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EDITORIAL 

Why We Must Go to Space 
by Lyndon H. LaRouche, J r. 

Scientific Advisory Board 

EDITOR'S NOTE: We have always 
maintained that the distinction between 
the political "ma instream "  and the 
mainline of a major sewer system, is so 
fine as to exceed the observational accu­
racy of present-day instrumentation. 
Now, after years of banishment by the 
"mainstream, " the question of a manned 
mission to Mars is back on the political 
agenda. 

Clearly, we cannot leave leadership 
on so important a question to an Admi­
nistration led by a man arguably quali­
fied as the dumbest ever to have occu­
pied the office of the Presidency. Nor 
can it be left in the hands of a scientific 
"mainstream" whose thinking is charac­
terized by the recent editorial in Science 
magazine, which argues that our robotic 

Question: A l ittle strange question­
LaRouche: Yes, yes . That's a l l  right, it's 

a strange world. 

Question: I fol low the ideas about 
space travel .  . . .  Is there anyth ing that 
goes beyond what you've elaborated so 
far, about the Mars m iss ion and so forth, 
concerning space travel beyond the 
Solar System ? 

LaRouche: Yes . Yes, there is . But the 
problem is, right now, fi rst of a l l ,  we've 
got a fundamental problem :  The whole 
space program, by Europe, the U n ited 
States, and so forth, is essentia l l y  incom­
petent. The Beagle thing merely points 
up that problem .. 

You see, you're going i nto the 
unknown, and it's l i ke the guy who tries to 
set up a farm in the middle of the Sahara, 
without water. That, in making anything 
work, you have to create the infrastruc­
ture, that wi l l  support your effort. 

Now, what does it take to explore 
space? F i rst of a l l, you're going into the 
u nknown. There are a great number of 
unknowns . The farther you go, the 
greater the distance you have to operate 
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capabilities have reached such a degree 
of perfection that manned missions to 
space are no longer necessary, nor 
"worth the risk. " 

Desiring to give our readers some­
thing better in the way of informed dis­
cussion of this matter, we chose these 
selections from a dialogue between the 
well-known physical economist and 
current candidate for the Democratic 
Presidential nomination, Lyndon H. 
LaRouche, Jr., and members of his youth 
movement. The discussion took place in 
Mainz, Germany, January 2004. In atten­
dance were 75 or so young people in the 
18- to 25-year age bracket, principally 
from France, Germany, Sweden, Denmark, 
and the United States. 

The dialogue follows: 

over, the larger part of the Solar System 
you're operati ng i n .  Because, you know, 
when you go from Earth to Mars, you're 
not just going from Earth to Mars .  It's not 
l i ke taking the tra in ,  from some place to 
some p l ace.  You ' re actu a l l y  go ing 
through a very large part of  the Solar 
System, of the i n ner part of the Solar 
System . There are a lot of thi ngs going 
on there. Th is is not s imply  empty space. 
E lectromagnetical ly it's very active. 

So, now, you're going to an un known 
destination-that is, you don't know 
what you're going to find when you get 
there. That's why you're going there! 
You're goi ng there, because you don't 
know what's there. You know some 
things that are there, but you're real ly 
going there, to fi nd out things you don't 
know. So, you ' re going i nto the 
unknown. Now, when. you go i nto the 
u nknown, the way they're doing it now, 
it's l i ke sending a cava l ry i nto the desert 
without any logistics . They're sayi ng, 
"Wel l  how are they going to get there?" 

What you would have to do, what I did, 
when I des igned this program in 1 986 for 
a Mars colonization, that is, put a scientif-
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ic research station on Mars, I took 40 
years to do it.l Why? Because I went 
through, step by step, about the logistical 
basis you had to bui ld up to make step 1 ,  
step 2, step 3, step 4. And, a lot of the stuff 
I worked with, has been worked with by 
people in the space program before, who 
had gone through this, in the Moon stage, 
so forth; a l l  these kinds of problems. So, 
what you do, is you bui ld a fai l-safe logis­
tical system, a structure. You don't try to 
sneak some small object at the lowest 
price into some destiny, and hope it 
works! Because it probably won't. 

But if you have bu i lt a system-if one 
object doesn't work, you're going to sit 
back, "What do we do next?" "Wel l, 1 0  
years from now, we' l l  do the next one. 
That fai led ." What you're going to do, is 
build a logistical system first, which can 
del iver and support these k inds  of 
objects. So if one fai ls, you're i mmedi­
ately in  place to make the next one. If 
you get a bu nch of [people] who go out 
in  space, and they're d istressed, how are 
you going to rescue them ? You better 
have a system out there, which can 
anticipate that problem and deal with it. 

The basic problem is, we are not 
th ink i ng-the same way we don't th i n k  
about infrastructure o n  Earth a n y  more, 
we don't think about the need for infra­
structure, in going i nto space. Space 
exploration requ i res bu i ld ing a human 
infrastructure for space exploration. 
Which means, you have to have systems 
and supporti ng systems planted a l l over 
the place. And you operate then, with i n  
those supporti ng systems. 

They're not doing it. They're also 
doing the "el cheapo" th ing.  Who's my 
crooked brother-in- law, who needs the 
busi ness? That kind of thing.  And that is 
not a good way to run a show. 

Question: On the question of Mars, I 
want to know when you talk about a 
step-by-step operation to get human l ife 
there, I suppose it's i n  the same way 
than the idea, of, you know, you point to 
a physical principle, sti l l  undiscovered, 
l ike you made with [ i naud] ; and from 
this future, you come back to present 
time, step by step. I have a block on 
this-how you can take it this way? This 
is as Sch i l ler described i n  h istory, u nder­
standing, so I have a hard t ime with that. 

LaRouche: Yes .  The point i s, we 
want to know, Kepler wanted to know 
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what the Solar System was l i ke. We 
sti l l  don't know the Solar System very 
wel l .  There are certa in  freq uencies we 
don't know. We don't know how the 
u n iverse is  real l y  organ ized . So, what 
we h ave to keep doing, is  we keep 
go ing  o ut, to f ind anomal ies at a 
greater d i stance from what we a l ready 
know; to f ind thi ngs that w i l l  show us, 
ind ications of what it is  we are not see­
i ng, not u nderstandi ng. 

So, the idea of a Mars exploration, for 
example. My intention was, was the Solar 
System as a whole. We have to know: 
How does the Solar System actual ly work? 
Wel l ,  to do that, the Sun is very noisy. You 
may not have noticed it, but it's terribly 
noisy. It's a very noisy neighbor to have. 
And it's our neighbor. So, the farther you 
get away from the Sun, the better chance ' 

you have of getti ng some insight into 
what the u n iverse looks l i ke, in terms of 
electromagnetics. That is, you want to . 
observe, on a large scale, you want to 
bui ld big apparatuses, which can, with 
some degree of refinement, look at the 
stellar system, look beyond the Solar 
System, and begin to see th i ngs we can't 
see now, that we don't know. Or, we 
want to bui ld things at a distance from the 
Earth, where we have less intense inter­
ference from the Sun. 

The Crab Nebula Paradox 
We want to find out how these various 

star systems work. We can make observa­
tions, l ike this Crab Nebu la business. 
Years ago, I heard about this Crab 
Nebu la, which the Chi nese had been the 
first to observe as a supernova. And then, 
I got more and more curious about this 
thing-what an anomaly it is, in  terms of 
the principles involved, we don't know, 
which are obviously there. What is it? 
Then, [nuclear scientist Erich] Bagge, 
reported to me this business about cos­
mic ray radiation detection: Most of the 
cosmic ray radiation h itting the Earth, is 
com ing from the Crab Nebu la. And this 
was' determined by these arrays, which 
they had up in northern Germany. And 
then, they have a smal ler set-up in 
England, so they correlated the two, and 
the Crab Nebula is the source of this 
intense rad iation. And, it's a completely 
anomalous phenomenon, from anyth ing 
we know. 

So, we want to know what this is. 
Because, if this happens in the universe, 

Continued on page 64 

Letters 
On the Origins of 

The Polynesians 
To the Editor: 
My previous article on the Pitcairn 

Island Petroglyph, publ ished in the Winter 
2001 -2002 edition of· 2 1st Century 
(Pitcairn Is land Petroglyph Deciphered), 
i l l ustrated the possibi l ity of an expedition 
across the Pacific Ocean in 233 B .C., uti­
l izing l unar ecl ipses as a means of naviga­
tion . Although this article is of some sci­
entific i nterest, it has far greater historical 
significance as the possible origin of the 
Polynesian society in the Pacific region. 

Considerable time and effort has been 
expended by lead i n g  anthropologists 
over the last 80-odd years in an attempt 
to solve this en igma.l The early Maoris 
in New Zealand always referred to the i r  
homeland as " Hawaik i"  which caused 
great interest at the ti me, but means l it­
era l ly  "over there" (F i j ian-mai keya, 
meaning from that place there). 

However, after considering the opin­
ions of various anthropologists, it wou ld 
seem that the Marquesa Is lands were the 
most l i ke ly sou rce of the origin of the 
Polynesians.  After observing the ecl ipses 
at Pitcai rn and Chi le, the 3 rd Century 
B.C.  Egyptian exped ition, having replen­
ished its food suppl ies, was swept north­
ward by the H u.mboldt cu rrent jo in ing 
the South Equatorial Cu rrent, eventua l ly 
making landfa l l  in the Marquesas. 

One most important item in the i r  food 
suppl ies was Ipomoea batatas, common­
ly  known as the sweet potato (Maori 
kumara, Fij ian K umala). This item is now 
readi ly ava i lable throughout the Pacific 
and forms the staple d iet of a l l  islands. 

Subsequent exped itions have d iscov­
ered ancient stone artifacts and petro­
glyphs, which bear a marked s imi larity 
to New Zealand Maori carvings. 

Ross Perfect 
Queensland, Australia 

Notes ____________ _ 

1 .  For example, see Hawaiki by S. Percy Smith, 
1 92 1 ;  From Maui to Cook by D. Lewis, 1 977; 
The Polynesians: Prehistory of an Island People 
by Peter Sellwood, 1 987; and Fatu-Hiva by Thor 
Heyerdahl, 1 974. 
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NEWS BRIEFS 

DOE 

Or. Rusi Ta leya rkha n, principal  
investigator in  this sonofusion eff ort, 
shown here in his Oak Ridge National 
L a bora tory. He is n o w  a t  Purdue 
University. 

NASA 

The black X-43A rides on the front of a 
modified Pegasus booster rocket, hung 
from the special pylon under the wing of 
NASA's 8-52 mother ship, shown here 
during a captive carry f light in January. 
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NEW EVIDENCE REPORTED FOR 'BU BBLE' COLD FUSION DEVICE 
A team of researchers released new evidence in  March repl icating the i r  previous 

experimental results with a tabletop "sonofusion" device, which had produced 
nuclear em issions. The experiment uses an u ltrasonic wave to form and implode 
cavitation bubbles, which causes h igh compression and high temperatures ( 1 00 mi l ­
l ion degrees Kelvin), and produces nuclear em issions. The scientists, from Purdue 
U n iversity, Rensselaer Polytechnic Institute, Oak Ridge N ational Laboratory, and the 
Russian Academy of Sciences, report thei r fi ndi ngs in  a March artic le  in Physical 
Review E. 

Dr. Rusi P. Taleyarkhan, a professor of nuclear engineering at Purdue U n ivers ity, 
who led the work, stated : "What we are doi ng, in effect, is producing n uclear emis­
sions in a simple desktop apparatus. That rea l l y  is the magn itude of the d iscovery­
the abi l ity to use simple mechan ical force for the first t ime i n  h i story to in i tiate con­
d itions comparable to the interior of stars." Taleyarkhan said that h i s  group had 
received additional fu nding from the U .s .  Defense Advanced Research Projects 
Agency, and was able to use more precise instruments to col lect more accurate data. 
The first experiments were reported in Science two years ago. 

The sonofusion device is a glass canister, about the height of two stacked coffee 
mugs, which contains a deuterated acetone l iqu id .  Pulses of neutrons every 5 m i l l i­
seconds cause tiny cavities to form in the l iq u id ins ide the canister. S imu ltaneously, 
the l iquid is bombarded with a specific frequency of u ltrasou nd, which causes the 
cavities to form into bubbles, about 60 bi l l ionths of a meter i n  size. The bubbles then 
expand to 1 00,000 times that size, and can be seen with the unaided eye. With in 
nanoseconds, these larger bubbles contract to their original size, produc ing flashes 
of l ight, known as sonolumi nescence. In this process, the deuter ium atoms in the 
acetone fuse together, releasing gamma rays and trit ium, which have been measured 
by the researchers. The surges in  neutron em ission are precisely ti med with the l ight 
flashes. The next step is scale-up of the device, to produce breakeven .  

MERCURY I N  OCEAN FISH MAY B E  FROM NATURAL SOURCES, NOT POLLUTION 
A study that appeared in the Dec. 1 5, 2003 issue of Environmental Science & 

Technology, a journal publ ished by the American Chemical Society, reports that mer­
cury levels in yel lowfin tuna caught off the coast of Hawai i  have not changed in 27 
years, despite a large increase in atmospheric mercu ry. This suggests that the h igh lev­
els of mercury found in tuna and other fish may not be com ing from pol lution . 
Accord ing to one author of the study, Franc;:ois Morel, professor of geochemistry at 
Pri nceton University: "We have about tripled the mercury in the atmosphere, and 
therefore it shou ld be tripled in the ocean, right? ' But maybe the mercury that occurs 
in  fish is a natural thing, and it may have been there all a long." Dr. Morel suggests 
that the natural source cou ld be hydrothermal vents and deep ocean sediments. 

