infin ite polygon exists, you 
have to construct it as a fin ite object in space, which is  
impossible. So it does not exist. 

Leibniz: Gentlemen, the maximum polygon is 
intri nsical ly self-contradictory. Each time you try to 
construct one, first of a l l ,  it wi l l  be fin ite, and second ly, I 
can immed iately construct one with more sides. The prob­
lem is actual ly your "metric." The maximum of a polygon 
does exist: It exists as a non-polygon, namely, a circle. 
And this is of a h igher type. Any reductive attempt to 
l inearize the circle will create antinomies. 

Friedrich Sch i l ler, too, rep l ied to Kant's ph i losophy with a 
paradox. In the th i rd act of Sch i l ler's play Don Carlos, the Mar­
quis of Posa says: 

Look around 
Upon his splendid universe. On freedom 
Hath it been founded . . . .  
Freethinkers see the splendors, yet not H im. 
Wherefore a God? they say, the world suffices 
Unto itself. And Christians' reverence 
Hath never rendered H i m  a greater praise 
Than this freeth inker's blasphemy. 

On the oppos ing  s ide, Bertrand Russel l uses Kant agai nst 
Leibn iz .  In 1 900, Russel l  wrote The Philosophy of Leibniz, 
whose only a im is to try to rid icule and misrepresent Leibn iz's 
theology and metaphysics. Specifical ly, Russel l  focusses his at­
tack on Le ibn iz's "ontological  proof," essent ia l ly  repeati ng 
Kant's arguments. F ifty-seven years later, in  his Why I Am Not 
a Christian, Russe l l  screeches against "a Cathol ic dogma," re­
ferri ng to the ontological proof. 

The First Vatican Council and Cantor's Work 
In 1 869, amid grave turmoi l  in Europe, Pope P ius  IX con­

vened the F i rst Vatican Counc i l ,  the fi rst general cou n c i l  of 
the Church in 300 years. I am in no position to j udge a l l  the 
questions involved in  this counc i l .  Yet it is clear that its occur­
rence sti rred qu ite an uproar around the world, espec ia l ly in  
the ranks of  i nternat ional  F reemasonry, which,  accord ing  to 
official  accounts, cal led a "counter-Counci l"  in Naples, bring­
i ng together not on ly  G iuseppe Gar iba ld i  and Victor H ugo, 
but the ent i re J acob in  network of Lord Pal merston's  agent 
G iuseppe Mazz in i .  

I t  was  prec ise ly  th i s  counc i  I that adopted the  Dogmatic 
Constitution Dei filius ( De fide catholica, 1 870), which af­
firmed that God can also be known (conceptio) by man with 
the aid of reason. A weighty role in this doctrinal formu lation 
was p layed by J . B .  Card i n a l  F ranzel i n ,  who l ater hel ped to 
shape the social  pol icy of Pope Leo X I I I ,  and conducted a cor-



respondence of great profund i ty with Georg Cantor.9 With 
Dei Filius, the Cathol ic  Church was respond ing to the materi­
a l i sts and the fideists, both of whom denied any connection 
between reason and faith. 

Catholic teach ing thus declares that our l imited mode of lan­
guage can i ndeed attai n  to God, but because of H i s absolute 
transcendenta l ity, we cannot 
comprehend what He i s, 
rather  what H e  is not, and  
how other existences relate to 
H im.lO  

H ow does a l l  th i s  bear  on  
Cantor's work?  H i s  l ette r to  
the  F rench mathemat i c i a n  
Char les Herm ite o f  J a n .  2 2 ,  
1 894, i s  instructive: 

ostentation, with the requ isite d iscrim ination, prudence, 
and good sense, in  order to d issuade them from the prevai l ­
i ng errors of  skepticism, atheism, material ism, positivism, 
pantheism, et cetera, and lead them by degrees back to the 
theism which alone is  compatible with reason .  That mere 
church less theism does not suffice, I know perfectly wel l ;  

my weak powers do  not 
a l low me to go further on 
my own, the rest I leave to 
the d isposition of a l l ­
bountifu l Providence 
[Briefe, 1 39] . 

A n d  two years l ater, on  
Feb .  1 1 ,  1 896, Cantor wrote 
to H ermite: 

I thank Alm ighty God 
that he has maintained 
your strength to enrich, 
with the constant freshness 
of youth, my beloved 
mathematics (mon premier 
amour) by means of h ighly 
sign ificant new 
investigations and results. 
. . .  For it has now been 
more than 20 years-si nce 
the Vatican Counci l-that 
in the intellectual sphere, 
mathematics is  no longer 
my soul 's  only love, and · 
sti l l  less its essential one. 
Metaphysics and theology, 
I wi l l  openly confess, have 
taken hold of my sou l  to 
such a degree that I have 
comparatively l ittle t ime 
left for my first flame. If 
things had gone as I 

Their Name Is Pius, Books for Libraries Press 

The First Vatican Council, convened in 1 869 by Pope Pius IX, 
adopted a doctrinal formulation that affirmed that God can be 
known by man with the aid of Reason. One of the architects 
of this conception was J.B. Cardinal Franzelin, whose corre­
spondence with Georg Cantor is noted here. 

Some two years ago, 
you complained in one 
of your  letters to me 
about the pernicious 
effectiveness of the 
Freemasons, and about 
how even satanic cults 
were flourish i ng i n  
France. A t  the time I 
del iberately d id not 
answer you on this 
point (although al l  these 
things were wel l  known 
to me), because, I th ink, 
my studies relati ng to 
this subject had not yet 
produced a defin ite 
conclus ion.  You are 
completely right to see 
in Freemasonry the 
strongest and greatest 
danger to the Church 
and human society; 

wished 1 5  years ago, I wou ld  have been given . . .  a 
greater field of activity i n  mathematics, perchance at the 
university, and I wou ld perhaps have had no worse success 
there than Fuchs, Klein,  and others. Now I s imply thank 
God, the i nfin itely wise and good, that He has forever 
denied me the fu lfi l lment of these wishes, for thus has he 
constrained me to serve H i m  and h is holy Roman Cathol ic 
Church, through a deeper search i nto theology, better than 
I cou ld have been able to do, in  accordance with my weak 
mathematical talents, by means of the excl usive pursuit of 
mathematics. Thus my thoroughly irenic, un iversal, and 
cosmopolitan activity has extended main ly in two 
d i rections: fi rst, I exert an influence upon the clergy, with 
whom I have the closest of friendsh ips, acting accord ing to 
this pledge: "You are my teachers in rel igion and theology, 
I your gratefu l son and pupi l ;  it is subject solely to you and 
your good wil l  that I become your teacher i n  secular 
science and thus bu i ld  a golden bridge of conc i l i ation from 
you to us and from us to you ." Secondly, I have recourse to 
the c ircle of educated laymen (without zealotry, free of 

therefore, along with many others, I have dedicated 
myself for many years to this subject, among many 
others, and i n  particular I am wel l acquainted with the 
French configurations of this monster. Several weeks 
ago, toward the end of 1 895, the "Labarum" world 
league was founded . . . .  The question is  now whether 
we wi l l  be able to reach the essential goal, namely, the 
total ann ih i lation of the vital principle of Freemasonry i n  
a l l  its colorations. This goal, however, is  the reason why 
I have probed and studied this d ragon down to the core 
of its black-blooded heart, in which effort I bel ieve I had 
been gu ided and encouraged by God's grace [Briefe, 
1 53] .  

Attention shou ld be cal led, not  on ly  to Cantor's reference 
to the Vat i c a n  Cou n c i l ,  b u t  a l so to h i s  use  of the word 
" i renic," a term associated with Leibniz's  project of reun ify­
ing  the Chr i st i a n  c h u rches .  I n  th i s  context, a comment on 
Kant i n  a Sept. 1 9, 1 9 1 1 ,  letter from Cantor to Bertrand Rus­
sel l is  .of interest: 
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. . .  1 am qu ite an adversary of Old Kant, who in my 
eyes has done much harm and misch ief to phi losophy, 
even to mankind; as you easi ly  see by the most perverted 
development of metaphysics in a l l  that fol lowed him, as 
in Fichte, Schel l ing, Hegel, Herbart, Schopenhauer, 
Hartmann, Nietzsche, etc. etc., on to this very day. I 
never could understand how . . .  reasonable people . 
could fol low yonder sophistical phi l istine, who was so 
bad a mathematician [Briefe, 1 81 ] . 1 1 

Now let us examine how Cantor further developed Leibniz's 
work on transcendental functions. 

Cantor's Notion of an Absolute Function 
What is a number? 
Cantor says that a l l  his work is based on "the extension of 

the concept of number," which in effect means that his poi nt 
of departure is Leibniz's transcendental numbers. For Cantor, 
"number" is  essentia l ly  the same as "conscious concept." It is 
an object of our th ink ing. And l ike all real concepts, it contains 
with i n  it a paradox. Keeping i n  m i nd that Cantor frequently 
uses the term Menge, usually translated "set," for "number," let 
us begin with the fol lowing statement: 

By a number, I general ly understand every multipl icity 
which can be thought of as one, i .e., any total ity of 
defin ite elements which by means of a law can be bound 
up into a whole, and I bel ieve that in this I am defin ing 
something which is related to the Platonic hoo" [eidos] or 
LOEa [idea] . . .  [Gesammelte Abhandlungen, 204] . 

Cantor also emphasizes that Eucl id's concept of number, as 
expressed in Book VI I ,  has the same content: "A number is an 
aggregate of un ities." Let us pursue the tracks of these "un i ­
ties." I n  the Monadology, Leibniz says: 

The passing state which involves and represents a 
mu ltitude in the unity or in the simple substance is noth ing 
other than what we call perception, which should be 
d istinguished from apperception, or consciousness, as wil l  
be evident in  what fol lows. This is where the Cartesians 
have fai led badly, since they took no account of the 
perceptions that we do not apperceive . . .  [Philosophical 
Essays, p. 2 1 4, §1 4; emphasis in the original ] .  

Bernhard R ieman n, Cantor's predecessor, says, i n  o n e  of 
what Wang might call h is  "strange" moments: 

With every simple thought, something enduring, 
substantial, enters our souls. This substantial ity appears to 
us indeed as a unity, yet ( insofar as it is the expression of 
someth ing spatial ly and temporal ly extended) it seems to 
contain an internal manifold; hence I call  it a "thought­
mass." Al l  thinking is, accord ingly, the formation of new 
thought-masses. The thought-masses entering the soul 
appear to us as mental images . . . .  1 2  

We see, then, that even i f  their term inology differs, Cantor, 
R iemann,  and Le ibn iz  have i n  m i nd the same idea. Cantor 
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makes use of another of Leibniz's ins ights to commun icate a 
fu l ler sense of h i s  new transfi n i te numbers .  Number, Cantor 
says, is 

a true unity [monas] , because in  it a mu lt ipl ic ity and 
man ifoldness of un its is un ited . . . .  The addition of un its, 
however, can never serve as the defin ition of a number. . 
. .  This proves that number, ach ieved through a s ingle act 
of abstraction, can only be expla ined as an organic un ity 
of un its. 

In Cantor's German, plays on "E in" are evident: 

e ine wahre Einheit [monas] , wei l  in  ihr eine Vielheit und 
Mannigfaltigkeit von Einsen einheitlich verbunden ist. . . .  
Die Addition von E insen kann aber n iemals zur Defin ition 
einer Zahl d ienen . . . .  Dies beweist, dass die Zahl ,  durch 
einen einzigen Abstraktionsakt gewonnen, nur als organi­
sch� Einheit von E insen zu erklaren ist. . .  [Gesammelte 
Abhandlungen 380-1 ] .  

I n  other locations, C"ntor develops this metaphor and speaks 
of n umbers as "organ i sms,"  i n  the sense of a l i v ing  cel l  o r  
monad. Cantor's mathematics is, so to  speak, mapping the phe­
nomenon of "bringing u nities to l ife" in the domains of nature 
and the intel lect. In 1 885, he writes: 

In accord with Leibniz, I cal i the simple elements of 
nature, out of whose combination in a certa in  sense 
matter emerges, monads or unities [there fol low two 
references to Leibn iz] . . .  I proceed from the view, in  
which I th ink I find myself in  agreement with modern 
physics, that two different, specific, mutually interacting 
substances, and accord ingly also two different c lasses of 
monads, are to be juxtaposed as the basis :  . . .  the 
corporeal monads and the aether monads . . .  . 

F rom th is  standpoint ari ses, as the first question . 
w h i c h  powers those two substances have, tak i ng i nto 
consideration the i r  e lements . . . .  [ I ] n  th is  connection I 
had a l  ready formed the hypothesis years ago that the 
power of the corporeal substance i s  what I ca l l  the first 
power in my investigations, whi le on the other hand, the 
power of the  aether substance is the second power 
[Gesammelte Abhandlungen 275-276] . 

We wi l l  soon see what is meant by "power," but let us fi rst 
look at the whole picture Cantor has i n  mind :  

The actual i nfi n ite [can be] d ifferentiated accord ing 
to three relat ions:  first, so far as it is  real ized i n  the 
h ighest perfection, in  fu l ly i ndependent existence 
outside the world, in God, where I cal l  it the absolute 
infinite or Absolute; secondly, insofar as it is  
represented i n  the contingent world of creatures; 
thirdly, so far as it can be grasped by thought as 
mathematical magnitude, number, or type of ordering, 
in abstracto. In the two latter relations . . .  I ca l l  it the 
transfin i te and counterpose it with the utmost strictness 
to the Absolute [Gesammelte Abhandlungen 378] . 



Compare Cantor with Ar istot le :  Cantor's un iverse is com­
posed of an Abso lute and an a rray of transfi n ites. Aristotle's 
un iverse is  composed of an Absol ute and an array of objects 
and l i near changes. The difference is  that in Cantor, there is  a 
reflexivity between the absolute Creator and the human and 
natural creations; i n  Aristotle, there is  none. For man, the Aris­
totel ian gods are thus as good as dead. 

I n Cantor, there is a reflexivity between 
the absolute Creator and the human and 

natural creations; in Aristotle, there is none. 
For man, the Aristotel ian gods are thus as 
good as dead. 

The Unity of One and Many 
Cantor makes another important clarification : 
( 1 )  Assume two modes of changes: 
(a) the fi rst class, or fi rst process of generation.  This is a l i n­

ear or formal-deductive algebraic type of change. 
(b) the second class, or second process of generation. This is 

a non l i near, qua l i tative, creative, transfin i te, transcendental 
type of change. Plato refers to it as "the com i ng-into-being re­
su lting from those measurings that are atta ined with the aid of 
the l im it" (Philebus, 26d). 

(2) Specify the Platon ic-Leibn izian principle "What bounds 
is h igher than what is bounded."  Cantor says specifical ly :  

I f  we begin by taking a set or aggregate which has the 
power of the first class, and give its elements any sort of 
determinate succession, so that it becomes "well­
ordered," then its number [Anzah/J i s  always a defin ite 
number [Zah/J of the second number class . . .  
[Cesammelte Abhandlungen 1 69] . 

Here Anzahl means "un ity," the transfin i te ordinal number 
which bounds a "wel l-ordered succession," the "Many." As a 
thought-object, as a n u m ber, it is an element with a h igher 
power than the elements it orders, and i n  reality it determines 
their existence in the form of an ordered Many, or ordered pro­
gression. 

The important thing to make clear is  that Cantor takes such 
"transfin i te ord i na l s , "  " u n it ies of m u l t ip l i c it ies," "thought­
objects," transcendental numbers, Anzahlen, and so forth, as 
the minimum elements of h is  un iverse. As we have seen in the 
case of Godel, then Leibniz, and now Cantor, the i rreducible 
elements of our un iverse, the "un it measure," are creative acts, 
or actua l  monads. L inear change, the real m  of the "Many," is  
u ltimately a subsumed aspect of this creative activity. And thus 
we can define the transfin ite ord inal essent ia l ly as a quantum 
of creativity. 

The Alephs and the Concept of 'Power' 
This leads us d i rectly to the notion of "power," which stems 

from Leibn iz's analysis situs. The question is how to measure 
spec ies of qua l itative cha nges.  Cantor  fi rst made a formal  
demonstrat ion that only "transcendenta l "  changes can i n -

crease the power of a series, and lead to the next higher power. 
But even qual i tative changes can become constant or repeti­
tive in thei r  ordering pr inciple, and wi l l  not lead of thei r own 
necessity to a h igher power. Cantor ca l l s  th is  fi rst power N o 
(aleph-O). 

Th i s  ident ifies the species or type of q u a l i tative changes 
which defines, for i nstance, a l l  the physical  transcendental 
functions of Leibniz. Here we see the richness of the very first, 
nu l l -power level .  Its elements are the fi rst sort of creative acts 
or monads. 

Then, if we want to go further, as we must, we have to con­
sciously grasp the u nderlying principle of that type of change, 
the "power" of the fi rst doma in ,  so that we can transform it. 
We can create new species of functions, new types of ord inals, 
which wi l l  be of a h igher power, N 1 

Mathematical ly, on this level we find, for example, the non­
analytical functions. We can also characterize the N 1 power 
by saying that it is  a changed mode of th ink ing. 

In h i s  formal mathematics, Cantor ended h i s  descri ption 
with N l Yet he genera l i zed the  process so as to be able to 
th i n k  i n  terms of a u n iversal  ser ies of a lephs of h igher and 
h igher power. It is  somet imes assumed that the series s imply 
progresses from N 1 to N 2' N 3 '  N 4 '  and so on, as "the change 
of the change of the change . . . .  " We had better stop right 
there. 

This  is  one of the most common misunderstand ings.  It re­
flects a psychological outlook which leads to a l l  the formalist 
absurdities of Russel l  and others. The progression is not a sim­
ple "and so on and so forth." That approach usual ly means that 
we are linearizing development, as if  we had a l ready found 
the constant of the process. 

Then what does Cantor mean by the aleph series? In order to 
get a precise image, we cannot approach it as "the th ink ing of 
the th ink ing of the thinking." We have to look at our h istorical 
development as the human species, what man has and has not 
accompl ished . Consider the species as one human being, born 
a long time ago, and sti l l  l iving; let's call  h im "humanity." 

Now, i nvestigate how human ity has had to change his mode 
of th ink ing, how he has had to increase the power of h i s  cre­
ative process, in order to su rvive. Consider how he d id it, and 
what happened when he d id not succeed. Consider, also, the 
fact that each time a c reative act succeeded, i t  was accom­
p l i shed by act u a l  i nd iv i d u a l s  l i ke u s .  Look at other  l i v i n g  
species, at types o f  energy. Now w e  c a n  begin  to u nderstand 
what Cantor had in m ind with the un iversal a leph series. 

Cantor h imself d iscovered what happens when one attempts 
to l i nearize a d iscont inuous series of changes. I n  a l etter to 
David H i l bert of Sept. 26,  1 897 ,  referri ng to a d iscovery he 
had made two years earlier, two years before the so-cal led Zer­
melo Paradox, he wrote: 

The total ity of a l l  a lephs is namely of a kind which 
cannot be conceived of as a determinate wel l-defined 
complete set. Were this the case, an aleph of definite 
magnitude would be a successor to this total ity, which 
would  accord ingly belong to this total ity (as an element), 
whi le it also would  not belong, which would  be a 
contradiction . . . .  Many years ago I assigned the term 
"absolute i nfin ite" to totalities that we cannot conceive 
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as "sets" (of which the total ity of a l l  a lephs is an 
example, as was demonstrated above), and sharply 
differentiated them from the transfinite numbers [Briefe, 
No. 1 56, pp. 388-389 ] .  

Cantor wrote aga i n  t o  H i lbert, who had d ifficu lty under­
standing the concept, on Oct. 2, 1 897: 

You overlook the fact, however, that I . . .  have contin­
ued to use the pred icate "complete," and stated : 

Theorem: "The total ity of a l l  alephs cannot be 
conceived of as [a] determinate and at the same time 
complete set." 

Herein we see the punctum sa liens [sa l ient point] . . . .  
It is only necessary to u nderstand the term "complete" 

in the right way. [Briefe, No. 1 56, p. 390] 

On May 9, 1 899,  he wrote to H i l bert that from now on,  
"complete" wou ld mean the same th i ng as  "consistent" [Briefe, 
No. 1 60, p. 399] . 1 3  

The I Absolute' 
Cantor recognized that the paradox arose from the effort to 

l i near ize, i ndeed, to n u l ­
l ify, a process whose min i ­
m u m  e lement, as we saw 
ear l ier,  i s  noth i n g  other 
than a type of creative ac­
tivity, that is, an aleph . He 
d i d  not conc l ude,  how­
ever, that the so lu t ion  
wou ld be  to e l i m inate cre­
at iv ity, or render  it com­
p l ete l y  u n i ntel l i g i b le,  as 
Russe l l  and Poincare l ater 
proposed to do. B ased on  
h i s  knowledge of  theology 
and phi losophy, Cantor re­
al ized that, from the neces­
sary existence of creative 
activity, from its lawful or­
der ing, it was poss ib le  to 
indirectly establ ish the ex­
istence of a h igher type of 
u n ity-as he had done i n  
h i s  fi rst encou nter with  
transcendental functions. 

Writing to R ichard Dedekind on J u l y  28 and Aug. 3 ,  1 899, 
Cantor gives a long formal justification for th is .  The conclu­
sion, i n  summary, is  that the system of al l  a lephs, that i s, the 
system of a l l  transfin ite card ina l  numbers, forms an " inconsis­
tent abso l ute inf in ite [we l l -ordered] sequence" [ Briefe, Nos. 
1 62 and 1 63, pp. 405-41 1 ] .  

Which means: 
(a) It is  well-ordered: the qual ity and necessity of the transi­

tions, the transformations, point to the existence of an absolute 
ord inal  number, a un ity, a maximum of h igher powers. 

(b) It is inconsistent, mean ing that the max imum ord inal  in  
the series cannot be an  a leph.  There is  no  max imum a leph.  
The series are un l im ited. 

(c) That i nconsistency, that i m poss i b i l ity of a max imum 
aleph, a t  the same t ime a lso defines the qual ity and necessity 
of evolution to the next higher aleph, to h igher modes of exis­
tence. 

Look back at Leibn iz's Monadology: 

Since this substance is a sufficient reason for al l  th is 
diversity, which is utterly interconnected, there is only 
one Cod, and this Cod is sufficient [Philosophical Essays, 
p. 21 8, §39; emphasis in  the original ] .  

G o d e l  showed t h e  ab­
su rd ity of any attempt to 
avo i d  the paradox of the 
ref lex i v i ty of the evo l u ­
tionary " inconsistencies," 
and after he  rea l i zed the 
i m p l icat ions ,  he  deve l ­
oped h i s  "strange" i nterest 
i n  Le i b n i z .  As we sa id  at 
the beg i n n i ng, it must be 
emphasized that because 
of the nonexistence of for­
m a l  m athemat ica l  sol u­
t ions ,  the "cho ice" of the 
ordering, and the determi­
nation of its necessity, re­
q u i re a comprehension of 
the c reative act as a rea l 
ex i stent, as a p h y s i c a l  
force. This, I th ink, is  why 
Gtidel began to take an in­
terest in " Le i b n i z i a n  
forces" ;  however, he  
never arrived at  Leibn iz's 
science of technology. 

Now, try to i magine for 
a m i nute that  you are a 
conscious polygon which 
must continuously increase 
the number of its sides, and 
see whether you can d i s­
cover that there is a Maxi-
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Mathematicians, such as David Hilbert, had difficulty understand­
ing Cantor's concept of the aleph series. 

L a Rouche's  comment 
on Cantor's alephs is  perti­
nent here: 

The crucial added 
feature . . . is this mum, but not a max imum 

polygo n .  The ex istence of  th i s  Abso l ute is  reflex ive, i n  the 
sense that it paradox i c a l ly  guarantees the i m poss i b i l ity of 
complete l i nearization from any poi nt of departu re, or, con­
versely, proves the necessity of h igher types of creative evolu­
tionary acts. 
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writer's definition of that series as a sequence of 
successive increases i n  potential population density. This 
addition leads to solution of hitherto perplex ing problems 
in  the physical-economic functional defin ition of the Leib­
nizian term, technology. That, in turn, defines a qual ity of 
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LaRouche has given a unique physical significance to the concept of Cantor's alephs by defining that series as a se­
quence of successive increases in potential popu lation density. As LaRouche writes, "This addition leads to solution of 
hitherto perplexing problems in the physical-economic functional definition of the Leibnizian term, technology." De­
picted here is economic growth as a function of man 's increasing mastery over nature, reflected in the increase in popu ­
lation density. 

process in which Cantor's alephs acquire a unique 
physical sign ificance. 1 4  

That i s  how we can give far greater content to a n  otherwise 
rather cold, formal Absolute. 

And in  order not to leave "Old Kant" in peace, I would l i ke 
to conclude with a j oke that P lato m ight have made about 
h im:  

Kant  considered h i mself "en l ightened," or " i l l um i nated . "  
Now, everyone knows that actors on an i l l uminated stage have 
some d ifficu lty seeing each other, and when they look out into 
the theater, they see noth ing at a l l .  We, the poor spectators in  
the shadows, not  on ly  clearly see the " i l l u m inated ones," but 
we can even see, though vaguely, certain persons beyond the 
stage. 

Dino de Paoli, based in Hannover, Germany, has written 
widely on the h istory of science, especially the role of 
Leonardo da Vinci. Sponsored by the Schiller Institute, he has 
presented a series of lectures on Cantor and the transfinite to 
university audiences in Europe. 

Notes ------------------------
1 .  The first part appeared in 21st Century, Summer 1 991 , p. 43, "A Refuta­

tion·of Artificial Intelligence: Georg Cantor's Contribution to the Study of 
Human Mind," 

2. Hao Wang, 1 988. Reflections on Kurt Godel (Cambridge, Mass.: MIT 
Press). Most of the biographical information on Godel referred to here 
comes from this work. 

3. By "reflexive," I mean the quality which Cantor demonstrated for the trans­
finite ordinal numbers, namely, that the part reflects the attributes of the 
whole. With reference to the Absolute, we shall  see, through Godel's 
proof, that the "inconSistency" discovered by Cantor in an ali-encompass­
ing absolute unity holds true for any theoretical lattice of theorems, and in­
deed in an everywhere "dense" way, because the inconsistency itself is 
present in every arbitrarily small "interval" of the lattice. 

4. Anselm of Canterbury ( 1 033-1 1 09),  Fides querene intellectum and 
Proslogion. 

5. Kant, in his Critique of Pure Reason, rejected all forms of theology based 
on reason. In the Critique of Practical Reason, however, he attempted to 
demonstrate the existence of a supreme God. At that pOint, precisely in 

order to prove the existence of a however-constituted "God-like Maxi­
mum," Kant is compelled to apply just the "transcendental" method which 
he had rejected. He made the best of a bad job by replacing moral laws 
with ethical ones, and Godel accurately accuses him of paying mere lip 
service to religion. 

6. Lyndon H. LaRouche, Jr., 1 993. "On the Subject of God," Fidelio, (Spring), 
pp. 1 7-48. 

7. See the author's "A Refutation of Artificial Intelligence: Georg Cantor's 
Contribution to the Study of Human Mind" (Note 1 above) and, among 
other textbook treatments of Cantor's proof, William Dunham, Journey 
Through Genius-The Great Theorems of Mathematics (New York: John 
Wiley & Sons, 1 990). 

. 

8. Leibniz's paper "On Analysis Situs," is included in Gottfried Wilhelm Leib­
niz, Philosophical Papers and Letters, edited by Leroy E. Loemker, 2nd 
edition (Norwell, Mass.: Kluwer Academic Publishers, 1 969), 'pp. 254-
258. 

9. De Paoli, "A Refutation of Artificial Intelligence" (Note 1 above), pp. 50-5 1 .  
The entirety of the Cantor-Franzelin correspondence was published for the 
first time in English in "On the Theory of the Transfinite," Fidelio, Fall 1 994, 
pp. 98-106. 

1 0. 'The idea is expressed in the Catechism of the Catholic Church (Vatican 
City: Libreria Editrice Vaticana, 1 994), §43, quoting Thomas Aquinas, 
among others. 

1 1 .  While Johann Friedrich Herbart ( 1 776-1 841 ) was at first an adherent of 
Leibniz and Schiller (and in this vein influenced Bernhard Riemann), he 
later turned against them. 

1 2. Bernhard Riemann, "On �sychology and Metaphysics," in his "Philosoph­
ical Fragments." The first English translation of the "Philosophical Frag­
ments" in their entirety appears in 21st Century, Winter 1 995-1 996, pp. 
50-62. 

1 3. Ironically, Hilbert failed to understand precisely this pOint. 
14. Lyndon H. LaRouche, Jr., 1 993. "On the Subject of God" (Note 6 above), 

p. 38. 

A Note on Sources ------------------­
Cantor's works are cited from Gesammelte Abhandlungen (Collected Trea­

tises), edited by Ernst Zermelo, Berlin, 1 932. 
Cantor's letters are cited from Briefe (Letters), edited by Herbert Meschkowski 

and Winfried Nilson (Berlin: Springer-Verlag, 1 99 1 ). 
Godel's writings are cited from the two volumes of the German edition (Werke). 

An English edition in several volumes is in the process of being published 
(Collected Works, edited by Solomon Feferman, et aI., New York: Oxford 
University Press, 1 986-). 

Citations from Leibniz, unless otherwise identified, are found in Philosophical 
Essays, edited and translated by Roger Ariew and Daniel Garber (Indi­
anapolis: Hackett Publishing Co., 1 989). 

In quotations, words in square brackets have been supplied by the author. 
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A CASE STUDY OF SABOTAGE 
BY THE BRITISH ROYAL SOCIETY 

Leibniz, Papin, 
And the Steam Engine 

by Ph i l i p Va lenti 

The Newtonians delayed steam power 1 00 years by suppressing 
the technology and the Leibnizian conceptions behind it . 
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The ear ly h i story of the i n vent ion of the steam eng ine  
shows, without doubt, that the British Royal Society, in­
cluding Isaac Newton persona l ly, prevented the i ndus­

tri a l  and naval appl icat ions of steam power for near ly 1 00 
years. In fact, the Royal Society was so intent on burying Denis 
Papi n's 1 690 i nvention of a padd lewheel-d riven steamsh ip, 
worked out i n  col l aboration with Gottfried Wi l he lm Leibn iz, 
that it stole h is  work, and created a myth ical story of how two 
British "Newtonian" heroes, Savery and Newcomen, invented 
the steam engi ne, for the sole pu rpose of ra i s ing water from 
coal mines-a myth that sti l l  persists in h istory books today. 

As we sha l l  demonstrate, Leibniz and Papi n  developed the 
steam engine based upon a scientific hypothesis concern i ng 
the nature of the Un iverse, elaborated by Leibniz i n  such meta­
physical writi ngs as h i s  Monadology. This  case study shows 
how modern technology emerged as a result of a purely phi lo­
sophical conception, as opposed to Newton's logical/empiri­
cal ideology and his hatred of a l l  hypotheses (other than h i s  
own). Th is  fact is  what the  British Royal Society, and its mod­
ern epigones, have sought to suppress. 

The French Academy of Sciences 
The project of d iscovering and perfecti ng a new source of 

power, capable of effecting a dramatic human advance, was 
first in itiated as a d i rected national effort by Jean-Baptiste Col­
bert (1 61 9-1 683), the min i ster of the young French K ing Lou is 
XIV. In  1 666, Colbert establ ished the Academy of Sciences at 
Paris for this purpose, recru iting the Dutch scientist Christiaan 
H uygens ( 1 629- 1 695)  as its fi rst pres ident.  H u ygens's pro­
posed 1 666 program i n c l uded " research i nto the power of 
gunpowder of which a smal l  portion is  enclosed in  a very thick 
i ron ,or copper case. Research also in to the power of water 
converted by fire into steam," as wel l  as experiments with vac­
uum pumps, wind-powered engines, and the commun ication 
of force by the col l ision of bodies. 

In  1 672, H uygens acquired two young students and col lab­
orators: German d iplomat Gottfried Wi lhe lm Leibniz ( 1 646-
1 7 1 4), and Den is Papi n  ( 1 647-1 7 1 2 ?), a medical doctor intro­
duced i nto the Academy by Madame Colbert. With i n  a year, 
H uygens and h i s  new co l l eagues had successfu l ly mod ified 
the von Guerike a i r  pump i nto an eng ine capable of trans­
forming the force of explod ing gunpowder i nto useful work. 

Huygens proposed to create a vacuum with in  a cyl inder un­
der a piston, by exploding a charge of gunpowder at the cyl in­
der's base (F igure 1 ) . After the a i r  was expel led through two 
valves fitted with leather col lars, the col lars collapsed, prevent­
ing air from reentering the cyl inder. The pressure of the atmos­
phere then pushed the piston downwards, i nto the cyl i nder, 
the motion of the piston being applied to perform work. 

After successfu l ly demonstrating a model gunpowder engine 
to Colbert, H uygens wrote: 

The violent action of the powder is by this discovery 
restricted to a movement which l i m its itself as does that 
of a great weight. And not only can it serve a l l  purposes 
to which weight is appl ied, but also i n  most cases where 

An 1 883 illustration depicting Denis Papin attempting to sail 
his steam-powered boat on the River Weser, assailed by fear­
ful boatmen and shippers in 1 707. 

man or animal power is needed, such as that it cou ld  be 
applied to raise great stones for bu i ld ing, to erect 
obel isks, to raise water for founta ins or to work m i l ls to 
grind grain . . . .  It can .also be used as a very powerfu l 
projector of such a nature that it would be possible by 
this means to construct weapons which would d ischarge 
cannon bal ls, great arrows, and bomb shells . . . .  And, 
un l ike the arti l lery of today these engines wou ld be easy 
to transport, because in this d iscovery l ightness is 
combined with power. 

This last characteristic is very important, and by this 
means permits the d iscovery of new kinds of vehicles on 
land and water. 

And although it may sound contrad ictory, it seems not 
imposs ib le  to devise some veh ic le  to move through the 
air . . . .  