NASA TO TEST AIR-BREATHING SCRAM J ET X-43A VEHiClE 
An unpi loted 1 2-foot long vehic le, part a ircraft and part spacecraft, wi l l  be 

dropped from the wing of a B-52 ai rcraft March 27, boosted to about 1 00,000 feet 
by a booster rocket, and released over the Pacific Ocean to fly u nder its own power 
at seven times the speed of sound. The brief fl ight is part of the Hyper-X program, 
which aims to demonstrate hypersonic air-breath ing technologies for use in the 
atmosphere and in space. Although wi nd-tu nnel tests have been successfu l ,  th is  w i l l  
be the fi rst time a non-rocket a i r-breathing scramjet engi ne has powered a veh ic le in  
fl igl;t at hypersonic speeds. The X-43A wi l l  gl ide through the atmosphere and con­
duct a series of aerodynamic maneuvers, before splashing down. 

For more on the Hyper-X, see " Hypersonic F l ight Ready for Takeoff" in  the Fal l  
2001 2 1 st Century. NASA has posted information o n  the project o n  the internet at 
www. nasa.gov/m issions/research/x43-main .htm l .  

• 
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BRING BACK DDT TO CONTROL MALARIA, AFRICANS U RGE 
As malaria conti nues to k i l l  i ncreasing numbers of human victims, some African 

health offic ia l s  are campaigni ng to bring back D DT spraying as the most effective 
weapon in stopping malar ia-carrying mosqu itoes. D DT sprayed on the inside 
wal ls of houses once a year h as been proven to control malaria.  An article i n  B BC 
News, March 5, reported that these health offic ia l s  were batt l ing Western groups 
who, because of Malthusian environmenta l i st l ies, wou ld  not give fu nds for anti­
malaria programs that used D DT. These donors inc l ude u.s. AID, the B ritish 
Department for I nternational  Development, and the U n ited N ations Rol l  B ac k  
Malaria program. 

For documentation on the efficacy of D DT-and the pol itics and l ies that 
ban ned it-see arti c l es on the 2 1st Century website www. 2 1  stcentu ry 
sciencetech .com. A special  col l ection of four art ic les on D DT from past issues is 
avai lable for $ 1 5 .  

'ALIENS CAUSE G LOBAL WARMING,' SPOOFS SCI-FI WRITER CRICHTON 
Science fiction writer M ichael Crichton elegantly exposes the cult of science and 

the needless deaths caused by environmental ist l ies (such as the ban on D DT), i n  
two recent speeches. 

In  "Aliens Cause G lobal Warm i ng," Crichton argues that the search for extrater­
restr ials beginning in the 1 960s was a rel igion, an act of faith, which served as a foot 
in the door for "pure specu l ation i n  quasi-scientific trappings," and paved the way 
for subsequent hoaxes d isgu ised as science. He attacks the idea of "consensus" as 
not being science. He a lso exposes as r idiculous computer models taken as gener­
ati ng data, as if that were real ity. F ina l ly, he gets to global warming, which as h is  title 
suggests, might as wel l  have been caused by al iens, because of the unreal ity of its 
claims. 

Crichton's speeches can be found on h is  website: www.crichton-offic ia l .com/ 
speeches. See the Caltech Miche l in  Lecture, Jan .  1 7, 2003, and Remarks to the 
Commonwealth C l ub, San Francisco, Sept. 1 5 , 2003 . 

IN MEMORIAM: DR. WILLIAM PICKERI NG, FI RST DI RECTOR OF NASA'S JPL 
Wi l l iam Pickering, the man who opened the age of planetary exploration, d ied 

March 1 5, at the age of 9 3 .  Dr. Pickering became the first d irector of NASA's Jet 
Propu lsion Laboratory (JPL) i n  Cal ifornia, at a time when no rocket had yet taken sci­
entific instruments above Earth's atmosphere. During his tenure at J PL, from 1 954 to 
1 976, un manned spacecraft were crafted to explore the Earth and every planet in the 
Solar System (except Pl uto). For more than 40 years, the world has been reaping the 
benefits of h is vision and leadersh ip. 

Dr. P ickering assembled a team at J P L  to design the first U .s .  sate l l i te, Explorer I ,  
to carry a Geiger counter provided by D r. James Van Al len of the U n iversity of Iowa. 
The result  was the d iscovery of the ri ngs of radiation su rrou nding our planet, known 
as the Van Al len radiation belts. J P L's work was a lso critical in making possible the 
landing of men on the Moon during the Apol lo program. J PL managed and carried 
out the unman ned precursor missions which were needed to photograph the Moon 
and characterize its surface, al lowing the selection of landing sites for future astro­
nauts. The l ab also practiced the soft landing tech n iques that wou ld be requ i red to 
put men there safely, and crashed spacecraft into the surface to study the Moon's 
properties. 

Summing up the accompl ishments of U .S .  p lanetary exploration si nce the 1 960s, 
Dr. P ickering stated : "We are now much more at home in our part of the u n iverse. 
Just as explorations of Earth in the 1500s and 1 600s gave us a picture of our home 
planet, so did explorations of 1 960 to 1 980 open our eyes to the real Solar System 
in which we l ive." 

Malaria: 
The Killer 
That Could 
Have Been 
Conquered" 

<\ ........ .,.,..._"'''* ___ 61_�.., ... �.� � "�!H.>o4<_���,,-�f""'<""''''''''';'''' 
byOt.I,(i<>oWnl� 

The u.s. b a n  o f  D O T  in 7 972 is 
responsible for the death of hundreds of 
m il l ions of people.  Read the 
documenta tion in these a rticles by 
entomologist J .  Gordon Edwards. 

NASA 

jPL director Or. William Pickering (at 
left), Or. james va n A llen, a n d  Or. 
Wernher von Braun proudly display a 
model o f  Exp lorer I during a press 
conference on the successfu l  launch of 
this first u.s. spacecraft in Earth orbit, 
jan. 3 7, 7 958. 
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SCIENCE & THE LAROUCHE YOUTH MOVEMENT 

Our Combat Against Empiricism: 
Escaping Tragedy Through Paradox 
by Jason Ross 

We in LaRouche's Youth Movement 
find ourselves in combat with an 

old enemy that destroys. human beings, 
k i l l s  creativity, and brings entire civ i l iza­
tions to their knees. No, it 
is not the Term inator and 
the Rise of the Vot ing 
Machines; it is empiricism 
and the complete destruc­
tion of power, in P lato's 
sense of the word, in the 
m i nds of those whom it infects. 
regain  the power of mankind to i mprove 
our mastery in and over the world, we 
wi l l  return to the Renaissance, but first to 
Greece, to the dialogues of P lato. 

Pl ato demonstrates in h is  "Meno" d ia­
logue, that learn ing is recol lection, and 
proposes an experiment to i l l ustrate h is  
poi nt. B ringing in  one of  Meno's s lave­
boys for the demonstration, Socrates poses 
a question to h im:  to double the size of a 
square that Socrates has drawn in the sand. 
The first proposal is to double the length of 
each side of the square, but on trying this, 
the boy discovers that he has actually made 
a square four times as large (Figure 1 ) . 

6 

Giving it another go, the boy tries 

i 

Figure 1 
FIRST ATTEMPT TO DOUBLE 

THE SQUARE 
Doubling each side of a square 
produces a square that is f our 
times the original area. 
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Brendon Barnett 

Learning is recollection: LYM members Freddie Coronel (right) and Naji Elabed in a 
dialogue about doubling the square, at a West Coast cadre' school, January 2004. 

making each side one-and-a-half times 
as large, resulting in a figure that is sti l l  
more than twice as large (Figure 2) .  
Eventual ly, return ing to the quadrupled 
square, the idea of cutting each of the 

I 
I 
I 

Figure 2 
SECOND ATTEMPT TO DOUBLE 

THE SQUARE 
Increasing each side by one-half, 
produces a square that is more 
than twice as large. 
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four squares in  half leads to a "crooked" 
square in the center, comprised of four 
triangles, of which the origi nal  squal'e 
consisted of two�a doubled square! 
(Figure 3). The boy understands the 

/ 
/ 

/ 

Figure 3 

/ 
/ 

/ 
/ 

/ 

THE DOUBLED SQUARE 
By cutting each of the four squares 
of Figure 6 in half on the dia­
gonal, a new square is produced 
(dotted lines) which has area of 2. 
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process and the val id ity of the d iscovery, 
with Socrates merely asking h i m  q ues­
tions-no declaim i ng or assertions of 
fact are made at a ll. 

This d iscovery is q uite remarkable in 
its demonstration of the i nherent cogn i­
tive abi l ities of any human being (try it  
with strangers-it works!), and in  the 
deeper implications of what we have 
just d iscovered. P lato's "Theatetus"  d ia­
logue delves into the concept of power 
in a rich way: The side of the doubled 
square we have just found is i ncommen­
surable with the side of the original 
square. (See "Burn the Textbooks! Re­
create the Original D iscoveries," 2 1st 
Century, Fall 2003, p. 8.) 

The impossib i l ity of expressing the 
"square root of 2" as any among the i nfi­
n ite number of fractions between 1 and 
2,  expresses Plato's notion of power: We 
have generated someth ing beyond the 
earl ier infin ite. 

True power is the ab i l ity to transform 
the entire domain of what is possible.  
Compare this to the s imple, i nfanti le 
notion of power as " more" : more horse­
power in your engi ne, more caffeine i n  
your drink, more c u p  holders, more sex 
appeal, more choices, more options, 
more you! These consumer notions of 
power are patently bestial in the i r  impl i ­
cations of  human potentia l .  Instead of 
the immortal power to transform the tra­
jectory of human deve l opment to 
improve our mastery over nature, power 
is bastardized to mean control over cur­
rently existing things. 

Light and Power 
Let us i l lum inate our true conception 

of power by exploring the propagation 
of light. In Classical G reece, the reflec­
tion of l ight was d iscovered to occur 
along a pathway of least d istance. This 
can . be demonstrated with an experi­
ment you can perform with two assis­
tants, a string, a m i rror, and a flash l ight. 

You and a friend stand across a m irror 
rest ing on a table between you, as you 
sh ine you r  flashl ight (held at you r eye), 
onto the m irror right into your friend's 
eye. Now, both of you hold the string 
against your eyes, and have the .th i rd 
person put h is  finger down on the m irror 
at the s'pot the l ight is h itting (see photo, 
at right). 

Now the third person can have some 
fun! With the string beginn ing reason­
ably taut, have h i m  s l ide his fingers i n  
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various d i rections. Does he find it hard to 
keep it on the mirror? Is it comi ng off the 
g lass? What your friend is feel ing as the 
pu l l , when he moves his  finger, is that the 
path the l ight took was the path of least 
distance; moving your finger elsewhere 
requ i res giving slack to the string to still 
touch the mirror. Incredible! 

How does the l ight "know" to take the 
shortest path? "Come on!" our surly 
physics professor interjects: "The l ight 
just bounces off at the same angle it 
came in at. There's no 'least d istance'; 
it's just an effect of equal angles." 

Maybe the professor i s  right; what is 
the big deal ? We wi l l  continue our 
progress and come to d i scover the 
importance of this pri nciple. 

Now, we examine what happens to 
l ight going i nto water. As you have seen 
when you put thi ngs in water, sub­
merged objects bend and break at the 
th reshold between the air and the water. 
So what is happeni ng here? 

Using the water-tank apparatus in the 
photo (page 8), we can exami ne how the 
path of light changes when we shine 
l ight at various angles. We have "bent" 
paths of l ight. So what is happen i ng? We 
wi ll try two different approaches to this 
problem. One of them is what is taught 
today as Snel l 's Law. It states that the 

s ines of the angles (the horizontal l i nes 
in Figure 4), are in proportion according 
to the different speeds of l ight in the a i r  
and the water. 

Th is  describes the result  that we see, 
but does it expla in  why the l ight moves 
in a path with this rel ationsh ip?  We 
examine the question instead from the 
standpoint of intention. In the case of 
reflection, we saw that the l ight took the 
path of least d istance. What is the inten­
tion now? 

Take the example of a l ifeguard rescu­
i ng a drown ing swimmer. Would  the 
l ifeguard ru n d i rectly towards the swim­
mer, p l u nge i nto the water, and swim 
d i rectly towards the victi m ?  Only if the 
l ifeguard was a physics graduate from a 
four-year university. A sensib le guard 
would spend more time ru nn ing along 
the beach at a good speed before ju mp­
ing i nto the water and swimming the rest 
of the way. Fermat hypothesized that our 
humble l ight beam expresses the same 
good sense: It i s  taking the path of least 
time! 

"Absurd !!" bel lows the empir ic ist :  
"How could the l ight possibly know a 
th ing  l i ke that? I 've read Bertrand 
Russell-'purpose is a concept which is 
scientifical l y  useless'-this is quackery! 
People who think things l i ke this proba-

The light from the flashlight "knows" how to take the path of least distance. The 
author is at left, shining a flashlight from his eye, to the mirror, and into jonathan 
Stuart's eye (at right). They each hold a string up to the eye. jen Yuen holds down 
the string with her finger, just at the point the light hits the mirror. If she moves her 
finger from that spot, it will require slack in the string. 
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Figure 4 
THE LAW OF SINES 

The ratio between the sine of the incident angle and the sine of the refracted angle 
is constant; that is to say, it is independent of the angles of incidence and refraction. 

sin i1/s in  r1 = AB/CD = 4/3 
s in i2/s in  r2 = EF/G H = 8/6 = 4/3 
s in  iy'sin  r3 = 1 0/7.5 = 4/3 

bly see value in  Kepler's mystical expla­
nation of the planetary orbits. But these 
'harmonies' and ideas l i ke 'least time' are 
the results of the true, determ inistic phys­
ical laws that govern the u niverse." 

Are we only fantasizing that we have 
discovered ordering principles in the uni­
verse? How can we determ ine if we have 
discovered an idea of greater power? Ah, 
by looking for an expansio� of the 
domain of what we can do, of course! 

descends most rapidly to the lower 
point." 

What is the fastest path for an object to 
fall from point A down to B ?  is it a straight 

arise as the solution to a question posed in 
a mathematics in which it is inexpress­
ible? Of course not. 

Rather than assume that the solution 
must exist in an already expressible way, 
as do Euler and LaGrange-see Gauss's 
1 799 "Fu ndamenta l Theorem of 
Algebra" (see http://www.wlym.com/textl 
gauss fu ndamenta l . doc), ask i nstead : 
What wou ld generate the solution? 

instead of looking at the properties of 
fall ing bal ls, Bernou l l i  approached this 
problem with principle. Using the least­
time principle governing l ight, and the 
hypothesis of an array of changing densi­
ties that the l ight travels through, 
Bernou l l i  developed a d ifferentia l-the 
pri nciple generat ing the cu rve, that 
shapes its u nfolding-and used th is to 
demonstrate that the brach istochrone 
(least-time path) is, l ike Huygens's tau­
tochrone (equal-time path), a cycloid. 
incred ible-we are using light to deter­
mine a pathway for a body fal l i ng by 
gravitation (Figure 5 ) !  

Bernou l l i  uses the fol lowi ng physical 
idea : Were we to arrange l ayers of dif­
ferent media atop each other in sheets, 
arranging them so that the speed of light 
going through them wi l l  increase in the 
lower sheets, in the same way that a 
fall ing object's speed i ncreases with the 
d istance it has fal len, then l ight travel­
l ing through the sheets wou ld (si nce it is 
l ight) take the path of least ti me, and the 
arrangement provides that it is the least 
t ime for a fall through gravity. 

Bernoull i  demonstrated that th is  cu rve 
is the cycloid, generated by drawing the 
position of a poi nt on the c ircu mference 

Bernoulli's Brachistochrone Problem 
Shift gears for a moment, as we take 

up Bernou l l i 's brachistochrone problem, 
posed in  Leibn iz's Acta Eruditorum arti­
cle in  1 69 7 :  "Mechanical Geometrical 
Problem on the Cu rve of Quickest 
Descent: To determine the cu rve jo in ing 
two given poi nts, at different d istances 
from the horizontal and not on the same 
vertical l i ne, along which a mobi le par­
ticle acted upon by its own weight and 
start ing its motion from the upper poi nt, 

l i ne? A half of a circle? 
A parabola? Or, what 
if it chances to be a 
curve generated in a 
way that is completely 
unknown to us? This is 
a problem that cannot 
be answered from 
empiricist mathemat­
ics or physics. For, 
among the infin ite 
possible curves, how 
can we determine one 
best curve? What if it 
is physically created in 
a way that cannot be 
expressed (as was 
the catenary before 
Leibniz); could it then 

A water tank apparatus for demonstrating light refraction into 
water. The light "knows" how to take the path of least time. 
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of a c ircle rol l i ng a long a l i ne. Bernou l l i  
writes: "Thus I have with one stroke 
solved two remarkable problems, one 
optical, the other mechan ical, and have 
accomplished more than I requ i red of 
others; I have shown that the two prob­
lems which are taken from entirely d is­
tinct fields of mathematics are neverthe­
less of the same nature."l 

of human understanding to 
solve paradoxes. 

accord i ng to a u n iversal 
pri ncip le of l east-action, 
what does this imply about 
geometry and physics? 
Wel l ,  it means that every­

Bernou l l i 's sol ution to 
the brachistochrone prob­
lem made use of the infin­

Where Snel l 's law lets us predict light 
refracting (a process we were a lready able 
to create), least time increased our power 
(dynamis in Plato), expanding the domain 

ites imal  calcu lus  developed by Leibn iz, 
and this too came from l ight. From 
Fermat's principle of least-time, Leibniz 
devel oped the general pri nciple of u n i­
versal least action, a conception that 
completely shook up everythi ng, inc lud­
ing physical mathematics. 

th ing occurs on ly by principles, a long 
which least action can even exist. This 
means no abstract geometrical consider­
ations can be allowed (for example, 
shapes qua shapes), on ly actions deter­
m i ned by the governing principles of the 
u n iverse. 

If all processes in  the U n iverse occur Aha!  One hears in  the m i nd, the 

Figure 5 
BERNOULLI'S CYClOID: 

THE LEAST-TIME PATHWAY OF DESCENT 
Bernoulli writes of his demonstration that the least-time 
pathway of descent is a cycloid: 

"In this way we can solve our problem generally, 
whatever we assume to be the law of acceleration. For 
it is reduced to finding the curved path of a ray of light 
in a medium varying in rarity arbitrarily. Let therefore 
FGD be the medium, bounded by the horizontal FG in 
which the radiating point A [is situated]. Let the vertical 
AD be the axis of the given curve AHE, whose associate 
HC determines the rarities of the medium at the heights 
AC, or the velocities of the ray, or corpuscle, at the 
points M. 

"Let the curved ray itself which is sought be AMB. 
Call AC, x; CH, t; CM, y; the differentia l Cc, dx; 
differential nm, dy; differential Mm, dz; and let a 
be an arbitrary constant. Take Mm for the whole sine, 

'mn fo r the s i n e  of the a ngle of refraction or of 
inclination of the curve to the vertical, and then by 
wha t  we h a ve just sa id, mn is to HC in consta nt 
ratio, that is, dy : t = dz : a .  This gives the equation 
ady = t dz, or aady2 = ttdz2 + ttdy2; which, when 
reduced, �ives the gen era l differen tia l equa tion 
dy = tdx : (aa-tt), for the required curve AMB. " 

Source: Johann Bernoulli, "On the Brachistochrone Problem," in 
David Eugene Smith, A Sourcebook in Mathematics (New York: Dover 
Publications, 1 959), p. 652. 
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Figure 6 
KEPLER'S PARADOX: LOCATING THE EXACT 
POSITION OF A PLANET AT A GIVEN TIME 

Kepler understood that the time of the motion of the plan­
ets corresponds to the area created by their motion­
equal area is swept out in equal time. Therefore, the posi­
tion of a planet at a certain time in the future requires find­
ing the position that will sweep out the desired time-area. 

For example, to find the position of a planet after a 
quarter of the planet's year, would require finding the 
position that would cover a quarter of the entire orbit's 
area. This area consists of two components: a circular 
section, and a triangle. The size of the triangle is meas­
ured by the distance from the center of the orbit to the 
Sun, and by the height of the triangle. 

The size of the circular section can be measured propor­
tionallv to the circular arc of the planet. (The planets move 
in ellipses, but this paradox can be understood with circles.) 
But the circular section and the straight- line height are 
incommensurable: One cannot measure curvedness 
with straightness, or vice versa. This made it impossible 
for Kepler to definitively determine a future position of 
a planet, although he could estimate as closely as 
desired by breaking the orbit into a number of small 
pieces and making tables of areas. 
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beginning of the theme of Riemann's 
habilitation d issertation : "Space consti­
tutes a particular case of a triply extend­
ed magnitude. A necessary sequel of th is 
is that propositions of geometry are not 
derivable from general concepts of quan­
tity, but that those properties by which 
space is distinguished from other con­
ceivable triply extended magnitudes can 
be gathered only from experience." 

The necessity for Riemann's polemi­
cal d issertation came from the mil len­
nia-old separation of geometry, as an 
abstraction, existing i ndependent of the 
physical universe. The paradox that 
prompted Leibniz's development of h i s  
ca lculus arose when abstract, dead 
geometry was i mposed on Kepler's 
active physical pr inciple of gravita­
tion-giving rise to the so-called Kepler 
paradox. 

When a h igher-order idea is  project­
ed or expressed in a lower domain i n  
w h i c h  it is inexpressi ble, i t  appears par­
adox ica l ly. Th ink of the problems of 
artificial intel l igence-the paradox, of 
trying to program an artificial mechani­
cal mind, is that the fundamental prod­
uct of the mi nd, the hypothesis, cannot 
be derived from anyth ing that has come 
before and can not be generated 
mechanical ly. 

The paradox was that with Kepler's 
determi nation of time being measu red 
by area, it became possible, given two 
positions of a planet, to measure the 
area, and thus the time, between the 
positions. B ut it was impossible to do the 
reverse-the exact location of a planet 
at a given time in the future was impos­
sible to determ ine. The area i nvolves 
both a c ircular arc (the measure for the 
portion of the c ircular section) and a 
straight l i ne (the sine that is the measure 
for the triangle), two magnitudes that 
Cusa demonstrates are i ncommensu­
rable (Figure 6). 

The paradox that Kepler arrived at 
indicates that he did not get an answer, 
although he d id .  The u nanswered 
incommensurabi l ity one arrives at when 
trying to determine position at a given 
time, is  the answer. It is the only way 
that the un iverse, speak ing through 
that mathematical system (Sensori u m), 
could answer your question. A poet, 
pass ionate ly  conveying a profound 
idea, cannot do so d i rectly, but only 
through metaphor. When LaRouche 
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answers you r  question in a way that 
seems to not answer it at a l l ,  it is pre­
cisely those questions in your mind that 
spring up that are the real substance of 
the answer. 

Here, the substance of the universe's 
response to Kepler was a challenge, to 
which Leibn iz responded with a h igher­
power mathematics based on principle·: 
h is  calcu lus.  H is conception was to 
determ ine the principle of the unfolding 
of the d ifferential (gravitation) to deter­
mine the i ntegral (orbit) in a way that 
could generate, knowably, the des ired 
location. 

Leibn iz's response, to the universe's 
response to Kepler, was another ques­
tion; Leibn iz was not successful in solv­
ing the Kepler problem, but h i s  work 
laid the foundations for, and posed the 
questions to be answered by, the l ater 
developments of Gauss, et al. on the 
complex domain .  

Invisible Principles 
The development of the conceptions 

of un iversal l east action and the i nfin­
ites i ma l  ca lcu l u s  i nd icate m uch h i gh­
er, metaphys ica l ,  pr inci p les than can 
be expressed as su bjects of the l an­
guage of geometry or physics.  The 
hYP0thes i s-of-the-h i g h e r- h  ypothes i  s 
i m pl ication of a pri nc ip le  of u n iversal 
least act ion is  the com plete compre­
hensibil ity of the u n i verse, as exist ing 
as the unfo l d i n g  of physical  pr inc iples, 
rather than a col l ection of sensory 
data. 

You m ust look for i nvis ible pr inciples, 
not effects. Principle does not exist i n  
properties o f  matter: " . . .  a lways in its 
rel ationsh ip  to other objects, the pri­
mary, unmed iated relationsh ip  between 
the particular and the un iversal sub­
sumes and is the su bstance, of all rela­
tions to other objects."2 

It's your u niverse: Take responsibility 
for it. The economy is bankrupt, your 
campus is  los ing money, popular enter­
tainment is cruel , and a fascist beast­
man is ru nn ing your President. What do 
you th i n k  the un iverse is tryi ng to tel l  
you ? 

Notes ____________ _ 

1 .  Johann Bernoulli, "On the Brachistochrone 
Problem," in David Eugene Smith, A 
Sourcebook in Mathematics (New York: Dover 
Publications, 1 959), p. 652. 

2. Lyndon H. LaRouche, Jr., "Project A," in The 
Science of Christian Economy (Washington, 
D.C.: Schiller Institute, 1 991) .  
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Chris Lewis 

Youth at the cadre school in Mainz, Germany, December 2003, listen to Lyndon H. LaRouche (right). 

Love and Politics: 
The Role of Communicating 
Subjective Ideas in Economics 
by Randy Kim 

MY OWN ORIGI NAL D ISCOVERIES OF 1 948- 1 953,  with i n  the context of 
Leibn iz's orig inal  ( 1 671 - 1 7 1 6) d iscoveries in the science of physical econo­
my, were i n it ia l ly developed by my viewing tech nological progress as the 
outcome of those d iscoveries of u n iversal principle which are situated withi n  
the domain' of that notion o f  irony defined according to the principles,of -' 
Classical artistic-composition. . . 

In other words, I rejected the contemporary, popularized d ivision of academ­
ic knowledge into what British author c.P. Snow identified as a division 
between "two cu ltures," physical science versus the·arts. I recognized a . 
Classical form of irony (e.g., metaphor most emphatically), if it were truly 
Classical i rony, as the complement to the paradoxes which promote the birth of 
discovered physical principles. Physical science, as usually viewed, pertains to 
the impl icitly direct relationship of the cognitive powers of the sovereign indi­
vidual mind to the physical universe. C lassical art, especially Classical artistic 
irony, references the same kind ·of i nd ividual cognitive powers, but for the case 
that the immediate subject is the social process, rather than the individual's 
ostensibly s impler, presumably d i rect relationship to the physical domain .  