While Papin advanced H uygens's work with improved engi­
neering designs, Leibn iz  proceeded, in del iberate fashion, to 
discover and develop the science of dynamics, and its mathe­
matical tool, the calcu lus. 

Leibniz wrote that in  h i s  youth, he freed h imself from "the 
yoke of Aristotle," rejecting scholasticism in  favor of the mate-

Figure 1 
HUYGENS'S G U N POWDER DEVICE 

Christiaan Huygens designed this earliest internal com­
bustian engine in 1 673, using a charge of gunpowder 
ta create a vacuum in a cylinder under a piston. While 
Huygens's device relied on mere atmospheric pressure 
ta perform work, Leibniz anticipated the modern high­
powered engine by proposing to harness the direct 
farce of exploding gunpowder or alcohol, as well as 
high-pressure steam. . 
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r ial ist notion of "atoms and the void ."  Accepti ng Descartes's 
notion of matter as mere passive "extens ion , "  Le i b n i z  at­
tempted to work out a complete physical theory in his 1 670 
New Physical Hypotheses. However, he found  that the as­
sumption of a passive, i nert matter, whose essence consists in 
merely taking up space, resulted in absurdities. 

Consider the case, he wrote, of a small body, A, moving in  a 
stra ight l i n e  with  velocity V. Suppose that A encou nters a 
much larger body, B, at rest. Leibniz concluded, that because 
there is  nothing in the concept of mere extension to account 
for inertia, the body A wil l  carry the body B along with it, with­
out losing any of its velocity: 

This is a consequence which is entirely irreconcilable 
with experiments . . . .  A l l  of this shows that there is in  
matter someth ing else than the purely Geometrical, that 
is, than just extension and bare change. And in  
considering the matter closely, we perceive that we must 
add to them some higher or metaphysical notion, 
namely, that of substance, action, and force [emphasis in  
origi nal ] .  

As opposed t o  the Newtonian dogma o f  "hard atoms," inter­
act ing i n  the "vacuum" of empty space, Leibniz proposed to 
study the supposed ly " impenetrable" i nterior of things (much 
as 20th-century scient ists have explored the i nterior of the 
atom), thus lead ing to the d iscovery of new and greater sources 
of power. 

Th is project led Leibniz to discover the grounds for universal 
progress, and the basis for a new science-dynamics. For Leib­
n iz, matter cannot be d ivided l inearly, l i ke marks on a ruler, 
but rather in a manner suggestive of the R iemannian concep­
t ion of nested man ifolds,  or "worlds with i n  worlds . "  Thus, 
Leibniz develops h is  own concept of " i nfi n ite d iv is ib i l ity" in  
the Monadology: 

Each portion of matter is not only d ivisible ad 
infinitum, as the ancients recognized, but also each part 
is actual ly end lessly subd ivided i nto parts, of which each 
has some motion of its own; otherwise it would be 
impossible for each portion of matter to express the 
whole un iverse. 

66. Whence we see that there is a world of creatures, of 
l iving beings, of animals, of entelechies, of souls, in the 
smal lest particle of matter. 

67. Each portion of matter may be conceived of as a 
garden fu l l  of plants, and as a pond fu l l  of fishes. But each 
branch of the plant, each member of the animal, each 
drop of its humors is also such a garden or such a pond. 

68. And although the earth and air which l ies between 
the plants of the garden, or the water between the fish of 
the pond, is neither plant nor fish, they yet conta in  more 
of them, but for the most part so tiny as to be 
imperceptible to us. 

69. Therefore there is  noth ing fa l low, noth i ng steri le, 
noth ing dead in the universe, no chaos, no confusion ex­
cept in appearance . . . .  

Such an endless subdivision, Leibniz said, can account for 
the "perpetual and very free progress of the whole universe" : 
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Even if many substances have a l ready reached great 
perfection, nevertheless on account of the infin ite 
divis ib i l ity of the continuum, there always remain in the 
depths of things slumbering parts which must yet be 
awakened and become greater and better, and, in a word, 
attain  a better cu lture. And hence progress never comes to 
an end [emphasis addedl . 

The Development of Dynamics 
E q u ipped with a matter conta i n i ng u n l i m ited resou rces 

("s lumber ing parts which must yet be awakened") ,  Le ibniz 
transcended the science of mechan ics that had dominated 
Western th ink i ng s i nce Arch i medes. Where mechan ics per­
tained to the passive effects of ancient mach i nes-the lever, 
pul ley, incl ined plane, and so on-dynamics was conceived 
as the science of the active, l iving force (vis viva, or kinetic en­
ergy) of "violent actions," such as the explosion of gunpowder, 
and rapid expansion of high pressure steam : 

The ancients, so far as is known, had conceived only a 
science of inactive force, which is commonly referred to 
as Mechanics, deal ing with the lever, the windlass, the 
incl ined plane pertinent to the wedge and screw though 
there is d iscussion of the equ i l ibrium of fl u ids and of 
s imi lar problems; only the effort or resistance of bodies, 
and not the impetus they have acquired through their 
action, is discussed . . . .  

For I here refer not to any effect, but to one produced by 
a force which completely expends itself and may therefore 
be called violent; such is not the case with a heavy body 
moving on a perfectly horizontal plane and constantly pre­
serving the same force; this is a harmless sort of effect, so 
to speak, which we can also calculate by our method, but 
it is not the one we wish to consider now. 

Since it  is  l im ited to the study of "harmless sorts of effects," 
mechan ics considers the total absolute force of bod ies acted 
upon by the ancient machines, as d i rectly proportional to the 
acqu i red velocity, or F = mv. In contrast, Leibniz considered 
the equ ivalence of the ki netic energy of a heavy body fal l i ng 
from a given height (violent action), to the work req u i red to 
raise it to that height, and determ i ned that the l ive force of a 
body in motion is d i rectly proportional to the square of the ve­
locity; that is, F: mv.. 

Leibn iz's practical goal became to harness the most violent 
actions, for the purpose of advancing the material conditions 
of man. By applying the law of the conservation of vis viva to 
maximize the conversion of the kinetic energy of such actions 
i nto usefu l work, Le ibn iz  env is ioned master ing  the d i rect 
force of explosions to power ships, carriages, a i rp lanes, and 
factories.  In contrast, how cou ld  a scientif ic estab l i shment 
possibly invent anyth ing useful while i nsisti ng, as the British 
Royal Soc iety d i d  throughout this period, that one's prefer­
ence between measuring force by mv or mv. is s imply a mat­
ter of personal  taste, the consequence of a mere semantic 
qu ibble? 

F rom the beg i n n i ng of his study of the matter, Leibn iz  had 
insisted on the practical impl ications of his dynamics, particu­
larly the issue of m v2 versus mv, for the construction of ma­
chines and the perfection of technology. 



He wrote in 1 695 : 

These things are not worthless to consider, nor are they 
quibbl i ngs over words, for they are of the greatest 
importance in comparing machi nes and motions. For 
example, if power is obta ined from water or animals or 
from some other cause, by which a weight of 1 00 pounds 
is kept in constant motion so that with in  a fourth of a 
minute it can be made to complete a c irc le of 30 feet 
d iameter, but someone else maintains that a weight of 
200 pounds can in the same t ime complete half the circle 
with less expenditure of power, his calculation seems to 
yield a gai n;  but you ought to know that you are being de­
ceived and getting only half  the power. . . .  

By 1 675, the impact of the reactionary sh ift i n  the po l ic ies 
of Lou is X IV, which began with the French i nvasion of HoI­
l and i n  1 672, reached Col bert's Academy. The resu l t  was a 
forced exodus of Protestant scientists. Leibniz left Paris, reluc-

D I ,  D 

I I I 111[1 ; ! 1 \  r l . . I ! I 11 1( 1 1 1 l i ll , l l  I . i l  I I I I 1 I. I I ,  I .  
I I , 

'A l 
- I 

Figure 2 
PAPI N'S DIGESTER 

Papin wrote a lengthy cookbook for 7 7th century 
housewives, explaining the operation of his 7 680 inven­
tion, the steam pressure cooker, or "digester. " In addi­
tion to helping to "relieve poverty, " which was Papin 's 
purpose, the digester enabled science for the first time 
to safely control pressures many times ordinary atmos­
pheric pressure. Papin accomplished this breakthrough 
by inventing the adjustable safety valve, installed at the 
top of the cooker. 

tantly, to accept a post as l i brarian i n  H anover, w h i l e  Papin  
left for England. 

Papin's Early Inventions 
By 1 680, Pap i n  had m ade a major breakthrough toward 

contro l l ing h ighly compressed steam, in the form of his "New 
Digester for soften ing Bones, etc . , "  a steam pressure cooker. 
This  device consisted of a cyl i nder  with th ick  wa l ls (as pre­
scribed by H uygens in h i s  1 666 program), in which was en­
closed water a long with bones, tough meat, and so forth. The 
whole device was then p laced on a fire to cook (Figure 2) .  

Although Pap i n ' s  i m me d i ate m ot ive was, as h e  w rote to 
Huygens, "to relieve poverty, and to get wholesome and agree­
able foods from thi ngs that we ord i nari ly reject as useless," his 
d igester was a lso a major advance toward the steam engi ne, 
because of a tota l l y  n ew feature-the safety va lve.  T h i s  a l ­
lowed Papin  safely to conta in  pressure many ti mes that o f  the 
atmosphere and g reater than  any p ressure p rev ious ly  con­
trol led, l i mited only by the strength of the cyl i nder. 

In 1 687, Papin  u nvei led a new invention to transmit power 
pneumatica l ly, in order to develop a means of spread ing in­
dustrial ization to areas where water power was not ava i lable. 
Papin  proposed erect ing two sets of pumps :  one set operated 

Figure 3 
PAPI N'S PNEUMATIC FOU NTA I N  

In 7 687, Papin illustrated the operation o f  his pneumat­
ic pump by constructing a model fountain. Water was 
raised by the alternate suction and pressure exerted by a 
pair of air pumps. Papin enclosed his model in a con­
tainer, allowing his Royal Society colleagues to observe 
the water spouting at the top, but concealing its internal 
mechanism, and he then challenged the Royal Fellows 
to guess at its design. The Royal Fellows failed to solve 
Papin's puzzle, and were especially embarrassed be­
cause they had all earlier agreed that the pneumatic 
transmission of power was impossible. Papin found 
himself suddenly friendless in London and decided to 
leave for Germany later that year. 
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by a water wheel ,  con nected by a irtight pipes to another set, 
which was p l aced i n  a neighboring town or suburb.  Power 
would be transmitted by the alternate suction and pressure ex­
erted by the fi rst set of pumps (F igure 3) .  This idea was hotly 
opposed i n  the British Royal Society�, and Papin left England to 
accept a chair of mathematics at the U n iversity of Marburg in 
Hesse, bordering Hanover. 

In 1 690, Papin publ ished an h istoric article in the Acta Eru­
ditorum of Leipzig, "A New Method of Obta i n i ng Very Great 
Moving Powers at Smal l  Cost," where he proposed using the 
power of expand i ng steam to operate a piston/cyl inder engine. 
In  the new i nvention, steam replaced the gunpowder charge of 
H uygens's cyl inder, creating a more complete vacuum under 
the piston, and thereby taking advantage of the ful l  force of at­
mospheric pressure (Figure 4). 

Papin's concept was appropriated in toto i n  the Newcomen 
engine more than 20 years l ater. However, a lthough Papin 
mentioned in passing the uti l ity of his invention to "draw water 
or ore from mines," h is  article featured a lengthy and detai led 
d iscussion of the appl ication of steam power to prope l l ing 
ships equipped with paddlewheels: 

So, no doubt, oars fixed i nto an axis cou ld  be most 
conveniently driven round by my tubes, by having the 
rods of the pistons fitted with teeth, which would force 
round smal l  wheels, toothed in l i ke manner, fastened to 
the axis of the paddles. It would only be requisite that 
three or four tubes should be appl ied to the same axis, by 
which means its motion cou ld be continued without 
interruption [F igure 5] . 

Papin recognized the problem i nherent in such atmospheric 
engines. Because the sou rce of power is not the steam itself, 
but the pressure of the atmosphere, the only means of increas­
ing power is to increase the d iameter of the cyli nders: 

The pri ncipal difficu lty, therefore, consists in finding the 
manufactory for easily making very large tubes . . . .  And 
for preparing that, this new machine ought to supply no 
sma l l  inducement, in as much as it very clearly shows that 
such very large tubes can be most advantageously 
employed for several important pu rposes. 

The leibniz-Papin Collaboration 
Papin  began to tack l e  the problem of "making very large 

tubes," by studying the means of refi ning ores more efficiently, 
and of manufacturing cyl inders with appropriately smooth sur­
faces; that is, to create the appropriate machine tools, which 
wou ld al low him to rea l ize h is  ideas. This led him to the in­
vention of a n  i mproved fu rnace capable of reach ing higher 
temperatures with a more efficient consumption of fue l .  Papin 
used another of his inventions, the Hessian bel lows, to gener­
ate a forcefu l down-draft in h is furnace, thereby e l i m i nating 
smoke and al lowing a complete burn (Figure 6). 

By 1 695, Papin had adapted this hotter furnace to the rapid 
production of h igh-pressure steam, by constructing the furnace 
so that the fire su rrounded the water, a l l owing the maximum 
surface area of water to be heated d i rectly. 

With this d iscovery, Papin was prepared to in itiate a qual ita-
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Figure 4 
PAPIN'S 1 690 ENGINE 
The first steam engine 
using a piston and 
cylinder was in vented 
by Papin in 1 6 90. Pa­
pin proposed to use 
steam instead of gun­
powder to create a vac­
uum under a piston. Al­
though Papin suggested 
a means of applying the 
force of his engine to 
operate a paddlewheel 
boat, he realized that 
the power of an atmos­
pheric steam engine 
was strictly limited by 
the diameter of its 
cylinder. '. 

tive techno logical advance-not a l i near e�trapolation from 
his 1 690 resu lts, such as bu i ld i ng larger atmospheric engi nes, 
but a proposal to d i rectly harness the vioient force of the ex-
pand ing steam. 

. 

I n  a letter dated Apri l 1 0, 1 698, Papin apologized to Leibniz 
for not having written sooner, and explai ned that a new pro­
ject, commissioned by h is  employer, the Landgrave of Hesse, 
had taken up most of his  time: 

Monsgr. Ie Landgrave formed a new plan, very worthy 
of a great Prince, to attempt to d iscover where the salt in 
salty springs comes from. To reach the bottom of this, i t  
wou ld  be very advantageous to be able to easily draw out 
a great quantity of water to a considerable height. I've 
made many tests to try to usefu l ly employ the force of fire 
to this task; some succeeded so wel l  that I was persuaded 
that this force cou ld  be appl ied to thi ngs much more 
important than raising water. Consequently, I 've given 
myself total ly to this work, knowing the great difficu lties 
always to be met with in such enterprises and which can't 
be overcome without an extraord inary d i l igence. I 'm 
presently having a new furnace bui lt, of which I've 
spoken to you before . . . .  I'm bui lding it simply to make 
certain large retorts of forged iron, which wi l l  be very use­
ful to produce the great effects that I expect from the force 
of fire. For this furnace, I've also bui l t  a large Hessian 
bel lows more perfect than those I've made before. And 
thus one thing leads to another . . . .  

In  his  reply fou r  days later, Leibniz asked if Papin's method 
of raising water 



is based on the principle of rarefaction wh ich you 
published before, or if it is based on some other principle; 
I also have a thought about it, but I want to make a l ittle 
test of i t  in order to consult you on its performance. 

Here is Papin's historic answer, dated Ju ly  25, 1 698: 

The method in which I now use fire to raise water rests 
always on the principle of the rarefaction of water. But I 
now use a much easier method than that which I 
publ ished. And furthermore besides using suction, I also 
use the force of the pressure which water exerts on other 
bodies when it expands. These effects are not bounded, 
as in the case of suction. So, I am convinced that this 
discovery if used in the proper fashion wil l be most 
usefu l .  . . .  For myself, I bel ieve that this invention can be 
used for many other things besides raising water. I've 
made a l ittle model of a carriage which is moved forward 
by this force: And i n  my furnace, it shows the expected 
resu lt. But I th ink that the unevenness and bends in large 
roads wi l l  make the fu l l  use of this d iscovery very d ifficu lt 
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Figure 5 

PISTON WITH TEETH FOR USE 
WITH PADDlEWHEEl 

In his 1 690 treatise proposing an atmospheric steam en­
gine using a piston and cylinder, Papin described how 
his engine could be used to rotate the axle of a paddle­
wheel and "propel ships against the wind. " The teeth of 
the piston rod would engage a toothed axle as atmos­
pheric pressure forced the piston down toward the bot­
tom of the cylinder. Papin explained, "It would only be 
requisite that three or four tubes should be applied to 
the same axis, by which means its motion could be con­
tinued without interruption. 

for land veh icles; but in regard to travel by water I would 
flatter myself to reach this goal  quickly enough if I could  
find more support than is now the case . . . .  It gave me 
much joy to find that you a lso have some plans to put the 
moving force of fire to use, and I strongly hope that the l it-. 
tie test you told me of succeeded to your satisfaction 
[emphasis addedl . 

Leibn iz's concern, however, was much greater than simply 
using the "force of fire" to propel ships and carriages. He saw in 
Papin's work the u n ique experi ment capable of i rrefutably es­
tab l ishing the truth of h is  dynamical  science, as wel l  as advaflc­
ing that science, by the process of applying its principles to the 
measurement of the thermodynamic efficiency of Papin's ma­
chines. This is the " l ittle test" referred to in the letters above. 

Leibniz wrote to Papin,  on Ju ly 29, 1 698:  

I u nderstand very wel l that  the force of  expand ing 
water wi l l  do much more than a i r  pressure wi l l  do when 
the steam is condensed, and th is  is exactly what I have 
thought as wel l in regard to gunpowder. . . .  But in 
regard to water the stra i n  of its expansion wi l l  be l ess 
violent, [sol it wou ld be good to see if there aren't other 
f lu ids which wou ld be even better than water. But water 
has the advantage that it costs nothi ng, and is avai l able 
everywhere. My plan would be to do a test to discover if 
expanding water can usefully raise more than a column 
of air. But I lack workers here, and I 'm too d istracted . . . .  
But I 'm now very g lad to find out that you've a l ready 
made the relevant experiment, and that therefore you 
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Figure 6 

HESSIAN BEllOWS 
Papin tackled the problem of manufacturing larger 
cylinders for his atmospheric steam engine by first in­
venting a hotter and more efficient furnace to improve 
the reduction of ores. This furnace utilized a down-draft 
generated by his Hessian bellows, which allowed a 
continuous, forceful stream of air to feed the burning fu­
el. At Leibniz's prompting, Papin applied his hotter fur­
nace to the rapid production of high-pressure steam. 
This led Papin to abandon the effort merely to scale up 
his atmospheric engine and instead to begin the crucial 
project of harnessing the "unbounded" energy of high­
pressure steam. 
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know approximately what the force of the steam is 
relative to the heat and to time [emphasis added] . 

Papi n  rep l ied with a progress report on the construction of 
his engine; promising that once it was completed: 

I wi l l  try also to make observations on the degree of 
heat [chaleur] required to make a given effect with a 
given quantity of water. But up to the present a l l  that I've 
been able to do, by the expansion of the steam, is to raise 
water to 70 feet, and to observe that a sma l l  increase in  
the degree of  heat is  capable of  greatly augmenting the 
magnitude of the effect. And this convi nces me, that if 
these machines are perfected so that very great degrees of 
heat can be used, one wi l l  be able to create a greater 
effect with a pound of water than with a pound of 
gunpowder [emphasis added] . 

Vis viva Versus Mechanics 
Consider the i m pl ications of the Pap i n-Leibniz d iscussion 

once the word effect is  trans l ated to the modern term work. 
Both Leibniz and Papin agreed that the useful work performed 
by a heat engine, was to be measured by the height to which it 
cou ld  raise a given quantity of water. In his dynam ics, Leibniz 
had used the example of the equivalence of the work required 
to raise a heavy body a given height, to the vis viva acquired by 
the' body in  fal l ing from that height. Whereas, in  the case of the 
fa l l i ng body, the vis viva is measu red by the body's velocity, 
Leibniz proposed to measure the vis viva of expanding steam 
by its temperature. Applying the principle of the conservat ion 
of vis viva, Leibniz developed the fol lowing sort of relationsh ip: 

vis viva consumed by mach ine = 

usefu l work (height a given quantity of water is raised) + 
heat lost in overcoming friction + 
heat lost to superfl uous cool ing + [other inefficiencies] . 

With this sort of analysis, Leibniz was prepared to compare 
the thermodynam ic efficiencies of heat engi nes by measuring 
"the degree of heat requ i red to make a given effect." This also 
led h i m  to the formu l ation of h is  u n ique experi ment: demon­
strating that steam can "raise more than a column of air";  that 
is, that the d i rect power of expand ing  steam is  greater than 
mere atmospheric pressure. 

Consider the case of Papin's 1 690 steam engine. Here, the 
atmospheric pressure a lone, considered as a "co lumn of a i r" 
resting on the cyl i nder, is responsible for the motion of the pis­
ton .  The role of the expanding steam is simply to raise the pis­
tori back -to the top of the cyl inder; that is, in Leibn iz's phrase, 
"to raise a col umn of a i r."  Then, the condensed steam leaves a 
vacuum in the cyl i nder, and atmospheric pressure pushes the 
piston downward once agai n .  

Leibniz proposed to demonstrate that the d i rect force of  ex­
pand ing steam, un l ike mere suction, is unbounded, that it can 
"raise more than a col umn of air" (Aug. 28, 1 698) : 

There is nothing which merits development more than 
the force of expansion [ la dilation] ; if one objects that 
expanded water can do no more than raise a cyl inder of 
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air, and that the stronger it [steam] is, the h igher it 
[cylinder of a i r] is raised, and that therefore it is sufficient 
to use the weight of the fal l i ng cyl i nder-I reply that this 
h igher elevation requ i res more time, a l lowing the steam 
to gradual ly cool ,  than a quicker elevation of a heavier 
weight. Thus, either force is lost, or more fi re must be 
used [emphasis added ] .  

Clearly a t  issue in  this " l ittle test," i s  the val id ity of the me­
chan ical world view, that threatened to impose itself on emerg­
ing technology. Was steam power to be constrai ned to act pas­
sively, slowly pushing and pu l l i ng weights l ike some grotesque 
Rube Goldberg type of lever or pul ley, or was it to be freed in 
al l  its "violence"-maxi mum vis viva-to effect a qua l itative 
human advance? 

From this  dynam ical poi nt of view, in fact, Leibniz was by 
no means convi nced that expand ing steam was the optimum 
sou rce of power for the new techno logy. For h i m, even ex­
pand ing steam was not sufficient ly violent or rapid in its ac­
tion, compared, for example, to explod ing gu npowder or, as 
he suggests elsewhere, to the combustion of a lcoho l .  He ar­
gued as wel l  for fu rther work in applyi ng the force of h i ghly 
compressed air, pointing out  its advantages for bu i ld ing l ighter 
and more portable engi nes for veh icles. 

The Savery Hoax 
Despite the publ ic ity given to Papin's i nvention, the British 

Par l iament awarded an excl usive patent for "Rais ing Water by 
the Impel lent Force of F i re" to one Thomas Savery, variously 
descri bed as a "sea capta i n "  and a " m i l i tary engi neer." The 
terms of the patent meant that any steam-powered device Pa­
pin might invent in England wou ld come u nder the control of 
Savery. 

A l though news of Save ry's patent reac hed Germany by 
1 699, it was not u nti l 1 704 that Leibn iz, via !'Hanoverian en­
voys" in  London, was able to acq u i re some sort of description 
of Savery's device. Leibn iz  forwarded a sketch of the English 
"engine" to Papin,  along with an eval uation of its capabi l ities. 
Based on further inte l l i gence reports from his envoys, Leibn iz 
concluded that Savery's device cou ld  not work in  fu l l  size. 

Savery's "engine" cons ists of a chambe r  connected by a 
pipe to a sou rce of water below, and by another pipe to a sep­
arate boi ler. Steam enters the chamber from the boi le r; cold 
water is  pou red on the chamber, condensing the steam, thus 
creating a vacu um and drawing water up the pipe from below. 
The steam enters the chamber again,  this t ime for the purpose 
of push ing the raised water out of the chamber, and up another 
pipe. The steam is then forced to condense once aga in, creat­
ing a vacu um, and sucking more water up from below, renew­
ing the cycle (Figure 7). 

For Leibniz and Papin,  study of Savery's design provided a 
un ique opportu n ity to apply and improve their new thermody­
namic pri nciples, because Savery was proposing precisely the 
sort of conta i nment of steam power-with i n  the conceptual 
and technol ogical boundaries of mechanics-aga i nst which 
Leibniz had warned. 

Pap i n  wrote to Leibn iz, J u l y  2 3 , 1 705,  descr ib ing  experi­
ments in  which he had d iscovered thati using Savery's design, 
an increase in  the temperature of the 'steam actual ly resulted in 
a decrease of the work performed : 
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Figure 7 
THE SAVERY ENGINE 

In  7 6 99, Thomas Sa very was granted an exclusive 
patent by the English Parliament covering all conceiv­
able "fire engines, " despite the fact that his contraption 
did not work in full size. Savery claimed otherwise, in­
sisting, for example, that hot steam would not condense 
upon encountering the cold water in the main chamber 
of his "engine. " Savery further insisted that no engine 
using a piston and cylinder could ever work because of 
friction. Nevertheless, Sa very's design was guarded as 
an English state secret, until Leibniz's spies succeeded 
in smuggling the blueprints to Hanover in 7 704. 

Source: Abraham Wolf, A History of SCience, Technology, and Philosophy in the 
16th and 1 7th Centuries (New York: The Macmillan Co., 1 935) 

I am persuaded that it w i l l  be useless to try to push 
water to great heights by the immediate pressure of steam: 
Because when the expanded steam strongly appl ies itself 
against the cold  water, as is  necessary to make it rise to a 
great height, it isn't possible to conserve the force of the 
steam; but it is immediately condensed by the coldness of 
the water. And the hotter the steam is, the more it 

violently pushes the valve, in  such a way that the valve, 
being pushed as wel l by the spring which is behi nd, 
causes the water to become very agitated. The water thus 
agitated is much more l ikely to cool off a lot of steam, 
than when its surface remains smooth . Thus, I fi rmly 
bel ieve that this is the reason which makes the elevation 
of the water decrease when the heat increases . . . .  

I therefore bel ieve that the best is to do it so that the 
steam doesn't d i rectly touch the water, but that i t  pushes 
it only by the mediation of a piston which is  quickly 
heated, and which consequently only condenses a l i ttle 
steam. And the surface of the piston which touches the 
steam always stays the same, the new steam which 
frequently reaches it, eas i ly maintains it in a degree of 
heat a l l  the more great as the steam is hot. Thus, there is  
no fear that the machi ne's effect wi l l  fai l  to be augmented 
in proportion to the increase i n  heat. Experiment has wel l  
confirmed my conjecture . . . .  

And the more I go forward, the more I wonder at how a 
sm a l l  q u a ntity of wood i s  c a p a b l e  of fu r n i s h i n g  s u c h  
force . . . .  B u t  . . .  i t  wou l d  be desirable t o  work at that 
with more heat than made [now] : seeing pri ncipa l ly  that 
the use of this invention isn't l i m ited to rais ing water, but 
that it cou ld  be app l ied very wel l to vehicles and to many 
other th i ngs where force is  needed . 

Lei bniz fu l ly approved of Papin's successfu l appl ication of 
h i s  thermodynam ics,  a n d  advi sed h i m  not to take Savery's 
claims of success too seriously. He wrote on Aug. 1 5, 1 705 : 

I am del ighted that you r  fire engine advances so wel l ,  
because when it is  brought to perfection, I consider that i t  
wi l l  be very usefu l .  Also, it would  be a mere trifle if only 
one-th i rd of the expense wou ld be saved, as the English 
author believed, s ince this advantage wou ld be easi ly 
absorbed by other inconveniences which such a great 
alteration of machi nes wou ld  attract. It is very reasonable 
also to bel ieve that too d iffuse steam appl ied d i rectly to 
cold water wi l l  condense and lose its force. 
Consequently, it is better to keep them self-contained 
[ renfermees] . 

According to the British Royal Society myth, this sort of rea­
son i ng about the steam engi ne was not supposed to have oc­
cu rred u nt i l  about 1 769,  when Ja m es Watt recogn i zed the 
problem of loss of force because of superfl uous cool ing of the 
steam, and invented a separate condenser.  Watt was moti­
vated in  this i nvention by the knowledge that the Newcomen 
engine wou l d  operate much more effic ient ly,  if its cyl i nder 
was kept constantly hot, w h i l e  the condenser was kept con­
stantly cold; that is, " i t  is better to keep them [steam and cold 
water] self-contained ." 

In  effect, Savery proposed to doom steam to play the role of 
the ancient horse-d riven w i n d l ass (hoist) and p u l l ey, s lowly 
pu l l ing water up one p ipe and pushing it out of a nother, with 
one s ign ificant d i fference-Savery's "fire engi ne" was much 
more expensive. 

Savery's fraud was recogn ized as such by crafty m iners, and 
h i s  engine was used mostly  to raise water for the fou ntains of 
wea lthy ar i stocrats. As even the B r i t i sh  h i stor ian Abraham 
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Wolf admits, " I t  was costly and dangerous, so the mine owners 
stuck to horses." 

Savery included an interesting comment on ships in his sec­
ond chapter, "Of the Uses That This Engine May Be App l ied 
Unto," indicating that it apparently had been made clear in Eng­
land that the authorities would frown on any drastic technologi­
cal advance in this area. As the American Robert Fu lton later 
u nderstood, a successfu l steamship could be the greatest threat 
to continued Anglo-Dutch commercial and naval superiority. 

Savery fearfu l ly noted, 

5. I bel ieve it may be made very usefu l to sh ips, but I 
dare not meddle with that matter, and leave it to the 
judgment of those who are the best judges of maritime 
affa irs. 

A few pages later, he added, 

As for fixing the engine in sh ips, when they may be 
thought probably useful ,  I question not but we may find 
conveniency enough for fixing them. 

These two timid passages apparently constitute the total ity of 
publ ished British commentary on the steamship during most of 
the 1 700s! Meanwh i le, Leibniz had become fu l l y  committed 
to seeing a steam-powered veh icle perfected and bui l t  with in  
his  l ifetime-whether a steam boat, a steam carriage, or  an air­
plane. But whi le Savery and his col leagues cou ld obstruct sci­
ence at their leisure in the relative peace and qu iet of Gresham 
Col lege, Leibniz and Pap i n  struggled to advance scienc;:e as 
rapid ly as possible, l iving in the d i rect l i ne  of march of an in­
vading French army. 

War Pressures 
Leibniz had barely d i ssuaded Papin, pressured by the war 

situation, from accepting a Royal Society i nvitation to take up 
his old post as curator of experiments-an offer made to him, 
interestingly enough, just after Parl iament had granted Savery 
h is  excl usive patent in 1 699. If Papi n  had gone to England at 
that point, a l l  of h i s  experiments in steam power wou ld have 
come u nder Savery's legal contro l .  

The s ituation was so unsettled in Germany that Papi n  was 
afraid to visit Leibniz in Hanover, for fear that his  fami ly wou ld  
be caught alone in  a F rench attack. He concl uded that no con­
tinued scientific progress would  be possible without an end to 
the war. He wrote to Leibniz in 1 702, describing h is experi­
ments with a bal l istic air pump capable of throwing "a weight 
of 2 pounds to a d istance of 40 feet," and designed eventua l ly 
"to faci l itate the capture of the strongest positions." Papin ar­
gued that this i nvention not only wou ld help bri ng peace, but 
also wou ld be the best enticement for pri nces and generals to 
support further research i nto steam technology. 

After a year of strenuous efforts to interest the leaders of the 
anti-French a l l iance i n  h is i nvention, Papi n  reported to Leib­
niz, on Feb. 25, 1 704, 

It has been possible si nce then to receive a reply 
neither from England nor from Hol land; therefore a l l  that I 
can conclude is that there is only some secret reason why 
no one wants to accept my proposal .  
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Leibn iz  conti nued to mai nta i n  friend ly  pressu re on Papin 
throughout 1 704, i nsisting that he resume research i nto apply­
ing violent force (particularly that of gunpowder) to the propul­
sion of ships and to carriages, if  not to a i rp lanes. Leibn iz  ar­
gued that such a breakthrough wou ld have the greatest world 
strategical impact: 

Yet I would  wel l  counsel [you] ,  Monsieur, to u ndertake 
more considerable thi ngs which wou ld force everyone to 
give their approbation and wou ld tru ly change the state of 
things. The two items of binding together the pneumatic 
machine and gunpowder and applying the force of fire to 
vehicles would  tru ly be of this nature. 

Papin fi na l ly agreed, and in a letter March 1 3, 1 704, he re­
vea l ed that he had a l ready b u i l t  a model pad d l ewheel boat 
"which can carry about 4,000 pounds," and that he had devel­
oped a complete theory of rowi ng, "which can also be appl ied 
to land veh icles."  

By J a n u a ry 1 705,  Pap i n  had recei ved Le ibn iz's sketch of 
Savery's engine. Of cou rse, this had the expected effect on Pa­
pi n's t h i n ki ng, as wel l  as on the attitude of the Landgrave of 
Hesse, who took a renewed interest i n  Papin's work. In March, 
a newly self-confident Papin wrote to Leibniz: 

I can assure you that, the more I go forward, the more 
I find reason to th ink  highly of this i nvention which, i n  
theory, may augment the powers of man to infinity; but 
in practice I bel ieve I can say without exaggeration, that 
one man by this means will be able to do as much as 
1 00 others can do without it. Al l  that I've done up u nt i l  

now has only been to d iscover the characteristics of this 
machine and the d ifferent symptoms to which it may be 
subject [a reference to the analysis of the thermodynamic 
efficiency of Savery's device d iscussed above] . But 
Monseigneur, from now on, wants to apply it to some 
real use, and his H igh ness gave me the honor of 
commanding me to apply this force to turn a m i l l  to 
grind wheat. . . .  And if, after the m i l l ,  we can proceed to 
apply this i nvention to ships [ voitures par eau] , I wou ld 
bel ieve this d iscovery i ncomparably more usefu l than 
fi nding longitudes on the ocean, which has been sought 
for so long. 