I recogn ized, i n  a way reinforced by my subsequent study of  Riemann's 
argument, that it i s  in the social d i men�ion of cogn ition, that the i nd ividual 

. forms those ideas for practice wh'ich are valid u n iversal principles of physi­
cal science. H ence, the relative u n iq ueness of my d iscovery on this point. 

-From "On the Subjects of Tariffs and Trade," 
Lyndon H. LaRouche, January 1 2, 2004 

Wow . . .  that's a handful to u nder­
stand, but approachable. A real 

m i nd tickler is why Lyndon LaRouche 
wou ld d i scuss the relationships between 
irony in c lassical art and i rony in classi­
cal scientific d iscovery with i n  a paper 
titled "On the Subjects of Tariffs and 
Trade"? Isn't that i ronic? 

There are a lot of unexpected su rpris­
es and iron ies associated with this cam­
paign, especially from the standpoint of 
someone who comes out of a n i h i l istic 
culture. Considering myself one of the 
"artsy types,"  the greatest i rony I 
encountered, was the insistence upon 
Carl Friedrich Gauss's proof of the fun­
damenta l  theorem of a lgebra, as key to 
u nderstand ing the fo lly 
of modern popular opin­
ion.  Th is  m ust be done in  
order to prepare a socie­
ty for a great chal lenge: 
To rebu ild a world 
wracked by decades of 
post- industrial su icide and parasitical 
financial practices. 

But what makes any of this more sub­
stantial than what Professor Harry Potter 
has to say about economics? Why 
should these ideas move a man more 
than the ideas espoused by the academ­
ic world ? H ow does someone measure 
how truthful an idea is?  These are the 
questions that anyone serious, who joins 
the LaRouche Youth Movement, must 
encounter. 

I learned very qu ickly that static ideas 
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would not help me to recruit other 
young people; that on ly ideas in motion, 
working to change the current political, 
economic, and cu ltural situation, would 
hold any water with a generat'ion fed u p  

. with the society they have i nherited 
from a "baby boomer" generation which 
has given up on the future. This need to 
put ideas into motion has engulfed me in  

the greatest creative cri­
sis in  the 21 years I have 
been al ive. I find myself, 
every day, having to con­
front and work with hun­
dreds of d ifferent people, 
as the only way to effect 

real pol itical change. My whole concept 
of identity, friendsh ip, commun ication, 
and . love, prior to the commitment to 
become a real human being, has been 
shaken from its fou ndations. 

I th ink something of s ign ificance to 
note in  my personal l i fe, i s  that of the 
hundreds of people I knew as a ch i ld, 
and many of them which I considered to 
be my friends, the discussion of moving 
ideas and the need for revolutionary 
change in replacement of psycho-mimetic 
drugs and punk rock shows, led most of 
them to ostracize me from their l ives and 
circles of friends. This to me is a very 
sol id proof that what I, as wel l  as most of 
my peers, regarded as friendship and 
love were completely wrong. What then 
is real friendsh ip, and how do you real ly 
know another h uman being's mind? 

These are some of the problems that 
the world's most powerfu l-per-capita 
pol itical force is tra in ing its s ights on .  
The answer to these, and s imi lar  ques­
tions, holds the key to understanding 
what culture and society are, how a . 
pol itical army of thousands wi l l  work, 
and how we wi l l  create and susta in  a 
world Renaissance. 

The Mainz Mission 
Three months ago, I was sent overseas 

to help bui ld a stronger European section 
of the LaRouche Youth Movement, a long 
with several other Americans from 
Cal ifornia, Texas, New jersey, and 
Maryland. I stayed primarily in  Germany, 
and Qthers went to other countries. 

This was a completely new geometry 
for me, which forced me to reevaluate 
a l l  of my assumptions about organizing 
the popu lation and human ity to fight for 
civi l ization. New language, new cul­
ture, new h istory-everything was com-
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pletely d ifferent . . .  and yet someth ing 
remai ned the same, which I wi l l  ta l k  
about later. 

I saw the house in which one of the 
greatest scientists of modern h istory, 
N icholas of Casa, l ived. I saw stone sup­
ports on the side of the road which were 
bui l t  by the Romans to transport water. I 
drank wine from a 2 ,SOO-year-old 
Etruscan goblet I had never been out­
side the country before this trip. It was 
complete cu lture shock. . 

This was the kind of geometry I was in  
when I made the largest conceptual 
breakth rough s i nce my j o i n i n g  the 
LaRouche Youth Movement fu l l -t ime. 

During the Christmas vacation (which 
i n  Germany means that everything 
stops), the LaRouche Youth Movement 
was completely transformed and put 
ins ide a productive crisis, when we got 
together for a seven-day cadre school .  
Now, many of  you may not be too fam i l ­
ia r  with th i s  concept of a cadre school, 
so a l ittle bit of background is necessary 
to u nderstand why this particular cadre 
school in Mai nz, Germany, was such a 
breakthrough. 

The original idea of the cadre school 
was to have an intense period of i ntel­
lectual work, in which you ng contacts 
cou ld get a sense of what the LaRouche 
Youth Movement is, the ideological 
basis of the pol itical fight, and get more 
involved with the campaign. This was a 

great conception, but j ust as when Vice 
President Dick Cheney says the same 
thing about prewar i ntel l igence at th ree 
d ifferent t imes with th ree different 
resu l ts (thanks to the h e l l  Lyndon 
LaRouche has put him i n), battle strate­
gies must change and i mprove. No man 
steps in  the same river twice. 

Based largely on the hard work of 
youth organ izers l i ke Ludwig from 
Venezuela, Aaron from Los Angeles, 
E lodie from France, and Christoph from 
Germany, a plan was devised to have 
. i ntense workshops known as "Monge 
Brigades," with very powerfu l presenta­
tions by jacques Chemi nade (candidate 
for the Presidency of F ra nce), Dr. 
jonathan Ten nenbaum (science advisor 
to Lyndon LaRouche), B ruce Director 
(Lyndon LaRouche associate leading the 
mathematical  work with the Youth 
Movement), Helga Zepp LaRouche (wife 
of Lyndon LaRouche and cand idate for 
the Chancel lorsh ip  of Germany), and 
Lyndon LaRouche (candidate for the 
Presidency of the United States), to pro­
vide a conceptual anchor for more pro­
ductive group work, instead of 70 hours 
of classes (however potent). 

The way these thi ngs worked in the 
past, is that the cadre school would be 
class after c lass after c lass, and only the 
cigarette smokers and late-n ight s leepers 
wou ld end up having provocative organ­
izing-related d iscussions.  You can imag-

The East Coast cadre school, Feb. 1 -2, 2004, studying Bach's motet "}esu Meine 
Freude, " with Jenny Kreingold at the piano. 
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ine how many people end up s l ipping 
through the cracks, s leeping through the 
presentations, and bei ng genera l l y  q u ite 
successfu l at avoiding the tension of 
rea l ly chal lenging truthful ideas. 

Not so this time. The gathering was 
d ivided into four groups of 1 5  people, 
with each group having a good mixture 
of new people, old people, and every­
thing in between. Four rooms were set 
aside. One for Carl Friedrich Gauss's 
proof of the fundamental theorem of 
algebra, one for Johannes B ach's motet 
"Jesu Meine Freude," one for Plato's 
"Meno" and "Theatetus" d ia logues, and 
one for Friedrich Sch i l l er's "On the 
Subl ime." 

Sounds pretty normal doesn't it? A l l  
four groups were t o  rotate th rough the 
rooms, spendi ng about an hou r and a 
half in each, with about s ix  hours of 
intense Monge Brigade work a day. 
Afterwards came the presentations, with 
the most astonishingly developed q ues­
tions and criticism centered u pon the 
real creativity experienced in group 
work on a d iscovery. 

Here's what happened : After a great 
bless i ng on the fi rst d ay, given by 
Lyndon LaRouche, we woke up the sec­
ond morn ing to get to work. We copied 
and stapled 1 6  "Meno" dia logues 
and then the chaos started . . 

Social Processes and 
Productive Crises 

Why do we have to read Socrates in 
groups? It's so s low and some people 
always interrupt and, and, and . . .  Why 
indeed? If I were by myself I cou ld read 
the "Meno" dia logue probably fou r  times 
in  an hour and a half. Why these "groups 
of no more or less than 1 5  to 25 people?" 

There is no easy answer. You the read­
er m ust decide to u ncover what the 
complex domain, where invis ible scien­
tific pri nciples govern the sensory world, 
rea l ly  is .  In the domain of the Monge 
brigade, it becomes a start l ing creature, 
whose presence fi l ls the whole room, 
and a l l  individuals tru ly engaged sense 
its presence. It is examined. Its d istin­
gu ish i ng characteristics are carefu l I y  
noted. It travels around the room and i t  
often appears out o f  the corner of one 
person's m i nd .  

The Monge brigade ends a n d  the crea­
ture seems to van ish. Over l unch the par­
ticipants, l ike a group of excited biolo­
gists marvel at this new species never 
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before observed. And then, you get back 
to the field and try to re-create the labo­
ratory environment which fac i l itated the 
creature's appearance, and, sure enough, 
after some period he arises again.  

This t ime you d idn't even see where 
he came from, even though you were 
keeping you r  eye out for h im.  The crea­
ture seems to survive only in the envi­
ronment of special  socia l  processes. 
Special ,  because the geometry in which 
the social process is embedded, is the 
immediate need for pol itical change. 

The way the youth movement 
deploys, which the old-I won't 
say what they are-can't do, is that 
they have a sense of mission orien­
tation . This is one of the reasons I 
wanted to keep the old fol ks away 
from them, because they would 
suppress them . They wou ld tel l  
them, you've got to d o  i t  in  an 
orderly way, accord ing to some 
rule. No, No, No. Let them apply 
the lesson of the Monge princi­
p le-in this case, the Gauss princi­
ple-and apply that lesson to what 
they're doi ng, because they're 
engaged in social  processes, and 
social  processes are in herently just 
as lawfu l as so-cal led physical sci­
entific processes." 

-Lyndon H. LaRouche, 
January 1 0, 2004 

The crisis we were facing in Mai nz, 
was the confrontation of a social process 
none of us had ever seen before . 
"Seasoned veterans" found themselves 
in completely unknown territory. Many 
people remarked to me that they were 

Looking at the 
least-action shape 
the soap bubble 
knows to take 
inside a cube, at 
the East Coast 
cadre school. 

A p roj ection of 
the bubble onto a 
screen. 

EIRNS 

th inking about ideas with a gravity they 
had not experienced s i nce they contem­
pl ated jo in ing the movement. 

New people had the cou rage to speak 
up, d isagree, lead key d iscussions in the 
brigade, and join the campa ign ! They 
were inspired by seeing members of the 
campaign who no longer seemed to be 
on an intel lectual and moral pedesta l ;  
who were, instead, strugg l ing to u nder­
stand the enormously complex social  
dynamic created by a seemingly l inear, 
s imple hypothesis to actual ly  do what 
Lyndon LaRouche has been emphasiz­
ing about the brigade system of rapidly 
ass imi lating ideas. 

I thought there was someth ing 
wrong with a pol itical organizer 
bei ng chal lenged. I thought after 
you joi ned you wou ld learn new 
th i ngs, but I d idn't th ink we cou ld 
be just as confused as new people. 
I d idn't th ink we cou ld undergo 
the same level of tension as we 
had when we joined. I thought 
tension is what new people are 
supposed to feel ,  and I certa in ly 

2 1 st CENTURY Spring 2004 1 3  



didn't think pol itical organizers 
were a l lowed to make mistakes or 
concede to having d ifficu lty with 
the ideas of the campaign . . . .  

-Pol itical Organizer X 

I learned more about some of the peo­
ple in my brigade i n  one week than I 
have l earned about some pol it ical  
organizers in  s ix months. This must be 
why the French succeeded in  defeati ng 
a three-front war after the French revolu­
t ion of 1 789 total l y  destroyed the foun­
dations of the society. The French, under 
the leadership of men l ike Lazard Carnot 
and Gaspard Monge, 
created a rapid ly  devel­
oped and develop ing 
deployment force, 
which recruited whi le it 
fought: A cadre of lead­
ers, teaching teachers to 
teach more teachers, 
and thus fac i l itat ing 
exponential growth. 

I fi n a l l y  saw fi rst­
hand, the sol ution to 
problems which plague 
the development of a 
"many" (the d i fferent 
individuals in the cam­
paign) i nto a "one" (the 
youth movement as a 
u n ity), with the added 

may be a l ittle more than talking at 
someone. 

Gauss and the Social Mirror 
Let's return to the subjects of i rony 

and Gauss for a few minutes, in  relation 
to this cadre school :  Gauss has a won­
derful tendency to provoke honest emo­
tional responses from al l manner of peo­
ple, 

'
whether irrational, fearfu l ,  arrogant, 

or otherwise. I found that the Gauss was 
the most joyfu l and difficult brigade of 

. the event, and that, as the event pro­
gressed, and d iscoveries and brigades 
were worked through on the other sub­
jects, GaLiss become more and more 

d ifficulty of constantly Reading through a Plato dialogue. 
added new s ingularities 
(new pol itical organ izers) to the many. 

We need 1 0,000 youth movement 
members in a very short tim.e. That 
means 1 0,000 i nd ividual, unique young 
people; 1 0,000 d ifferent personal ities 
with d ifferent backgrounds and manner­
isms; 1 00,000,000 peer-to-peer relation­
sh ips; and a m i nd-boggl ing nu mber of 
d ifferent group dynamics. 

I have come to re-examine and reflect 
upon the crucial, often overlooked prin­
ciples i nvolved in group dynam ics, and 
have found an immense sense of joy at 
bei ng able to solve the problems I had 
had with different co-fighters for various 
i rrelevant reasons, through these higher 
orderi ng pri nc ip les of the "Monge 
Brigade." 

Tension is not a bad th ing!  Having a 
crisis may be different from what you 
th ink it is .  Social processes are l awfu l !  
Organizers can be organ ized (no matter 
how old they are), and communication 
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provocative. 

Does anyone even know what 
an algebraic rational integral 
function is?  

-French organ izer Clement 
on the title of Gauss's paper, "New 

Proof of the Theorem That Every 
Algebraic Rational Integral 

Function in One Variable Can Be 
Resolved into Real Factors of the 

First or the Second Degree" 

Ah, yes. It's refreshi ng, how a new 
member can rea l ly stir up some trouble 
and cal l  people's bl uffs. Through the 
cou rse of this particular brigade on the 
th i rd day, the only people tal king were 
contacts and new members, rarely ask­
ing for insight from older organizers, and 
even then sometimes having other new 
people ins ist upon d iscovering the par­
ticular answer themselves. The most 
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amaz ing s ingularity in that brigade? The 
ins istence by one person, who had been 
i nvolved only one month, that we: "Shut 
up and stop tal king about the paper! 
Why don't we actua l ly  try and read it! ?" 

During th is  amazing brigade, the four 
most senior organizers in  the group 
hardly said a hundred words among the 
them . Only a few potent, strategic, 
thought-provoking questions were actu-

. a l ly  steering the conversation through 
rough terra in .  I remember qu ite clearly, 
that after Clement asked h is  question 
regard ing the title, Elodie and I looked at 
each other, and knew exactly what the 

other was th inking!  
The social  process Lyn­

don LaRouche describes, 
and the qual ity it possesses 
for i l l u m i nating people's 
minds to each other, was 
being prove n .  We smi led 
and returned to the paper, 
deciding that rather than 
expou nding on what we 
thought we knew about 
Gauss, and extingu i sh i ng 
the positive tension, we 
would let the group stew 
(or s immer, as E lodie put 
it), and let them try and fig­
u re it out on their own . 

Th i s  i s  what Lyndon 
LaRouche had told me in 
Germany during Christmas, 
when I h ad asked h i m  

about the d ifference between the poet 
Edgar Allen Poe's abi l ity to analyze man, 
and the assumptions made by some, 
which lead to mistrust and categorizing. 
He said that in order to know another 
man's mind, one m ust furiously investi­
gate h is  own .  Can th is  be true vice-versa? 

. . .  In that process, you're able, in  
a sense, to look at  yourself in  the 
m irror of the m i nds of other per­
sons-that's how you see yourself. 
In other words, when you see what 
you're trying to th ink through-but 
it's on the tip of you r  tongue, but 
you don't see it quite-when you 
see that taking shape in the m i nd of 
another person, in the process of a 
dialogue, now you're able to see 
yourself, as in a mi rror. You're able 
to see your mind, as in the mi rror 
of a social process. And that's the 
way it actual ly  works. 
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People who do enough, are able 
to synthesize that, that is,  when 
they're thinki ng, even by them­
selves, are able to th i n k  in terms of 
a dialogue process. And be able to. 
see themselves i n  a mi rror . . . .  

-Lyndon LaRouche 
in an answer regard ing the 

preconscious, at a cadre school in 
Los Angeles, January 24, 2004 

This is the complex domain of social  
processes, and I am certain we are only 
just beginn ing to examine and enjoy the 
wonderful pecu l iarities of this .  

These investigations lead deeply 
into.many others, I would even say, 
into the Metaphysics of the theory of 
s·pace, and it is only with great d iffi­
culty that I can tear myself away 
from the results that spring from it, 
as, for example, the true meta­
physics of negative and complex 
numbers. The true sense of the 
square root of negative one stands 
before my mind ful ly al ive, but it 
becomes very d ifficult to put into 
words; I am always only able to give 
a vague image that floats in the air. 

-Carl Friedrich G auss, 
December 1 1 ,  1 825 

The Most Powerful Per-Capita 
Political Force on the Planet 

Thanks to a remarkably ins ightfu l 
youth movement i n  America, and a 
"few" phone cal ls by the Americans 
overseas to home base, the cadre school 
on the East Coast, which I attended 
i m mediately after return i n g  from 
Germany, was highly successfu l .  The 
most important thing? It was completely 
different from the Mainz cadre school .  

Sure, the predicates were nearly the 
same. Approximately 1 5  people in each 
brigade and four different subject matters 
under examination. But, the members 
who planned the event were wise enough 
to understand that the Mainz cadre school 
involved an unseen principle which gen­
erated the results of the event, and to 
repeat the same hypotheses, in  an entirely 
different geometry, would be l i ke an act of 
the Cheney Admin istration . I urged every­
one to be a scientist and to make his own 
hypotheses, and to test" them instead of 
trying to repl icate anything they thought 
happened in Mainz. 
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It turns out that I didn't 
have to rea l ly urge at a l l, as 
everyone there had grown 
by leaps and bounds wh i le  
I was away in  Germany, and it was as  if 
I had come back to a d ifferent organiza­
tion. I had to learn who everybody was 
aga in  . . .  and what better situation could 
I have possibly asked for to do that, than 
this cadre school ! 

I found myself at times so pleasantly 
shocked by the progress of my fel low 
fighters, that I would just sit and l isten to 
the process unfold. From the very first 
brigade, in which Larry (a youth organiz­
er in Washington, D.C.) made an amazing 
connection between the drama "Ju l ius 
Caesar" by Shakespeare, and the art of 
making a successful political intervention, 
fol lowed immediately by Jenny's interven­
tion on the nature of organizing the popu­
lation, I tried not only to see the truthfu l­
ness of what was said, but the personal ity 
from which the insight was coming. 

In a beautiful irony, the phenomenon 
of s i lent communication happened again 
with in  the context of a provocative Plato 
reading, after Zack had decided to inter­
rupt business-as-usual, and raise a ruckus 
over the more important issues at hand­
not the particular dialogue, but the geom­
etry with in  which the d ialogue and the 
Socratic Method are a part. Delante had 
qu ickly taken advantage of Zack's potent 
intervention, with Ashley and Jenny on 
board for the ride as wel l, by asking, 
"What is pedagogy?" And watch ing as 
the process u nfolded from that question, 
Delante and I looked at each other in the 
same knowing way as had happened dur­
i ng the Gauss brigade in Germany, and 
returned to the conversation. 

The reader is probably real iz ing by 
now that I haven't said much concerning 
the actual substance of the brigades: the 
d iscoveries made about the particular 
subject, diagrams concern ing algebraic 
functions, the musical score we worked 
on, or how much of the Sch i l ler piece we 
completed. This is intentional. You, the 
reader, must understand the necessity for 
this combat u niversity on wheels, by join­
ing our youth movement (your age doesn't 
disqual ify you; it's your state of mind). 

You can't experience these Monge 
B rigades outside of this movement, by the 
sheer fact that this is the only organiza­
tion in wh ich the unification of inte l lectu­
al d iscipl ines meets the frantic cal l s  of 

real ity. (Try studying Martin 
Luther King in a u n iversity 
where a l l  the manual labor 
is accomplished by minori­

ties; it seems somewhat superficial to 
a l l ow a val i d  soc ia l  process, eh?) 
Otherwise, the ludicrous behavior of our 
elected officials around the world, and 
the suicidal denial by popular opin ion of 
the rapidly dis integrating economy, wi l l  
pl u nge h uman ity into a dark age. 

Don't k i l l  science by separating it from 
human ity. Don't block on the need to 
investigate social relations, because the 
success of Lyndon LaRouche's econom­
ics, and the survival of modern civ i l iza­
tion, depend on our successful transmis­
s ion of these ideas into society. Maybe I 
wrote i n  this way because, i n  a l l  honesty, 
I 'm not sure if I've d iscovered exactly 
what th is  brigade thing is that we're deal­
ing with. But I ' l l  tel l  you what. We sure 
as hel l  wi l l ,  because the answer wi l l  save 
human ity, and that . . .  is fun .  

You get a bunch of friends 
around, with whom you have these 
dia logues, the constructive dia­
logues, and you find you want to go 
to meetings at which this kind of 
experience occurs. And you are 
very happy with those col lections of 
friends, because there it happens. 
You get to know each other in  a 
new way. You get to know you rself, 
you can anticipate the way they're 
goi ng to react, each i ndividual 
reacts in  a different way. You get 
into a mood about l augh i ng about 
the way people are predictable. 
And they laugh at themselves, the 
way they find themselves being pre­
d ictable. And this is where this 
sense of beauty come in .  

It's just, what we're doing, is try­
ing to create those kinds of social  
c i rcumstances, especia l ly  among 
people between 1 8  and 25, in the 
years when people feel l i ke adu lts, 
but they also feel young enough to 
be open to th inking afresh about 
ideas. This  is the best kind of 
socia l  relationship to have, out of 
which the better social  relations 
later in l ife w i l l  come. 

-Lyndon LaRouche 
in an answer regarding the 

preconsc ious at a cadre school i n  
Los Angeles, January 24, 2004. 
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by Paul Glumaz 
Morgan (1 8 7 8- 7 88 1) aimed 
to preserve the romance of 
the Indians from contamin­
a tion with a n yth ing that  
might give them economic 
progress. 

The concept of a "Native American " is a racist 
a(ld mythological identity, intended to justify an 
Anglo-American empire. 

O
u r  story begins with the American fou nder of Cu ltural 

. Anthropology, Lewis Henry Morgan.  
Lewis  Henry was born i n  u pstate New York i n  

1 8 1 8. By the 1 840s, h e  was a young l awyer and Freemasonic 
activist who created a special  lodge and Freemasonic rite for 
local young masons cal led Inindianation. Local youth would 
d ress u p  as I n d ians ,  get i n i t iated as braves, and run  the 
gau nt let, a l l  u nder the ausp ices of the local  Freemason ic 
lodge. Throughout th is  period of the 1 840s, Morgan was in  
correspondence with h istorian Henry Schoolcraft. Schoolcraft 
was an associate of Albert Gal latin, who at that time headed 
the New York H i storical Society. 

Gal latin, a scion of Swiss nobi l ity, had been Secretary of the 
U.S.  Treasury u nder Thomas Jefferson, and as amply docu­
mented1 led the treasonous economic subversion of our young 
Republ ic in the early 1 800s. This same Gal latin spent the last 
1 5  years of h is  l ife seeking to shape the h istorical identity of 
pre-Columbus Americans. He sought through a l l  means to 
establ ish that a l l  pre-Columbus Americans were exclus ively of 
Asiatic or Siberian origins. I n  other words, a l l  Americans prior 
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to Col u mbus had thei r  origins in migrations by l and, across 
Siberia, through Alaska, and down through the rest of the 
Americas. 

With modifications over time, th is  view of the origins of a l l  
pre-Columbus Americans i s  sti l l  the  preva i l i ng view in  
Anthropology today. The current orthodoxy on the subject is 
that these Siberian m igrations started 1 2,000 to 1 6,000 years 
ago, before which there were no human i n habitants in the 
Americas. 

Wh i le  Al bert Gal l ati n sought to show this through the study 
of l i nguistics, Lewis Henry Morgan sought to show this 
through the comparative study of k insh ip, or fam i l y  structures. 

Why would the excl usively S iberian m igration thesis be so 
important from the standpoint of someone l i ke Ga l latin, who 
was committed to the treasonous subversion of our Republ ic?  
Why? 

The motive for this i s  racism. 
Establ i s h i ng the exc l u s i ve S i ber ian or ig i n s  of p re­

Columbus Americans h ad the pri ncipal  i ntent of i nduc ing in  
America, a profoundly racist worldview, inc lud ing  the justi-



fication of a very brutal treatment of descendants of pre­
Col umbus Americans. Th is, I am sure, is not immediately 
evident to the reader, but when th is  idea of the exc lus ive 
Asiatic orig ins  is combi ned with sti l l -prevalent views on 
socia l  evol ution, one h as the m aki ngs of a very racist world­
view. This worldview den ies a u n iversal h uman identity to 
the descendants of pre-Col umbus Americans and, by exten­
sion, denies the same to the descendants of l ater European 
imm igrants. 

The rac ism generated by the ens lavement of Africans as it 
cu rrently affects our soc iety i s  better known and stud i ed 
today. The racism created by the d iscip l i n e  of Anthropology 
is more ins id ious, u n iversa l ,  l ess u nderstood, and not 
studied. 

What fol lows is a summary of how th is  works, using as a ref­
erence point the work of Lewis Henry Morgan .  

The issue at the center o f  t h i s  is how societies evolve cul­
tural ly, technologica l ly, and econom ica l ly. The racist idea is 
that societies evolve through gradual  improvements that are 
diffused slowly from one i nd ividual and group to another. I n  
this view, social evolution i s  gradual ,  and there is a gradual 
transition from hunting and gathering societies to modern 
industrial society. 