By the end of 1 706, Papin's experiments had convinced h im 
of  the explosive strategic potential of  steam technology: 

Yet it's a great shame that the thi ngs from which the 
Public cou ld derive such considerable usefu l ness aren't 
impel led by heat. Because the advantages which this 
invention cou ld  furnish for seagoi ng vessels alone, 
without counting those of land veh icles, would  be 
incomparably greater than a l l  expected from the 
transmutation of metals. 

A Genuine Steam Engine 
What Papin achieved with in  two years of receiving Leibniz's 

sketch of the Savery device, was a ge n u i ne, d i rect-act ion 
steam engi ne, capable of  being immediately  appl ied to ships. 



Figure 8 
PAPI N'S 1 707 

STEAM ENGI N E  
Papin in vented and success­
fully operated the world's first 
direct-action steam engine, 
publishing the results of his 
experiments in 7 707. Papin 
had also developed a theoreti­
cal approach to the construc­
tion of ships and to the 
method of rowing. His study 
of rowing led him to consider 
means of maximizing the con­
version of energy from a pad­
dle into the forward propul­
sion of a vessel. He had 
already constructed a working 
model paddlewheel boat, 
based on these principles in 
7 704. Therefore, by 1 708, Pa­

pin was prepared to combine 
his steam engine and his pad­
dlewheeler and build the 
world's first steamboat- 1 00 
years before Fulton. 

Papin's engine successfu l l y  i ncorporated the dynam ical i nno­
vations of 40 years of research,  which began with the project 
in itiated by H uygens in Colbert's Academy. This ach ievement 
is fu l ly  documented in Papin's  1 707 treatise, "New Method of 
Rais ing Water by the Force of F i re," publ i shed i n  Lat in  and 
French at Casse l .  (This booklet is avai lable today i n  select u n i­
versity l i braries because someone i n  France h ad foresight, in 
1 9 1 4, to reprint 250 copies of it.) 

Papin 's engi ne, shown i n  F igure 8,  works as fol l ows, with 
each step representi ng an i nnovation as a result  of dynamical 
considerations. The engine is to be situated such that there is  
a constant flow of water into the pipe C. I n  this way, the water 
to be pumped enters the cyl inder 00 through H; the piston FF 
is then raised to the top of the cyl i nder by the weight of the 
water. 

( 1 )  The copper vessel AA, which Pap in  cal l s  the retort, is to­
tal ly enclosed in a furnace, not shown . The furnace is designed 
to al low the fi re to compl ete ly s u rrou nd the retort, with pre­
cautions made to guarantee m i n i m u m  loss of heat to the out­
side air. 

(2) The retort is suppl ied with a safety valve ab to al low a 
maximum control led increase in steam pressure. The robi net, 
or spigot, E, is opened, a l lowing the h igh-pressure steam to 
rush into the cyl i nder. 

(3) The open ing L and the receptacle /I are provided to al low 
i nsertion of hot i rons, in order to increase the violence of the 
steam, which is a l lowed to reach a control led maximum with 
attention to the second safety valve abo 

(4) The fu lmi nating, expanding steam acts d i rectly agai nst 
the co ld  water t h ro u g h  t h e  med i a t i o n  of t h e  p i ston FF, 
arranged so that the su rface of the p iston encountering the 

steam remains hot, w h i l e  the opposite su rface remains  rela­
tively col d .  The action of the steam on the p iston forces the 
water out  through H and up t h ro u g h  the va l ve T i nto t h e  
closed vessel NN. A s  N N  fi l l s  with water, t h e  a i r  within N N  i s  
compressed. 

(5) The compression of the a ir  in NN is a l lowed to increase, 
unt i l  the robi net at the lower r ight of the vessel is opened, al­
lowi ng the raised water to exit forcefu l ly  through pipe xx. 

(6) The resu lting h igh-velocity jet of water encounters an im­
proved paddlewheel, designed accord ing to Papi n's F igu re 2 
(shown here in F igure 8) .  Papin's figu re i l l ustrates the advan­
tages of add ing blades to a m i l l  wheel, in order to more com­
pletely convert the energy of high velocity water i nto rotative 
motion. 

With th is  design, technology entered a new, dynamic un i­
verse. In a certain sense, it represents a transition, in that mod­
ern thermodynamic principles are appl ied to the ancient task 
of turning a water whee l .  H owever, Papin intended immedi­
atel y  to apply his n ew e n g i n e  to power the model paddle­
wheel boat, which he had constructed three years earl ier. 

In the preface to h is 1 70 7  treatise, Papi n gives Leibniz fu l l  
credit for providing the necessary impetus to advance h is ex­
periments. In particu lar, Pap i n  cites two cruc ia l  j u n ctu res­
the 1 698 d iscussions on harness ing the d i rect force of steam, 
versus mere atmospheric pressu re, and the 1 705 description 
of Savery's device, which Leibn iz's spies procu red i n  London. 

The qual ity of analysis in the treatise a lso shows the effect of 
Leibniz's  firm theoreti cal comm itment to " l ive force," com­
bined with Papin's repeated experimental vindications of Leib­
n iz's dynamics over the past 40 years. Papi n  concl udes the first 
chapter, describing the furnace enclosi ng the retort: 
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Chronology: Steam Power Versus the Royal Society 
1 666: Lou i s  X I V's M i n i ster Jean Baptiste Colbert estab­

l i shes the Academy of Sciences, appoint ing the Dutch sci­
entist Christiaan Huygens a�

{
�be A�ademy's president. Huy­

gens's program in�ludes "re$�arch i nto the povJe
'
r of water 

converted by fire into steam." 
. 

1 672: Papin  and Leibniz join the Academy. 
1 673: Huygens successfu l l y  demonstrates h i s  gunpow­

der-fueled engine, suggest ing that his invention "permits the 
d iscovery of new k inds of vehicles on land and water. And 
although it  may sound contradi ctory it seems not impossi­
ble to devise some vehicle to move through the air." 

1 675: Leibniz completes his  development of the d ifferen­
t ia l  calcu lus .  Anti-Col bert fact ions force Papi n ,  Leibn iz ,  
and, later, H uygens tb leave france. , 

1 680: In London, Papi n  
'
cont inues research i nto control 

of h igh pressure steam; he invents the steam pressure cooker 
and safety valve. 

. 

1 68 7 :  Pap i n  p roposes the pneumat i c  t ra n s m i ss ion of 
power from water wheels near rivers to remote regions i n  
order to faci l itate,.th,e rap,id sgf"ead of i nd ustrialization. • 

1 690: The Steam Age beg ins  with Pap i n 's i nvention of 
the atmospheric steam engine; Papin proposes its applica­
tion to powering a paddlew�eel-driven ship. 

1 692: Papin  and Leibniz bkgin i ntensive correspondence. 
1 695:  Papi n publ ishes a summary of h i s  i nventions, in­

cluding the Hessian bel lows, an i mproved furnace designed 
to m u l t i p l y  effi c i ency, t h e p u m p i n g  of m i n es u s i n g  the 
pneumatic transmiss ion of power, the atmospheric steam 
engine, and the "plunging boat" (submarine). 

1 697: Papinfs  summary is  reviewed in the Philosophical 
Transactions of the Br i t i sh  Royal Society a n d  c i rc u l ated 

5. The reason which obl iges us to have such a great 
care to augment and conserve the heat [chaleur] is 
because it is the heat which makes a l l  the moving force in  
th is  machine. Because otherwise in  ord inary pumps i t  i s  
animals, rivers, the wi nd, or some other thi ng of  this 
nature which employs their force in  order to drive the 
piston in the pump and expel the water; here, it is only 
the heated steam in  the retort AA which travels with 
violence through the pipe ABB whenever the robinet E is 
opened, and goes to press the piston in the pump DO. 
And the force of this steam is even greater, the more we 
give it a higher degree of heat. 

In chapter 3, Papin comments on the "means to augment the 
effect of the machi ne" : 

2. The augmentation of effect of which I have just 
spoken [that is, increasing the diameter of the pipes, and 
so on] is a l ittle thing in  comparison to that which could 
be obtained in  augmenting the pressure in the retort AA: 
Because that of which I've spoken unt i l  now in order to 
impel [pousserJ the water to 64 or 65 feet, is equivalent to 
only two times the ord inary pressure of air :  But it's certain 
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throughout England. 
1 698: Pap i n  constructs a steam-powered atmospheric 

pump. Leibn iz· and Pap i n  beg i r  the p roject of harness i ng 
the d i rect force of high pressure 'steam ;  Papi n  constructs 'ia 
l i tt le model  of a carr iage that i s  m ove

'
d fo rwa rd by t h i s  

force." 
1 699: Thomas Savery is  awarded an exclusive patent for 

the "fire engine" by the English Parl iament. 
1 704: "Hanoverian envoys" to London smuggle Savery's 

bl uepri nts back i nto Germany; Leibniz concl udes that Sav­
ery's design coul d  not work in ful l  size. 

1 707: Papin  publ ishes a complete account of his d i rect­
action steam engi ne, and tests it successfu l l y  agai nst Sav­
ery's design. 

1 708: In London, Papin proposes that the Royal Society 
al locate 1 5  pounds sterl i ng to a l low h i m  to construct h is  en­
gine "and to fit it so that i t  may be appl ied for the moving of 
ships.  This  Engine may be tried for an hour and more, to­
gether with some other made after the Saveryan me,thod ."  
Royal Society president-for- l i ie; lsaac N ewton; backed by 
Savery, rejects Papi n's proposal .

' 

1 708-1 71 2: The Royal Soc iety appropri ates Papin's re-
searches without remuneration. . 

1 71 2: Papin "d i sappears." The first N ewcomen engi ne, 
l imited to pumping water from flooded mi nes, is, erected . 

1 807: American artist, i nventgr, and d iplomat Robert Fl,ll-, 
ton a c h i eves t h e  worl d ' s  fi rst commerc i a l l y  s uccessfu l 
steamsh i p  voyage with h i,s Hudson R iver padd lewheeler, 
The Clermont. Fu lton proposes that h i s  i nventions, i nclud­
ing the submarine and the torpedo, be appl ied fprthwith to 
destroy the "monstrous govenlment" of England. 

that the pressure may be made much greater yet; with 
d igesters or machines to cook bones, wh ich weren't at al l  
completely enclosed i n  their furnace, as is the retort M 
here, I sometimes achieved pressures equivalent to 1 1  
times the pressure of a ir. Thus, one may boldly say that 
the retort, being as wel l  heated as it is, and with the aid of 
hot irons enclosed in the pump DO, that pressures may 
be created much more than 6 times greater than that 
necessary to impel water to a height of 64 feet: and in 
such a case one man could create almost as much of an 
effect as 500 others who have only those inventions used 
up to the present. 

As for Savery's design, Papin  describes in deta i l ,  in chapter 
5, how the Savery device was i nfer ior  to h i s  own, " i n  order 
that there be no misj udgment i n  the choice that wi l l  be made 
between Mr. Savery's mac h i n e  and th is  o n e . "  F i rst, Pa p i n  
notes, that si nce the retort M is  "completely i n  the fire, i t  can 
be heated much more promptly and at less cost than the two 
vessels that Mr. Savery cal ls boi l lers." 

Second, Papin notes that h i s  piston system ensures that the 
"steam loses none or very l i ttle of its force," compared to the 
condensation that occurs in the Savery device. Th i rd,  Papin 



describes h is  improvement that "a l lows the water to enter by 
its own weight i nto the pump 00, and not by suction" and 
writes, "without this correction, the inconven iences of which 
I 've spoken about i n  this  section wou ld be enough to render 
the mach ine completely useless . "  Fou rth, Papin notes the im­
provement of introducing hot i rons to increase the "violence" 
of the steam.  Then, " i n  order to incontestably prove that the 
p iston FF i s  necessary to ra ise water to a n y  cons iderab le  
height," Papin reports that Savery's method completely failed 
to pump water 

into air  which had been a bit compressed . . . .  Instead, a 
good effect is a lways created with the piston, even if the 
resistance of the compressed air  in NN is 1 0  or 1 2  times 
greater than that which was impenetrable without the 
help of the piston. 

Leibniz wasted no time i n  beginn ing the process of improv­
ing Papin's design. In  his  last publ ished letter to Papin, Feb. 7, 
1 707, Le ibniz  not o n l y  su ggested that the e n g i n e  be made 
completely self-acting, and thus more appropriate to moving 
vehicles, but a lso proposed practical means of sti l l  further in­
creasing the thermodynamic efficiency of the engine by the in­
genious use of the so-cal led waste heat: 

I maintain that for stationary machi nes or for seagoing 
vessels, it wi l l  be d ifficult to make anyth ing better a long 
similar l ines . . . .  

I have a thought that perhaps wi l l  not d isplease you, 
which is to efficiently use the sti l l-hot steam which leaves 
the pump when the piston is pushed up.  Because it 
would be a great shame to lose it entirely. I imagine that 
in leaving it yet has much heat, and enough force to 
issue forth despite the outside air. . . .  Then to make good 
use here of heat, otherwise superfl uous, and at the same 
time of compressed air, in a man ner which perhaps has 
never been used, I would  make a sort of mantle or case 
ZZ around your vessel QN, partly fi l led with compressed 
air; and with in this case I wou ld  let the steam enter in 
such a way that before it streams powerfu l ly i nto the 
open air it wou ld be between the case and the vessel .  
And whi le i t  warms this vessel i t  wou ld  a s  a result  
contribute towards the work of the compressed air  
contained therein.  I bel ieve that this wi l l  be a redoubling 
of the force . . . .  and thus a med iocre vessel QN wou ld 
make a much greater effect. Because it is a l ready certain 
that heat gives as much force to ord i nary a ir  as does 
compression, and the same heat wou ld  give double or 
triple to compressed air . . . .  The conti nual  passage of hot 
steam wou ld make this vessel extremely hot, a l most as if 
it had been placed on a fire. 

I have always had the thought that a great effect cou ld  
be made and much force placed i n  a sma l l  volume by 
means of a ir  strongly compressed and then heated. This 
wou ld  be of great use for machi nes which must be 
portable.  

To say noth ing of the superfluous heat of the furnace 
and the smoke which emerges from it which can be 
similarly usefu l among other ways by heating the water of 
the funnel G and of the tube H in  order that the coldness 

of this water harms less of the heat in the pump 0 or in  
the vessel QN . . . .  Fu rthermore, I have no doubt that you 
cou ld, if you so desired, easi ly arrange that the robinets E 
and n are alternately open and closed lJy the machine, 
without having to use a man for this. 

The 'Newton-leibniz Controversy' 
A l though Lei b n i z  a n d  Pap in  h ad succeeded i n  bri n g i n g  

modern dynamical  technol ogy i nto b e i n g ,  making poss ib le  
the i n d ustri a l  transformation of society, they were work ing  
with i n  an  i n c re as i n g l y  a v e r s i v e  e n v i ro n m e n t .  L e i b n i z ' s  
p e rs i s t e n t  i n ternat iona l  efforts o n  b e h a l f  o f  a " G rand De­
sign "-an a l l iance of sovereign n ations for economic devel­
opment th rough scient if ic and techno logical progress-had 
brought  h i m  i nto i n c re as i n g  conf l i ct wi th  h i s  e m p l oyer, 
George Ludwig, the E l ector of H a n over (and fut u re B r i t i sh  
Ki ng, George I ) .  

Whereas George Ludwig was i n  the pay of the British fi nan­
c ia l  o l igarchy, based in the C ity of London, his mother, the 
bri l l iant E lectress Sophie, was Leibniz's ded icated phi losophi­
cal protege. Unti l  her u ntimely death i n  1 71 4, Sophie was next 
in l ine to become Queen of England ! The massive Royal Soci­
ety attack against Leibniz, which eru pted in  1 7 1 1 ,  on the false 
charge of plagiarism of the calcu lus from Newton, was a pol it­
ical ly motivated slander campaign, designed to destroy Leib­
niz's influence in England. Yet, the i nfluence of Leibniz's ideas 
grew on the European continent and, sign ificantly, in America 
as wel l .  (See liThe Anti-Newtonian Roots of the American Rev­
ol ution," Executive Intelligence Review, Dec. 1 ,  1 995.) 

During this period, even before the publ ication of h is trea­
tise, Pap in  had reported a sharp escalat ion in harassment by 
h i s  u nnamed enemies in H esse. As a resu lt, the relative tran­
q u i l ity of London aga i n  became attractive to h im,  and he re­
solved to go to England to demonstrate before the Court and 
the Royal Society the incontestable superiority of his steam en­
gine over Savery's device. 

Pap i n's p lan  was to travel to London in h i s  padd l ewheel 
boat, rowing it by convent ional  means u p  the Weser R iver, 
through Hanover to B remen, a nd across the North Sea. Once 
in London, with h is  model boat and with sufficient means to 
b u i l d  an adequ ate steam p u m p ,  Pa p i n  p l a n ned to o perate 
the wor ld's  fi rst steam-dr iven s h i p  a n d  n av igate i t  up the 
River Thames. I n  fact, the m a i n  reason which Pap i n  gave to 
the Landgrave for h i s  d es i re to l eave for London,  was that 
only such a seaport h ad sufficient depth to apply his engine 
to a sh ip .  

In  a letter to Lei bniz, Sept. 1 5, 1 707, Papin reported on the 
first successfu l test of his paddlewheeler: 

At present I wi l l  te l l  you that the experiment of my 
boat was made and that it succeeded in the manner that 
I had hoped of it. The force of the river's cu rrent was 
such a l ittle thing in comparison to the force of my oars 
that it was difficult  to recogn ize that it went faster i n  
descending the current than i n  c l imbing it. Monseigneur 
had the goodness to testify to me of his  satisfaction in 
having seen such a good effect. I am persuaded that if 
God gives me the grace to arrive safely i n  London and to 
make vessels there of this new construction which have 
enough depth to apply the fire engine to give movement 
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to oars, I am persuaded, I say, that we may produce 
those effects which wi l l  appear i ncredib le to those who 
wi l l  not see them. 

I n  the same letter, Pap i n  renewed a request to Leibn iz  to 
h e l p  obta i n  the req u i red perm iss ion from the E l ector of 
Hanover for passage up the Weser. Leibniz cou ld expect no 
cooperation from George, but he tried to intervene with h is  
friends among local magistrates along the river. However, Pa­
pin got no further than Munden before encountering the igno­
rant opposition of the Boatmen's Gu i ld ,  no doubt incited by el­
ements of George's Cou rt. Le ibn iz  rece ived the fo l lowing  
report from an official of  Munden, Sept. 2 7 ,  1 707:  

Having been informed by the Doctor Papin, who, 
coming from Cassel, passed by this town the day before 
yesterday, that you are presently to be found in this Court 
[Berl in) ,  I give myself the honor to advise you, Sir, that 
this poor man of medicine, who gave me your letter of 
recommendation for London, had the misfortune to lose 
here his l ittle machine of a paddlewheel vessel . . .  the 
Boatmen of this town having had the i nsolence to stop 
him and to take from him the fru it of his toi l ,  with which 
he thought to i ntroduce h imself before the Queen of 
England . . . .  

Despite the tragic encounter with th is  "mob of boatmen," 
Papin cont inued on to London, only to encounter an  even 
more v ic ious  mob-the Br i t i sh  Roya l Soc iety, at the t ime 
headed by president-for- l ife, Isaac Newton, and by  Newton's 
secretary Hans Sloane. 

Royal Antiscience 
When he arrived in Eng land, Papin  presented a copy of his 

treatise to the Royal Society, a long with the fo l lowing pro­
posal, recorded in the Royal Society Register, Feb. 1 1 ,  1 708: 

Proposition by Or. Papin, concerning a new invented 
boat to be rowed by oars, moved with heat: 

It is certa in that [it] is a thing of a great consequence to 
be able to apply the force of fire to save the labour of 
man; so that the Parliament of England granted, some 
years ago, a patent to Esquire Savery, for an Engine he 
had invented for that purpose; and His  H ighness Charles, 
Landgrave of Hesse, has also caused several costly experi­
ments to be made for the same design. But the thing may 
be done several ways, and the machine tryed at Cassel 
d iffers from the other in several particu lars, which may 
afford a great d ifference in the quantity of the effect. It wi l l  
be good, therefore, to f ind out clearly what can be done 
best in that matter, that those which wi l l  work about it 
may surely know the best way they are to choose. I am 
fu l ly  persuaded that Esquire Savery is so wel l  minded for 
the public good, that he wi l l  desire as much as any body 
that this may be done. 

I do therefore offer, with a l l  dutyfu l l  respect, to make 
here an Engine, after the same manner that has been prac­
tised at Cassel, and to fit it so that it may be applied for 
the moving of ships. This Engine may be tryed for an hour 
and more, together with some other made after the 
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Saveryan method. The quantity of the effect shou ld be 
computed both by the quantity of water driven out of 
each machine, and by the height the said water could 
ascend to . . . .  

I wish I were in  a condition to make the said Cassel l  ian 
Engine at my own charges; but the state of my affairs does 
not [al low] me to undertake it, unless the Royal Society 
be pleased to bear the expense of the Vessel cal led Retort 
in the description printed at Cassel ;  but after that I wil l  lay 
out what is necessary for the rest, and I wi l l  be content to 
lose that expense, in case the contrivance of the 
Landgrave of Cassel doth not as much aga in  as that of 
Esquire Savery; but in case the effect be such as I promise 
it, I do humbly beg that my expense, time, and pains, may 
be paid, and I reckon this to amount to 1 5  pounds 
sterl ing. If the Royal Society be pleased to honour me 
with their commands upon such conditions, the fi rst thing 
to be done is to let me see the place where the Mach ine 
must be set, and I will work for it with all possible 
d i l igence and I hope the effect wil l  yet be much greater 
than I have said [emphasis in original ] .  

By 1 708, the Royal Society had a l l  but abandoned even the 
pretense of scientific inqu i ry, and so, its attitude toward Pa­
pin's  proposal  (as wel l  as others) for rea l  techno logical  ad­
vance was pred ictably negative. I n  Papin's case, the repeated 
mention of the name Leibniz i n  h is  treatise was sufficient to 
trigger Royal Society k i l ler insti ncts. 

The Transactions of the Newcomen Society, Vol .  1 7  ( 1 936-
1 93 7), contain a succinct account of the fate of Papin's propo­
sition: 

Papin, then at Cassel, submitted with h is  paper, a 
request for 1 5  gui neas to carry out experiments, but the 
Royal Society, l ike our own, d id not hand out 1 5  guineas 
at a time. Instead, the matter was referred to Savery in 
1 708, and in his letter of criticism turn ing down Papin's 
design there is a passage i n  which he damned the 
cyl i nder and piston, saying it was impossible to make the 
latter work because the friction would be too great! 

Papin then argued for h is  proposal before Newton h imself, 
who rejected it on the pretext that it wou ld cost too much. Pa­
p in  was then stranded i n  England without any means of sup­
port, completely at the mercy of Newton, S loane, and Savery, 
whose exclusive patent covering al l conceivable "fire engines" 
was sti l l  in effect. Papin's 1 707 "Proposition" was thus the last 
heard of any practical plan for a steamsh ip or for early appl ica­
tion of steam power, besides pumping mi nes, unti l the i nter­
vention of Benjamin Frank l in 's  networks in England,  l ater i n  
the centu ry. 

No record remains of Papin's subsequent activity in England 
bes ides a mere seven letters to S loane, mostly repeated re­
quests for money to carry out a variety of experiments. In his 
l ast letter to S loane, Jan .  23, 1 7 1 2, Papin compla ined that a 
number of h is  i nventions presented before the Royal Society 
had del iberately not been registered under his name: 

So there are at least six of my papers that have been 
read in the meetings of the Royal Society and are not 



mentioned in the Register. Certain ly, S i r, I am in a sad 
case, since, even by doing good, I d raw enemies upon 
me. Yet for all that I fear noth ing because I rely upon God 
Almighty. 

The Newcomen Fraud 
In 1 7 1 2, Papin  apparently van i shed without a trace-not 

even a death notice. That same year, as the witch hunt against 
Le ibn iz  was reac h i n g  frenz ied heights in Eng land ,  Thomas 
Newcomen sudden ly appeared to bui ld his fabled fire engine, 
"near Dud ley Castle." 

In  Newcomen's atavistic design, steam enters a cyli nder un­
der a piston from a separate bo i le r  ( F igure 9) .  Cold water is  
poured over the cyl inder or is sprayed inside of it, condensing 
the steam and creating a vacuu m ;  the piston is  forced down­
wards by atmospheric p ressu re .  In turn,  a p i ston rod p u l l s  
down one end o f  a balance beam, which operates an ordinary 
mine pump, attached to the other end of the beam and placed 
down a mine shaft. Steam reenters the cyl inder, merely coun­
terbalancing atmospheric pressu re;  the piston is  then raised 
back to the top of the cyl i nder by the weight of the water pump 
apparatus, and the cycle is repeated . 

Compared to the level of conception and design achieved 
by Papin, Newcomen's "exotic lever" is man ifestly prim itive, 
and a great step backwards. Not only is the force of the engine 

Figure 9 
N EWCOMEN'S ENGINE 

British historical tradition 
maintains that Denis Papin 
mysteriously "drifted into 
obscurity" in England in 
7 7 7 2 .  That same year, the 
iron monger Thomas New­
com en allegedly erected his 
first engine, limited to 
pumping water from mines. 
British historians insist that 
Newcomen acted entirely 
alone and that he had no 
contact whatsoever with 
any scientist or scientific 
principles, his work being 
based exclusively on trial 
and error. 

Newcomen published 
nothing, his exact date of 
birth and educational back­
ground are unknown, and 
no one knows what he 
looked like, because none 
of his contemporaries 
painted or sketched his por­
trait. His only extant writ­
ings are a few scraps of per­
sonal letters to his relatives. 

l im ited to mere atmospheric pressure, and the design l im ited 
to rais ing water from m ines, but Newcomen sti l l  i ns isted on 
alternately cool ing off and heating up the same cyl i nder, wast­
ing tremendous amounts of steam, and consu m i ng massive 
quantities of coal .  For this reason, h is  engine was used main ly 
by the owners of the coal  m i nes themselves, who cou ld afford 
the fue l .  

The calcu lated resu l t  was a near  1 DO-year conta inment of 
steam technology, which was overcome only by the i nterven­
tion of Leibn iz's inte l lectual heirs in America. 

Philip Valenti is an organizer with the Schiller Institute and 
the LaRouche political association in Philadelphia. His earlier 
version of this article appeared in Fusion magazine, Decem­
ber 7 979. 
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WILHELM WEBER'S �PHORISMS' 

On the Hypotheses of 
Temporal Ordering 

The first English translation o f  posthumously published fragments by Wilhelm Weber, 
concerning an anti-linear concept of time, with introductory comments by the translator. 

TRANSLATOR'S NOTE 
Prior to the E n l ightenment, it had been the ancient knowl­

edge of mankind, that the l awful relationship of events in the 
real Un iverse, is entirely contrary to the assumption of a sim­
ple l i near (chronological )  form of temporal ordering of the 
U n iverse, of the sort typif ied by the k i nematic physics of 
Pao lo Sarpi and Ga l i leo Ga l i l e i . l The l atter pretends to rep­
resent real i ty as a l i nearly ordered series of moments ( layers 
of "now") of the qua l ity of sense perceptions, in such a way 
that each moment is supposed to represent the sole "cause" 
of its successor in the series. This monstrous concoction was 
a pr ime ta rget of G .W . F .  Le ibn iz ' s  efforts i n  the 1 7th and 
early 1 8th centuries, and in particu lar  of  h i s  pedagogy con­
cern ing  the necessary exis­
tence of monads. 

This anti- l i near orderi ng of human h i story, is  obviously a 
function of ideas, and  reflects that aspect of rea l i ty-more 
than the proverb ia l  99.9999 percent-that is on ly  graspable 
within the creative processes of i n d iv idua l  m i nds,  and ab­
solutely cannot be represented ("from the outside," as it were) 
by formal methods of the sort typified by mathematical physics 
as presently understood . 

Thus, the En l ightenment's imposition of kinematic, percus­
sive notions of causal ity upon physical science-and, spread­
ing out from there, upon virtua l ly  every domain of cu lture­
ai med not o n l y  to w i pe out the ach ievements of the 
Renaissance, but impl icitly a lso to reverse the fi rst steps of wis­
dom which launched the human race upon its ear l iest phases 

of upward-sweeping devel­
opment on th is  planet. 

Common textbook We know, for exam p l e, 
that the demonstrable, pow­
erfu l i nfluence which certa in 
past events exert u pon  the 
present course of history, has 
noth ing to do with their  ap­
parent temporal proximity to, 
or d istance from, the present 
epoch, whether measured in  
years, centu ries, o r  m i l l en­
n ia .  S imi larly, at times, ind i­
v idua l s  and who le  popu la­
t ions  may be so gr i pped by  
the  anti c i pat ion of  g reat 
events in the future (and per­
haps even beyond thei r  own 
l i fet imes), that other, more 
immediate motivations fade 
into insign ificance. 

Courtesy of G6ttingen Tourist Office 

Wilhelm Weber ( 7 804- 7 89 7), from the statue of Weber and 

mythology has it, that it was 
Albert E instein, with his Spe­
c i a l  and General  Relativ ity 
Theory, who fi n a l l y  over­
turned the Gal i lean-Newton­
ian notion of abso l ute, s im­
p l e - l i near ly  ordered t ime 
with i n  phys ics itse lf. Actu­
al ly, E instein was neither the 
fi rst to attack G a l i l eo and 
N ewton on  th i s  poi nt, nor 
d id  h is attack rea l ly  address 
the essentia l  issue, which l ies 
i n  the s ign if icance of ideas 
and the ax iomatic inabi l ity 
of forma l -mathematical  
methods, as presently under­
stood, to represent the most 
essent ia l  aspects of the or-Above a l l ,  we can demon- Gauss at G6ttingen University. 

strate, that the progress of 
Man's increasing mastery of the U n iverse obeys a transfin ite, 
not a l i near ordering, and that the action of h igher hypothesis, 
generates arrays of events, which from a simple-chronological 
standpoint must pose i nsol uble paradoxes. Simi larly, the qual­
ity of agape acts, as if above time, throughout history; and a l l  
generations past, present and future rejoice together in it, a s  i f  
at a single luminous point. 
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der ing of rea l ity. Th is  issue 
did emerge, in a l imited but rather powerfu l way, in the earl ier 
work of Carl Gauss, Wilhelm Weber, and Bernhard Riemann. 

The feature of Wi lhelm Weber's electrodynamic hypothesis, 
which provoked the greatest outcry from Hermann Helmholtz, 
Lord Kelvin, et aI . ,  was Weber's demonstration, that the appar­
ent i nteract ion between e lectric charges depends, not on ly  
upon their relative position, but  a lso upon the relative velocity, 



Courtesy of the George August Physics Institute at G6ttingen University 

An exhibit honoring Gauss and Weber in June 1 899 at GOttingen University. Portraits of the scientists (in background) are sur­
rounded by their experimental apparatus and illustrations of their experiments. 

and even acce leration, of the charges-or, i n  a word, upon 
their state of motion. Paradoxica l ly, however, the physical effi­
ciency of a state of motion necessari l y  impl ies the existence of 
something beyond the mathematician's "frozen sl ice" of time: 
namely, a un itary process of becoming which must necessari ly 
embrace a multitude of states, and therefore (apparently) a def­
in ite, non-vanishing quantum of action encompassing at least 
a portion of the past and future of the process . Weber's investi­
gations demonstrated various facets of the same singularity, in­
cluding the existence of a critical l ength and critical velocity, 
defying the assumptions of axiomatic continu ity and l i nearity 
in the sma l l .  

Weber's student Bernhard R iemann ,  i n  h i s  posthu mously 
publ ished manuscript on " N ew Mathematica l  Pri nc ip les of 
Natural Phi losophy,"2 "found on March 1 ,  1 853" (and in some 
other fragments among writ i ngs u n pu b l ished at h i s  death ),  
made an early attempt to frame an anti-entropic physics refer­
enced explicitly to the process of creative mentation ("Erzeu­
gung von Geistesmassen"),  and in which the content of past 
events can exert an unmediated i nf l uence on the present 
course of a process. 

Riemann's  reflections on th is  matter were certa i n ly i nfl u­
enced by his ongoing cooperation with Weber on electrody­
namics, and by the considerations lead ing (at Gauss's instiga­
t ion)  to R i e m a n n ' s  1 854  d i ssertat ion  on the " Hypotheses 
Which Underl ie Geometry," as wel l as h is  1 858 paper on re­
tarded potentia l-where the issue of an anti- l i near temporal 
ordering, and of a sort of "memory" manifested even by inor­
ganic physical processes, i s  imp l ic it ly addressed . Obviously, 
Riemann's thoughts on this were a l so c losely related to h i s  
study of  evo l ut ion and the organ ization of l iv ing processes 
generally, including the physiology of the bra in .  

Unfortunately, the doors opened wide by Weber's impl ied 
demonstration of a memory funct ion in e l ectrodynamic  
processes, were s l ammed shut  aga in ,  thanks to  the efforts of 
Maxwel l ,  Helmholtz, and others to expla in  away the effect of 
retarded potential in terms of mechan istic, kinematic propaga­
tion of waves in a Cartesian form of ether. This operation is a 

d i rect precursor to the l ater information theory, i nsofar as it 
aimed to bury the crucia l  d isti nction between memory in the 
proper sense (expl icable on ly  on the basis of metaphor), and 
mere storage of i n fo rmat ion in the  form of scratches on a 
Cartesian tabula rasa. 

Weber's 'Aphorisms' 
Al l  of th is was evident to me long before the moment when I 

ran across a remarkable  item from the posthumous papers of 
Wilhelm Weber,3 publ ished at the end of his col lected works. 
Entit led "Aphorisms, " these short ph i losoph ical  notes q u ite 
clear ly reflect Weber's d iscussions with Riemann (although 
they may have been written much later) and confirm my sense 
of the kinds of things which must be understood "between the 
l i nes" in the work of the Gauss-Weber-Riemann circle on elec­
trodynamics and related topics. 