These changes accrue through accidental and incidental 
inventions and i nnovations that accumulate over long periods 
of time. Some societies are better than others in this process, 
and some racial groups, too, are a lso better than others in this 
process. Lewis Henry Morgan's first d iscussion of this 
matter is in  h is  monograph on the I roquois Ind ians, 
League of the Iroquois. In this document, and l ater 
through other writi ngs, Morgan developed some of the 
fol lowing theories, which were also being formu lated 
more extensively by other anthropologists in G reat 
B rita in :  

( 1 ) Social and technological evo l ution is gradua l .  
(2 )  Not a l l  societies develop at  the same rates. 
(3) Some societies are superior because of their racia l  

stock, and have thereby developed superior socia l  and 
fam i ly institutions. 

(4) It is wrong to change or i mprove the lesser races 
because they are not menta l l y  equi pped for it. They 
must develop at the i r  own rate. 

(5) Protecting them from losing the i r  primitive ways 
is the burden of the superior races. 

(6) America's then-evolving superiority as an indus­
trial nation did not rest on its deep cu ltural heritage in  
previous renaissances i n  G reece, the Arab w.orld, 
Ch ina, and Europe, nor in the industry and freedom of 
its Republ ican c itizen ry, but instead on its special  mix 
of Anglo-Saxon racia l  traits and superior fam i l y  i nstitu­
tions. 

In  Morgan's own words: 

. . .  The effect of th is  powerfu l pri ncip le has been to 
enchain the tribes of North America to their pri m itive 
state . . . .  We have here the true reason why the Red 
man has never risen, nor can ever rise above its present 
leve l .  . . .  At this point the s i ngular  trait in the character 
of the Red man suggests itself, that he never felt the 
power of gai n .  Th is  great passion for c iv i l ized man 
never aroused the Indian m i nd.  It was doubtless the 
great reason for his cont inuance i n  the h u nter state, for 
the des i re of gai n  is one of the earl iest manifestations of 
[the] progressive m i nd .  I n  a word it has c iv i l ized our 
race.2 

Morgan's explanations for successfu l socia l  change and 
economic devel opment bo i l  down to two causal factors: 
rac ia l  characteristics and greed. The l ess econom ica l l y  
developed societies are s o  because they l ack t h e  greed 
instinct, and they are genetica l l y  i nferior perhaps because of 
th is l ack. U nfortunately, today, a vast n u mber of Americans 
u nth i n kingly assume th is  to be the cause of the d isparity in  
l iv ing standards between the U n ited States and Th i rd World 
nations. 

Who Are We? 
Despite the theories of Morgan, Gal latin, and their  British 

counterparts, there exists m uch evidence, which has escaped 
suppression, from both archaeological and other sources, that 

u.S. National Archive 

The Aryan fam i l y  represents the central stream of 
human progress because it has proved its i ntri nsic 
superiority by gradua l ly  assuming control of the 
earth . . . .  The passion of the Red man for the 
hunter l ife has proved to be a pri ncip le too deeply 
inwrought to be contro l l ed by efforts of Legis lation. 

Albert Gallatin ( 1 76 1 - 1 84 9), the Swiss financier, spent his early 
years subverting the young American Republic, and his later years 
inventing an ideology for the Siberian origin of American Indians. 
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significant u rban and agricultural civi l izations existed at vari­
ous times and places in pre-Columbus America. Because such 
evidence was considered a th reat to this racist worldview, 
Morgan spent much of h is  later l ife with an archaeologist, 
Adolph Bandel ier, seeking to show that these earl ier urban 
remains did not represent societies that were in  any way 
developed. 

On the question of the exclusive S iberian origins of pre­
Colu mbus Americans, more needs to be said. To have any 
other explanation opens up a Pandora's box of issues that pro­
fou ndly chal lenge the accepted views of prehistory and the 
origins of civi l izations that are sti l l  taught in the schools today. 
How did they-the pre-Columbus Americans-get here? Were 
they here from the beginn ing? What about ocean travel in  
boats by sea peoples? Or migrations by boats from Asia? From 
Africa? From Iberia and the Mediterranean'? From Northern 

. Europe and Scandi navia? 
Once you begin  to exam i ne the evidence that maritime 

civi l izations and cu ltures existed long before Mesopotamia, 
and that astronomy and sea travel long predate the devel­
opment of river val ley c iv i l izations, and that the remains of 
these marit ime cu ltures are only now beg i n n i n g  to be fou nd 
underwater off the coasts of I nd i a, the Caribbean, and other 
pl aces, the exc l usive S iberian or igins theory is  seriously 
chal lenged. 

If maritime cu lture and ocean-going travel date back to 
1 0,000, 40,000, or even 1 00,000 years ago, no part of the 
world is immune from colon ization, trade, or from major cul­
tural exchanges. This chal lenges the very racist concept of 
"natives" versus the mo're recent arrivals. 

Why is this so important? Because it is  an issue of identity. 
Who am I ?  Where did we come from? What is a human 

bei ng? Where do our cu ltu res come from, or what remains 
from the past? 

Are we a product of race, blood, and soi l ,  or rather of a multi­
layered process of the ebb and flow of cu ltural renaissances 
and migrations, as wel l  as human and natural catastrophes? A 
secondary feature of this is the sti l l  preva i l i ng  orthodox idea 
that c iv i l izations had the i r  exclusive origins in the cradles of a 
few river val leys l i ke the N i le, the Tigris and the Euph rates, the 
Indus, or the Yangtze in China.  

In  a l l  these cases there is  evidence that these cradles may 
have been spun off from more extensive and much older mar­
itime civi l izations, which h ave risen and fal len, in conjunc­
tion with other i n land m igrations and cu ltural exchanges. 
This ind icates an origin of c iv i l ization that is  much, much ear­
l ier, and more complex, than the idea of cradles 5,000 to 
7,000 years ago. If you chal lenge the excl usive S iberian ori­
gins of pre-Columbus Americans, you are also impl ic it ly chal­
lenging the orthodoxy of the cradles theory of the origins of 
civi l ization. 

I n  effect, you are chal lenging the very root of our h istorical 
identity in antiqu i ty. It is  the means of i nducing an identity 
based on race, blood, and soi l  as the primary determi nant of 
civi l ization and culture, which is most useful in contro l l ing 
one's sense of " 1  and We," as wel l  as of "They." 

The truthfu lness of huma n  origins is  subordi nated to the 
necessity of a mythology that generates ident ity. The enti re 
concept of N ative Americans is a racist and mythological 
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identity i ntended to justify an Anglo-American emp i re.  It is  
to promote such mythologies as science, that the d isc ip l ine 
of Anthropology was origi n a l l y  created. Regrettab ly, th is  is  
sti l l  p laying out i n  a most dangerous cr is is  to c iv i l i zation 
today. 

The Young Indians 
America's fou n d i ng fathers were steeped in the c lass ica l  

cu lture of both a n c i en t  G reece and the Rena issance in  
Europe. They saw themselves i n  wor ld  h istor ica l  terms:  as  
fu l fi l l i ng, i n  the c reation of th i s  Rep u b l ic ,  a way of l i ber­
at ing the world from the domi nance of feu d a l  and f inan­
c ia l  o l i ga rc h i es that' i n  one way o r  a nother ens lave 9 5  per­
cent of the popu l at ion to bei ng l ess than h u m a n .  To attack 
th is  c l ass ica l  cu l ture of o u r  fou n d i ng fathers, a Romantic 
movement was l au nc hed in E u rope.  Th i s  Romant ic  
Movement i s  best represented i n  the  Eng l i sh  l anguage by 
the work of authors l i ke S i r  Wa lter Scott, p romot i n g  a l ove 
for and revival  of a barbar ic  feuda l  past. An exam p l e  i n  
the German l a n gu age i s  R ich ard Wagner, who p romoted a 
s i m i l ar barbaric Romant ic past of Teu to n i c  myths and l eg­
ends that became the cu ltural  substratu m of H i t l er's 
Re ich .  ' 

Because we had no such feudal ist precedents i n  America, 
when this Romantic Movement spread here, it chose the 
I ndian as its first theme, and then later the Cowboy. Lewis 
Henry Morgan was involved in this process in the middle 
1 840s. 

In 1 845, Morgan wrote .to B ritai n's leading Ind ianologist, 
Wi l l iam F. Stone, who had written The Life and Times of Red 
Jacket (Red Jacket was an I roquois leader) : 

' 

We need somewhere i n  oj.Jr Republ ic, an Indian 
Order. Such an order wou ld have a vast and novel fie ld 
of l iterary research, the romantic age of the western 
world.  Indian l ife suggests ample material for the ph i lo­
sophic, poetic . . .  and d istant generations must l ook 
back to the Indian Age for the babble, the antiqu ities, 
and the romance of America. The nature and object of 
our order is of course secret from the world.3 

From Morgan's perspective, the romance of the I ndians had 
to be preserved from contam ination with anyth ing that wou ld 
give the I nd ians economic progress. A campaign to make 
Lewis Henry Morgan head of the Bureau of Indian Affai rs, dur­
ing the fi rst term of President L i ncol n ,  fai led. With the Ind ian 
Bureau, at the ti me, enveloped i n  corruption scandals, Morgan 
led a campaign to reform the B u reau, and made the fol lowing 
proposals to Lincoln, in a letter dated December 3, 1 862 : 

( 1 ) Put the Bureau under the War Department. 
(2) Stop appropriat ions for I n d i a n  agr icu l tura l  programs 

in the West wh ich  i n terfere with the I n d i a n  way of l ife 
there, i n  that the P l a i n s  I nd ians  shou l d  be h erders not 
farmers. 

(3) Gather all I nd ians i nto two locations, one in the West, 
and the other i n  upstate New York i n  the East. 

(4) Institute strict control of contact between the Ind ians 
and the outside world by appointed m issionaries, and forbid 
the monetary c ircu lation amongst the I nd ians. 



I nd ian  heritage, a longside the 
" l ost cause" theme of the 
Confederacy, are the pr inc ipa l  
A m e r i c a n  p rod u cts o f  a 
Romantic movement lau nched 
in Eu rope to destroy the cre­
ative and Promethean identity 
of America, and the c lassical 
c u ltu re of our found ing  fathers. 

The Nature of Man, 
Slavery, and Environmentalism 

Central to the core of 
Anthropology is the question, 
What is a human being? 

There is much evidence of ancient cultures existing in America prior to 1 2,000 years ago, 
although it has been denied, suppressed, or ridiculed. The American geographer George F. 
Carter has documented evidence in North America of tools, f ireplaces, and other artifacts of 
human life dating back 1 00,000 to 200,000 years. This photo shows sea cliffs on Santa Rosa 
Island, off the coast of California. The arrow (upper left) points to a man standing on the 
level dated to 12,500 years ago. On the level below him, Carter writes, "are traces of man's 
fireplaces and, in huge pits, barbecued elephants. One of these dated to almost 30,000 

What makes human beings 
different from the animals? Why 
are human bei ngs able to estab­
l ish through science and cu lture 
a popu lation on this p lanet of 
more than 6 b i l l ion?  During the 
1 860s, there was a deeper 
ph i losoph ical polit ical debate 
occurri ng on this question, not 
just on the q uestion of s l avery 
itself, but a lso on the deeper 
issue beh ind the issue of s lav­
ery : What is the essentia l  nature 
of human beings? 

If there is no basic difference 
between the human species and 
the an i mal species, then, on a 
deeper level ,  because differ­
ences between an imal behavior 

years ago. " 

Source: Photo by Phil Orr in George F. Carter, Earlier Than You Think: A Personal View of Man in America (College 
Station, Tex. :  Texas A & M University Press, 1 980), p. 50. 

(5) Promote native handicrafts to promote a romantic 
appreciation for the Indian race a nd its heritage.4 

It is no coinc idence that today a s i m i l ar po i nt of view is 
common among too many people who consider themsel ves 
knowledgeable of cu ltures i n  the T h i rd Wor ld .  In th is  view, 
it is bel i eved that preserv ing  T h i rd World populations i n  
their  cu ltural pur ity i s  preferab le  t o  l ett ing them atta i n  
i ndustria l izat ion .  Th i s  v iew is  a form o f  Romanticism, i n  
w h i c h  Morga n 's work wi th  the  I n d i a n s  w a s  a n  ear l ier  
precursor. 

Morgan's work combi nes both the racist and Romantic view 
of the Indians. This is not a paradox. Romantic cu lture rejects 
science and truthfu l ness for the enthra l lment of appearances, 
the deification of d istinctions, and the mystification of the arbi­
trary. Alongside of this Romanticizing of the I ndian is the 
Romanticizing of the Cowboy. 

The orig ina l  Cowboys in rea l i ty were convicted crim ina l s  
sent to the West to  save the  government the  expense of 
incarceration .  Later, d isp laced Confederate soldiers who 
became outlaws, drifted i nto the West after the C iv i l  War to 
become Cowboys. Today a synthetic, ant i- i ntel l ectua l ,  
romantic, s imple-mi nded cowboy identity has  become very 
popu lar in our c u l tu re.  Th is, and the conception of our 

and capabi l i ties are considered 
to be innate ( later cal led genetic), d ifferences in such matters 
between human i nd ividuals and socia l  groups (societies) can 
a lso be considered innate, or genetic. 

One cannot say there is no f undamental difference between 
hu man beings and ani mals, without a lso mai ntai n i ng a racist 
view on the causal ity of d i st inctions between i nd ividuals and 
societies. The den ia l  of the absol ute d isti nction between 
human beings and animals  provides the deeper axiomatic root 
for a racist worldview. 