The "Aphorisms" must be read as a s ing le  whole.  At fi rst 
glance, Weber's statements below might be read as favoring a 
kind of dual ism between a physical world and a mental world .  
However, we shou l d  not overlook the unmistakable i rony in  
Weber's remarks, and the  impl ied, rather devastati ng refuta­
tion of the objectivist, En l ightenment concept of the physical 
world (sometimes referred to as the "Korperwelt" or hypothe­
sized ki nematic world of d i screte objects moving in a space 
characterized by simple continu ity). 

On the other hand, Weber seems to have overlooked the act 
of hypothes iz ing which  u nder l ies a n y  notion  of n u mber­
something wel l known to P l ato and  N icho las of Cusa, and 
high l ighted, of course, in Georg Cantor's work. 

-Jonathan Tennenbaum 

Notes--------------------------------------------
1 .  For Sarpi and Galileo, see "How Hobbes's Mathematics Misshaped Modern 

History," by Lyndon H. LaRouche, Jr. ,  in 2 1 st Century, Spring 1 996, and, 
paired with it, "Paolo Sarpi and the Fraud of the Enlightenment: Why 'Stan­
dard Classroom Mathematics' Makes People Stupid," by Jonathan Tennen­
baum. 

2. Found in Riemann's "Philosophical Fragments," of which a translation ap­
pears in 21st Century, Winter 1 995-1 996, pp. 50-62. See pp. 58-60. 

3. Wilhelm Eduard Weber, 1 892-1894. Werke. 6 vols. (Serlin: J. Springer). 
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. bY 'Wi lhe lm Weber 

�. m o n g  t h e  catego r ies N u m ber, Space, and , 
Time, Number alone belongs to pure logic or 

, Pll�� scienc�, 'W h i l e  Space a l ready conta i n s  
someth i ng' nypothetical o r  derived from visual imag­
!na,tis>n ( !C;!/,!.h.� Euql idean;:hypothesis of the 
theory . s, and i n  addition, the concepts of 
left and �ight, W h i c h ' cannot be d ef ined by logic) .  
The c!lsE{ of Ti(he i s  sure ly  s im i lar  to th�t of Space. 
Accord i n g  to:t h e  concept ion of T i me, w h i c h  we 
have framed fot-the physical world, the relationship 
between:"�ast;' pr'esent, anr;l futq re assu red l y  a l so 
conta i n's a  hypothetical e lement, .which has no ab­
solute val id ity for the mental world (for the world of 
thoughts, anclJ�pi'ph��jsa I lY' for th inking itself). ' 

r :' . . ,� ,:", " ." "r 
When we conceptual ize the world i n  the frame-

work o( �!Jml;>�r, Space, Time, Motion, ytc.,  the as­
s u m pt ion of cont i n u ity and s i mp'l i c i ty of motion 
(that no o/:>ject c�n s imultaneously carry out two dif­
ferent motions) is essent ia l  to the re l at ion s h i ps so 
framed. 

Th is  framework is no longer adequate, when we 
extend and expand our thinking to the world of men­
tal prbC€$SeS and to D'ivin ity . 

. . , The rnption qf thought cannot he subjected to the 
same l i m itations of continu ity and, s impl ic ity, as we 
do for a pnysical motion (which would mean that no 
th ink ing' De ing>could h'ave two thoughts at the same 
t ime).  The poss i b i l ity- of reach i ng a concl usion, re­
quires havfng tliree propositions present in the mind 

" 

at once. 

Accord i�g to the fi rst framework, the one conceived 
for the physical world, the present is rea l ly  noth ing at 
a l l , namyly a 'rtlere hou ndary between past and fu­
ture, without a1Y content of itS own. 

I n  the mental  wor ld,  the' present contai ns con­
sciousness, which has a sign ificant content ( incl ud­
ing  a l l  memory) . I n  the menta l  domai n,  therefore, 
the present is someth ing rea l ,  and is not merely the 
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boundary between past and future;  it ,has a real con­
tent. 

Without consc iousness as the content of the pre­
sent, there could be no mental, l ife, an(j for the Divin­
ity, the content of the pr�sent,'exi.sti ng-;i n  conscious­
ness, must in fact be infin itely extended, 

Such a cohtent, however, requ i res tfl11e;  i n  mental 
l ife, the present, being fil led with consciousness, is no 
mere bou nd ary between past alid  futu re, but  is a 
boundary layer between past and futu re; it i s  a rea l  
element of  time. 

In the D i v i n ity, the consciousness-f i l led present 
must be inf.in )tely extend�d. 

A Divin ity, which were assumed to exist oOly in the 
present, i nsofar as the presenfis u nderstood ' i n  ,the 
man ner assumed for the physical  world (where the 
present is  mere ly  a bou ndary 'between past and fu­
tu re)-that is, a present w h i c h  were u nderstood to 
have existed in the past and which sti l l  has to ach ieve 
existence in the futu re-were only  an empty notion 
or a mere i l l usion. , 

�u r  pow

", 

er of thou

,

g

,

ht, ou
, 

r power of. se

, 

nsation 
a n d  o u r  power of memory, a re l i ke a s u m  
loaned to us, wh ich  we must prod uce with .  

We create a wor ld of  cogn it ion,  which stands i n  a 
won d rous re l at ion to o u r  sensat ions .  Thereby we 
learn to 'va l u e  the " loan" extended to us, to honor 
and tru�t the one who gave that loar). This concep­
tual  world,  formed in connect ion with our sensa­
t i o n s , em braces a l so a co n cept ion , of o u rse l ves, 
which, however, is confined ,. th rough' 'ou r  notion of 
our  b i rth and our  death , to the i nterval  of t ime be­
tween those events. A l though th is w'orld of cogn i­
t ion conta i n s  many not ions---'i n c l u d i n g  notions of 
the t i m e  before ou r b i rth and  after o u r  death-of 
these not ions  none is  of o u rsel ves. As long  as we 



BIOGRAPHICAL APPENDIX 

Wilhelm Weber: 
Giant of 19th 
Century Physics 

Wilhelm Eduard Weber 
( 1 804-1 89 1 )  was born i n  
the German city of Witten­
berg. He was educated in  
science with the help of  h is 
older brother, E rnst Hein­
rich Weber, and physicist 
E . F .  Ch ladn i ,  a boarder in 
the same house as the We­
bers. The political c l imate 
of the household was 
shaped by the ideas of 
Friedrich Sch i l ler and the 
American Revolution. 

The brothers carried out 
i ndependent, pioneer ing  

Wilhelm Weber 

research on water waves, constructing the world's first experi­
mental wave tank.  Wi lhe lm went on to earn an advanced de­
gree at the U n iversity of Ha l le  through work on the acoustics 
of musical instruments. 

I ntroduced by Alexander von Humboldt, he joined world­
famous mathematician and astronomer Carl Friedrich Gauss at 
Gottingen University i n  1 83 1 ,  where the two began pioneering 
researches in magnetism and e lectricity. Gauss's h istoric pa­
per, "The I ntensity of the Earth's Magnetic Force Reduced to 
Abso l ute Measu re, " wh ich  set the  standard for a l l  modern 
physical researches, and was the fi rst to introduce the concept 
that a l l  physical measurements be derivable from measure of 
length, mass, and time, was the fi rst fruit of this col laboration. 
Weber was removed from his professorship at Gottingen Un i­
versity between 1 83 7  and 1 848 for his i nvolvement in repub l i­
can pol itical activities. 

Weber conceived the idea of adapting the precision instru­
ment developed for the magnetic stud ies, the magnetometer, 
for e lectrical researches. By means of the new instrument he 
cal led an electrodynamometer, Weber experimenta l ly verified, 
with a high degree of precis ion, the l aws of e lectrodynamics 
establ ished by Andre-Marie Ampere in Paris in the 1 820s. This 
he reported in his famous first memoir, " E lectrodynamic Deter­
minations of Measure," publ ished in 1 845.  

Ampere's electrical l aw had polarized the scientific world, 
by showing that the force of i nteraction between any two very 
sma l l  segments of two current-carrying wires was not only pro­
portional to the inverse square of their d i stance of separation 
(and thus in conformity with Newton's formulation for gravita­
tion, and with the recently establ ished electrostatic and mag-
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netic laws), but was also dependent on the relative directions 
of the currents. Weber's genera l ization of the fu ndamental 
electrodynamic law (wh ich subsumed the phenomena of i n­
duction, not known to Ampere), described the pairwise inter­
action between electrical particles, presumed to be trave l l i ng 
i n  the wi re-what wou ld today be cal led conduction elec­
trons. I n  Weber's new formu lation, the electrostatic law (de­
pendent solely on the inverse square of d istance) is modified 
for moving charges, so as to be dependent on the relative ve­
locity and acceleration of the charges. 

This fruitful new formu lation, subsequently confirmed and 
elaborated by the most carefu l experi mental researches, led 
Weber over the fol lowing decades to deep and advanced i n­
sights into the atomic structure of matter. As early as 1 870, he 
was able to envision, and describe with mathematical preci­
s ion, the charged atomic  n uc leus and orbit i ng electrons, a 
model usual ly attributed to Rutherford and Bohr's work of four 
decades later. I n  1 870, Weber also arrived at the modern for­
mulation for the classical electron radius (e2/mc2), decades be­
fore the va l ues for charge and mass of the electron cou ld be 
empi rica l l y  determ ined.  Weber's conception, based on h is  
fundamental electrodynamic law, regarded th is value as  a crit­
ical length, below which the ordinary repulsion of l ike charges 
wou ld change i nto an attraction. It appl ied to l i ke charges of 
either sign, and thus would  subsume the nuclear bind i ng en­
ergy (strong force) under the electrodynamic law. 

Another fu ndamental concept, not recogn ized in today's 
textbook physics, emerged from Weber's 1 854 experiment, 
carr ied out at Gbtt i n gen  j o i nt ly  w i th the phys ic ist Rudolf  
Kohlrausch. Its purpose was to determi ne the value of the We­
ber constant, c, which appeared as a critical l im iti ng velocity 
in his electrodynamic law. The relationship of th is constant to 

the veloc ity of l ight, in vacuo, was ant ic ipated by Bernhard 
R iemann ,  who a l so ass isted i n  the 1 854  experi ment .  R ie­
mann's theory of the retarded potential (the fin ite rate of propa­
gation of the potent ia l  between two partic les separated i n  
space) derives from this work, and much predated Maxwell 's 
specu lations on the subject. Weber e laborated on aspects of 
th is  idea in an important 1 878 memoir  on the " Energie der 
Wechse l w i rkung"  ( Energy of I nteract ion ) .  Here he a rgued 
aga i n st a s i m p l if icat ion of the concept of energy that was 
under  way at the t i me,  by assert i n g  that re lat ive motion 
changed the internal state of objects, not merely their external 
relations, an idea which goes back to Leibn iz. 

In a handwritten manuscript from the 1 880s on the subject 
of gravitation, publ ished after h is  death, Weber hypothesized 
the construction of the periodic table accord ing to the electri­
cal charges of the elements, and d iscussed approaches to de­
riving the gravitational force from electrodynamic considera­
tions. An attempt to advance that aspect of Weber's work was 
pursued by the br i l l iant  Swiss phys i c i st Walter R itz ( 1 878-
1 909), and is reported in  his paper, "La G ravitation" (Scientia, 
Vol .  1 ,  April 1 909) . Ritz there attempts an explanation of phe­
nomena, treated unsatisfactori ly in E instei n's Specia l  Relativ­
ity Theory, by a un i fication of Weber's electrodynam ic con­
ception with Riemann's theory of the retarded propagation of 
potentia l .  -Laurence Hecht 

Note------------------------------------------
For more on the development of Weber's electrodynamic theory, see Lau­

rence Hecht, "The Atomic Science Textbooks Don't Teach: The Significance 
of the 1 845 Gauss-Weber Correspondence," 21st Century, Fall 1 996, pp. 22-
43. On the Ampere law and modern experimentation, see Dr. Remi Saumont, 
"The Battle over the Laws of Electrodynamics," 21st  Century, Spring 1 997, 
pp. 53-60. 
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BIOLOGY & MEDICINE 
I NTE RVI EW WITH D R .  SADAO HATTO RI  

Using Low-dose Radiation for 
Cancer Suppression and Vital ization 

Or. Hattori is the Vice President in 
charge of Nuclear Energy of japan's Cen­
tral Research Institute of the Electric 
Power Industry (CRIEPI). He directs 
japan 's research program on the effects 
of low-dose radiation, conducted at 1 4  
universities. A 1 959 graduate o f  Tokyo 
Institute of Technology with a master's 
degree in nuclear engineering, Hattori 
received his Ph. D. from the University of 
Tokyo with a thesis on the risk assess­
ment of nuclear energy. He has been a 
guest professor at Tokyo Institute of 
Technology and at the Nagoya Institute 
of Technology, and he has held his pre­
sent position at CRIEPI since 1 989. 

Hattori was interviewed by managing 
editor Marjorie Mazel Hech t in April 
1 997. 

Question: Japan now has a unique and 
wide-ranging program of research into 
the health effects of low-dose radiation. 
How did the program get started? 

I n  1 984, I came across a n  a m a z i n g  
paper on hormes is  b y  D r .  T . D .  Luckey 
in the December 1 982 issue of the jour­
na l  Health Physics. I sent  a copy of 
Luckey's paper to F. Cutler and J. Tay­
lor, the president and vice pres ident of 
the E l ectr ic Power Researc h I n st i tute 
(EPRI) i n  December 1 984, aski ng  them 
how they cou ld expla in what Luckey re­
ported . They then decided to eva l uate 
Luckey's paper. 

I n  August 1 985,  there was a confer­
ence i n  San Franc isco, cal led the Oak­
land meeting-the first rad iation horme­
sis internationa l  conference.  After th i s  
conference, E PR I  answered my l etter, 
saying that Luckey's paper was i nterest­
i ng and scientifica l ly  accu rate-but not 
the ful l  story. EPRI decided to fund some 
research activities on this at the Un iver­
sity of Cal ifornia at Los Angeles, UCLA, 
under Professor Mackinodan . EPRI asked 
him in  1 986 to do some tests to confirm 
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rad iation hormesis. 
Meanwh i l e, in Japan,  we formed a 

group to study the hormesis papers cited 
by Luckey, checking the data with spe­
c i a l i sts.  After a few years of study, we 
in itiated our radiation research program 
i n  1 98 8 .  We formed a comm ittee, i n­
c lud ing many un iversity professors, and 
specia l ists in  the med ical and biological 
fields. We then decided to perform some 
animal  tests, which began in 1 989. 

T h i s  sti m u l ated many people in the 
concerned fields i n  Japan. Many special­
i sts were i nterested in th is ,  and they 
asked me to do some research . Gradu­
a l ly, after bei ng asked by many,  many 
people, I was obl iged to expand my ac­
tivit ies, based on this i nterest. Our pro­
gram expanded, so that now we work 
with 1 4  u n ivers it ies on med ical activi­
ties. 

Question: What are the dimensions of 
your budget for this research? 

Wel l ,  I have to expla in  how Japanese 
u n iversit ies work. The u n ivers it ies a re 
ma in ly  fu nded by the government, and 
med ical research is funded by the Health 
M i n i stry. There is  much active med ical 
research ongoi ng, some pr ivate ly  
funded. So, a l l  I had to do  is to add some 
smal l amount to the ongoing programs 
where researchers agreed to do some ra­
d iation hormesis research. For example, 
one professor in  one university might be 
working with several people in a project 
already; so I wou ld pay perhaps $ 1 0,000 
or $ 20,000 for the hormesis research. 

Question: Because the research institu­
tion was already supported. 

Yes, completely .  Sa lar ies, the fac i l i ­
ties, the equ ipment-I didn't need to pay 
for that. So it was qu ite easy to work with 
the u n ivers it ies .  However, our  budget 
has become l a rger recent ly ;  it's now 
about $ 700,000 yearly. 

Question:  What are the main areas you 
are investigating? 

There are three major areas. 
N u m ber  one is the i m m u ne system, 

immune stimu lation to suppress cancer, 
work with the tumor suppression gene 
p53 . This is  an  exciting field stimu lated 
by Professor Sakamoto, who is d o i n g  
cancer therapy i n  a hospital, and Profes­
sor O n i s h i ,  who is d o i ng the p53  re­
search .  

The second area is rejuvenation, or vi­
tal i zation  of the bod ies of mammals by 
low-l evel rad iation .  For example, vital­
ization of the essential activities such as 
membra ne permeab i l ity of bra i n  ce l l s ;  
suppress ion of  d iabetes; SOD or super­
oxide d ismutase, which suppresses oxi­
dation of cell tissues by free rad icals, so 
we can keep ou rselves you ng;  and the 
important activity of sod i um-postassium 
pumping through cel l  membranes, the 
i n -and-out movements, w h i c h  can be 
driven by Na+K+APTase (an enzyme es­
sential for cel l activities). 

Th i s  work is m a i n l y  done by Dr. Ya­
maoka of o u r  i n st itute.  He is work i ng 
with many professors of many un iversi­
t ies now. And,  add i t iona l ly ,  Professor 
Yamada is i nterested in the mod u l ation 
of psychological  stress, mental stress­
how you can  keep h igh tens ion  down 
us i ng low-level rad iation .  This  a lso, we 
understand, comes u nder rejuvenation 
or vital ization. 

The t h i rd a rea i s  adapt ive response.  
Now, the U n ited Nations Scientific Com­
mittee on the Effects of Atomic Radiation 
(UNSCEAR) admitted that low-level radi­
ation stimulated DNA repair activity, and 
if the damage is too severe, apoptosis ac­
tivities are stimulated. This is a very inter­
esting field now i n  nuclear med icine. 

Question: So, these are the three major 
areas of research at the 1 4  universities. 

Yes, and there are some other u n iver-
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Figure 1 
SURVIVAL RATES OF NON-HODGKIN'S LYMPHOMA PATI ENTS 

WITH AND WITHOUT TOTAL BODY I RRADIATION 
Lymphoma patients who were given a total body irradiation of 1 0  centigray 
by X-ray, three times a week, in addition to the standard local high dose irra­
diation treatment, had a 90 percent 6-year survival rate. The control group, 
which received only the local high-dose treatment, had a 36 percent 6 year 
survival rate. 

Source: Dr. K. Sakamoto, Tohoku University 

s it ies now ask ing  to j o i n  o u r  research 
program. 

Question: What are the most important 
results you have seen over the past 
decade? 

Most i m portant, I th i n k, a re 

they are applying only a prim it ive state 
of rad iat ion treatment.  By do ing  some 
research and analyzing the optimum ex­
posure, we cou ld produce further excel­
lent  effects. We have to f ind  the opti­
mum exposure to revital ize people. 

1 4-1 8 

Question: There are also data from ex­
periments to control diabetes and hyper­
tension using just one low-dose treat­
ment a month. Has this work and the 
rejuvenation work been done only with 
rats and mice and other animals, or have 
you begun work with human beings? 

No, no, j u st a n i mals .  I rea l ly  wish to 
beg in  so, but it is impossible under this 
soc i a l  common sense formul ated by 
ICRP ( I nternational Comm ission on Ra­
d iation Protection).  

Question: And what about the cancer 
treatment? Given the success at treating 
human lymphoma patients with total 
body low-level radiation, are there plans 
to establish this as a standard course of 
treatment in Japan? 

N o .  Let me exp l a i n  why.  japan is 
str ict ly fol lowi ng  the ICRP regu lat ions 
and recom me ndat ions .  The japa nese 
government decided to strictly control 
japanese soc iety-they do not a l low or 
permit human experimentation with ra­
d iation. This is  an ICRP-regulated coun­
try. 

Question: So how did you then treat the 
lymphoma and liver cancer patients? 
Were these exceptions? 

Professor Sakamoto exp l a i ned to 
these patients, who were al l  in the hope­
less category, that there were no further 
med i ca l  methods w h i c h  cou ld  save 
them, but that he thought the rad iation 
might help. These patients then were ea­
ger to be i n c l uded i n  the experiments 
with rad iation. Sakamoto had to find the 
pr ivate funds  to do th i s .  There was no 

government  support, nor sup­
Professor Sakamoto's amaz i ng 
resu l ts for human cancer sup­
press ion ,  t reat i n g  l ymphoma 
pat i ents, a n d  a l so sav i  ng the 
l i ves of some people with l iver 
cancer. It was amaz i ng .  How­
ever, th i s  rad iat ion effect may 
be effective o n l y  with certa i n  
persons, depend i ng on  certai n  
biological characteristics. They 

kilobequerels 

port from the hosp i ta l .  He had 
to use pr ivate money to save 
these patients. 

have fou nd th is by a n a l yz i  ng  
the immune system response of 
many patients. 

I a l so  t h i n k  that Dr .  Ya­
maoka's results with rejuvena­
tion are amazing. If you look at 
the many natural radon springs 
around the world, such as Bad 
G aste i n  i n  Austr ia ,  however, 

Blood substance Control of radon 

Insulin (fJU/ml) 4.3 ± 0.4 8.5 ± 1 .8 

Glucose-S-phosphate 1 .9 ± 0.2 2.S ± 0.3 
dehydrogenase ( IU/37°C) 

Blood glucose (mg/dl) 21 8 ± 21 1 9 1  ± 1 9  

Figure 2 
EFFECT OF RADON I N HALATION ON DIABETES­
ASSOCIATED SU BSTANCES OF RABBIT BLOOD 

Rabbits who inhaled radon for 90 minutes at a dose 
of 1 4  to 1 8  kilobequerels had increased levels of in­
sulin and glucose-6-phosphate dehydrogenase, and 
lowered blood glucose levels. 

Source: Dr. K. Yamaoka, et aI., CRIEPI, Okayama University 
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Question: But given the results, 
which are really astounding in 
terms of the increase in longev­
ity-

Amazing, but regu lations are 
regu lations; they are not l ife-sav­
i ng .  I t 's  very c ru e l .  Professor 
Sakamoto is almost mad about it. 

Question: Well, what can be 
done? 

We need worldwide activity 
to cha nge the law.  The I C R P  
contro l s  a l l  the  act iv i t ies i n  
japa n .  I t 's  i mposs i b l e  t o  make 
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exceptions to save human l ives. Regula­
tions are regulations. I th ink  this is a ter­
r ib le  s ituat ion .  I hope to extend these 
programs to human beings, but it is  im­
possible now-

Question: Given the current ICRP regu­
lations-

Yes, and the publ ic perception shaped 
by the ICRP reg u l at ions .  The J apanese 
people are ignorant about th i s .  They 
think radiation is  terrible. 

Question:  Here in the United States we 
also don't do these experiments, but 
there is a procedure for establishing ex­
perimental protocols with new treat­
ments for cancer, for example, especial­
ly with people for whom there is no 
other hope. 

It is the same i n  J apan, but these are 
special cases. 

Question: Is it possible to expand the 
number of special cases? 

If certa i n  fu nds  and  a u thorizat ions  
were given, Prof. Sakamoto has  to  fi nd 
private money, which is d ifficu lt. 

Question : Most people are startled to 
learn that the su rvivors of H i roshima 
and Nagasaki who had low exposure to 
nuclear radiation are living longer than 
those in the Jilpanese population who 
had no radiation exposure. How do you 
explain this? 

These are very exciting data, but very 
d ifficu l t  to expl a i n .  Professor  Sohe i  
Kondo, a very famous professor i n  Japan 
and a most excel lent  a n a l yt ica l  re­
searcher, even he h imself cannot expla in 
to me why this  is the case. I t  is  very d iffi­
cu lt to exp l a i n .  For example, we have 
many animal experiments with radiation 
hormesis: We apply a certai n  dose-for 
example 1 0  centigray, or 1 5  centigray. 
However, that kind of wonderfu l ,  posi­
tive effect with animals does not remai n  
throughout their l ifetime. 

For example, Dr. Yamaoka found that 
these posit ive effects cou l d  be kept for 
two months or so, but they cannot con­
firm or understand how the effects could 
remain throughout one's  l i fe, with on ly  
one exposure, as these survivors experi­
enced. 

Question: So with the animal experi­
ments, the protective effect of the radia­
tion also requires periodical exposures? 
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Figure 3 

CHANGES I N  SOD ACTIVITY I N  THE ORGANS OF RATS 
OVER TIME, AFTER LOW-DOSE I RRADIATION 

Low-dose (0.25 gray) irradiation fostered an increase in sao (superoxide dis­
mutase) activities, which suppress oxidation of cell tissues by free radicals, in 
various rat organs. The effects of one irradiation continued for up to 8 to 1 2  
weeks. 
Source: Dr. K. Yamaoka, CRIEPI 

Yes, the resu lts in an imals  do not re­
main for so many years. So, th is result in  
the H i rosh ima and Nagasaki su rvivors 
has to be a subject for further research. 

Iyzed. I cannot now expla in  why there is 
such a benefic ia l  effect a l l  through their 
l ives, with only one exposure. 

Question: Could it be the age of the 
people when they were exposed. 

Yes, it may be age dependent, but there 
are many compl icated issues to be ana-

Question : H ow do you account for 
some of the results you are seeing? 
What do you think is going on at the cell 
level? Are there differing hypotheses as 
to what is going on? 
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Or. K. Yamaoka in his lab at CRlfPI. 
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Figure 4 

30 

PROTECTIVE EFFECT OF LOW-DOSE IRRADIATION FOR MICE WHO 
THEN RECEIVE A HIGH-DOSE IRRADIATION 

Mice irradiated with a low-dose (50 centigray) two weeks before a second, 
high-dose irradiation (7.4 gray), had much better survival rates (top line) than 
the control group, which did not receive the low-dose irradiation. 
Source: Prof. Yonezawa, Osaka Prefecture University and Mr. Misonah, CRIEPI 
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I ' l l  try to expla in  this s imply. Ion izing 
radiation enters the cell and makes ions, 
electrons, and elevates the state of oxy­
gen, and  e levates the state of e lectron 
c i rcu lation around the atom. It makes a 
chem ica l l y  active s ituat ion, even with 
water molec u l es .  H y d rogen,  oxygen, 
and other molecules and proteins are in­
fluenced by this activity. 

Now, a l l  cel ls hope to make some en­
zyme prote ins and are wait ing for cer­
tai n  stimulations in order to do so. So the 
rad iat ion st i m u l ates the product ion of 
these good enzymes. A l l  cel l activities 
want to go i n  a benefic ia l  d i rection for 
the body; that is the fundamental inten­
tion. So the rad iation stimu lation creates 
a l l  sorts of good activities; gene formula­
tions, gene repai rs, and apoptosis if it is 
needed. Everyth ing can be explained by 
this stimulation. There is also some over­
l ap phenomena he lped by some other 
stimulation such as heat shock. 

I ' m  not a spec i a l i st in the medica l  
f ie ld ,  but  I th i n k  th is  i s  an  easy way to 
look at this. 

Question: So it stimulates the normal 
cell reactions. 

Yes, mak ing e lectrons, ions, and ex­
cited states of atoms, good chemical re­
actions in a beneficial d i rection. You can 
form u l ate some h e l pfu l enzymes and  
proteins to  go  i n  better d i rection. 

Question: There is now an international 
campaign to change the standards for 
radiation exposure away from their lin­
ear, no-threshold basis to standards that 
reflect the reality of the hormesis effect. 
Can you comment on this? 

I th ink  this is  a wonderful activity, for 
a l l  human beings around the world, to 
save mank ind .  Not o n l y  is n uclear en­
ergy needed as clean energy, but a l so 
we need the use of rad i at ion  to save 
many l ives of people, vita l iz ing people 
who are s ick .  We cou ld have so many 
health centers that wou l d  be apply ing 
low-level rad iation, even i n  the k ind of 
protocols you mentioned. But now these 
thi ngs are completely prohibited by the 
leRP i nfluence. We have to change the 
law to save people. 

Question: I think that changing the radi­
ation standards would help to do that, 
because now when you say "radiation," 
you get a negative reaction, and that's 
what also has to change. 
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Yes, it is a complete m isu nderstand­
ing. 

Question: To your knowledge, is similar 
research going on in other countries? 

I have just a l ittle knowledge about this. 
In northeast Ch ina, in Chanchu ng Nor­
man-Bethune Medical Un iversity, Dr. L iu  
is conducting rad iation research activi­
ties. He establ ished a radiation hormesis 
research institute several years ago. He is 
eagerly doing experiments, especial ly on 
the immune system stimu lation. 

In Russ ia,  in some u n i vers it ies, they 
are do ing a l ittle research, but w ithout 
enough money. Also i n  Canada. And in 
F rance, there is very old i nformat ion 
from 1 940; F rance or ig inated rad i ation 

st i m u l at ion for l i fe v ita l izat ion .  In the 
U n ited K i ngdom, Professor Potten at 
Manchester Un iversity has emphasized 
very low l evel rad i ation st i m u l at ion to 
produce good apoptos is  act iv i t ies to 
keep the smal l  intestine wel l .  

Question: But I think that the Japanese 
program is the largest in the world. 
What directions would you l ike the 
Japanese program to take in the next 
decade? 

I think I have to look for some individ­
u a l s  to set up  a fou ndat ion,  not j u st 
CRIEPI-our institute is not enough . Our 
president, Mr. Yoda, recently suggested 
to me that we need to ask certain  ind ivid­
uals to form a large research foundation 
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Figure 5 
LI FESPAN OF ATOMIC-BOMB SU RVIVORS 

Residents of Nagasaki who were not exposed to the atomic bomb radiation 
have higher death rates after age 55 than those who were exposed. The dotted 
line is the non-exposed population; the solid line is the exposed population. 

Source: Mine et aI., 1 981 . "The Current Mortality Rates of A·Bomb Survivors in Nagasaki City," Japan Journal of 
Public Health, Vol. 28, pp. 337·342 

for rad iat ion hormesis, to save people.  
We have to expla in to people the neces­
sity for this and the true story of rad iation 
hormesis to save many people. CRIEPI is 
not a research institute with a m ission to 
save mankind. It's an electric power i nsti­
tute of which nuclear is just one d ivision; 
hormesis is a very smal l part of this divi­
sion, and thus l im ited. 

M a n y  people a re now i rl terested i n  
this, but with ICR.P a n d  government con­
trols, they are hesitating. So, it is not easy 
now . . . .  

As you commented, we need l ow­
level rad iat ion as a standard course of 
treatment in  Japan, to save people's l ives. 
But everything is control led by the ICRP 
and its influence on the publ ic .  

Question: What would you suggest for 
the United States? 

Wel l ,  every kind of innovative activity 
to change the world and such old-fash­
ioned laws, a l l  kinds of such activities in  
recent scientific h istory, have been done 
in the U n ited States.  So, I ask you, the 
peop l e  of the U n ited States, to p lease 
save mankind. 

Question: We have a big job to do, to 
get the United States to be interested in 
this. I think it's well worth making the 
effort. Maybe it can be a joint effort, 
with Japan and with other countries that 
have done this research, l ike China, as 
well. 

In 20 years, Ch ina m ight be the lead­
ing country in  the world .  

Question: And the U nited States has to 
wake up • • • •  

Yes, you have to wake up your coun­
try. 

Clon ing:  Medical Spin-offs and 
A Chal lenge to Old Assumptions 
by Co l i n  Lowry 

The successful experiment which pro­
duced the now famous cloned sheep, 

Dol ly, has opened up exciting new pos­
s ib i l i ties i n  med ica l  research, and  has 
challenged a fundamental assumption in 
biology: the idea that adult d ifferentiated 
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cel l s  have had the i r  DNA conformation 
permanently changed. 

The new c lon ing techn ique i nvolves 
the transfer of the nucleus conta in ing the 
DNA from an adult cel l into an unfert i l­
ized egg that has had its nuc leus re-

moved. The procedure developed by Dr. 
Ian Wilmut, and his team at the Rosl in In­
stitute in  Scotland, produced a newborn 
sheep that is  genetical ly  identical to the 
a d u l t  a n i ma l  that donated the cel l  n u ­
cleus.  T h e  adult  a n i mal  cel l s  are grown 
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eases l i ke cystic fibrosis, 
can  be made i n  trans­
genic animals .  

i n  cu ltu re, and chemi­
ca l ly  treated so that 
they exit  the growth 
phase of the cel l cycle 
and enter a qu iescent 
state. This i s  important 

1. Unfertilized sheep egg put into 
culture dish. 

1 . Adult sheep cells removed from 
donor, grown in culture. 

The clon i ng technique 
a lso offers the chance to 
create an ima l  models of 
human d iseases. For ex­
ample, an imals cou ld be 
d eveloped that conta i n  
the genetic defect for the 
d i sease cystic fi brosis, 
and potentia l  treatments 
cou I d  be tr ied on these 
transgen ic  a n i ma l s .  The 
a b i l ity to make genetic 
changes in  an ima l  cel l s, 
and  study the effects of 
these changes i n  the de­
velopment of the an imal 
wou l d  prov ide  i n s i ght 
i nto gene fu nction and 
regulation. 

to the success of the 
technique, as the donor 
cel l  is put i nto a meta­
bol ic  state very s im i la r  
to the unferti l ized egg. 
I t  is thought that th i s  
w i l l  cause the  DNA to 
adopt a confo rmation 
that wi l l  respond to the 

2. Nucleus containing 
DNA is removed from 
egg. 

2. Nucleus 
removed from adult 
donor cell. 

proteins in the egg that 
regu late genes in devel-
opment. 

3. Nucleus of adult donor cell is The egg has  its n u­
c l e u s  removed, a n d  
t h e  d o n o r  ce l l  i s  then 
fused to the egg us ing  
a sma l l  electric charge, 
wh ich a l so sti m u lates 

transferred to egg. Electrical im­
pulse fuses the two together, and 
starts embryo growing. 

4. Embryo divides and grows. 

the cycle of c e l l  d iv i-
s ion  and  growt h .  The 
ad u l t n u c leus ,  u nder  
control of  the protei ns  
in  the egg, wi l l  provide 
the necessary genetic 
i n format ion fo r the 
deve lopment of a new 
i nd iv i d u a l .  Once the 

5 .  Embryo implanted 
into surrogate mother. 
Develops normally. 

6. Resulting lamb is a 
genetiC clone of the adult 
sheep that donated the 
nucleus. 

This wou ld  al so bene­
fit agricu l ture, as an un­
derstan d i n g  of genetic 
regu lation and the abi l ity 
to a l ter it cou ld  make i t  
possible to develop cows 
that produce more m i l k, 
or cattle that are more re­
sistant to d isease. 

Perhaps most dramatic, 
the c l o n i ng d i scovery 

embryo has reached 
suffic i e n t  s ize, it i s  
transferred to a su rro-

THE CLONI NG TECHNIQUE THAT PRODUCED DOllY 
cou ld provide part of the 
long-term solution to the 

gate mother, where it  develops, and is 
born in the normal fashion.  

life-saving Spin-offs 
The hysteria generated i n  the popular 

press that l i nked Dol ly to the possibi l ity 
of human cloning, was designed to shift 
the emphasis away from the i mportant 
benefits to med ic i ne, agr icu lture, and 
bas ic research that  the d i scovery wi l l  
produce. 

The key point is  that the new technol­
ogy wi l l  save l ives. It is  important here 
to u nderstand the d i sti nction between 
the pol icy question of the use of science, 
and the fact that evi l  people might come 
into control of such a technology. But to 
fight the ev i l  appl ication of a technol ­
ogy, you must fight the evi l  people, not 
fight the technology, or ban it. In fact, to 
be d u ped i nto oppos i ng the scient ific  
d iscovery wou ld be  helping the very evi l  
purposes to which t h e  person objects, 
by denying society the beneficial use of 
that d iscovery. 

Here are some of the benefits of the 
abi l ity to create cloned animals from cul­
tured cells: In  the short term, researchers 
w i l l  be ab le  to produce human thera­
peutic proteins (such as  insu l i n) in  trans­
genic animals, which wi l l  be much eas­
ier, more precise, and faster than current 
methods .  Transge n i c  a n i m a l s  (those 
which contain genes from other species) 
are currently created by injecti ng DNA 
constructs i nto early embryo cel l s .  The 
foreign DNA is correctly integrated i nto 
the a n i m a l ' s  genome at very low per­
centages, and the resu lting animals that 
are born must be tested for the presence 
of the DNA construct. 

The new clon ing technique wou ld al­
low the process of foreign DNA integra­
t ion to be performed in cel l  cu l tu re at 
much h igher efficienc ies, and cel l s  ex­
pressing the new DNA could be selected 
and used to clone animals .  Many thera­
peutic prote ins  such as b lood c lott ing  
factors, or specific drugs for treating d is-
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severe shortage of human 
donor organs ava i lable for transplanta­
tion. The major problem in transplanting 
organs is the i m m u ne system response 
that attacks and rejects foreign tissue. Ba­
sic research has provided a part ia l  p ic­
ture of how immune cel l s  recogn ize for­
e ign  t issue by read i n g  the prote ins  
present on the  surface of  the tissue. Sci­
entists currently are using th is knowledge 
to introduce human surface protein genes 
i nto an ima ls, so that their organs cou ld 
be used for transplantation into humans 
without rejection by the immune system. 

The appl ication of the c lon ing  tech­
nique in this area would make it possible 
to produce enough transgenic animal or­
gans to save the I ives of the thousands 
who d ie each year waiti ng for an organ 
to become avai lable. 

Fundamental Assumptions·Challenged 
The breakthrough i n  cloning has chal­

l enged a fundamental  assu m pt ion i n  
b i o logy, a n d  h a s  prompted a new 

Continued on page 67 
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ENVIRONMENT 

What Man-Induced Cl imate Change? 
The claims of human-ca used global warming are not corroborated, 
even by the scientific studies on which they are supposedly based. 

by H ugh W. E l l saesser, P h . D .  

The key statement from the 1 995 re­
port of the I ntergovernmental Panel 

on Cl imate Change (I PCC), the group re­
spons ib le  for the sc ience beh i n d  the 
global  treaty on c l i m ate, is  as fol lows : 
"The balance of evidence suggests that 
there is  a d i scern ib le  human i nfl uence 
on global c l imate." 

This  pronou ncement has been most 
frequently supported, both in Section 8 
of the I PCC 1 995 report, and i n  Science 
magazine (Kerr 1 995a and b), by refer­
ences to Hegerl et a l .  ( 1 994), Mitchel l  et 
a l .  ( 1 995) ,  and Santer et a l .  ( 1 995 and 
1 996) .  An analys is  of  these referenced 
art ic les, however, shows that the c i ted 
stud ies do not support the I PCe's sug­
gestion. 

This arti c le  summar izes the relevant 
material from the c ited stud ies, and the 
evidence that the spat ia l  pattern of the 
0 .5°C warm i ng of the past centu ry has 
steadfastly d isagreed with that predicted 
by cl imate models, in that it has not been 
ampl ified in polar regions, and it has not 
led to higher maximum temperatures. 

At the outset, it shou ld  be noted that 
addit ional  greenhouse warming  is j u st 
what we need to prevent or de lay  the 
next g lac i a l  cyc l e .  B y  c u rrent u nd er­
standing, the Holocene, our cu rrent pe­
riod of i nterglacial c l imate, is due to end, 
and a period of 90,000 years of coo l ing 
is due to begin-taking us back to condi­
t ions of the l ast g l a c i a l  per iod about 
1 8,000 years ago, when the temperature 
was 5° to 7°C cooler  than now (F igure 
1 ) . Why don't we ever hear the argument 
that add it ional  greenhouse warm i ng i s  
just what we need to  prevent or  de lay 
the next glacial cycle? 

The Hegerl et al. Report 
Hegerl et a I . ,  in a report publ ished by 

the Max Planck Institute for Meteorology 
in Hamburg i n  1 994, used two, long­
term cl imate model runs to obtain an es-
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timate of the natural variabil ity of su rface 
temperature. Using this as an estimate of 
natural c l imate variabil ity, Heger! et a l .  
concl uded that the  warm ing  observed 
over the period of record exceeds nat­
u ra l  var iab i l ity and is therefore unnat­
ural, or forced. 

I n  their words:  " . . .  under the caveat 
that we have correctly estimated natural 
[c l imate] variab i l i ty [from models] . . .  
[our] conclusion that a significant warm­
ing has been observed can be given with 
some confidence . . . .  However, we 
caution that we cannot yet decide if the 
observed abnormal [non-natural] warm­
i n g  i n  the l ast few decades can be 
u n i q u e l y  attr ibuted to anthropogen ic  
greenhouse gas forcing." 

H egerl et a l .  ( 1 994) thus spec ifica l ly 
deny the very po i nt for which the i r  re­
port is cited by the I Pce. 

H egerl et a l .  ( 1 994) was c ited in the 
1 995 I PCC report, Section 8, as:  Heger! 
et al. ( 1 996), J. Climate (in press), but no 
record could be found of the 1 996 refer­
ence having been publ ished. 

The little Ice Age Factor 
Use of th i s  report to suggest " a  d i s­

cern ible human i nfluence on global c l i ­
mate" a l so d i rect ly  confl i cts with the 
statements from the I PCe's 1 990 reporf 
concern ing the Little Ice Age, which oc­
c u rred c i rca 1 45 0- 1 8 5 0 .  The I PCC 
writes: "The Little Ice Age, in  particular, 
involved global c l imate changes of com­
parable magnitude to the warming of the 
last centu ry. It is poss ib le that some of 
the warming since the 1 9th century may 
reflect the cessation of Little Ice Age con­
d itions" ( I PCC 1 990, p. 233) .  

F u rther, the same report notes, "The 
size of the observed warming is broad ly 
consi stent w i th pred ict ions of c l i mate 
models, but it is also of the same magni­
tude as  natura l  c l i m ate vari a b i l ity" 
( l PCC90, p. x i i ) .  

The 1 995 I PCC report contai ns noth­
i ng to suggest that these ear l  i e r  state­
ments are no longer val id . 

During the L ittle Ice Age, the rivers of 
London ,  St .  Petersberg, and  Moscow 
froze sol i d  enough to hold publ ic  fa i rs;  
the N o rd i c  co lony  in G reen l a nd per­
ished,  and many farms a nd v i l l ages i n  
Scand inavia and Switzerland had to be 
abandoned because of glacier advances. 
By present est i m ates, we h ave moved 
about halfway from the coldness of the 
L i tt le I ce Age to the warmth of the pre­
ceed i n g  Med ieval C l i mat ic Opti mum,  
c i rca 900- 1 300, when the  Norse were 
ab le  to colon ize G reen land  and to ex­
plore Labrador. 

The Mitchell et al. Study 
Mitchel l  et a I . ,  writing in Nature mag­

azine in 1 995, used the British Meteoro­
logical Office H ad ley Center's advanced 
c l imate model to run th ree experiments, 
starti ng from 1 860:  a control with con­
stant  CO2 ; an exper iment  known as 
GHG,  with CO2 i ncreasing, as recorded 
h i stor ica l l y  to 1 990 (+ 2 . 5  watts per 
square meter at this time, and at 1 per­
cent/year thereafter) ; and an experiment 
known as SUL ,  with both CO2 and su l­
fate aerosol increasing, as recorded h is­
tor ical ly  u nt i l  1 990 ( - 0 . 6  W/m2 at th is 
t ime) and thereafter fol lowing the I PCC 
scenar io designated 1592a i n  the I PCC 
1 992 report. 

Resu l ts were given i n  decadal  aver­
ages of G H G  a n d  S U L, m i n u s  control 
and centered spatial (on the map) corre­
l at i o n s  for each decade, between the 
model  exper iments and the observed 
tem perature a n o m a l ies .  (The g l obal  
means are subtracted from each map be­
fore the corre lations so that the correla­
t ion  pattern  shows o n l y  the pred icted 
change versus the observed change.) The 
decada l  correl at ions a re reproduced i n  
F igure 2 .  
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Figure 1 
RECONSTRUCTION OF THE EARTH'S CLIMATE OVER 

THE MOST RECENT 850,000 YEARS 

Little 

o 

1 900 AD 

A long-range view of climate indicates that the Holocene, our current period 
of interglacial climate, is due to end and a period of 90/000 years of cooling is 
due to begin, taking us back to temperatures 5° to rc cooler than those of the 
present. This schematic shows the mean global temperature for the past mil­
lion years (a), and in more detail for the past 1 0/000 years (b), and the past 
1/000 years (c). There were at least three cyclic warmings and coolings in the 
past 1 0/000 years, lasting about 2/500 years each. The dashed line represents 
conditions near the beginning of the 20th century. 

Source: IPCC, 1 990, Figure 7.1 

The G HG experi ment gave corre la­
tions exceedi ng 0.2 in the 1 870s, 1 880s, 
and 1 950s. The other decades were near 
or below zero. For the S U l  experiment, 
the corre l at ions  var ied about zero 

through the 1 960s, and  rose to about 
0 . 2 75 for the 1 9 70s, and 0.3 for the 
1 980s.  That is ,  the strongest upward 
trend was from the 1 960s to the 1 9705-
essent i a l l y  the same period i n  w h i c h  
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Santer et al. ( 1 995) (see below) found the 
strongest upward trend. 

However, the use of non-overlapping 
decadal means (where there is  only one 
poi nt mapped for each decade), aver­
aged out both the negative correlations 
of 1 945-1 955 and the rapid drop in  cor­
relations after 1 985, as shown by Santer 
et a l .  ( 1 995). 

The Nature art ic le  by Mitche l l  et aL 
( 1 995) described these results as fol lows: 
"For the decades since 1 950, the magni­
tude of the pattern corre lat ion between 
S U l  and  the observat ions  i ncreases 
stead i ly, risi ng above the 1 0  percent sig­
n if icance level in the two most recent 
decades. This recent trend is consistent 
w i th what c o u l d  a l so  be an emergi ng 
greenhouse gas/su lphate aerosol s ignal 
i n  the observations." 

No claim was made in  this article that 
an anthropogenic c l imate change signal 
had been identified in the observational 
data. 

The Santer et al. Experiment 
Santer et a L ,  i n  a 1 995 report p u b­

l ished by lawrence l ivermore Nationa l  
laboratory, compared the model  i nte­
grations (extended) of Taylor and Penner 
(as publ ished in  Nature in 1 994), with an 
u pd ated vers ion  of the observat iona l  
data series of  Jones et  aL ,  pub l i shed i n  
conference proceed i ngs o n  global warm­
ing by Elsevier in 1 99 1 . 

Fou r  eq u i l i b r i u m  i ntegrations were 
performed : a control run  (des ignated 
CTl) with nominal pre- industrial CO2 at 
2 75 parts per m i l l ion vol ume (ppmv); a 
sulfate-only run (designated S) with near­
present-day anthropogen ic sulfu r  emis­
sions, 78 teragrams of su lfu r per year, 
providing a forcing of -0.95 W/m2, and 
pre-industrial CO2; a CO2-only run (des­
ignated as C) with no su lfu r  em iss ions 
and  nom i n a l  present-day CO2 (345 
ppmv, providing a forcing of 1 .26 W/m2) 
a n d  a combi ned run  (des ignated SC) 
with near-present-day CO2 and su lfu r  
emissions. 

In the ana lys is ,  a 1 3 -year fi lter was 
passed over the 1 854-1 993 observational 
data series to produce smoother va lues. 
(In other words, the data were smoothed, 
by tak i n g  a 1 3 -year we ighted mean, 
where the center point  carr ies more 
weight than the d istant points.) These re­
su lts were then subtracted from those of a 
reference year, normal ly  1 954, in order 
to produce seasonal  and annua l  mean 
temperature change maps for the period 
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Figure 2 
CORRELATION OF SIMULATED 
AND OBSERVED TEMPERATURE 

CHANGES RELATIVE TO THE 
1 860-1 990 MEAN 

The spatial correlation between simu­
lated and observed decadal tempera­
ture changes is shown relative to the 
1 860- 1 990 mean. The dashed line is 
the CHC experiment, which had 
CO2 increasing as recorded histori­
cally to 1 990. The solid line is the 
SUL experiment, which had both 
CO2 and sulfate aerosol increasing, 
as recorded historically until 1 990. 
The dotted line gives the 1 0  percent 
level of significance, which varies 
with data coverage. Note that the 
normal ly used 5 percent level of sig­
nificance would be well above the 
correlation curves. Mitchell et al. 
make no claim that an anthropogenic 
climate change signal had been iden­
tified in the observational data. 

1 9 1 0  to 1 99 3 .  These temperature 
changes were then correlated, year-by­
year, with the change patterns predicted 
by the model . These were constructed by 
averaging the last 20 years of each model 
run and subtract ing the control run from 
each of the three perturbed runs. 

The corre l at ions  computed were of 
two types: a centered (or pattern) corre­
lation, designated as R(t), in which the 
global  mean is  first subtracted from the 
respective f ie lds each year; and an  u n ­
centered ( o r  trend) corre l at ion ,  des ig­
nated as C(O, in  which global means are 
not removed. (If the global means are re­
moved from each f ie ld,  then the mean 
becomes zero, before the corre lation is  
made.) Note also that the data coverage 
in the reference year, to' also served as a 
grid mask, to determine which observa­
t ional grid poi n ts were i n c l uded i n  the 
correlations. 

The stated strategy was "to search for 
a long-term, positive trend in the pattern 
corre lation stati st ic,  which wou ld  i nd i ­
cate an  i ncreas i ng express ion  of the  
[model-predicted] signal i n  the  observa-
tions." 

The Santer Results 
Santer et a I . ,  wri t i ng  i n  Climate Dy­

namics ( 1 995b), found their best results 
in the summer and fal l  data : "Our results 
i n d i cate that over the l ast 50 years, i n  
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summer  [J u ne-J u l y-August]  and  fa l l  
[Sept.-Oct.-Nov. ] ,  observed patterns of 
near-su rface temperature change show 
i ncreasing s imi larity to the model-simu­
l ated response to com bi ned s u l fate 
aerosol/C02 forc i ng . "  The i r  fa l l  com­
b ined su lfate-C02 R(t) results, selected 
for d isplay in their F igure 1 0, are repro­
d uced here as the so l id  curve in F igure 
3 ;  the dashed curve is thei r comparable 
S (sulfate-only) R(t) curve. 

Note the fol lowing: 
(a) The observed temperature change 

pattern becomes i ncreasingly d issim i lar 
to the combi ned, su lfate-C02 experi­
ment-pred icted change, from the 1 9 1 0  
start i n g  poi nt  u n t i l  1 945-that i s ,  R(t) 
drops from +0.2 to -0 . 1 2 .  The d iss imi­
larity became even greater over this pe­
riod for the sulfate-only experiment. 

(b) The rise in R(t), or " increasi ng s imi­
l arity" between observed and pred icted 
temperature change patterns, is essen­
t ia l ly restricted to the period 1 945-1 970, 
and the b u l k  of th is  merely returns the 
s i m i larity to its i n it ia l  1 9 1 0  value; from 
1 970 to 1 993,  the R(t) l i near trends for 
both the su lfate-on l y  and  the s u l fate­
CO2, are negative. 

(c) Even if the positive l inear trends for 
1 945-1 993 are accepted as " i ncreasi ng 
s i m i lari ty"  between observed and pre­
d i cted temperature changes, i t  must be 

Year 

ad m i tted t h at the add i t ion  of carbon 
d iox id.e d egraded the response, com­
pared to the su lfate-on ly  experiment in 
th is  best case. Thus, as pointed out by a 
reporf pub l ished by the Marsha l l  I nsti­
tute ( 1 996), if  this is  evidence of "a d is­
cern ib le human influence on global c l i ­
m ate ,"  i t  i s  a resu l t  of s u l fate aerosol 
a lone and is  not due to carbon d ioxide. 

I nterpreting Experimental Results 
In the updated analysis by Jones et a l .  

( 1 991 ), as  shown here by  Figure 4(a), the 
Northern Hemisphere becomes warmer 
t h a n  the  Southern H em isp here after 
about 1 920 ,  a n d  reaches a max i m u m  
temperature d ifference c i rca 1 950.  After 
1 950,  t h i s  temperature d ifference de­
creases; then i t  reverses, and,  i n  about 
1 970, the Southern Hemisphere reaches 
a max imum i n  warmth over the North­
ern Hemisphere. 

T h i s  d ifference in hem ispher ic tem­
perature then decreases, returns to about 
the same value c i rca 1 985, and then de­
creases rapid ly  to the end of the record . 
As noted i n  the I PCC's 1 992 report: "The 
d ifference i n  mean decada l  anoma ly  
changed marked ly between 1 946-1 955 
and 1 97 1 - 1 980 corresponding to a rela­
t i ve warm i ng of the  Southern H e m i ­
sphere compared to the Northern of 
near ly  0 .3 ° C  between these decades.  
T h i s  re la t ive warmth of the  Southern 
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Figure 3 
OBSERVED VS. MODEL-SIMULATED PATTERNS OF 

N EAR-SURFACE TEMPERATU RE CHANGE (1 900-1 993) 

2 �  c � Q) 0 0 '-'  

Centered pattern correlations [R(t)] between model and observed near-surface 
temperature changes for fall (Sept.-Oct.-Nov.). Model changes are taken from 
the combined CO2 and sulfate aerosol experiments (solid line) and sulfate­
only experiments (dashed line). Note that the addition of CO2 reduces both 
the correlation and its upward trend after 7 945. In other words, CO2 degrades 
the results. 

Source: Adapted from Figures 7 and 8 of Santer et aI., 1995 

Hem isphere was greatest around 1 975-
1 980 and the mean difference in anom­
al ies in the last five years has returned to 
near zero" ( lPCC 1 992, pp. 1 46-7). 

both experiments are based primari ly on 
centered correlations of spatial  patterns 
(with the g lobal  means removed) of 
model-predicted and observed tempera­
ture change fields, it is no surprise that 
the correlation statistics for both the su l­
fate-only and the combined experiments 
show marked positive trends from 1 950 
to 1 970. This is the period in which the 
observed hemispheric temperature d if­
ference reversed, and the N o rthern 

Anthropogen ic su lfu r  em iss ions are 
concen trated i n  the No rthern Hem i ­
sphere. Thus, their primary effect i n  the 
models ,  as shown by the two experi­
ments cited above, is to cool the North­
ern Hemisphere relative to the Southern 
Hemisphere.  B ecause the a n a l yses of 

. . 

The q uestion of whether ;; m a n ­
•... induced d irnate cha,�ge has 'b�en 

identifi ed i if the temper'ature< rec'i)rd 
can be a nswered with a confident  
"no." But  thefe i s  one point that should 
be mentioned.  THere vyas a n  ' abrupt 
d rop i n' s h ip:te m peratu res of about 
0.35°C, c irca '1 90 1 -1 905, with no im­
med iate recovery, as ppi nted put  .. i h  
El lsaesser et a l .  ( 1 986). This drdp is' al­
most certa i n l y  a n  a rt ifact-that is ,  
man-induced. 
:r As noted 9Y El lsa. �;ss�; r,:

z
�t a ldJ 28?�i 

th is  abrupt coo l i ng of s h i p  tempera� 
tures occu rred at a .t ime of  transiti0n 
from sa i l i n g  s h i ps to steam s h i ps-a 
tra n s it ion l'l'1?de 1T) 9re.;:: �JJruP� i Bl'" Jbe 
rapid i ncrease i n  total shipping' at the 
time. A cool ing would be expected f(x 
this transition. On sai l ing ships, stormy 
periods are genera l ly c()l,der thart ·n.or� 

'�:: . ;}; ,�, :;. ' 

mal  and a l l  hands are busy, so fewer 
w,eather observat ions are recorded . 
LJrtder becalmed conditions, which are 
general ly warmer than normal,  there is 
l ittl e  to do, sO weather observations 
were regu larly recorded.' With steam 
ships, this selectivitY disappeared. 

Note how l ittle this  behavior is re­
flected i n  th¢ land-on ly  temperatu re 
c� rves i n  F i g u res 4(b) 'a n d  (c) . Th is  
abrupt drop is c learly eVident even i n  
the smoothed analyses o f  Figures 4(d) 

i and (e), and is sti l l  more evident i n  the i<')- '; , . . :�- iy ': 
m' <:rsf recerit ' u pd ate of the N M A  r 
( n � ghtt ime mar i ne, a i r  temperatu re) 
dqta series of Parker et a l .  ( 1 9 96) ,  
's�own, 'i n  Figyre 5 . )

. } ,} 
" 'As stated by the IPce in its 1 990 re­
port: "Smoo�ned n ight global  marine 
air  temperature showed the largest ap­
p�rent c h an ge aro u n d  1 900, with  a 

" "-<;/'" 
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H e m i sp h e re became colder  than the 
Southern Hemisphere in the Jones et a l .  
analyses. 

The important question is the cause of 
this reversal i n  hem ispheric temperature 
d i ffe rence.  Was it the res u l t of man's 
emissions of su lfur, wh ich apparently in­
creased about two-fold between 1 950 
and 1 990 (accord i ng to M itchel l et  a I . ,  
1 995)? If so, why did the relative cooling 
of the No rth ern H e m i sphere stop i n  
1 9 70, a n d  ra p i d l y  reverse itself  after 
1 985?  

The pronou nced Arctic warm ing ob­
served in the 1 920s and 1 930s, noted by 
Scherhag ( 1 9 3 9),  and statistica l ly iso­
lated by Mann and Park ( 1 994), is a more 
l i kely cause of the Northern Hemisphere 
being warmer than the Southern Hemi­
sphere u nti l  1 950.  (The winter tempera­
ture in Spitsbergen, for example, warmed 
by 1 2 ° C . )  Stocker a n d  Mysak ( 1 992) ,  
Mann and Park ( 1 994), and others have 
related the Arctic warming to a centu ry­
sca le  variab i l ity i n  deep-water produc­
tion i n  the North Atlantic. 

The fad ing away of the Arctic warm­
i n g  d u ri n g 1 94 0 - 1 9 60, c o u l d  be ex­
pected to red uce this d ifference to zero, 
but wou l d  it reverse it?  The colder iso­
pleths moving toward the equator, out of 
the Arctic, c i rca 1 970 (see Figure 7 . 1 2b 
i n  the I PCC 1 990 report) suggest that it 

maximum [observed decadal ]  cool ing 
of 0 . 3 2°C between 1 89 8  a n d  1 908, 
though th is  va l u e  is very u ncertai n . :� 
No one has yet suggested a cred i b l e  
expla nation for th is pertu rbation that 
wou ld provide a basis for correcting 
the record. 

This h iatus in the ship observational 
record has very defi n itel y p l aced an 
a nth ropoge n i c  s i g n a l  (non-c l i m at ic,  
i nsofar as can now be determ i ned) in  
the hem ispheric and g lobal  tempera­
ture records. The combination of these 
sh ip 'records, without correction, with 
the land record, has moved the coldest 
period of the observati o n a l  record 
from the ear ly  1 880s i nto the ear ly  
1 900s, as can be seen by comparing 
the land-and-sea curves of Figure 4(a) 
with the l a nd-on ly  c u rves in F igures 
4(b) and (c). 
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Figure 4 

COMPARISON OF VARIOUS NORTHERN AND SOUTHERN HEMISPHERE 
MEAN SU RFACE TEMPERATURE CU RVES (1 860-1 990) 

Comparisons of Northern Hemisphere (solid) and Southern Hemisphere 
(dashed) smoothed mean surface temperature curves as compiled by the 
sources noted. Since the pattern correlations of both Mitchell et al. (Figure 2) 
and Santer et al. (Figure 3) depend on how far the Southern Hemisphere curve 
lies above the Northern Hemisphere curve, their results would vary greatly 
with the observational data set used. 

did .  Thus, we have one ind ication that 
the increasing trends in R(t) from 1 950 to 
1 9 70 is ,  therefore, a l so an  art ifact, 
caused by the wan i ng of the A rct ic  
wa rmi ng, rather than by a n y  effect of  
man-induced su lfate aerosol s  on  mean 
hemispheric temperatures. 

From the d i fferences i n  the relat ive 
hemispheric temperatures shown by the 
different analyses in F igure 4, we have 
another ind ication that these results may 
simply be an artifact, result ing from the 
data analyses being inadequate to define 

hem ispher ic  temperatu res relat ive to 
each other. 

The resu l ts of M itch e l l  et a l .  ( 1 995 )  
and  Santer et a l .  (1 995) would appear to 
have been stronger if they had used one 
of the ship data series in Figures 4(d) and 
(e) for verification of their  models. 

Further Evidence 
There are several additional points that 

must be weighed in the "balance of evi­
dence," to use the I Pces term: 

(a) Any attribution scenario attempting 
to exp la in  the evol ution of hemispheric 

temperature d ifferences over this period, 
1 95 0 - 1 970 ,  in the Jones  et a l .  ( 1 9 9 1 ) 
analysis has to i nvoke a large variabi l ity 
caused by natural but unknown forc ing 
functions, because it has to reverse itself 
twice after 1 950. As soon as such natural 
variabi l ity is  admitted, it cannot be el im­
i nated as the cause of a l l  the variabi l ity, 
leaving none to be attributed to anthro­
pogenic forc ing. 

(b) A l l  combi ned su lfate-C02 experi­
ments, i n c l u d i n g  the M itche l l  et a l .  
( 1 9 9 5 )  exper iment  w i th a fu l l  ocean 
model, have shown strong polar amplifi­
cat ion of the tem peratu re c h ange re­
sponse. In both these stud ies, the a reas 
of largest temperature change were el im­
inated by the observed data masks, and 
therefore d i d  not affect the computed 
correlations. 

Because the sate l l ite d ata show that 
these large, predicted polar temperature 
changes have fai led to appear, these ar­
eas wou ld have serious ly degraded the 
corre lations of these stud ies if they had 
been i nc l u ded.  As shown i n  Table 3 of 
Santer et a l .  ( 1 995), the annual mean R(t) 
between the su l fate on ly  and the com­
b ined sl! l fate-C02 cases is  0 . 1 0  for the 
fu l l  f ield, and 0 .60 when the observed 
data mask is  used. For the CO2 and com­
b i ned s u l fate-C02 corre l at ion ,  R(t) i s  
0.63 for the fu l l  field, a n d  0.01  with the 
data mask. 

Obvious ly, i nc lus ion  or om iss ion of 
the a reas of polar  ampl  if ied model re­
sponses can make or break the correla­
tion . 

(c) Observat ional  data show that the 
su l fate content of a i r  over the Arctic is  
h ig h l y  seaso n a l ,  being greatest in l ate 
winter and  spr ing.  A l so, th is  su l fate, i n  
the form o f  Arctic haze, "forces a warm­
ing of the Arctic atmosphere," according 
to Shaw ( 1 995), and thus should amplify 
rather than negate greenhouse warming 
i n  the Arctic. 

(d)  Jones's ( 1 994) l atest update of the 
l and-on l y  d ata red uced the Southern 
Hemisphere trend s ince 1 861  by about 
0.2°C. The new trends in  degrees Celsius 
per century a re Northern H e m isphere 
0.47, and Southern Hemisphere 0.26, for 
1 86 1 -90 ;  and  Northern H e m i sphere 
0.56, and Southern Hemisphere 0.47, for 
1 901 - 1 990.  Because the effects of both 
sulfate aerosol and CO2 are calcu lated to 
be greater over land than sea, this would 
further reduce observational support for 
these combined model results. 
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Conclusions 
From th is analysis, I conclude that the 

o n l y  suggestion of a h u m a n  i nf luence 
on c l i mate i s  the warm i ng of the past 
centu ry. This warming  itse lf  i s  s ign if i­
cantly less than predicted, i ts t ime evo­
lution does not match that of the rise i n  
CO2, and its spat ia l  pattern i n  l atitude 
and a ltitude does not match the finger­
print g iven by current c l imate models.  
Furthermore, recovery from the Little Ice 
Age prov i des a n atura l ,  and no more 
controversial ,  explanation for the warm­
ing observed to date. 

It wou l d  appear that the I PCC 1 99 5  
statement-" . . .  t h e  b a l a n c e  o f  ev i ­
dence s u ggests that there i s ' a d i s­
cern i b l e  h u ma n  i nf luence on c l i ­
mate"-was stu d io u s l y  crafted to 
i nduce the med i a  to broadcast to the 
citizens and pol icy makers of the world 
a message that few, i f  a n y, of the re­
searchers on whose work it was based, 
are yet w i l l ing to defend before the sci­
entific commun ity. 

As Santer et a l .  ( 1 9 9 5 )  stated : "We 
have not shown conc l u s ive l y  that the 
signal identified can be attributed to the 
u n ique cause of anthropogen ic  su l fate 
aerosols and CO2,'' 
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After publ ication of the / PCC 1 995 re­
port, J .T. Houghton, the chairman of the 
/ PCC, stated (1 996) that neither the / PCC 
nor anyone "who is informed is c la iming 
certainty of detection or attribution." 

My conclusion is  that the question of 
whether a man-induced c l imate change 
has been identified in the temperature 
record can be answered with a confi­
dent "no."l 

Hugh W. Ellsaesser, an atmospheric 
scientist, is a member of the scientific 
advisory board of 2 1  st Century.  He re­
tired from the u.s. A ir Force after 20 
years as  an Air Weather Service Officer, 
and from the Lawrence Livermore Na­
tional Laboratory after 23 years of atmo­
spheric and climate research. 

Notes --------------------------
1 .  A recent article in Science magazine by 

Richard Kerr, titled "Greenhouse Forecasting 
Still Cloudy," appears to say that my conclusion 
is now' generally accepted. 

Acknowledgments ---------------­

Helpful comments from J.T. Houghton, R Jastrow, 
M.E.  Mann, P.J. Michaels, B.D.  Santer, F.S. 
Singer, K.E. Taylor, and H. Van Loon are gratefully 
acknowledged. This work was performed at the 
Lawrence Livermore National Laboratory under the 
auspices of the U.S. Department of Energy under 
Contract W-7405-Eng-48. 

66 Summer 1 997 21 st CENTURY 

I I I 
-

-

-

i � -

� I 11 /, � � I 
I 

� � ��' � 'I 
-

-

-

-

-

I I I 
1 940 1 960 1 980 2000 

References ---------------------­

M. Bottomley, C.K. Folland, J. Hsiung, RE. Newell 
and D.E. Parker, 1 990. Global Ocean Surface 
Temperature Atlas (GOSTA), Joint Meteoro­
logical Office and Massachusetts Institute of 
Technology Project (London: HMSO). 

H.W. Ellsaesser, M.C. MacCracken, J.J. Walton 
and S.L. Grotch, 1 986. "Global climatic trends 
as revealed by the recorded data," Rev. Geo­
phys., Vol. 24, No. 4, pp. 745-792. 

C.K. Folland, D.E. Parker and F.E. Kates, 1 984. 
'Worldwide marine surface temperature fluctu­
ations 1 856-1981 ," Nature. Vol. 310, pp. 670-
673. 

C.K. Folland and D.E. Parker, 1 995. "Correction of 
instrumental biases in historical sea surface 
temperature data," Quart. J. Roy. Meteor. Soc., 
Vol. 121 , pp. 31 9-367. 

J. Hansen and S. Lebedeff, 1 987. "Global trends 
of measured surface air temperature," J. Geo­
phys. Res., Vol. 92, No. 1 3, pp. 1 3,345-
13,372. 

--, 1 988. "Global surface temperatures: Update 
through 1 987," Geophys. Res. Lett., Vol. 1 5, 
pp. 323-326. 

G.C. Hegerl, H. v. Storch, K. Hasselmann, B.D. 
Santer, U. Cubash, and P.O. Jones, 1 994. "De­
tecting anthropogenic climate change with a 
fingerprint method," Max-Planck-Institut fOr 
Meteorologie, Report No. 1 42 (Hamburg, Ger­
many), 59 pp. 

J .T. Houghton, 1 996. (Private communication, 8 
July 1 996). 

IPCC, 1 990. Climate Change, The IPCC Scientific 
Assessment, J.T. Houghton, G.J. Jenkins, and 
J.J. Ephraums (eds.) (Cambridge: Cambridge 'University Press). 