This view wi l l  a lways justify the enslavement of one people 
by another on the basis of thei r  d iffering in herent traits. 

The ph i losoph ical root of th is  view is  deeply embedded in 
the empir ic ist and pos itivist ph i losoph ical trad ition that has 
become dominant in modern times. It cou ld be said that 
Cu ltural Anthropology i s  one of the by-products of this trad i­
tion . The empi r icist and the logical positivist can not d istin ­
gu i sh  between the creative products of  the  human m i nd, and 
the insti ncts of the brutes. President L i ncoln addressed th is  
deeper issue i n  h is  favorite campaign stum p  speech i n  1 860, 
"On D iscoveries and Inventions" : 

A l l  creation is a m i ne, and every man a m i ner. The 
whole earth, and al l  with i n  it, u pon it, and rou nd 
about it ,  i n c l ud i ng h i mself, in h is  physical ,  mora l ,  and 
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in te l l ectua l  nature, and h i s  susceptibi l it ies, are the 
inf in ite l y  various leads from which,  man, from the 
fi rst, was to d ig out h i s  dest iny. In the beg i n n i ng, the 
mine  was u nopened, and the m i ner stood naked, and 
knowledge less, u pon it. F ishes, b i rds, beasts, and 
creeping thi ngs, a re not mi ners, but feeders and 
lodgers merely. 

Beavers bu i ld houses; but They bu i ld them in howise 
d ifferently, or better now, than they'd id, five tho.usand 
years ago. 

Ants and honey bees provide food for wi nter; but just 
in the same way they d id, when Solomon referred the 
sluggard to them as patterns of prudence. Man is not the 
only animal who labors; but he is the only one who 
improves his workmansh ip.  

This improvement he effects by Discoveries and 
Inventions.s 

Lewis Henry Morgan entered this debate not merely on the 
other side, but more :  he sought to raise 
an imals  to co-equa l  status with 
humans. He spent every su mmer from 
1 85 5  to 1 868, studying the beaver in  
northern M i c h i ga n .  H is book, The 
American Beaver, sought to prove that " 
animals had a l l  the facu lties of human 
beings, but to a l esser degree. He 
accused those who shared L incoln 's 
view of bei ng gui lty of an erroneous, 
man-centered egoism. He said they had 
created a fraud on the an imal races, by 
defaming an imals as instinctual ,  rather 
than having a m i nd l i ke human beings, 
but of a lesser degree. 

the env i ronment in much the same way as he saw preserva­
tion of the Ind ians.  

The Newton of the Social Sciences 
In 1 87 1 , Lewis Henry Morgan publ ished a huge tome titled 

Systems of Consanguinity. This was the resu lt 'of more than a 
decade of exam in ing question naires sent back by missionar­
ies and others, working with Morgan, concern ing the way 
various peoples designate their k i n, and the ru les govern i ng 
relations between l i neage and k in,  in terms of who to marry, 
who not to marry, and so on.  These were the original  kinsh ip  
stud ies that today are the stock-i n-trade of Cu ltura l  

, Anthropology. 
At fi rst, Morgan did not have a way of creating a general 

evol utionary theory from the data, as he had first i ntended. 
Original ly, he was goi ng to use this data to prove that pre­
Columbus inhabitants had migrated via Siberia and Alaska. He 
thought this wou ld be evident from common patterns i n  the 
way pre-Col umbus descendants designated their kin,  com­

pared with groups of people from 
Europe, and other ' areas. This proved 
impossible, and Morgan spent eight 
years rewriting and trying to make sense 
of the data. 

F inal ly h is spi ritual advisor, Reverend 
Josh ua Mc l ivanie, a Pri nceton professor 
of Orientol ogy, used quotes from 
Aristotle to convince Morgan to adopt 
the evol utionary point of view of John 
McLennan and Sir John Lubbock of 
B ritain,  whose ideas are developed out 
of Thomas Malthus, Charles Darwin, 
and Thomas Huxley. The basic schema 
of Mclennan and Lu bbock, w h i ch 
Morgan embraced (despite a big spat Morgan responded to the idea 

expressed by L incoln in  his speech 
quoted above, just quoted, by saying 
that the lack of material improvement in 
successive generations of animals is the 

Morgan 's proposals to President L incoln with McLennan over some of th is), is as 
for the reform of the Bureau of Indian fol l ows : Food scarcity at the dawn of 
Affairs would have put the Indians into a mankind led to i nfanticide of females, 
kind of "zoo, " to keep them isolated, and and this, in  turn, led to shortage of 

result of the fact that animals romantic. 

genera l l y  requ i re no artific ia l  means to promote thei r  
happi ness, nor  do they have the gregarious principle to 
the same extent as it is in man . . . .  A sca le of intel l i -
gence from man to  the  most i nferior an ima l  appears to 
result  as n atura l l y  as a scale of i ntel l i gence among men 
fou nded in thei r  differing characteristics . . . .  The same 
th i n k ing i nte l l ectual  pr inciple pervades a l l  ani mated 
existences; created by the Deity and bestowed in such 
measu res u pon different species as appeared in  H is 
wisdom requ i site for the destiny and happi ness of 
each.6 

. 

Later i n  l ife, i n  the late 1 870s, Lewis Henry Morgan suc-"
ceeded Sylvester Morse as the President of 

"
the American 

Association for the Advancement of Science. From this posi­
t ion, Morgan pl ayed a sem ina l  ro le i n  launching what 
wou l d  l ater become the Conservat ion ist and 
Environmental ist movements. Morgan saw preservation of 
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wives and a struggle for captu ring 
wives. This then led to polyandry, a sys­

tem of shared wives by a fami ly  of brothers. 
Then, the schema holds that somehow there was a revolu­

tionary improvement that led to the formation of patriarchies 
based on polygamy, as in  the Old Testament. This is fol lowed 
by another revol ution, which leads to monogamy and patri­
l i near descent of property. Monogamy and patri l i near descent 
then set the stage for the rise of modern property relations, 
which is the backbone of-yes-capital ism. 

To this scheme, Morgan, in  h is  later tome, Ancient Society, 
adds the fi nal stage of this development: the emergence of 
some kind of social ism where communal  property rel ations re­
emerge, with perhaps new kind of sharing of wives'? This  
appealed greatly to Karl Marx's leading col laborator, Frederick 
Engels, who wrote a book based on Morgan's work, titled The 
Origins of Family, Private Property, and the State in Light of 
Researches of L .H. Morgan. 

Morgan, after the publ ication of his book Systems of 
Consanguinity in 1 87 1 , went on a h igh-profi le tour of Europe. 



There he met with Charles Darwin,  Thomas Huxley, and 
Herbert Spencer, and was hai led as the Newton of the Social 
Sciences. Not only d id Frederick Engels embrace lewis Henry 
Morgan, but Daniel Deleon, the head of the Socia l i st Party of 
America, used Morgan's Ancient Society as a pol itical bible.  

New World Archaeology or 
The House of Montezuma 

In the 1 9th Centu ry, there was much i nterest in the ques­
tion of what k ind of c iv i l izations had ex isted in the Americas 
before Columbus. Centra l in this are the chron icles of the 
early Spanish explorers, which describe l arge urban centers 
in Mesoamerica as wel l  as the Andes. H i storian Hubert 
Bancroft, a very i nfluential figure who wrote popu lar  h isto­
ries on the n ative races of the Americas, greatly acknowl­
edged these accounts of the early Spanish explorers. Henry 
Adams wrote to lewis Henry Morgan that it was an embar­
rassment to serious scholarsh i p that these early Span ish 
chronic lers were taken ser iously, and that sqmeth ing had to 
be done.8 Morgan responded with a campaign agai nst 
Bancroft's use of these chron ic l ers, c la im ing that these early 

Spanish chronic lers exaggerated in order to impress the 
Spanish Court . 

Morgan c la imed that a l l  the aboriginal  races of the conti­
nent have a fami ly  caste, and that Montezuma was one of the 
large number of Sachems (or chiefs) .9 In Morgan's article "The 
House of Montezuma," he tries to prove that the Aztecs, and 
others, were no different in  their basic development than the 
natives one encountered in the U n ited States. To help him in 
this, and to gain control of New World Archaeology, Morgan 
recruited a young Swiss imm igrant, Adolph Bandel ier, whom 
he fi rst met 1 873 .  

Earl ier, as  a student at  the U n iversity of  Berne, Switzerland, 
Bandelier had been i nfl uenced by the networks of Alexander 
von Humboldt to study the h istory of Spanish America, and 
master ind igenous languages. Real iz ing that B andel ier had the 
abi l ity and the knowledge, Morgan sought to prove through 
him the eternal prim itiveness of the ind igenous inhabitants of 
a l l  of the Americas. Although Bandel ier was in awe of 
Morgan's reputation, he cou ld  not agree with Morgan's notion 
that civi l ization never existed in the New World unti l  the 
advent of the Europeans. 

President Lincoln Vs. Morgan 
On the Difference Between Man and Animal 

Library of Congress 

Abraham L i ncoln add ressed the issue of man vs. beasts 
i n  h is  favorite campaign stu mp speech in 1 860, "On 
D iscoveries and Inventions": 

All creation is a mine, and every man a miner. The 
whole earth, and all with in  it, upon it, and round about 
it, including h imself, in his physical, moral, and intellec­
tual nature, and h is susceptibil ities, are the infin itely vari­
ous leads from which, man, from the first, was to dig out 
his destiny. In the beginning, the mine was unopened, 
and the miner stood naked, and knowledgeless, upon it. 

Fishes, birds, beasts, and creeping th ings, are not 
mi ners, but feeders and lodgers merely. 

Beavers bui ld houses; but they bu i ld them in nowise 
differently, or better now, than they did,  five thousand 
years ago . . . .  Man is not the only animal who labors; 
but he is the only one who improves his workmansh ip. 

This improvement he effects by D iscoveries and 
Inventions. 

lewis Henry Morgan, l i ke many environmental ists today, 
took the opposite position, and i n. h is  book, The American 
Beaver, he tried to prove that an imals  had a l l  the facu lties 
of human beings-but to a lesser degree. Those who shared 
L incoln's view, he said, were man-centered egoists: 

A scale of inte l l igence from man to the most inferior 
an imal appears to resu lt as natura l ly as a scale of intel­
l igence among men founded in  their differing charac­
teristics . . . .  The same thinking intel lectual pri nciple 
pervades a l l  ani mated existences; created by the Deity 
and bestowed in such measures upon different species 
as appeared in H is wisdom requisite for the destiny 
and happiness of each .  
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"This great passion for civilized man [greed] never aroused the Indian mind, "  wrote Morgan, the "Newton of the Social 
Sciences, " in his book glorifying the communal life of the Iroquois, League of the Ho-De-No-Sau-Nee, or Iroquois. Here, title 
'pages from two of Morgan 's book, and a 1 9 1 1  drawing of an Iroquois. 

For six years, Bandel ier corresponded with Morgan and 
hoped for the reward of' being recognized by the Peabody 
Museum and having his  work 'publ isbed. lO  He had a lot of 
doubts about Morgan's thesis, but seeking to escape the cir­
cumstances of his undistinguished existence, he was gradual ly 
won over to Morgan's point of view. After that, many doors 
opened to h im, enabl ing him for the next 35 years to pursue 
archaeological work in New Mexico, Mexico, and Peru. During 
this period he was loyal to Morgan's c laims, and he downplayed 
the .Ievel of development of pre-Columbus Americans.l l  

From lewis Henry Morgan to Margaret Mead 
The road from Lewis Henry Morgan to the cu ltural  anth ro­

pologists most known today, l i ke Margaret Mead, is v i rtua l ly  
a straight l i ne.  Later i n  l ife, Morgan's most important col lab­
orator was Frederick Ward Putnam. Putnam was curator of 
the Peabody Museum i n  Massachusetts from 1 874 to 1 909 . 
The Peabody Museum was a principal  source of fu nding for 
archaeological  d igs and ethnograph ic  stud ies, and is the 
main  i nstitution that promoted the estab l ishment of the d i s­
c ip l ine  of Anthropology, over the objections from the aca­
demic com mun ity of that t ime. This  Museum was estab­
l ished by the Peabody fortune, which or iginal l y  was made 
in the opium trade in partnersh ip  with the B r it ish East Ind ia  
Company. (The fou nding Peabody l ater moved to London, 
and upon his death, J u n i u s  Morgan, h i s  j u n ior partner, 
became h i s  sole i n heritor. Jun ius  Morgan is none other than 
the father of the financ ier J . P. Morgan .) 

In the last decade of Lewis Henry Morgan's l i fe, Frederick 
Ward Putnam spent as much as one month each year sojourn­
ing with Morgan at h is  home, and was h is  most frequent cor­
respondent. From 1 873 to 1 898, Putnam was a lso the 
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Permanent Secretary of the American Association for the 
Advancement of Science, the association of which Lewis 
Henry Morgan, l ater in l ife, became the President. 

At the end of the 1 9th Centu ry, Putnam succeeded in estab­
l ish ing  at Harvard U n ivers ity, the fi rst Department of 
Anthropology i n  the U n ited States. At that time, Cu ltural 
Anthropology was not considered by most to be a rigorous sci­
ence, and there was much opposition to its estab l i shment as 
an academic d isc ip l ine.  Later on, at the begi nn ing  of the 20th 
Centu ry, Putnam was successfu l in establ ish ing an Eth nology 
Department at the American Museum of N atural H istory in  
New York City. 