IPCC, 1 992. Climate Change 1992. The Supple­
mentary Report to the IPCC Scientific Assess­
ment, J.T. Houghton, B.A. Callander, and S.K. 
Varney (eds.) (Cambridge: Cambridge Univer-

ENVIRONMENT 



sity Press). . 
IPCC, 1 996. Climate Change 1995: The Science 

of Climate Change, J.T. Houghton, L. G. Meira 
Filho, B.A. Callander, N. Harris, A. Kattenberg 
and K. Maskell (eds.), (Cambridge: Cambridge 
University Press). 

P.O. Jones, 1 994. "Hemispheric surface air tem­
perature variations: A reanalysis and an up­
date to 1 993," J. Climate, Vol. 7, No. 1 1 ,  pp. 
1 794-1802. 

P.O. Jones and K.R. Briffa, 1 992. "Global surface 
air temperature variations during the 20th cen­
tury: Part 1 ,  spatial, temporal and seasonal 
details," The Holocene, Vol. 2, No. 2, pp. 1 65-
1 79. 

P.O. Jones, T.M.L. Wigley, and G. Farmer, 1 991 . 
"Marine and land temperature data sets: A 
comparison and a look at recent trends," In  
M.E. Schlesinger (ed.), Greenhouse-Gas-In­
duced Climatic Change: A Critical Appraisal of 
Simulations and Observations (Amsterdam: 
Elsevier, pp. 1 53-172). 

Richard A. Kerr, 1 995a. "Studies say-tenta­
tively-that greenhouse warming is here," Sci­
ence, Vol. 268, pp. 1 567-1 568. 

-- , 1 995b. "It's official: First glimmer of green­
house warming seen," Science, Vol. 270, pp. 
1 565-1 566. 

-- ,  1 997. "Greenhouse Forecasting Sti l l  
Cloudy," Science, Vol. 276, pp. 1 040-1 042. 

M.E.  Mann and J. Park, 1 994. "Global-scale 
modes of surface temperature variability on in­
terannual to century timescales," J. Geophys. 
Res., Vol. 99 (012), pp. 25,81 9-25,833. 

Marshall Institute, 1 996. Are Human Activities 
Causing Global Warming? (Washington, D.C. :  
George C. Marshall Institute, 45 pp.). 

J .F.B.  Mitchell ,  T .C.  Johns, J .M .  G regory and 
S.F.B.  Tell, 1 995. "Climate response to in­
creasing levels of  greenhouse gases and SUl­
phate aerosols," Nature, Vol. 376, pp. 501 -
504. 

D.E. Parker and C. K. Folland, 1 991 . "Worldwide 
surface temperature trends s ince the m id-
1 9th century," I n  M . E .  Schles inger  (ed. ) ,  
Greenhouse-Gas-Induced Climatic Change: 
A Critical Appraisal of Simulations and Ob­
servations (Amsterdam: Elsevier, pp. 1 73-
1 93). . "  

D.E. Parker, C. K. Folland, and M. Jackson, 1 995. 
"Marine surface temperature: Observed varia­
tions and data requ i rements," Climatic 
Change, Vol. 31 ,  pp. 559-600. 

B.D. Santer, K.E. Taylor, T.M.L. Wigley, J .E. Pen­
ner, P.O. Jones and U. Cubasch, 1 995a. To­
wards the detection and attribution of an an­
thropogenic effect on climate, PCMDI Report 
No. 21 (Livermore, Calif . :  Lawrence Liver­
more National Laboratory, 78 pp.). 

-- ,  1 995b. "Towards the detection and attri­
bution of an anthropogenic effect on climate," 
Climate Dyn., Vol. 1 2, No. 2, pp. 77-100. 

R. Scherhag, 1 939. "The warming of the polar re­
gion" (in German), Ann. Hydrogr. Mar. Meteo­
rol., Vol. 67, pp. 57-67. 

Glenn E. Shaw, 1 995. "The Arctic Haze phenome­
non," Bull. Amer. Meteorol. Soc., Vol. 76, No. 
12, pp. 2401-2413. 

T.F. Stocker and L.A. Mysak, 1 992. "Climatic fluc­
tuations on the century time scale: A review of 
high-resolution proxy data and possible mech­
anisms," Climatic Change, Vol. 20, pp. 227-
250. 

K.E. Taylor and J.E. Penner, 1 994. "Response of 
the climate system to atmospheric aerosols 
and greenhouse gases," Nature, Vol. 369, pp. 
734-737. 

K.Ya. Vinnikov, P.Ya. Groisman, K.M. Lugina, and 
A. A. Golubev, 1 987. "Variations in Northern 
Hemisphere mean surface air temperature 
over 1 841- 1 985" (in Russian), Meteorology 
and Hydrology, No. 1 ,  pp. 45-53. 

ENVIRONMENT 

Cloning 
Continued from page 60 
perspective in gene regulation 
researc h .  I t  was prev i o u s l y  
bel ieved that a d u l t  d i fferenti­
ated cel l s  have had their  DNA 
conformat ion permanently 
changed, making them unable 
to d i rect the developmental  
program needed to produce a 
new ind iv idua l .  Although a l l  
cel ls  o f  the body (except germ 
cel l s) conta i n  the same DNA 
sequences,  as  ce l l s  become 
special ized i nto types, certa in 
genes are activated and others 
i nactivated, resu lting in d iffer­
ent DNA conformations. 

These changes to the DNA 
are now known to be re­
versible through the success of 
the clon ing experiment. 

Colin Lowry 

Scientist Ian Wilmut (third from left) at the U.S. Sen­
ate hearings on cloning March 1 2, with Sen. Tom 
Harkin (O-Iowa), Sen. Bill Frist (R.-Tenn.), and Sen. 
Ted Kennedy (O-Mass.). The hearings were held to 
discuss the benefits of cloning-and the media cov­
erage that linked the breakthrough to scare stories 
about human cloning. Wilmut stressed that the mo­
tivation for the research was its potential for helping 
improve the treatment of human disease. 

Embryonic cel ls are totipotent, mean­
ing that they have th.e abi l i ty to d ifferen­
tiate into a l l  the d ifferent cel l  types pre­
sent i n  the body, wh i le cel l s  that have 
a l ready developed i nto a spec ific type 
no longer have this abi l i ty.  The study of 
how this process of d ifferentiation occurs 
at the genetic regulation level, may make 
it possible to re-program an adu lt cel l  to 
return to an embryonic state. This would 
have a tremendous impact on the treat­
ment of injury and disease, because cel ls  
could be de-d ifferentiated, genetic de­
fects corrected, and then the cells cou ld 
be d i rected to grow back into their spe­
cial ized type. This approach could make 
it possible to regenerate damaged tissue. 

The clon ing experiment has also put a 
focus on how the newly formed embryo 
d irects its own development. I n  an unfer­
ti l ized egg, a lmost a l l  of the genes are in­
active at the point before ferti l izat ion .  
Once ferti l ized, i t  must activate its genes 
in the correct sequence, tempora l ly  and 
spatial ly. In d ifferent species, the time of 
activat ion  d i ffers for the new zygotic  
genome (normal ly, the sum of  the genes 
from the sperm and egg). 

I n  the sheep, the zygotic genome is  
not  activated unti l after th ree rounds of 
cel l  d ivision, at the eight-cell stage. This 
may be important to the success of the 
cloning experiment, as this gives the egg 
p rote i n s  t i m e  to get the new genome 
ready for activation, i n  a process cal led 
c h romati n remode l l i ng .  C h romat in  is 
the organ ized m ixture of prote ins  and 

DNA that make up chromosomes. 
I n  the case of Dol ly ,  the adu l t  c h ro­

m at i n  has  to have the ad u lt patterns 
erased, and  the embryon ic conforma­
tions have to be in itiated, in order for the 
necessary genes to be activated in devel­
opment. This process i nvolves the enzy­
mat ic  mod ification of the prote i ns that 
package the DNA into specific structural 
conformations in chromosomes, and the 
regu lation of th is process in the develop­
ment of the embryo is mainly unknown. 

The difference between the mouse and 
the sheep embryo in terms of when the 
new zygotic  genome is  activated helps 
answer the question of why a l l  previous 
attempts to clone mice have failed. In  the 
mouse, the zygotic genome is activated 
after on ly  one cel l d iv is ion,  at the two­
cel l  stage, which may not a l low enough 
time for an adult  nucleus to be success­
fu l ly  remodel led .  Species that quickly ac­
t ivate the zygot ic  genome may not be 
able to be cloned until the process of nu­
clear remode l l i ng i s  better understood, 
and scientists can remodel adult  nuclei  
before transferri ng them to the egg. 

S i nce the a n n o u n cement of the 
cloning success, other scientists have re­
newed efforts to c l o n e  other a n i m a l s  
such a s  cows and pigs. Basic research i n  
biology has been pushed to examine fun­
damental questions in development and 
gene regu lation, which wil l  undoubtedly 
enr ich  o u r  u n dersta n d i n g  of l i v i n g  
processes, a n d  provide m a n y  usefu l ap­
p l ications in med i c i ne and agricu lture 
for years to come. 
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Phytoremediation : Weedi ng Out Waste 
by Mark Wi l sey 

Removing heavy metals and radioac­
tive waste from soi l  or water is a par­

t icular ly troublesome decontamination 
problem. The chal lenge is  to find more 
effective means of separating a teaspoon 
of tox ic  materi a l  from a ton of so i l  o r  
water. 

It is wel l known that plants extract from 
the soil what they need to grow, and hor­
ticu lturists are able to mon itor the levels 
of these nutr ients in the so i l  to ensure 
health ly  crops. There are many p lants, 
however, that wi l l  take up s ign ifcant 
amounts of heavy metals, i n  addition to 
taking up nutrients, and researchers are 
currently looking at ways to use growing 
p lants to remove unwanted materials­
such as radioactive isotopes-from soi l  
and water. The process i s  cal led phytore­
mediation (phyto- comes from the Greek 
word for plant). 

Waste Treatment Plants 
A few years ago, Dr. Scott C u n n i ng­

ham, a sc ient ist at the Du Pont Com­
pany, was testing the level of lead conta­
m inat ion arou nd a Du Pont chemica l  
plant in  New Jersey when he discovered 
that the level  of lead i n  the ragweed 
p lants he tested was much h igher than 
that in  the soi l  in  which the ragweed was 
growi ng. Spurred by th is fi nd ing, Cun­
n i ngham and h i s  co-workers set u p  a 
smal l plot on the plant grounds to moni­
tor how much lead the weeds were soak­
ing up.  After four  months of growth, the 
ragweed showed lead concentrations as 
h igh as B,OOO ppm (parts per m i l l ion),  
whi le  the lead concentration i n  the sur­
rounding soi l  was only 1 ,000 ppm. 

Plants, such as ragweed, that can bui ld 
up high concentrations of metals in  their 
ce l l s  are cal led "hyperacc u m u l ators . "  
They can absorb orders o f  magn i tude 
more metal than other p lants, and sur­
vive i n  soi l s  i n  which most other plants 
cou ld not. In some cases, the metal ab­
sorbed can make up more than 2 per­
cent of the plant's dry weight. There are 
h u nd reds of p l ants that have demon­
strated th is  abi l ity for more than a dozen 
meta l s, such as a rsen ic,  copper, and  
beryl l i um .  Indian mustard, for example, 
wi l l  take up  se len i u m  and chro m i u m ;  

Courtesy of Phytolech 

A Phytotech scientist measures the radioactivity level a t  the Chernobyl pond 
selected for rhizofiltration. In the background is the nuclear power plant. 

Alpine pennycrest wi l l  take up z inc and 
cadmium. 

After i t  has grown and absorbed the 
conta m i nant, the plant is  harvested .  I t  
then can be d ried, burned, tu rned i nto 
compost, or be safe ly  d i sposed of i n  
other ways. The expectation i s  that after 
several growing seasons, phytoremed ia­
tion wi l l  be able to reduce the metal con­
tent of the soi l  under treatment to a toler­
able level. 

It is even possible, if desired, to smelt 
the metal from the ash, which conta ins 
10 to 20 percent metal by weight. In fact, 
a couple of years ago, the u.S.  Bureau of 
Mines conducted tests on n ickel-rich soi l  
i n  Cal ifornia,  which i n d i cated that the 
p lant streptanthus cou l d  take up  5 0  to 
1 00 pounds of nickel per acre. 

Another appl ication of phytoremed ia­
t ion u nder i nvest igat ion dea ls  w i th 

chemical contaminants. There are plants 
being studied that conta in  enzymes that 
can break down many of the chemical  
com pou nds  common l y  fou n d  in sol­
vents, fert i l izers, and mun itions. Further 
research aims at enhancing the abi l ity of 
these p lants to deal  with waste. To ac­
compl ish this, scientists wi l l  need to gain 
a better understand i ng of the reactions 
and mechan isms at work i ns ide  the 
p lants. It may be possible, for example, 
to genetical ly alter a plant to tai lor it to a 
specific appl ication, or to give one plant 
a desired trait from another. 

Radioactive Weeds 
The U .S .  government is now stor ing 

h u n d reds of m i l l ions  of g a l l o ns of ra­
d ioactive waste, pr imarly  from its nu­
clear weapons programs. Treatment and 
storage wou ld  be great ly  s i m p l ified if 
the rad ioactive components cou ld  be 
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Courtesy of Phytotech 

Floating rhizofiltration systems at the Chernobyl pond. The sunflower plants were 
able to concentrate strontium-90 and cesium- 137 up to 1 0,000 times. 

separated from the rest of the waste, thus 
reducing by several-tbousand-fo l d  the 
sheer volume of th is  radioactive waste. 

Dr. Pau l  j ackson,  at the Los A l a mos 
National 'Laboratory in New Mexico, has 
been experimenti ng with j i mson weed 
as a means of separating out p luto n i u m  
a n d  other rad ionucl ides i n  rad ioactive 
waste. The j i mson weed is  g rown as a 
ce l l  cu l ture i n  tanks i n  the l aboratory. 
The ce l l s a re c o l l ected, d r ied,  a n d  
processed with other materials i nto a dry 
cake. This substance is then used as a fi l­
ter for the nuclear waste. 

Although the j imson weed cel l s  are no 
longer a l ive after this process, they sti l l  
absorb the rad ionucl ides. The metals are 
bound up in the cell wall  of the plant by 
a protein compound .  Dr. jackson is cur­
rently studying how this  b ind ing  of the 
metal to the cel l  wal l occurs. 

Once the j imson-weed fi lter has col­
lected the rad i oactive mater i a l ,  i t  be­
comes radioactive itself. H owever, th is  
presents a physical ly much sma l ler prob­
lem to deal with. 

The u.s. Department of Energy (DOE) 
has been worki  ng  wi th  Phytotech of 
Monmouth j u nct ion,  N .j . ,  to d eve lop  
other remediation techn iques. Phytotech 
is one of a h andfu l  phytoremed i at ion 
companies; others inc lude Phytokinetics 
in Logan, Utah, and Appl ied Natural Sci­
ences in Hami lton, Ohio. 

Phytotech and the DOE are develop­
i ng a process for treat ing contami nated 

water, ca l led rh izofi l trat ion  ( rh izo­
comes from the Greek word for root). I n  
th is techno logy, sunflowers are grown 
hydroponica l ly  in low-level-rad ioactive 
water.  S u nflowers, and  some other 
p lants, do not transport the metals  they 
absorb up into their  stems and leaves; 
i n stead, the metal accum u l ates in the 
plant roots. The advantage to this is that 
when the plant is harvested, its top can 
simply be d iscarded, because so l ittle of 
the rad ionucl ides are transported up into 
the stem,  and its roots, which conta i n  
t h e  rad ionuc l ides,  c a n  b e  d i sposed of 
separately. 

I n  fie ld tests at a DOE site in Oh io, rhi­
zofi Itration removed 99 percent of the 
uranium in the processed water: The wa­
ter went from 350 ppb (parts per b i l l ion) 
to less than 5 ppb, wh ich is the Environ­
mental Protection Agency standard for 
d rinking water. 

Phytotech has also tested this method 
in the poll uted ponds near the Chernobyl 
n uclear p lant  in U krai ne, at the s ite of 
the nuclear accident in 1 986. The scien­
t ists grew sunflowers on a smal l  raft at 
one pond . In a few days, the concentra­
t ions of rad ioactive ces ium and stron­
t ium in  the p l a nts were thousands of  
t imes that  of the water. I n  this way, the 
researchers were able to remove enough 
rad ioactive mater ia l  from the ponds to 
make the water safe for i rr igation and 
drinking. 

Phytotech president Burt Ens ley est i -

mates that rh izofi l tration cou l d  cost as 
l ittle as 5 percent of the cost of conven­
tional technologies for the same volume 
of water-$2 to $ 6  per 1 ,000 ga l l ons, 
compared with $80 per 1 ,000 ga l l ons  
for reverse osmosis. I n  regard to cleaning 
up so i l ,  phytoremed iat ion can a l so be 
much cheaper than trad itional measures. 
Ens ley states that compared with extrac­
tion methods, where the contaminated 
so i l  is s imp ly  trucked away to another 
location, phytoremed iat ion would cost 
o n l y  one-fo u rth as m u c h-a lthough it 
wou l d  take three years to perform the 
job. 

Looking Ahead 
The DOE and  Internationa l  Bus i ness 

Commun ications cosponsored a confer­
ence in Washington, D.C.,  in 1 996, with 
participants representing the wide inter­
est in the subject, from u n ivers ity and  
i nd u stry researchers to  government  
agencies. 

Some of the issues fac ing the emerg­
ing phytoremediation commun ity are to 
establ ish a scientific framework for phy­
toremed iation to assure accurate results; 
to deve lop protocols  for eva l uati ng re­
su l ts ;  and to demonstrate that phytore­
med iation can meet regu latory requ i re­
ments. There are l i kely to be instances in 
which phytoremed iation wi l l  not work, 
and it is important to find both the l imits 
of th i s  techno logy and where it wi l l  be 
best su ited. 

Recently, the DOE announced a new 
program cal led Natural and Accelerated 
B ioremediation Research (NABI R), a 1 0-
year, $ 4 1 7-m i l l ion  effort. (B ioremed ia­
tion inc l udes the use of microorganisms 
as  we l l as  p l a nts for waste c l ea n u p . )  
There i s  a l a rge body of resea rch fo­
cussing on microbes and their effective­
ness in convert i ng hyd rocarbons and  
other chem icals i nto water and carbon 
d iox ide for treat ing  conta m i n ated soi l 
a n d  water. M i c robes h ave a l so been 
studied for their abi l ity to take up heavy 
metals and rad ionucl ides. 

NAB I R  w i l l  i nc lude  fu ndamental re­
search as wel l  as fie ld  tests. Part of the 
DOE's goal is to transfer this technology 
to the commerc ia l  sector over the next 
three to five years. 

By o n e  est i mate, phytoreme d i at ion 
deve lopment i s  l agging beh ind  m icro­
bial bioremediation by a couple of years, 
but the gap is narrowing.  It is c lear that 
although phytoremediation may sti l l  be 
in its i nfancy, it is growing l i ke a weed. 
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C N N 's Ted Tu 
Earth F irst ! Ec 
by Frederick G reene 

Canad ian  c i t izens were shocked to 
learn on British Columbia television 

news A p r i l  9,  1 997 ,  that Ted Turner, 
owner of Cable News Network (CN N), 
and his wife, Jane Fonda, were funding a 
tra in ing camp for eco-vandals i n  B ritish 
Col umbia's Belcarra Regional  Park, in ­
cluding the transportation of youth from 
the U n i ted States i nto Canada to the 
camp. F u nds from the Turner Founda­
tion, which is d i rected by Fonda, were 
provided to sponsors of "tra in ing camps" 
in Canada for environmenta l i st actions 
against the timber industry. 

F inancial records show that the Turner 
Foundation funds various enviromental 
groups run by the admittedly eco-terror­
ist Earth F irst! (see below). 

The activi sts at the tra i n i ng camp 
openly stated the i r  w i l l i ngness to break 
the law on behalf of "Mother Nature . "  
Spea k i n g  t o  reporters a t  t h e  Belcarra 
tra i n i ng camp on Apr i l  8,  G reenpeace 
spokesman Tamara Stark promised a 
summer of protest to stop old-growth log­
g ing i n  1 0  of Br it ish Columbia's  water­
sheds. " If need be, I th ink  the law of na­
tu re and the ongo i n g  v i a b i l ity of the 
rai nforests are far more i mportant than 
breaking the l aw of the cou ntry," Stark 
declared. 

Several groups from the Un ited States 
and Canada have been protesting against 
the timber industry in both countries. The 
activi sts at the Bel carra gather ing i n ­
c l uded about 60 mem bers o f  G reen­
peace, the Forest Action Network, Bear 
Watch, and Friends of Clayoquot Sound. 
The trai n i ng was headed by the Earth 
F i rst ! ' s  Ruckus Soc iety, based in Mon­
tana, which has been involved in  numer­
ous i l legal activities in the Un ited States. 
This is the th i rd of a series of camps de­
s igned to tra in  the youth of both coun­
tries to  become involved i n  i l legal forms 
of protest and other criminal acts. 

The Money links 
It has been confirmed through finan­

cia l  records that much of the money used 
for tra i n i ng and protests comes d i rect ly 

Heinz Ruckemann 

Brought to you by CNN's Ted Turner: Scenes from the environmentalist training ses­
sion at the YMCA 's Camp Howdy in Belcarra Regional Park, British Columbia. Ac­
tivists from Greenpeace, Friends of C1ayoquot Sound, BearWatch, Forest Action 

from the Ecology Center of Missou la ,  
Montana, which is run by the Earth F irst! 
leadership. According to an article in the 
Canad ian  magaz i ne, British Columbia 
Report Apri I 2 1 , "A spokesman for the 
Ruckus Soc iety told BCTV [Br it ish Co­
l u mb ia  telev is ion]  on Apr i l  9 that the 
Turner Foundation, established by Amer­
ican med i a  mogul  Ted Turner  and  d i ­
rected b y  h is  activist wife, J a n e  Fonda, 
has provided funds to the group." 

The Ruckus Soc iety was fou nded by 
M i ke Rose l le, the cofou nder of Earth 
F i rst! and the current leader of the orga­
n ization. Rosel le has admitted on many 
occas ions that he has committed many 
acts of terrorism, inc lud ing the destruc­
tion of a u.s. Forest Service bui ld ing and 
the sabotage of heavy equipment "that is 
being used to destroy the Earth ." 

Rosel le's January 1 995 article in  Earth 
First! Journal, was a ca l l  to arms for h i s  
fol lowing to commit more crimi nal acts 
when he stated : "What we want now is 

noth i ng short of a revol ut ion.  F**k that 
crap you read in Wild Earth or Confes­
sions of an Eco-Warrior. Mon key­
wrench ing  i s  more than j u st sabotage 
and you ' re g**dam right it's revolution­
ary. This is  j i had [holy war] , pal . There 
are no i nnocent bystanders, because i n  
these desperate hours bystanders are not 
innocent." 

When asked about Rose l l e's  com­
ments, Mark Wex l er, professor of ap­
pl ied ethics in  British Columbia's S imon 
Fraser Un iversity facu lty of business ad­
m i n istration, commented : "Oh boy. To 
me, that's more l i ke Londonderry, He­
bron.  That's l i ke Oklahoma City bomb­
ing stuff. That's crazy talk." 

U nabomber links? 
Although Rose l l e  may not condone 

the actions of the U nabomber, there is a 
certa i n  s i m i la rity to h is j ustification of 
v io lence agai nst i n d i v i d u a l s .  And 
U nabomber suspect Theodore Kaczyn­
ski's connection to Earth F i rst! has been 
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Network, and People's Action for Threatened Habitat hold a press conference April 
8, while others practice climbing and rappeling techniques. 

estab l ished i n  a new book, Ecoterror­
The World of the Una bomber. 

The U nabomber h imself commented 
concern ing his murders, in h i s  j u ne 29,  
1 995, letter: "Th is is a message from FC, 
553-23-4393 . . . .  Contrary to what the 
FBI has suggested, our bomb i ng at the 
Cal i forn ia Forestry Assoc iat ion was no 
way i ns p i red by the O k l ahoma C i ty 
Bombing. We strongly deplore the k ind 
of ind iscriminate slaughter that occurred 
in the Oklahoma City event. We h ave 
no regret about the fact that our bomb 
blew up the 'wrong man, '  G i l bert Mur­
ray, i nstead of W i l l iam N .  Denn ison to 
whom it was addressed . Though Murray 
d id  not have Denn ison's i nflammatory 
sty le, he was pursu ing  the same goals,  
and he was p u rsu ing  them more effec­
tively because of the very fact that he 
was not infl ammatory." 

Murray d ied Apri l 24, 1 995.  
Turner's Eco-millions 

Financial records show that the Turner 

Foundation funds several environmen­
tal i st activist groups, including the Ecol­
ogy Center i n  Missou la ,  Montana .  The 
Ecology Center is run by Earth F i rst! lead­
ership, i ncluding Mike Rosel le.  The cen­
ter's 1 995 tax records show a budget i n  
1 995 i n  excess o f  $ 5 1 6,000, to which 
the Turner Foundation was a major con­
tr ibutor.  More than 70 percent of that 
budget went to "Activist Coord i nation + 
Empowerment." 

" . .  .I think the law of nature 
and the ongoing viabil ity of 
the rainforests are far more 
important than breaking the 

law of the country." 
-Tamara Stark, Greenpeace 

Among the groups connected to Earth 
F i rst! that received grants in 1 995 from 
the center, are G i la  Watch of Si lver City, 

New Mexico, which received $ 1 3 ,000; 
the Southwest Center for B io logical  Di­
versity and the G reater G i l a  B iodiversity 
Project, both of S i lver  C i ty,  New Mex­
ico;  and New West Research of Santa 
Fe,  New Mex ico .  (G i l a  Watch has 
worked for several years to put Kit  and 
Sherry Laney of the Diamond Bar Ranch 
o u t  of b u s i ness .  Appare nt ly ,  the D i a ­
m o n d  B a r  Ranch  i s  adj acent t o  t h e  
Turner ranch.)  

Other Earth F i rst!-connected groups to 
which the Turner Foundation has made 
grants are: B iod iversity Legal Foundation 
of Boulder Colo. (formerly the Earth F i rst! 
B iod i vers ity Legal Foundat ion) ,  Road­
ROP of H o ughto n ,  Mont.,  Forest 
G u ard ians  of New Mex ico, the N at ive 
Forest N etwork (fou nded and  run  by 
Earth F i rst! leadersh ip) ,  and Ra inforest 
Action Network (founded by Earth F i rst! 
and with Mike Rosel le sti l l  on the board 
of d i rectors) . And there many others. 

Eco-terrorism Chronology 
North Amer ican Research ,  wh ich  

tracks eco-terrorism, has  compi led a l ist 
of more than 1 , 1 00 acts of domestic ter­
rorism against ranchers, miners, loggers, 
hu nters, recreati o n a l i sts, Mc Dona l d ' s  
out lets, and many more. T h e  February 
1 99 3  i ssue of Earth First! Journal advo­
cated sabotage at McDon a l d 's out lets, 
and s ince that time, dozens of them have 
been sabotaged. 

A chronology of the most serious, re­
cent acts of environmentalist terrorism in­
cludes: 
• Sept. 4, 1 996-Arson fire at the home 

of j o h n  C a mpbel l ,  C E O  of Pacif ic  
Lumber i n  Arcata, Cal if. 

• Oct. 29 ,  1 996-Arson fi re at the De­
troit Ranger Station and the $ 5 .7 m i l­
l ion arson fire at the Oakridge Ranger 
Stat i o n  i n  the W i l l amette N at iona l  
Forest, O regon .  A n  Earth F i rst ! off­
spr ing ,  the  Earth L i be rat ion F ront 
(ELF) ,  has taken credit for both fires. 

• Nov. 9, 1 996-A $ 400,000 arson fi re 
at MacDonald's i n  West jordan, Utah. 

• jan.  1 4, 1 997-Arson fires at Bur l ing­
ton Coat Factory, and two department 
stores that sel l  furs in Broward County, 
F lor ida .  A n  A n i m a l  L i berat ion Front 
p u b l i cation c la ims  respons ib i l ity for 
$20 m i l l ion worth of sabotage. 

• March 1 0, 1 997-lnvestigators have 
confi rmed that the exp los ion  of s i x  
p ipe bombs set a fi re that resu lted i n  
a b o u t  $ 1  m i l l io n  i n  d a m age t o  a 
Sandy, Utah, fur feed company. 
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Does L ight Travel Faster i n  the 
Earth-Sextans Di rection ? 
by David Cherry and Charles B .  Stevens 

Cosmological th ink ing today is domi­
nated by the assu mption that a l l  

large volumes of space are basical ly the 
same (that is, that the un iverse is  homo­
geneous),  and  that the u n i verse m ust 
look the same in a l l  d i rections (that it is 
isotropic). ' The un iverse is thought of as 
having l ittle more order than is a l lowed 
for i n  gas theory, where the part ic les 
(ga lax ies in  th is  case)  obey stat ist ica l  
l aws of random ness, i n stead of bei ng 
thought of as hylozoic, having a predis­
position toward l ife. 

This is a far cry from the the th ink ing of 
Carl Gauss and Bernhard Riemann, 1 9th 
century scientists who walked in the foot­
steps of Leibn iz. I ndeed, why should the 
universe-in wh ich l ife and even human 
thought and conscience are nurtu red­
be isotropic and homogeneous?2 

Now, two physicists have publ ished a 
finding that chal lenges the assumption of 
i sotropy. " I n d icat ion of A n i sotropy i n  
E lectromagnetic Propagation over Cos­
mological Distances," by Borge Nod land 
and John Ralston, appeared in Physical 
Review Letters on April 2 1 .3 It ind icates 
that the speed of l ight or other e lectro­
magnetic radiation trave l l i ng through the 
near-vacuum of space, is not a constant, 
but varies, depending on the d i rection i n  
wh ich it travels .  They d i d  not d i scover 
th is by accident, but went looking for it. 

If their fi nd ing is  correct, l ight travels 
s l ightly faster in a d i rection defined by 
an  ax is  run n i n g  through Earth and the 
conste l lation Sextans .  It travels increas­
i ng ly  s lowly at i ncreasi ng ang les with 
this d i rection, and travels most slowly at 
about 90 degrees from it. 

The Corkscrew Effect 
It is better, however, to state the fi nd­

i n g  in terms of the behavior  of p lane­
polarized radiation (Figure 1 ), rather than 
the speed of l ight as such, the latter being 
a derived conclus ion : They find that the 

p lane  of polar izat ion 
rotates s lowly as l ight 
or  rad iowaves trave l ,  
even i n  the absence of 
e lectric or magnet ic 
fields, and that the rate 
of rotation depends on 
the d i rection i n  which 
the l ight travels .  If true, 
the i m p l icat ions for 
c u rrent cosmological  
dogma are, obviously, 
great. 

Nod land  d i d  the 
study as his doctoral 
d issertation, beg inn ing 
i n  1 993, under Ralston, 
p rofessor of physics 
and astronomy at the 
U n ivers ity of Kansas.  
Nod land is  now at the 
Laboratory for Laser En­
ergetics at the U n iver­
sity of Rochester. 

Borge Nodland 

Physicists Nodland and Ralston find an indication that the 
plane of polarization of polarized light rotates as it travels 
through space, even in the absence of a magnetic field, and 
that it rotates more rapidly in the directions of the constel­
lations Sextans and Aquila. Here, the light from Galaxy A, 
as seen at Earth (at center of line running between Sextans 
and Aquila), rotates in a tighter corkscrew than the light 
from Galaxy B. 

Thei r  fou r-page pa­
per gai ned strength from i nterchanges 
between the authors and s i x  peer re­
v iewers, who scrut i n ized it for near ly  
two years .  Nod l a n d  and  R a l ston had 
also sought crit icism from other physi­
cists. In  an interview, Ralston said, " I 've 
ta l ked to perhaps 50 phys ic i sts about 
th is  over the past two years, and  I ask 
them, What do we d o  w ith th i s ?  We 
have th is  embarrass ing  phenomenon,  
and we can't  make it go away." So the 
finding may not be knocked down with 
the k i nd of crit icisms that some instant 
crit ics are offeri ng. Nevertheless, Nod­
land  and Ra lston conti n u e  to be con­
cerned that their  resu lt may simply arise 
from some systematic bias in  the data. 

The fi nding comes at a point at which 
astronomers are also facing a chal lenge 
to the assumption of homogeneity. They 
have to admit, that as they look on larger 

and larger scales, they cont inue to see 
structures that go to the l im its-and pre­
sumab ly  beyon d  the l i m its-of the 
la rgest observed sca le .  They find that 
galaxies are gathered in wa l ls between 
voids, and there is  even evidence of pe­
riod icity in the spacing of such walls.4 

The Mystery 
The starting point of Nodland and Ral­

sto n ' s  i n q u i ry was a mystery-wel l  
known to rad io astronomers-concern­
ing the plane-polarized rad iowaves (syn­
chrotron rad iation) from galaxies. Nod­
l a n d  exp l a i n ed ,  in an  i nterv iew: "It is 
known that the plane of polarization of 
such rad iowaves rotates because of the 
Faraday effect," which i s  the i nfluence 
on the rad iowaves of charged partic les 
and ions and magnet ic fie lds  between 
galaxies. 

Continued on page 14 
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Because it is obseJ\'au ,c:" " ",,,,u 
many people have r"ln�II;"r"r1' 
ble i nteraction of l ight with ' ?:PJne 
physical forces, that there cou ld be ' 

funny business as I ight cross�: ,th� , u n  
verse. B ut if  you l ook a t  thati tr it icar l  
.there i s  some doubt about und�rstandi 
what the sources are do ing .

'
,;"s 

back in t ime (or you go .farthe r  0 
redsh ift-,farther, o l.j t  i n  d i s��pcer 
sources are d ifferent. You are 'nOt q 
confident that  you u nd t 

emitting in' a different way. " 
Wel l ,  the whole sc ient ifi c  •• �rgumen 

stops a t  tha't  point  bec�u�e yqu
'
turl ' 

aga i n st an u n known.  B u t  V>::e, rea l 
that if you d idn't look fOr that�:!;>ut if 
looked for a corre lat ion with 

'
respect 

angle on the sky, that that cou ld  
caused by  �ny  d ifferendes i n  f�� 
popu lat ions .  Popu lat i8ns c�D;t 
pendent on their d istrib�tion 6�' 
You see this is a very observabJ� effect. 
you hold your arms aut at rigHb ingles" 
and there are objects in both d i rections 
at a redsh ift of 2 ,  they,are b i ( L ions an  

�.',� 
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cou l d be acceptab le  expl a nat ions for 
both the background rad iat ion and the 
cosmological corkscrew effect. 

Question: WHen you extrapolate the lin­
ear Fa(aday plots to x = 0, how is  this 
extrapolation physically legitimate? 

The business of extrapolati ng the plots 
was done by the astronomers to take out 
the effects of Faraday roat ion .  I t  m ight 
not be·obvious, but if you have data for 
some variable y going, such as y = mx + 
b, and you bel ieve you u nderstand the 
" mx" , part,  t h e n  the y- i ntercept b i s  
everyth i n g  n ot accou n ted for .  I n  t h i s  
case, x i s  t h e  wavelength squared;  the 
s lope !]1 i s  extracted from the data and 
cal ied,

'
the Faraday measure, and is  inter­

preted ; as  meas u r i n g  certa i n  p l asma 
properties summed up along the l i ne of 
s ight to the galaxy. The l i near behavior 
was observed: But s i nce there is no way 
to know the s lope (Faraday measu re) a 
pr.iori, and it can be fu l l. qf contami na­
t i o n  from o u r  own ga laxy (the as­
tronomers try to correct that anyway), 
we diclh't  use it. 

The y- i n tercept b i s  supposed not to 
come from Fa:raday , rotat ions, and used 
to be ident ifi ed with the res idua l  offset 
ang le' betweer the source axis  and the 
polarization axis back at the source. But 
we, re i nterpreted the d ,ata to see i f  b 
cou ld give us a signal of b i refringence. 

As you  saY" " th i s methpd is not the 
same' t h i n g  a s  actu a l l y  measur ing  the 
data as wavelength goes to zero, which 
is  the .same as  high frequency. The ob­
servations cou ld  go right up to visible or 
even u l traviolet. This would be real ly i n­
teresti ng  to study,  espec i a l l y  s i nce the 
frequency dependence of our effect i s  
unknown, outside the  region we studiea. 

But there's a tendency for things not to 
be verY .m u c h  polar ized <.It rea l l y  h i gh 
freq uenc ies .  Remember, most h igh­

Continued on page 75 
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Transverse motion in all planes perpendicular 
to the direction of propagation 

Polarized beam 

/ Plane of Transverse motion in only 
polarization one of the planes 

perpendicular to the 
direction of propagation 

Figure 1 
POLARIZED AND UNPOLARIZED ElECTROMAG NETIC WAVES 

In an unpolarized beam, there is transverse wave r,notion in all ,dire pions at 
right angles to the direction of propagation (above). In a plane-poJarized 
beam, there is transverse motion in only one of the planes at right angles to 
the direction of propagation (below). 

Plane-polarization is a characteristic of synchrotron radiation from galax­
ies-radiation emitted by charged particles travelling at relativistic speeds as 
they move through strong magnetic fields. Relativistic speeds ar� speeds so 
great, that particle masses are measurably increased according to the energy­
mass equivalence e = mc2. 

Continued from page 72 
"Astronomers use establ ished physics 

for the Faraday effect, and indeed they 
observe, that the Faraday rotation is  pro­
port iona l  to the squa re of the wave­
length of the radiowaves. If, for a certain  
galaxy, you plot the amou nt ·of rotation 
along the y-axis, and then you have the 
s q u a res of the observed wavelengths 
a long  the x-a x i s, you get poi nts that 
show that the amou nt of rotation is  I i n­
ear ly proport iona l  to wave length 
squared;  you can make a stra ight  l i ne 
through those points. If you then extrap­
olate th is  l i ne back to wavelength = 0, 
you get an i ntercept value on the y-axis" 
that is typical ly not equal to zero. This is 
what the authors mean by removing the 
Faraday rotation and find i ng a res idual  
rotation " i ndependent of wavelength, "  
as  they put i t  (Figure 2 ) .  

But  there i s  no physical  mea n i ng to 
wavelength = 0, and no basis for assum­
ing  that the l i nearity remains as zero is 
approached-and a strong presumption 
against it. This indirect way of measuring 

a poss ib le  non-Faraday rotation  has its 
problems. Sti l l ,  we should ask how y-val­
ues at a short but observable wavelength 
would  order the data. The intercept val­
ues at wave length = 0, mea n i ng less i n  
themselves, m a y  b e  t h e  shadows of 
someth ing real .  

These Faraday plots have been pub­
l i shed by rad io astronomers s i nce the 
1 9 60s. The non-Faraday rotat ion was 
thought to result  from some difference in  
the emitting galaxies themselves, such as 
strong d ifferences i n  thei  r magnet ic 
fields, or random fluctuations. 

What Nodland and Ra l ston have 
done, is to suppose that the non-Faraday 
rotation might be an intrinsic property of 
the travel of l ight through space. They 
reduced the observed amou nts of such 
rotation to rates of rotation by taking ac­
count of the different distances (actua"y 
the d i fferent redshifts) of the ga lax ies .  
They then asked the audacious q uestion 
(audacious on ly  from the standpoint of 
the cu rrent parad igm), whether the d if-

Continued on page 76 
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Figure 2 
A FARADAY PLOT 

As plane-polarized light lea ves a 
galaxy, it may pass through a re­
gion of space in which there is a 
magnet�c; field, causing)he. plaoe . 
of polarization to rotate. For ijl: giv- . 
en. galax.y,. the al7)ol.{.nt of rotation. 
varies according to the . wave­
lergtn bei.ng observ.�d .. There is, 

, in fact, .CJ. lineCJr re!aJionship be­
twefln ..th.e �,quare 'of the wa ve-

; lengths, and. the .a'mouRts· of FaFi;1.� 
day r:,qtation. 

Figure 3 
OPTICAL IMAG E OF AN 

ELLIPTICAL GALAXY 
A nearly spherical galaxy, M49, in 
Virgo. Such galaxies have almost 
no dust or gas between their stars. 
Elliptical galaxies are ellipsoids, 
and have no spiral structure. 
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estion : Two Stanford': professors 

emeri�u,s of electrical 'c:;n'gineering, 
RonaldiBracewell and VQIl EsHhiman, 

, have offered an interesting response to 
y()ur finding. They note a near-coinci­
de rice ,between the axis you have de­
fined and the direction of t�e ani�tropy 
of' the 3° cosmic background radiation. 
Both. phenomena have th�; same depen-

Continued on page 76 



Figure 4 
RADIOGRAPH OF A GIANT ELLIPTICAL GALAXY 

The elliptical galaxy at the heart of radio source Cygnus A is the dot at the 
center. Powerful bipolar jets are producing lobes that are bright at the 6-cm 
radio wavelength, at which this image was formed. 

Source: NRAO! R. Perley, J. Dreher, and J.J. Cowan 

Figure 5 
POLARIZATION VECTORS OF A RADIO GALAXY 

Fornax A is another giant elliptical galaxy that emits radiowaves from two 
lobes. The galaxy itself is at the central cross. The whiskers are the observed 
radio polarization vectors. Brightness at the 6-cm wa velength is represented 
by contours. Nodland and Ralston used a single, overall measure of polariza­
tion for each galaxy. 

Source: F.F. Gardner and W.B. Whiteoak, 1971 , Australian J. Phys., Vol. 29, p. 899 

Continued from page 74 The Method of Hypothesis 
ferences in rotation rate depend upon 
the d i rection the rad iowaves travel to 
reach us. It did not take many trials, ac­
cording to Ralston, before they began to 
home in on the Earth-Sextans orientation 
as the one which ordered their sample .of 
1 60 ga l ax ies .  They employed Monte 
Carlo statistical s imu lations to test the 
sign ificance of their result .  Ralston says 
astronomers are developing data on ad­
d itional galaxies, so the concept can be 
subjected to further test. 

This fi nding-even whi le it is sti l l  be­
i n g  scruti n ized-presents a good op­
portu n i ty for cou rageous sc ient ists to 
ca l l  i nto question the ent ire forma l i st, 
reduct ionist dogma which has grown, 
l i ke some termina l  d i sease, to so com­
p lete ly  d o m i nate phys ics  and astro­
phys ics .  How was it, after a l l ,  that 
isotropy came to be a standard assump­
tion in cosmology? 

That is, instead of mainta in ing mathe­
matics as the a rb iter and  measure of 

76 Summer 1 997 21 st CENTURY 

truth, we must return to the method of 
Hypothesis of Plato, of Leibn iz, and as 
evidenced by Bernhard Riemann's "On 
the Hypotheses Which Lie at the Foun­
dat ions  of Geometry . "s For R i e m a n n  
a n d  G a u ss, mathemat ics  m u st b e  de­
r ived from phys ics  i n  terms of the 
method of Hypothesis.  

That method stipulates that the entirety 
of the accepted defin itions, axioms, and 
postulates (that is to say, the preva i l i ng 
Hypothesis itself, in the use of that term 
by Plato, Leibniz, and Riemann) is over­
thrown, when no theorem-lattice can be 
derived therefrom that is consistent with 
some newly d iscovered truth about na­
ture. To have to change even a single ax­
iom is to requ i re a new Hypothesis, that 
is, a new act of creative reason .  

As  Lyndon LaRouche has  repeated ly 
demonstrated in  works such as The Sci­
ence of Christian Economy, this central 
fu lcrum of Gauss's and Riemann's work 
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Question: Three radio astronomers, 
John Wardle, Rick Perley, and Marshall 
Cohen, have authored what they consid­
er a refutation of your finding, titled 
"Observational Evidence Against Bire­
f,ringence over Cos�ologici)I .. Dis­
tances," and submitted it to Physical Re­
view Lett�rs on April }JOJ· They: h�ve also 
posted it on the I nternet. But they alsp 
took the extraordinary �tep Of having a 
press release issued by the National Ra­
dio Astronomy Observatory to promote 
it the same day it was submitted. 

I have seen the paper. They have some 
new sou rces, and they are looking at a 
s l ightly d ifferent variable, because they 
take l i tt le pieces of rad i.o j ets" emerg i ng 
from the ga laxies o� fro

.
� q lJasa:rs. We 

used the orientation'of the axi�' of 'ihe en­
tire galaxies. But it is  some kind of mea­
sure. By subtracting 900 from thei r  data, 
they bel ieve they are )ooking at the i n ­
tri nsic orientat ion o f  t h e  magnetic f ield 
at the source. They sometimes make no 
correction for the Faraday effect, 'but they 
c l a i m  they don' t  have to. T h i rteen of 
their quasars are l isted i n  the paper they 
cite by Alan Br id le  et aJ;;;' but they omit  

. some of the samples ava i lab l�' in Br id le  
et a ! ' They· a l so j u st i�nore{tne 'other 
k inds of galaxies withjets ident ified to . 
emit at d ifferent a ngles.' S6 there is evi­
dently some strong data seleCtion here. 

Second, they have 1 6  u n p u b l i shed 
q u asar observati o n s .  I f  you p u t  a l l  of  
them i n  with the 1 60 galaxies, it doesn't 

has been all but buried.6 
The fact is that Riemann constructs the 

foundations of his " Hypotheses" paper 
and his centra l concept of mu lt ip ly ex­
tended magn itude-Rieman n's  "quan­
tum" of  action which Bertrand Russe l l  so 
vociferously denou nces i n  h i s  Founda­
tions of Ceometry-on the hypothesis of 
Gauss that on ly spira l  action is primary 
in the physical world, as that hypothesis 
is  developed by G auss in his papers on 
biquadrat ic  res i d u e s .  T h i s  is where 
Gauss develops his concept of the com­
p l ex domain  through generat i n g  the 
square root of minus 1 -which had pre­
v ious ly  o n l y  been v iewed as a n  a l ge­
braic abstraction-as a 90° right-handed 
spiral action .  As Riemann notes, G auss 
only h i nts at th i s, a lthough,  g iven the 
present context, the hypothesis i s  c l ear 
enough. Gauss writes? 

"Th i s  d i sti nct ion between r ight a n d  
left i s ,  once o n e  h a s  arbitrar i ly  chosen 
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seem to change a nyth i ng.  They set out 
to refute something they don't l i ke. They 
have selected a handfu l of cases out of 
hundreds, and have written a paper say­
ing this refutes Nodland and Ralston. 
. The astronomers are used to 100ki'1g at 

the data they observe from Earth, and be­
l ieving it represents tHe intrinsic emission 
from the source, because they d.idn't take 
it in the context of any cosmological ef­
fects. They th i n k, when they look at the 
data, they are seeing the source d i rectly. 
Then you have no possibil ity of a l lowing 
any cosmological effect. 

On the other hand, the assignment of 
the number, which one would have from 
the trend of our statistical analysis, i n  this 
region,  wou l d  be about pi  over 2 rota­
t ions for these sou rces that have a red­
s h i ft of o rder z = 1 .  Now you go back . 
and you rotate a l l  the vectors they have 
by pil2. And you get in fact a very strong 
corre l at ion between the orientation of 
the jet and the orientation of the polar­
ization, as they claim. The things are cor­
related, but the question is, are you going 
to attribute that pil2 to an intrinsic effect, 
back at the sou rce, or, is it a cosmologi­
cal effect? ; 

The h igh resolution data from the Very 
. Large Array (VLA) that Ward l e, Perley, 
and Cohen work with, show a l l  k inds of 

. swi rl i ness and scatter in these polariza­
t ions .  So, s i  nee that stuff i s  scattered 
a ro u n d ,  if you look at one part icu l a r  

. sou rce, a n d  you say, wel l  look, i t  doesn't 

forwards and backwards i n  the pl ane, 
and u pward and downward i n  relation 
to the two sides of the plane, in  and of it­
self completely determined, even though 
we are ab le  to comm u n i cate o u r  con­
cept of th is  d i stinction to other persons 
only by referring to actual ly  existing ma­
terial objects." 

Here, G auss adds this clarifying note: 
" Kant  a l ready had made both of these 
remarks, but we cannot understand how 
this sharp-witted phi losopher cou ld  see 
in the first remark a proof of his opinion 
that space is only a form of our external 
perception, when in fact the second re­
mark proves the opposite, namely, that 
space must have a real mean ing outside 
of our mode of perception ." 

Notes -------------
1 .  A material, such as a crystal, that is isotropiC, 

has the same index of refraction, the same di­
electric constant, and so on, regardless of the 
angle at which it is measured. 

2. For Riemann's exploration of this problem, for 

fa l l  on the curve pred icted by Nodland 
a nd Ra l ston a n d  that ru l es the i r  idea 
out-that d oesn't  mean a thing.  I f  you 
look at a nother sou rce that does fal l  o n  
our curve, that doesn't prove anything ei­
ther. 

So this business of selecting data, in or­
der· to �onfront a statist ical .argument, I 
th i n k  is s i m i l a r  to tobacco compa n ies 
.br i ng i ng out a 90-year-ol d  c igarette 
smoker, and saying, look, cigarettes don't 
cau se health problems. I t i s  not a val id 
scientific response to what we fou nd. 

When Ward l e, Perley a nd Cohen 
l ooked at the VLA d ata, they d id n't  do 
any statistics. (And concern ing our data, 
they even say, "We sha l l  not d i scuss the 
stat is t ica l  or theoreti c a l  arguments i n  
their paper.") But with the VLA data, they 
could make a response. They just have to 
d o  more work.  I t  takes more than one 
week. 

Esse n t i a l ly, the two-popu l at i o n  hy­
pothesis i s  be i ng defended by some of 
the rad i o  astronomers bec a u se that i s  
w h at t h e y  h a v e  a l l  re l ied u p o n  fo r 
decades. H owever, it has no predictive 
power, because you don't  k now what 

. the c h a racterist ics of the  sources are, 
a nd you j u st i nterpret the data as i ntri n­
sic, and that's that. I think that fi na l ly  it's 
goi ng to s i n k  i n  that the corre lat ion o n  
the dome o f  the sky-the e lement that is  
rea l l y  observ a b l e- i s  not  be i n g  ad­
d ressed by these jet studies yet. But they 
have great potential . 

example, see h is "Phi losophical Fragments," 
translated in  21st Century, Winter 1 995-1 996, 
pp. 50-62, Section I, and "The Mechanism of 
the Ear," translated in Fusion, (Sept.-Oct. 1 984), 
pp. 31 -38. 

3. Phys. Rev. Letters, Vol. 78, No. 16, p. 3043. 
4. A useful discussion of inhomogeneity is found in 

the interview with astronomer Margaret Geller, 
in Alan Lightman and Roberta Brawer, Origins­
The Lives and Worlds of Modern Cosmologists 
(Cambridge: Harvard University Press, 1 990), 
pp. 359-77. 

5. Bernhard Riemann, 1 854. "On the Hypotheses 
Which Lie at the Foundations of Geometry." An 
English translation appears in David E. Smith, 
ed., A Source Book in Mathematics (New York: 
Dover Publications, 1 959), pp. 41 1 -425. On the 
method of Hypothesis, see Riemann's explicit 
discussion in his "Philosophical Fragments," 
2 1 st Century, Winter 1 995-1 996, pp. 50-62, 
Section I I .  

6 .  Lyndon H. LaRouche, Jr . ,  1 991 . The Science of 
Christian Economy and Other Prison Writings 
(Washington, D.C. :  Schil ler Institute), passim. 
And see especially his "Leibniz from Riemann's 
StandpOint," Fidelio, Fall 1 996, and the section 
titled, "Riemann's Principle of Hypothesis," pp. 
1 8-24. 

7. Carl Gauss, 1 825. "The Metaphysics of Com­
plex Numbers," 21st Century, Spring, 1 990, pp. 
60-63. 

21 st CENTURY Su mmer 1 997 77 



TECH N ICAL COMME NTARY 

Anisotropy of Light and the Positional 
Dependency of the Photon's Rest Mass 
by B. A. Soldano 

Dr. Benny Soldano is a member of the scientific advisory 
board of 2 1 st Century magazine. 

The recent isolation 1 of a minute anisotropy in  the propa­
gation' of e lectromagnetic rad iation over cosmolog ical 

d i stances,  one in confl i ct wi th the u n iversal concept of 
isotropy, portends far-reaching consequences in  the structure 
of physics. Based in part, on the assumption of gauge invari­
ance and the val id ity of the equivalence principle,2 Nodland 
and Ralston concluded that their results rule out the existence 
of a photon rest mass, Our analysis3 suggests that gauge in­
variance is  violated, and that a photon rest mass is  one of its 
many consequences. 

Operational ly, the effects of non-equ ivalence can be em­
bedded in  the behavior of a photon rest mass whose terrestrial 
magnitude m{e = 2.385 x 1 O-1 7evs,3 with mJ::::' 0 at astro­
nomical distances relative to our terrestrial frame, This terres­
trial photon rest mass is consistent with the Pound et al .4 pho­
ton "weighing" experiment 

A positional-dependent rest mass of the photon my consis­
tent with the Nodland-Ralston 1 long-range mass scale, can be 
l i n ked (Equation 1 )  to an  invariant rest mass of the graviton 
[m2h = 2 . 79 x 1 0-34evs] ,  through the l atter's indirect decay 

i nto photons when mediated by q (�� = 1 4 ,6), the strong nu­

cleonic charge, and that of the electron e, via their local de-

cay into photons. The thermo-coupli ng, Equation ( 1 ), reflects 
the isotropy of the emissivity of blackbody radiation. * [- kTA max 1 " 2 m y  e hc qJ U(,y = m2(, q Eq. (1 ) 

On the Earth's su rface, where m J= 2 .385 x 1 O-1 7evs, o(,y 
= 2.625 x 1 0-15• The rotational angle o(,y is also a non-equiv­
alence terrestrial l imit to the isotropy of l ight-one comparable 
to the l imit set by the Hal l-Bri l let5 modern version of the ether 
drift experiment 

The product, of the angle o( y, which is composed solely of 
macroscopic terms, and the fractional d ifference between the 
solar and sidereal day-that is, 0.71 55  x 1 O·l l-is comparable 
to one of Georgi's6 microscopic, particle estimates of the mag­
n itude of �CP associated with the axion. 

The rotational or c ircular polarization nature of the local ter­
restrial term 0L,Y is reaffirmed by the latter's relationship to the 
important [(K 2°- K ,a) = 3 .49 x 1 O-6evs] mass sp l  i t, Equation 
(2). 

(K l;/ 1°) [A.max ellergy + A.max no, y] X (��) = O(,y x 1 .22 Eq. (2) 

where the numeric 1 .22  defines the first d iffraction interfer­
ence ring for l ight 

The sum of the b l ackbody wave lengths for m a x i m u m  
energy emissivity [kTAh� enersy 

= 0.201 403
]

, 
and the maxi-

I NT E RVI EW WITH PH I L I PP KRO N B E RG 

'There I s  No Such Effect' 
Radio astronomer Philipp Kronberg, 

professor of astronomy at the University 
of Toronto, developed some of the data 
on elliptical galaxies used in the study 
by Nodland and Ralston. Kronberg con­
tends, however, that their finding has no 
basis, and one of his associates, Rick 
Perley, is a coauthor of a paper to that 
effect (see interview with Ralston). Kron­
berg was interviewed by David Cherry 
on May 1 0. 

Question: What is your objection to the 
finding of Nodland and Ralston? 

We have looked at extended rad io 
sou rces at vary i n g  d i stances, usua l l y  
assoc iated with quasars, wh ich means 
they are at great d i stances .  We h ave 
compared the angle of the plane of po­
l a r izat ion with the or ientat ion of the  
source. I t  is  a very s imple  th ing  to  do .  
We fou n d ,  as  i s  a l ready known from 
the l i terature, that there is  a fa i rl y  t ight 
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cou p l i n g  between the ang le  of polar­
iza t ion  a n d  the  or ie ntat ion  of the  
source .  Th is  i s  contra ry to the res u l t  
t h a t  N o d l a n d  a n d  R a l ston c l a i m  for 
very d i stant  sources.  They c l a i m  that 
for i nc rea s i n g l y  d i stant  sou rces, that 
a l ignment between the angle of polar­
iza t ion  a n d  the  or i entat ion  of the 
source gets i ncreasingly poor, due to a 
hypothet ica l  fu ndamental  phys ics ef­
fect which wou l d  break some symme-
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[� 1 ] mum for the number of photons emitted hc 
= 0.255057 

are req u i red to ach ieve precise agreement w i th the term 
[1 .22 x t\ yl i n  Equation (2). 

The addition of isotropic, blackbody emissivity wavelengths 
inherent i n  Equat ion (2 ) is character ist ic of a resonance 
process. In  this regard, it has been demonstrated that many of 
the properties of blackbody systems can be accounted for by 
ascribing to them characteristics of two coupled nonl i near os­
ci l lators, a prerequisite for resonance. The conventional parti­
cle physics description of the strange KO meson system treats 
the K� and K ? states as manifestations of circular polarization7 

simi lar to that of 0L y. 
When the rotational, anisotropic angle 0L,y in Equation (1 ) is 

set equal to the 21t that defi nes the spin-one photon,  (2:), 
the requ ired photon mass my = 1 x 1 0-32 evs; a magnitude pre-[lIiC] 
cisely equal to the As mass scale estimate of the Nodland-

Ralston's cosmological l ight anisotropy modeL' Sign ificantly, 

the ratio (�), can be quantitatively related, Equation (3), to 

the local rest mass of the photon and a H ubble recessional 
Km 1 

constant .1.vH = 80 - x -- . sec mps 

Eq. (3) 

The de S itter8 exponential ( 1 .073) in Equation (3), the ratio 
of the un iverse's radius of curvature relative to its in itial radius 
of curvature, quantifies a un iversal spira l ity sensitive to both 
the expand ing un iverse .1. V H and the local photon rest mass 
my' It defines that in itial point wherein l ight waves wi l l  make 
one more circuit during the rest of eternity. Those starting later 
wi l l  never get around the un iverse, because no causal signal 
can reach them. 

Gravitational anisotropy of l ight, when appl ied to the inte­
rior of the Earth, accounts for the key spectral factor (1 .00078) 

requ i red by Lanzerotti, et al } Equation (4), to quantitatively 
establ ish a p and g wave hel ioseismological l i nk  between the 
Earth and Sun, one i nvolving the coherenr:e of the near vac­
uum of the solar wind. 

The agreement becomes exact when one takes account of 
the fact that the Earth is spinn ing as it orbits the Sun, thereby 
resulting in an additional minute eccentricity contribution. The 

eccentricity of the Earth is = �a2 
- c- = 0.081 82 where a i s  
a2 

the Earth's major axis and c its m inor axis. Simply d ividing this 
eccentricity by the factor of 21t that cancels the photon's spin (1 1i = 

2
1i
1t
) , leads to the fol lowing precise agreement with the 

empi r ical  Lanzerotti spectral  factor at the Earth's  su rface, 
where Re= 6.371 x 1 08 cms. (e-m!��; Re [, + �a2 � C dn 1) = 

1 1 
1 .0007793826 1 .00078 

Eq. (4) 

Note that the precision of th is agreement with the Lanzerotti 
spectral results represents an additional confirmation of both 
the existence, as well as the magn itude, of a local rest mass of 
the photon acting anisotropical ly. 
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try in the propagat i o n  of the p h otons 
over large d istances. 

Question: What do you m ean by the 
orientation of the source? 

If you look at a q u asar  or a ga laxy  
wh ich is a strong rad io source, many of 
them have a very long jet that emits ra­
d i owaves, w h i c h  shoots o u t  from the 
sou rce, somet imes i n  both d i rections, 
and so the rad io i mage i s  very e l o n ­
gated . A n d  t h e  rad i at i o n  i s  u s u a l l y  
highly polarized. 

whether you look in detai l  at the i mage 
of the source. The poi nt is  that for these 
very d istant quasars, the polarization di­
rection l i nes up a lmost exactly perpen­
d icu lar  to the d i rection of the long th in  
jets that go out  of  the galaxy nucleus or  
the q u asar .  So i t  i s  very easy to j udge 
just by eye-you don't have to do a sta­
tistical test. 

through the i mages a n d  look at the 
sources that have a very large redshift­
for which the effect c la imed by Nodland 
and Ralston wou ld be very strong-and 
you find that there is no such effect. You 
don' t  need a stat ist ical  method i n  th i s  
case to  check thei r  c la im.  

[Kronberg also mentioned these refer­
ences, among others: Col i n  Lonsdale  et 
a I ., 1 993 (Ap. ). Suppl., Vol .  87, p. 63) ;  
Peter D.  Barthel et  a I . ,  1 988 (Astronomy 
and Astrophysics, Vol .  73,  p. 5 1 5 ) ;  and 
Barthel, Tytler and Thompson, 1 990 (As­
tronomy and Astrophysics Suppl., Vol .  
8 2 ,  p.  339) . )  

So what they are doing is  very s imply 
looking at the polar ization d i rection­
tak ing  the overa l l  po l a r i zat ion  of the 
source-and comparing it with the ori­
entation of the elongation.  It doesn't re­
a l l y  matter whether you do that, o r  
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If  you want to do a q u ick check, j ust 
go i nto the I i teratu re, not to ou r data 
necessar i ly ,  but to data reported by 
Col i n  Lonsdale, Mi ley, and Barthel, for 
example, i n  the Astronomy and Astro­
physics Supplement, or  i n  the Astro­
physical Journal Supplement. There are 
two or th ree compi lat ions of these i m­
ages, with the polarization also reported 
i n  most cases.  So you can j ust fl i p  

There i s  noth ing wrong with the data 
they have used, nor with the new data, 
but neither set shows any strong effect 
as they c la im.  
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I NT E RVI EW WITH BORG E  N O D LAN D 
A Contradiction with 
Relativity Theory? 

Borge Nodland's doctoral thesis led to 
his controversial paper, "Indication of 
Anisotropy in EleciTOmagnetic Propaga­
tion over Cosmological Distances, " with 
coauthor John Ralston. He has posted ad­
ditional information and relevant papers 
at http://www. cc.rochester.edu/col/ege/ 
rtc/Borge/aniso.html. Nodland was inter­
viewed by David Cherry on April 22. 

Question: In your study, the essential da­
ta are a position on the sky for the 
galaxy, a redshift of the galaxy to indi­
cate distance, and a y-intercept on the 
Faraday plot? 

Yes, the data that we have consist of 
redshift measurements of e l l iptical galax­
ies, and dec l ination and right ascension 
to p i n po i nt the galaxy on the sky.  And 
then we have polar iz�tion data, which 
consisted of the orientation of the ax is  of 
the galaxy on the sky, and then the orien­
tat ion of the pola rization vector as ob­
served at Earth. 

Question: Presumably this study was 
done at radio wavelengths, and not visi­
ble wavelengths, because radio wave­
lengths are long, making greater preci­
sion possible. 

And because the galaxies we looked at 
are synchrotron galax ies, which means 
that they emit radiowaves that are highly 
plane polarized. We had to look at galax­
ies that had plane-polarized emission. 

Question: The sample of 1 60 galaxies­
are they distributed over the entire sky? 

Yes. But most of them are in the North­
ern Hemisphere, because most of the ra­
d io telescopes are in the Northern Hemi­
sphere. 

Question: Your proposed explanation 
likens the passage of light or radiowaves 
through space to their passage through a 
material medium. 

The analogy is to the way plane-polar­
ized l ight has its plane of polarization ro­
tating as the l ight travels through an opti­
cal ly active material, l i ke corn syrup, for 
example .  I n  that case, you can find ex-
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peri menta l ly  that the plane of polariza­
tion actually has rotated after the I ight has 
travel led through the corn syrup. You can 
show that this rotation is caused by the 
l ight-when it enters the corn syrup-be­
ing spl it up into two modes or two partial 
waves. Both partia l  waves travel in the 
same d i rect ion,  but they travel with 
sl ightly d ifferent phase speeds, and that 
d ifference in phase speeds is  generated 
by the corn syru p i nteract i ng with the 
l i ght wave go ing  through i t .  And the 
greater is the difference i n  phase speeds 
of the two part ia l  waves, the more the 
amount of rotation wi l l  be, of the plane of 
polarization of the total wave, which is  
the sum of the two partial waves. 

The analogy is not complete, however, 
because the phase speed d ifference is in­
dependent of the l ight's d irection of travel 
through the corn syrup (the corn syrup is 
isotropic). So in our hypothetical expla­
nation, we showed how an i nteract ion 
between the electromagnetic field of  the 
rad iowaves and some new field, wou ld 
cause two partial waves to travel a long 
the same direction from a galaxy, but they 
would have sl ightly d ifferent speeds, and 
that this d ifference of speed would gener­
ate the amount of rotation needed to ex­
plain the data. The difference depends on 
the d i rection of travel (so that space ex­
h ib its an apparent an isotropy) and is so 
tiny that you couldn't detect it with an in­
terferometer. 

Question: Does the explanation you 
have offered put relativity in question? 

Relativity basical ly assumes that space 
is the same in a l l  d i rections, so on a con­
ceptual level, there is a contradiction with 
relativity theory. Also, the interaction that 
we propose, that the radiowaves are split 
into two partial waves that have s l ightly 
different speeds in the vacuum of space, 
confl icts with the notion that the speed of 
l ight is a constant, which is a basic as­
sumption in specia l  relativity.  But one 
could investigate how relativity cou ld in­
corporate this effect. There is  a sma l l  
group of physicists that are looking at so­
cal led anisotropic cosmological theories 
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that are based on general relativity. Rela­
tivity is  so general and broad, the effect 
cou ld be expla i ned with i n  th is  frame­
work. 

Question: From your paper, it appears 
that radio astronomers have been puz­
zled by the variation in the Faraday plot 
y-intercepts for some time, what you are 
calling variation of the observed, wave­
length-independent polarization orienta­
tions. 

Yes. Some people, as we mentioned in  
our  paper, have proposed a so-cal led 
two-popu lation hypothesis to expla in it. 
The authors of that paper propose that 
there are two groups of galaxies out there. 
These a re e l l i pt ica l  ga lax ies, and  they 
have a symmetry axis .  The two-popula­
tion hypothesis assumes that there is one 
group of galaxies that emit radiation with 
polarization approximately perpendicu­
lar to the axis of the galaxy, and another 
group that emit radiation with the polar­
ization vector approximately para l lel to 
the axis of the galaxy. The hypothesis, 
furthermore, assumes that the orientation 
of the emitted polarization vector is the 
same as that of the observed polarization 
vector, so that no rotation is occurring. 

But the actual data show only that there 
m ight be a s l i ght tendency toward ob­
served angles around 90 and around 0 
degrees. There are rea l ly  many galaxies 
that have observed polarization orienta­
tions that make other angles. So we sug­
gest another explanation, because if you 
use the hypothesis of d i fferent popula­
tions, you real ly need to assume that there 
are more than just two populations. You 
might need to assume that there are ten. 

The explanation that we propose might 
put more order in the data, by assuming 
that the galaxies in itia l ly  emit at some an­
gie with respect to their  axis of symmetry 
that is the same for a l l  galaxies. It then ex­
plains the angles that we observe-those 
intercepts on the y-axis-as a non-Fara­
day, or wavelength-independent, rotation 
of the in itial electric field of the wave, the 
amount of which depends upon the dis­
tance travel led and the d i rection of travel .  

ASTRONOMY REPORT 



PEDAGOGY 
LEONARDO F O R  YOU N G  SC I E NTISTS 

Genius  Can Be Taught ! 
by Susan Welsh  

Leonardo da V i n c i  i s  a m a n  who i n­
spires awe i n  ch i ld ren who come to 

know h im.  "Smartest dude in world h is­
tory," was how one teenager summed it 
up. Leonardo's passionate desire to un­
derstand the coherence of  God's  c re­
ation speaks to us  very persona l ly, five 
and a half centu ries after h i s  b i rth .  H is 
creativity seems to know no l i m its, i n ­
fused, a s  i t  is, with the love of mank ind 
and of al l  created th ings. 

Is there some way that we can pro­
duce more gen iuses, more Leonardos? 

Economist Lyndon LaRouche, who is 
in some ways h i mself a " Leonard ian , "  
m a i nta i n s  that we c a n .  I n  n u merous  
publ ished locat ions  over  the years, ' 

LaRouche has cal led for a c u rr icu l u m  
that emphasizes the re-creat ion,  i n  the 
mind of the student, of some of the great 
or ig ina l  d i scoveries of wor ld h i story.  
Only in  th is way, he ins ists, can the stu­
dent actual ly come to know, rather than 
merely to become adept at regurgitating 
the contents of textbooks. 

The poi nt is not s i m p l y  to rep l i cate 
some of the i m portant exper iments of 
the history of science; it is rather to expe­
rience for oneself the process of d i scov­
ery that led the creative th i n kers of the 
past to leap from one domain  of u nder­
standing-what LaRouche cal ls a "theo­
rem lattice"-to a h igher domain,  based 
on the P laton ic  method of hypothesis­
formation. 

The Leonardo da Vinc i  Science C l u b  
in Leesburg, Virg in ia, undertook a mod­
est pi lot project to begin to develop such 
a pedagogy, from October 1 996 through 
Apri l 1 997, in  a series of weekly classes 
for six- and seven-year-olds .  Hopefu l l y  
the ideas presented here w i l l  prove help­
ful to parents involved in efforts to make 
up for the defic ienc ies of the i r  loca l  
school systems, as  wel l  as  to professional 
teachers.  The bas ic  concepts can be 
adapted and extended, for use with older 
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Richard WelshiEIRNS 

Members of the Leonardo da Vinci Science Club, with guest instructor Charles 
Stevens of 2 1  st Century. They ha ve built a "dodecahedron fort, " using dowels and 
rubber bands. Each face of the dodecahedron is a five-pointed star. The dowels are 
painted in five colors, and assembled in such a way that each color traces out a cube. 

ch i ldren (with, natural ly, a great deal of 
hard work on the part of the teacher!). 

Our m a i n  purpose at this stage, i s  to 

encourage the love of d iscovery that a l l  
ch i ld ren are  born with, and to  beg in  to 
channe l  i t  i n  d i rect ions  that we know 
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wi l l  prove fru itfu l later on : the study of 
the physical geometry of nature and how 
it c h a nges; and,  u ndersta n d i ng man's  
transformation of nature through science 
and tec h n o l ogy, in the i n terest of the 
eco n o m i c  progress that provides the 
foundation for further discovery. 

Why Leonardo? 
Why choose Leonardo? In art c lasses 

at the local elementary schools, an entire 
year can go by, without Leonardo's 
name ever bei ng mentio ned . The 
Golden Renaissance of the 1 5th century, 
if it is d iscussed at a l l, may be dismissed 
as "a period," among other "periods." In  
th is age of  multi-cultural ism, it is  not po­
l itica l ly  correct to promote the work of 
Dead Wh ite E u ropean Males;  so, the 
chi ldren learn about the arts and crafts of 
v i rtu a l l y  every nook and cranny of the 
globe, and every epoch of h i story, ex­
cept the Italy of the Golden Renaissance. 

Yet, the age in which Leonardo l ived 
( 1 45 2 - 1 5 1 9) ,  was the most i m portant, 
posit ive i n flect ion poi nt in h u man h is­
tory. Tak ing  off from the revolut ionary 
phi losophical  contributions of Card i na l  
Nicholas of Cusa, Leonardo and some of 
h i s  lead i n g contemporar ies, such  as 
Louis XI of France, took to heart the idea 
that m a n ' was c reated i n  the i mage of 
God; that the creative potential of every 
i nd ividual  is a d iv i ne spark that, if k i n­
d led, w i l l  bu rst i nto f lame. Th is  was a 
decisive break with a l l  previous history, 
i n  w h i c h  at l east 95 percent of the 
world's popu lation l i ved in  m i sery and 
backwardness. It meant the appl ication 
of science and technology for the benefit 
of a l l  m a n k i nd,  m a k i n g  poss i b l e  u n -

Stuart Lew;slEIRNS 

At a party celebrating Leonardo's 545th birthday, children construct Platonic solids, 
using gumdrops and toothpicks. Platonic solids are those solids which can be in­
scribed within a sphere, such that each vertex (point) touches the inside of the 
sphere.: all edges are of equal length, all faces are the same shape and size, and they 
come together at the vertices in the same way. There are five Platonic solids: the 
tetrahedron, the cube, the octahedron, the dodecahedron, and the icosahedron. 

heard-of econom i c  p rog ress a n d  the 
rapid growth of popu l ation . It i m p l ied 
that every chi ld deserved an education­
a notion that was put into practice by the 
B rotherhood of the Com mon L i fe, the 

Resources for9Paterits and Teachers 
On, Xeon�rd6 "'iimseif:'i 1i'i�bCl intro-",�and ad u lts; is  the video Leonardo: To 

duction for ,ages 1 2 · a n9 u p i� Richard
, 

..• Know How to See, p rodu ced by" t h e  
McLa n ath �i f1 ' s  beaYi t ifu'

lt) book ;(Nationa I Gal lery' i n Washi ngton, D..c., 
Leonardo da Vinci (New York:  H arry �nd narrated by S i r  John G ielgud . The 
N. Abrams" I nc . ,  1 990). A book long museum lends it out to educational in­
out of p r i ot, but  wel l  worth h u n t i n g  s\itutions, free of charge. 

. for, is Mar·l?·�ret �oopE:rr(·. lnyen- There are many ways of construsting 
tions of Leonardo da VinCi ew York: Platonic sol ids, rangi ng from gu m-
The Mac m i nan Company, 1 965), a lso d rop�and-toothp i c k  model s, .to rpore 
for a ges 1 2  and u p .  For a d 'iJ l ts,  The d u rable productions. " Polydrons" a re 
Unknown Leonardo, edited .bY Lad is" an exce l l ent p roduct for bu i l d i n g  
l a o  Reti (New York:  Abrada l e  Press, sturdy p l astic polyhed ra, and can be 
Harry N.  A�rams" , ln<; .,<; J 99q);)s a  trea- , h a n d l ed,  with a l i tt le practi cer 'py a 
sure-trove of ideas. ' dexterous seven-year-old.  They are not 

82 

A good resource for o lder c h i l d ren cheap, but you get what you pay for. 
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teach i ng order that took poor boys-or­
pha ns-off the street, and tu rned them 
into statesmen, scientists, and poets. 

For the artist of the Renaissance-most 
especial ly Leonardo-the phony d istinc-

(Ca I L J -800;452-9978;) 
Se�eral products from Key C u rricu­

l u m  Press can be h i g h l y  recom­
mended: the Platonic. Solids Activity 
Book, a n d  the accompa n y i n g  v ideo 

' and k it  for construction of polyhedra, 
a re E7l<cel lent, .and cap be adapted for 
use z,vith d i ffe rent ;ge groups.  T'h e  
Lenart, Sphere a n d  accompanyi ng text­
book, Non-Euclidean A dventures on 
the . L enart Sphere,." a re certa i n l y  
" Le6n a rd i a n "  i n  s p i r i t ;  they are i n­
tended for m i dd l e  school  a n d  h i gh 
school  students (ca l l  1 -800-995-
MATH). 
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tion between "art" and "science" is com­
pletely non-ex istent, and th i s  very fact 
frees the student's m i nd from the Ar is­
totelian confines that modern education, 
the offspring of the Enl ightenment, del ib­
erately fosters. 

In our classes, we concentrated on ( 1 ) 
geometry; (2) perspective d rawing  and  
optics; ( 3 )  con ic sect ions  and  con i c a l  
forms i n  l iv ing organ isms ( s n a i l s ) ;  a nd 
(4) the science of water and  its use to 
benefit man. I n  this series of articles, we 
wi l l  descr ibe some of what we d i d  i n  
these areas .  We l eft m a n y  a reas of 
Leonardo's scientific work completely 
u ntouched, which future c lasses m ight 
certa i n l y  explore, such as the f l ight  of 
b i rds ;  the anatomy and  phys io logy of 
man and  other c reatu res; astronomy;  
mechanics and  the construction of  ma­
chines; and music. 

The Geometry of the Physical World 
"Let no man who is not a mathemati­

c ian  read the e l ements of my work,"  
Leonardo wrote. With that stern admoni­
t ion i n  m i nd ,  we had better start with 
geometry. 

Our approach is based on construc­
tion, begi n n i ng with c i rc u l a r  act ion ,  
showing how the c ircle can  be  folded to 
produce var ious polygons;  explor i ng  
two-dimensional shapes and how they 
fit together with one another to "ti le" a 
plane; moving on to the construction of 
Platonic solids. (See photos and figures.) 

Among the most usefu l sources we 
found, was an art ic le  by Dr. Jonathan 
Tennenbaum, "Abstract Algebra Banned: 
A Mathematics Curricu l u m  for Creat ing 
Citizens," publ ished i n  the March-Apri l  
1 983 issue of Fusion magazine (the pre­
decessor of 2 1st Century) . Readers desir­
ing a photocopy may write to the author; 
here, we quote from Tennenbaum's  i n ­
troduction, which sharply motivates the 
urgency of work such as this: 

"Civ i l ization can not survive another 
generat ion of youth brought up on  so­
cal led modern mathematics (set theory) 
and related horrors of the l ast decades' 
educational reforms-not to speak of the 
worse horrors, i nc l u d i n g  the rep l ace­
ment of teachers by computer terminals, 
now under advanced preparation in the 
United States and elsewhere. 

"At stake is not only the urgent requ i re­
ment for tra i n i ng the next generation of 
scientists and engineers, without whom 
critical technological breakthroughs wi l l  
not be made, but  also the fundamental 
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CONSTRUCTING A STRAIGHT EDGE 
A straight edge is created simply by folding a circle onto itself. 

a b 
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CONSTRUCTIONS WITH A CI RCLE A N D  STRAIGHT EDGE 
Once the children have created a circle and, by folding the circle onto itself, a 
straight edge, they are in a position to construct other derived figures: a point 
(a), a rectangle (b), and a right angle, the angle defined by two sides of the 
rectangle (c). 

Construction of the perfect square 
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THE PYTHAGOREAN THEOREM 
To generate Pythagoras' theorem, the children begin by constructing four 1 -2 
triangles: They fold a square (itself made from a circle) twice, once to get two 
rectangles, and again to form the diagonal triangles of those rectangles (a). 
They then arrange the triangles to form the large square in (b). The large 
square is outlined and the triangles are rearranged within it, in the configura­
tion shown in (c). It is immediately evident that the area of the large square 
that remains after the triangles are subtracted from (b) is the same as the two 
squares remaining (shaded) in (c)-and that the square of the long side of a 
right triangle is equal to the sum of the squares of the other two sides. 

Source of figures: Dr. Jonathan Tennenbaum, "Abstract Algebra Banned: A Mathematics Curriculum for Creating 
C,llzens: FUSIon, March·April 1 983, p. 28. 
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Stuart Lewis/EIRNS 

Construction of Platonic solids using drinking straws and grocery store "twisties, " 
such as are used to close bags of bread. The twisties are inserted into the ends of the 
straws, then glued with a glue gun (by the adult). This can also be done using pipe­
cleaners. 

Susan WelshlEIRNS 

A seven-year-old's icosadodecahedron (with modifications, such as a back door) 
makes a home for stuffed animals. 

identity of succeed ing generations. To­
day's youth counterculture, with its ha­
tred of sc_hool and indeed of a l l  learning, 
its embrace of cu ltism and consumption 

of drugs, its immora l ity and arrogant in­
d i fference to the futu re, is d i rect ly  the 
product of those so-ca l led reforms, of 
which the virtual e l imination of geome-
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try in favor of meaningless set-theoretical 
jargon has been one of the most destruc­
tive features. Without a dramatic i nter­
vention to reverse the d estruction, to­
morrow's teenagers may no longer even 
resemble human beings. Whether future 
generations have the mentality of slaves 
or of th i n k i ng c i t izens,  creators ' i n  the 
image of God,' depends to a great extent 
on the success of the speedy, forced im­
plementation of programs along the l ines 
proposed here. 

"The key to the proposed mathematics 
program is geometrical construction. All 
abstract a lgebra,  as wel l as  the formal 
defin ition-ax iom-proof routine custom­
ary in both trad itional and set-theory-ori­
ented teach ing, wi l l  be banned from the 
start. Proofs w i l l  be proofs by construc­
t ion .  Propert ies of geometr ica l  f igures 
w i l l  be derived not from formu las, but 
from the manner in which the figures are 
generated in the process of construction. 

"As a by-product of the emphasis on 
r igorous geo m etr ica l  t h i n k i ng,  1 3 - to 
1 5-year-o ld  ch i l d ren  w i l l  routi ne ly  be 
a b l e  to master a reas of mathemat ica l  
phys ics  genera l l y  thought  access i b l e  
o n l y  t o  d octora l - level  u n ivers ity stu­
dents.  I ndeed,  by c l e a r i n g  away the 
mass of extraneous a lgebraic formal ism 
that today mystifies much of mathemat­
ics and phys ics, the ideas and methods 
that have brought about progress in sci­
ence wi l l  be revealed as 'chi ldishly sim­
ple.' This demystification of science wi l l  
have profo u n d  benefits not only for 
school education, but a lso for the fron­
tiers of science, for example, in opening 
the way for a new geometrical attack on 
the problems of p lasma and relativistic 
beam physics." 

Based on our work with young ch i l ­
d ren in  the Leonardo C lub, w e  c a n  see 
that such opti m ism is not extravagant. 
By directing the chi ldren's playful explo­
rat ion in " Leonard ia n "  d i rections, we 
find that they qu ickly master concepts of 
geometry that many  ad u lts f ind  q u ite 
daunt ing.  I ndeed, for a seven-year-old, 
what cou l d  be more sens ib le ,  than to 
build an icosadodecahedron, as a home 
for his stuffed animals? 

In the next part of this series: 
Leonardo's optics and the science of per­
spective. 

Notes -------------

1 .  See, for example, Lyndon H. LaRouche, Jr. ,  
"Riemann Refutes Euler," 21st Century Science 
& Technology, Winter 1 995-1 996, pp. 46-47. 
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Passionate Ignorance: 
The World According to H elen Caldicott 
by Marjorie Mazel Hecht 

A Desperate Passion: An Autobiography 
Helen Broinowski Caldicott 
New York: W.W. Norton & Company, 1 996 
Hardcover, 366 pages, $27.50 

Austral ian physician Helen Caldicott, 
one of the best-known a n d  m ost 

emot iona l  of the i n ternati o n a l  ant i ­
nuclear activists, has  been scaring peo­
ple to death for 25 years, backing up her 
ghast ly  images of n u c lear-i  nci nerated 
babies with her med ical  authority as a 
ped iatric ian .  Her ski l l  at mov i ng aud i ­
ences to tears has  made a major contri­
bution to the i ncreas ing  i ncapac ity of 
Americans to t h i n k  t h rough sc ientif ic 
ideas with reason, su rrounding them in­
stead with a pass ionate ignorance.  I n  
the world of Helen Cald icott, men and 
industry are both oppressors, and fee l­
ing good about being one's self is a pri­
mary goal i n  l ife. 

I read this  autobiography i n  part be­
cause Cald icott has moved to the fash­
ionable town of East H a m pton, New 
York, where she is i nvolved i n  attacking 
Brookhaven National Laboratory on Long 
I s land,  a longt ime center for gro u n d ­
breaking physics a n d  med ical research,  
a long with three n u c lear  reactors in  
nearby Connecticut.  Her  tactics today 
are the same as those in the past: l i es, 
half-truths, exaggerations-anyth ing to 
scare the audience into attacking the "en­
emy" of nuclear technology. 

I thought it might be useful to find out 
what drives such a "desperate passion,"  
and such a d i sregard for sc ience.  Her 
autobiography did not tel l  me anyth ing 
unexpected. The intersection of H o l l y­
wood, pol itical figures, b ig money, b ig 
media, and anti-nuclear ideology is not 
a surprise. And neither is Cald icott's per­
sonal phi losophy nor its dependence on 
the views of Bertrand Russel l  (who says 
that he welcomes wars,  fam i ne, a n d  
pesti lence a s  natural ways o f  cu l l i ng the 
popu lation). 

BOOKS 

Ca ld icott te l ls you about herself i n  a 
warts-and-a l l ,  touchy-feely way. I am 
mistrustfu l of this tel l -al l  frankness-is it 
rea l l y  n ecessary to know about her  
mother 's  sex  l ife ?-but here 's  what I 
learned about He len :  She was a bright 
student, qu ite conventional, who sewed 
her own c lothes and from an early time 
"used her sexua l ity to advantage."  She 
describes, for example, how she made a 
"somewhat revea l i ng"  d ress that she 
wore to an oral exam. " . . .  I 'm sure the 
dress was not a h i ndrance," she writes, 
tel l i ng how she came out top in that sub­
ject. She was scared into becoming anti­
n uc l e a r  after she  read Nevi l Sh ute's 
novel On the Beach, about nuclear war 
survivors in a doomed world . 

She goes to medica l  school ,  fa l l s  i n  
love with a fel low student, gets engaged, 
gets pregnant, gets married, and  stays 
home to care for the i r  three c h i l d re n .  
W h i l e  i n  Boston, where her husband is 
working at the Chi ldren's Hospital Med­
ical Center at Harvard, she goes back to 
medical work part-time, working on cys­
tic fibrosis. 

Back in Austra l i a, in 1 970- 1 9 7 1 , an­
other book then changes her l i fe : Ger-

maine G reer's The Female Eunuch. Sex­
ual l iberation, she says, l i fted her out of 
depress ion . " 1  was awakened sexua l ly 
by read ing the femin ist l iterature, which 
did wonders to improve our fai l ing mar­
r iage,"  s h e  writes.  From G reer, she  
moved o n  to  her  " next mentor," Lord 
Bertrand Russe l l  and his th ree vo l ume 
autobiography, with a l l  the concomitant 
R usse l l ite act iv ism (as w e l l  as  h i s  
Malthusianism).  Cald icott says that with 
these books, she  "fo u n d "  herself, the 
real person that had been buried under 
layers of convention. 

Her "co m i n g  out," so to speak, oc­
c u rred at a posh c h u rc h  in Ade l a ide, 
where she  was i nv ited to speak on  
women's l i beration and  told to  say what 
she real ly thought. So, she writes, "1 said 
that women in Austra l i a n  society were 
l ess confident than men because they 
rarely had orgasms, which I had d iscov­
ered from surveying my patients in gen­
eral practice . . . .  " 

Conti n u i n g  her l iberation, Ca ld icott 
began to expand her pol itical activities, 
espec i a l l y  agai nst the F rench govern­
ment's nuclear tests in the Pacific. How­
ever, her arguments, and their scientific 
content, never rise above the anecdotal 
orgasm leve l .  

C a l d i cott lobb ies, g ives i n terv iews, 
addresses meet ings, and works hard to 
esta b l i sh  a cystic fi bros i s  c l i n i c  at the 
Adelaide Chi ldren's Hospita l .  When the 
Austra l ian government decides to m i ne 
a n d  export u ra n i u m ,  she  reads the 
quackiest book on nuclear energy (Poi­
soned Power by Arthur  Tampin and John 
Gofman) and then h its the road, lectur­
ing trade un ions on why they shou ld op­
pose this government pol icy. 

Hit 'em in the Testicles 
C a l d icott 's  add ress to the Ade la ide  

Trades and Labour Counc i l  sums up her 
concept of organizing: As she writes: " I 'd 
worn a pair of b lack velvet s lacks and an 
ivory-colored sat in b louse-so that they 
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m ight  at l east l oo k  at me ."  When t h i s  
d idn ' t  work, and t h e  aud ience cont in­
ued t h e i r  own conversat ions  wi thout  
pay i ng her  a n y  attent ion ,  she  says:  " I  
h ad a br i l l i a n t  i dea.  I began ta l k i n g  
about t h e  med ica l  effects o f  rad iat ion 
upon testicles. Suddenly you cou ld have 
heard a p in  drop. Austra l ian workers are 
not adamant about many t h ings, but if  
there is  one subject dear to their  hearts, I 
had found it." 

She then  s u m mar izes : "I l earned 
someth i n g  very i m portant that  n i ght .  
Don't overwhel m your aud ience with 
data they can't  ass im i l ate, because you 
w i l l  lose them.  G rab them where they 
are emotion a l l y  vu l nerab le ;  once they 
are with you, the whole occasion is  ex­
tremely reward ing." 

Her political organizing escalates, and 
Caldicott frank ly  d i scusses her method 
of using "a l ittle fl i rtation" to obta in  sig­
natures, and so on. (How this fits i n  with 
the l i berated fem i n i st ideo logy i s  not 
d i scussed . )  She carries th is method to 
America,  where she and her  h usband 
return i n  1 9 75-1 976,  a lthough she ac­
knowledges some d i ffic u lties with th i s  
form of orga n i z i n g-such as the t ime 
George Meany (al legedly) i nvited her  to 
his hotel bedroom. 

I t  is in the U n ited States that her ac­
t iv i st career moves i nto h i gh  gear.  
Caldicott meets al l  the big players in  the 
ant i -nuc lear  movement and forms the 
Phys i c i a n s  for Soc i a l  Respons i b i l i ty, 
which is  launched with flattering cover­
age in The New York Times and other 
press. Its membersh ip got a big boost i n  
March 1 979,  after "Three M i l e  I s l and 
melted down," as she puts i t .  Cald icott 
was now in her element, h itting people  
i n  the testicles, so  to speak, with hysteri­
cal accounts of what the potential dan­
gers of Three Mile Is land were. 

R id ing a wave of television and press 
coverage, Ca ld icott then goes i nterna­
t ional ,  speak i ng and attend ing  confer­
ences in H i roshima, the Soviet U n ion,  
and  aro u n d  the wor ld-becom i ng a 
" n u c lear  bag l ady,"  as she put  i t .  She 
leaves her med ica l  work at  Harvard to 
devote herself to jet-set organ iz ing and 
ra i s i n g  money, lots of i t ,  for the ant i ­
nuclear cause. There are no  l im its to  the 
publ icity her Hol lywood and journal ism 
connections can arrange. 

One a l so learns the eye-co lor  and 
bui ld of  a l l  the wel l-known activists who 
are her friends, from the German Green 

Party's Petra Kel ly, to Meryl Streep, Sal ly 
Field, and Li ly Toml in .  Then there are the 
i n s  and outs of h igh- level ant i -nuclear  
d iplomacy, including Caldicott's meeting 
with President Reagan, arranged by h i s  
daughter, Patti Davis. 

I n  1 984, Cald icott is  forced to resign 
from the Physicians for Social  Responsi­
bi l ity, by a leadership faction that d isl i kes 
her hysterical scare-mongering (theirs i s  
more low key). She  works feverish ly  i n  
the  Mondale campaign, and is  crushed 
by his loss in the Presidential race. As she 
put it, "I'd reached the end of my tether." 
S he and her husband vacation a rou nd 
the world and return to Austra l ia .  Then, 
another personal disaster occurs: her hus­
band divorces her. 

Caldicott Reborn 
Here, the book ends, but Ca ld icott's 

crusade conti nues. After a long period 
of re-find ing herself, Ca ld icott has set­
tled in Long Island, N .Y.,  where she con­
t i nues on her desperate and pass ionate 
way, dressing wel l  and arousing her au­
dience with emotional ploys and d istor­
tions of the truth. 

Meanwh i le, as a resu l t  of Caldicott's 
activ i t ies and with the compl ic i ty of 
masses of comfortable people who are 
all too wi l l i ng to be h it in the testicles i n  
order t o  become passionately  ignorant, 
research at the frontiers of science, such 
as that conducted at B rookhaven, is 
stymied and people around the world are 
dying of starvation and d isease, because 
we lack the benefits of nuc lear  energy 
and other nuclear technologies. 
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BOOKS ON SPACE 
Prospects for Interstellar Travel, By 
J. H. Mauldin, 1 992, 390p, Hard Cover 
$50. 

The book reviews most of the seri­
ous published literature on interstellar 
travel and is a source book for profes­
sional and amateur scientists and engi­
neers, educators and students seeking to 
study a problem that integrates many 
fields. The book also advances the litera­
ture with new ideas and findings and pro­
vides novel tools for understanding the 
scope of the problem. Extensive bibliog­
raphy. Index. 

Working in Orbit and Beyond: The 
Challenges for Space Medicine, Ed. ,  
D. B. Lorr, V. Garshnek, C. Cadoux, 1 989, 
1 88p, Hard Cover $22.50, Soft Cover 
$1 7.50 

Topics covered are: the differences 
in normal physiology and adaptation to 
zero gravity, the special hazards of life 
and work in space, their countermea­
sures, and future challenges in space 
medicine. 

BOOKS ON MARS 
These volumes provide a blueprint 

for manned missions to Mars and a 
continued presence on the planet's 
surface, including what technology is 
required, and what kinds of precursor 
missions and experiments are required. 

The Case for Mars III ,  Strategies for 
Exploration, Consists of two volumes. 
Ed. ,  C. Stoker, 1 989 

Part I ,  General Interest and Over­
view, 744p, Hard Cover $37.50; Soft 
Cover $27.50. 

Part II, Technical, 646p, Hard Cover 
$35; Soft Cover $25. 

The Case for Mars I I , Ed. ,  C. P. McKay, 
1 985, Second Printing 1 988, 730p, Hard 
Cover $30; Soft Cover $20 

The Case for Mars I ,  Ed. ,  P. J. Boston, 
1 984, Second Printing 1 987, 348p, Hard 
Cover $45 

The NASA Mars Conference, Ed. D. B. 
Reiber, 1 988, 554p, Hard Cover $25; Soft 
Cover $15.  

ORDERING INFORMA TION 
All orders must be prepaid by check or 
money order. Please send orders to the 
address indicated below. For postage and 
handling add $5.00 for the first book and 
$1 .00 for each additional book ordered. 

Ask for free brochures listing other titles. 
Order from Univelt, Inc., P.O. Box 

281 30, San Diego, CA 921 98. 
Tel. (61 9) 746-4005; Fax. 746-31 39 
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Have a Bal l, with the Lenart Sphere 
by Susan Welsh  

The Lenart Sphere Basic Set, $59.95; 
Classroom Set of 8 units, $399.95; 
Non-Euclidean Adventures on the Lenart 
Sphere, paperback, 204 pages, $1 5.95 
Istvan Lenart 
Berkeley: Key Curriculum Press, 1 996 
1 -800-995-MATH 

I t turns out that I have been l iving on a 
sphere, 10 these many years ! I magine 

my su rprise to l earn that, on  th is  very 
sphere upon which I l ive: 
• .Triangles can hav.e three right angles . 
• Polygons can exist that. have only two . 

angles. 
• It is impossible to create two s imi la r  

polygons of different sizes. 
• There is no such thing as a square; al­

tbough .you can construct a quad ri lat­
eral with four  congruent sides and four  
congruent angles, the angles w i l l 'not 
be right angles. 

• The Pyth�gorean Theorem IS not val id .  
You don't  bel i eve me? Get a Lenart 

Sphere and f ind out  for yourself !  th is  
wohderiu l 'set, with accompanying text­
book, is too much fu n to be

' 
l i m ited to 

the middle school and high school stu­
dents for whom it is intended. Everybody 
should have one. 

As soon as my set arrived in  the mai l ,  
my seven-year-old son confiscated i t  and 
proceeded to spend two hours i n  unbro­
ken concentration, d rawing mu lt i -co l­
ored concentric c i  rc l es on  the p last ic 
sphere with the spherical compass. This 
would be no surprise to Mr. Lenart, who 
writes in his introduction to the textbook: 
" Let us d igress for a moment from the 
middle and h igh school level to the e le­
mentary grades . Tea c h i n g  spher ica l  
geometry in tandem with p lane geome­
try to students who have not beg u n  to 
study geometry gives rise to qu ite differ­
ent problems and resu lts. Younger ch i l ­
dren who in it ia l ly  learn both p lanar  and 
spherical geometry can avoid develop­
ing biases that are so hard to get r id of 
later. I t  becomes natural for these ch i l ­
dren to  compare and contrast d i fferent 
aspects of geometry. However, this cur­
ricu lum also involves the risk of making 
children prefer the sphere to the plane!" 

Lenart sums up students' responses to 
the project by quoting a high school stu-

BOOKS 

Key Curriculum Press, Inc. 

Student using the Lenart Sphere for the study of spherical geometry. 

dent who took part in a four-day Lenart 
Sphere m i n i course : " Each day I looked 
forward to d i sproving another theory I 
took for granted ." 

What cou ld be more fun than that? 
Origins of the Project 

I stvan Lenart is a H ungarian teacher 
and mathematician,  who describes, in 
the introduction to the textbook, his ef­
forts to find a more effective way to teach 
spherical geometry: 

" It soon became clear that the project 
wou ld not be successfu l without rea l 
spheres! Even for un iversity students, it 
was necessary to d raw on a sphere to 
u n dersta nd the geometry. But  what 
sphere? 

"We tr ied P i ng-Pong ba l ls ,  l amp­
shades, g l ass bal loons from the chem­
istry l ab, b lack g lobes from the geogra­
phy lab, wooden bowls, e lectric bu lbs, 
and the l i ke.  None of these proved real ly  
satisfactory, so I tried to  design a special 
device for the purpose." 

When the H u ngarian company with 
wh ich he was col laborating went under, 
as a result of the pol itical and economic . 
cr is i s  in eastern Europe, Lenart sought 

out i nternational  assistance, and ended 
up in a partnership with Key Curricu lum 
Press. 

The resu lt is a product that is not only 
excel lent i n  conception, but also in  exe­
cut i o n .  The kits a re we l l -made and  
d u rable;  the  spherical compass doesn't 
s l i p ;  the textbook is c lear, chal lengi ng, 
and imaginative. Every geometry c lass­
room should have a set. 

Coming in 
21 st CENTURY 
• Sputnik-40 Years Later 

• How Marijuana 
Destroys the Brain 

• China's Nuclear 
Program 

• Industrializing Africa 

• Newton: The Oracle 
of Delphi 
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o Reflections on Kurt Godel, by Hao Wang. MIT Press, paper­
back, 336 pages, $16.95 

o Philosophical Essays, by Gottfried Leibniz. Hackett, paper­
back, 366 pages, $1 5.95 

o A Source Book in Mathematics, 1200-1800, edited by Dirk ]. 
Stmik. Has some of Leibniz's writings on the calculus. Princeton 
Univ. Press, paperback, 427 pages, $27.50 

o A Source Book in Mathematics, edited by David E. Smith. Has 
writings of Fermat, Desargues, Legendre, Bernoulli, Leibniz, 
Gauss, Riemann, and others. Dover, $ 15.95 
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o Hubble's Universe-A Portrait of Our Cosmos, by Simon 
Goodwin. Album of Space Telescope images, just published. 
Fifty plates, most in color. Penguin hardcover, 1 27 pages, 
$29.95. 
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o Kepler, by Max Caspar. Definitive biography. Dover, $ 1 1 .95 
o Leonardo on the Human Body, by C.D. O'Malley and ].B. 

Saunders. Many plates and texts. Dover, 500 pages, $18.95 
o Battling Wall Street-The Kennedy Presidency, by Donald 

Gibson. A book every anti-Green should read. Environmentalism 
in context. Sheridan Square paperback, $16.95 

o Cloak of Green, by Elaine Dewar. Links between the Greens, 
government, and raw materials cartels. Lorimer, $22.95 
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Cutting-Edge Material, Poorly Presented 
by John G rauerholz, M . D _  

What Your Doctor Doesn't Know 
Can Kill You 
William A. Kent 
New York: C.A. Inc. , 1 996 
Hardcover, 228 pages, $24.95 

There is a gen re of medica l  a rt i c l e  
known a s  " report o f  a case a n d  review 
of the l i terature ."  This book-length text 
cou ld  be descri bed as a " report of my 
case and review of the l i te ratu re."  A 
more appropriate tit le might have been 
" H ow I learned to stop wheez i ng, love 
green tea, and loathe doctors." 

The author, a med ical journal ist, de­
veloped asth ma u n responsive to con­
ventional med ical treatment and began 
a search of the sc ient ific I iterat u re to 
fi nd re l ief from h i s  sym ptoms.  He ob­
ta i ned rel ief and produced this  manu­
scri pt w h i c h  is a col lage of  h i s  symp­
toms,  his search, his read i ngs, h i s  
i n terviews, a n d  h i s  low o p i n ions  of 
physicians. 

His  major fi nding can be summarized : 
I .  Arachidonic acid is bad for you .  
2 .  Green tea, soy, and  aspir in are good 

for you. 
3. Physicians are, by and large, igno­

rant, arrogant, and greedy. 
4. What you read about health in the 

popular media is incorrect. 
If I sound dismissive of this book it is  

not because there is not good i nforma­
tion in  it, but because it is so poorly pre­
sented.  The author prov ides no foot­
notes, but summarizes a rt ic les with i n  
the text. This i s  a useful pedagogic tech­
nique in an article, but in a long manu­
script it becomes tedious .  He attempts 
to chron ic le his quest for th is  i n forma­
t ion ,  and in tersperses t h i s  with anec­
dotes of h is  suffering, his unsatisfactory 
experiences with physicians, and sum­
m ar ies of var ious a rt i c l es and i nter­
views. 

Compound i ng the problem with the 
structure of the text, there are copyedit-
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Ad,·j';" On U""ICh 
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or 'nle World 

R}' Willilllll/\. K�·tlt, who cnded his own 

" iul'uTablc" disca�c, 
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" 1  h.�olJlllll,'nJ Ihi� huul. wilhnlll ht!silntinll," 

... Dr. Aurd Lupulcs,u M.D .• Ph.D., Pm!c,l,Mll 01 �kJitinc. 

ing errors that make it hard to read. This 
is a shame, because the materi a l  Kent 
covers is at the cutti ng edge of biomed­
ica l  sc ience and  deserves the w idest 
possible audience. 
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