It is not a coincidence that the American Museum of Natural 
H istory is also one of America's principal  i nstitutions promoting 
the racist science of Eugenics. From the American Museum of 
Natural H istory, with the help of Putnam, a professorship of 
Anthropology was subsequently establ ished at Columbia 
Un iversity. Putnam personal ly  recruited a Swiss physicist, Franz 
Boaz, for this post. It is Franz Boaz ( 1 858-1 942) who was the 
teacher of Margaret Mead, Ruth Benedict, Melvi l le J .  Herskovits, 
Alfred Kroeber, and other anthropologists wel l  known today. 

Boaz is the one who introduced one of the most promi nent 
ideas in Cultu ral  Anthropology: cu ltura l  re l ativism. Simply put, 
cu ltural relativism is the idea that a cu lture cannot be judged 
by an Anthropologist, as good or bad; or more developed, or 
less developed. Each culture, accord ing to cu ltural rel ativism, 
has its own ways and can be judged only from the standpoint 
of the culture itself. 

If can nibal ism and i nfanticide, therefore, are practiced by a 
particu lar  society, it is r ight for that soc'iety, and the 
Anthropologist has no right to consider these practices as 
wrong or barbaric, because they are practices that belong to a 



different cu lture. Th is idea, whi le  appearing to be a 
departure from the more overt racism of Lewis Henry 
Morgan, is nonetheless a 

'
racist concept, i n  that it den i­

grates i nd ividual members of a cu lture to the status of 
members of d ifferent theme parks in a big zoo. The more 

,such theme parks that can be studied, before they 
become economica l l y, and cu ltura l ly  contaminated by 
global civi l ization, the more we -supposed ly learn about 
what it is  to be human. Yet, these prim itive cu ltures that 
are studied, and often so romanticized, are general ly 
mere fragments, or remnants of vaster c iv i l izations that 
had u ndergone a col l apse. 

In truth, there is  no such th ing as prim itive cu ltures. 
This is a racist conception. If a society appears primi­
tive, it is because it has lost most of the cu lture it was 
once a part of. Whatever kind of cu lture that is  encoun­
tered and considered pri m itive, is  rather a fragment of a 
wi ndow i nto the past of some more develofjed civi l iza­
tion, or of a group i nfluenced by and peripheral to such 
a civi l ization . The greatest damage that modern Cu ltural 
Anthropology h as done has been to d ivorce the h istory 
of a people from the study of the same people.  

This is where racism and romanticism , converge. The 
fact that a written h istory or oral h istory of such a people 
may not exist, or that any knowledge of such a history may 
not exist, does not mean that the society had no h istory. 

Jack ManninglNYT Pictures 

For many years, the champion of cu ltural relativism, 
Margaret Mead, worked for the U .S .  M i l itary in  tra in ing 
special  forces i n  cu ltural counterinsurgency. Mead's 
greatest accompl i shment was not her wel l-known 
Coming of Age in Samoa book, in which she claims to 
have d iscovered the now famous i nstitution of Samoan 
premarital sexual promiscuity. (Th is d iscovery of hers is 
a l l  the more remarkable because no Samoan ever knew 
such an institution existed, and a l l  subsequent ethnolo­
gists can only verify that Samoans are among the most 
strict and puritan ical of societies about such matters.) 
Rather, Mead's most i nfl uential work was with her some­
time husband, the psychologist G regory Bateson, in help­
i ng to create the greatest cultural counterinsurgent move­

A triba l witch ? No, i t 's M a rg a re t  M e a d, mother  of th e 
counterculture, at 75. 

ment of a l l  time, the Rock-Drug-Sex-Counterculture. Mead's 
idea was to have an entire generation emerge without any h is­
torical connection to the vast u n iversal and multi-geographical  
h istory and culture of their  parents and grandparents. 

Through this Rock-Drug-Sex-Counterculture, the i nd ividual 
wou ld be i nduced to locate his or her identity, primari l y  i n  var­
ied sensual existences and feel i ng states, not in history. The 
i ntent here was to create a new kind of savage, one who mere­
ly l ives day to day, without h istory. Perhaps we cou ld say that 
our current "no future" cu lture is  in part, shaped by Cu ltural 
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TRIGA RESEARCH REACTORS 

Putting Atoms for Peace 
Into Practice" 
by Douglas M. Fouquet, 

J u na id Razvi ,  and 

Wi l l i am L . Wh iUemore 

For 45 years, these 
small, inherently safe 
nuclear research 
reactors, based on an 
idea by Edward Teller, 
have been training 
nuclear workers and 
supplying isotopes and 
neutrons for medical 
and industrial use 
around the world. 

Figure 1 
Looking down into the pool of the original 1 0  kW TRIGA Mark I reactor at GA . 
Source: Illustrations are courtesy of General Atomics. 

Less than five years after President Dwight D. Eisenhower's 
Atoms for Peace proposal to the U n ited Nations General 
Assembly in December 1 953,  a new kind of inherently 

safe tra i n i ng, research, and isotope-production nuclear 
research reactor was conceived, bui l t, and put into operation at 
the General Atomic Division of General Dynamics Corporation 
in San Diego. Known as TRIGA (wh ich stands for Traini ng, 
Research, Isotope Production, General Atomic), the nuclear 
reactor has evolved over the years i nto the most widely used 
research reactor in the world, with operati ng power levels up 
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to 1 4,000 kW and designs up to 25,000 kW. Today there are 65 
TRIGA reactors in 24 countries on five conti nents (Figure 2) . 1  

In  a time frame virtua l ly  u nknown by today's standards, the 
first three TRIGA reactors were placed in operation in 1 958,  
just two years after the idea for such a reactor was original ly  
conceived. These three reactors were the prototype TRIGA 
reactor at General Atomic (GA) (May 3);  another TRIGA which 
operated at the Second Geneva Conference for the Peacefu l 
Uses of Atomic Energy (September 1 -1 3 ) ;  and a th i rd TRIGA 
which started up at the Un ivers ity of Arizona ( December 7). 



Because of its s impl icity and safe­
ty, the reactor was chosen by the U .5 .  
Atom ic Energy Comm ission (AEC) to 
produce short-l ived radioisotopes for 
the U .5.  government's L ife Sciences 
Exh ibit at the Geneva Conference. 
Delegates and other vis itors to the 
conference were able to view the 
below-ground TRIGA (Figure 3 )  in 
operation, looking down through a 
protective water shield,  and they 
cou ld watch the radioisotope pro­
duction process and a working neu­
tron spectrometer conti nuous ly  
measuring the neutron cross sections 
for several typical materials.  

Two more TRIGA sales were 
annou nced at the Geneva 
Conference. In a public ceremony at 
the Palais des Nations, the Ita l ian 
National Comm ittee for N uclear 
Research formal ly signed a contract 
for the insta l lation of an above-ground 
TRIGA at its new research center in 
Rome. Three days later, the Republ ic 
of Vietnam announced its selection of 
an above-ground TRIGA. In addition, 
the U n iversity of Lovanium i n  the 
Congo made arrangements to acqui re the actual TRIGA that had 
operated in Geneva, which subsequently was shipped from 
Geneva to Leopoldv i l le and became the first n uclear reactor to 
be installed and operated on the African continent. 

The reactor demonstrations carried out at the Geneva 
Conference, coupled with the work of Dr. Frederic de 
Hoffmann, then president of GA (now General Atomics), 
resu lted in the i n itiation of several additional sales of TRIGA 
reactors duri ng the conference. 

A year later, beg inn ing in l ate 1 959, another TRIGA operat­
ed at the World Agriculture Fair  in New Delh i ,  India,  as part 
of the U .S.  Government's Life Sciences Exh ibit. President 
Eisenhower h imself pushed the button to place the TRIGA in 
operation as the c l imax to the formal open ing of the exh ibit 
(Figure 4). Accompanied by India's President Rajendra Prasad, 
and other notables including the renowned Indian scientist 
Homi J. B habha, Presid�nt Eisenhower termed the reactor start­
up "a real ly beautiful sight," as he and Mr. Prasad witnessed the 
reactor's blue glow upon atta in ing its steady-state operating 
level of 1 00 ki lowatts. Some 3 m i l l ion vis itors saw that reactor 
in operation as it produced rad ioisotopes used in demonstra­
tions of atomic energy appl ications in agricultural research.  

With word of the new reactor spreading international ly, 20 
TRIGA orders were announced from 1 958 through 1 96 1 . In  
the U n ited States, the U n iversity of  I l l i nois, Cornel l U n iversity, 
Kansas State U n iversity, the U n iversity of Texas, and the 
Veterans Adm i n istration Hospital in  Omaha were among those 
making plans to i nsta l l  the reactor. Overseas, TRIGA research 
reactors were ordered for national research centers or un iver­
sities in Austria, B raz i l ,  F in land, Germany, I ndonesia, Korea, 
Japan and Yugoslavia, and a second reactor was ordered for 

Figure 2 
There are 65 TRIGA reactors 
in 24 countries on five conti­
nents. Left: A new TRIGA 
reactor is being built in 
Thailand, at the Ongkharak 
Nuclear Research Center 
near Bangkok, for the Office 
of Atoms for Peace. 

Italy, at the U n iversity of Pavia.  
Many of these early TRIGAs were acquired with the help of 

grants from the U .5. Atomic Energy Commission or National 
Science Foundation. In many cases, the International Atomic 

Figure 3 
Less than three years after the idea was conceived, this 
TRIGA reactor was in operation at the Second Geneva 
Conference (1 958) for the Peaceful Uses of Atomic Energy. 
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Figure 4 

Energy Agency assisted with the supply of U.s.-origin fissi le mate­
rial for the reactor fuel, from the pool of special fissionable mate­
rial placed at the agency's disposal by the three nuclear powers, 
the United Kingdom, the United States, and the Soviet Un ion. 

Four of the TRIGAs were instal led under the Atoms for 
Peace program itse lf  (Korea, Vietnam, I ndonesia, and 
Yugosl avia, which al l  were Th i rd World cou ntries at the time). 
The reactor for Japan's Rikkyo (St. Pau l )  U n iversity was pur­
chased with the help of a fund-rais ing drive led by the 
Episcopal Church of the Un ited States. 

The Birth of TRIGA 
The original TRIGA patent, "Reactor with Prompt Negative 

Temperature Coefficient and Fuel Element Therefor," was filed 
on May 9, 1 958, by Theodore Taylor, Andrew McReynolds, 
and Freeman Dyson and assigned to General Atomic on 
March 3 1 ,  1 964 (Figure 5) .  

"A really beautiful sight": President Eisenhower (center) 
pushed the button to start the TRICA in operation at the 
New Delhi World Agricultural Fair in 7 959. 

The idea for such an inherently safe research reactor dates 
back to the summer of 1 956, when a team of distinguished sci­
entists was assembled in San Diego by GA (then the General 
Atomic Division of General Dynamics) to help the new compa­
ny define its first products. The story of that summer has been 
described by Freeman Dyson in his 1 979 book, Disturbing the 
Universe.2 The mandate of this group, under the d i rection of 
Edward Tel ler, was to design a reactor so safe that if it were start­
ed from its shut-down condition and a l l  of its control 

Figure 5 
THE TRIGA PATENT 

The TRICA 's unique design and properties 
are spelled out in U.S. Patent No. 3, 727, 

325, filed May 9, 7 958. Compare this to 
the cutaway view of the TRICA in Figure 8. 
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FUEL ELEMENT PATENT 
The patent for TRICA's fuel element, 
u.s. Patent No. 3, 7 7 9, 747, was filed 
June 8, 7 960. 
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rods were i nstantaneously 
removed, it would settle 
down to a steady level of 
operation without melting 
any of its fuel, or releasi ng 
any fission products. (See 
box, page 2 7 .) 

In other words, "engi­
neered safety," or the pre­
vention of accidents by 
engi neering the reactor 
control and safety system, 
was not good enough. The 
chal lenge, therefore, was 
to design a reactor with 
"i n herent safety" that 
wou ld be guaranteed by 
the laws of nature. This 
way, the safety of the reac­
tor wou ld be guaranteed 
even if the engineered fea­
tures were bypassed, and 
the control rods were rap­
id ly removed. 

To meet this chal lenge, 
the idea of the "warm neu­
tron principle" was intro­
duced as a first step toward 
the design of an inherently 
safe reactor. General l y, i n  
water-cooled reactors, the 
result  of suddenly remov­
ing the control rods is a 



catastroph ic accident, leading to a 
melting of the fue l .  This is because 
the neutrons from the fission reac­
tion remain "cold" from interacting 
with the cold water around the fuel, 
and thus maintain their  abi l ity to 
cause further fissioning of u ranium 
atoms in  the fue l .  This, in  turn, 
resu lts in  the temperature of the fuel 
continuing to increase rapidly, unti l 
the fuel final ly melts. 

TRIGA, however, is no ordinary 
water-cooled reactor, because much 
of its "moderation" of neutrons is the Figure 7 

STANDARD TRIGA FUEL ELEMENT result of the hydrogen that is mixed 
in with the fuel itself. Therefore, as 
the fuel temperature increases when 
the control rods are sudden ly  
removed, the neutrons inside the 
hydrogen-conta i n i ng fuel rod 

TRIGA's standard UZrH fuel elements are 38-mm in· diameter. Because they can 
hold a large amount of uranium as a small percentage of the fuel mixture, they 
have a longer core lifetime. 

become warmer than the neutrons outside, that are in the cold 
water (that is, the inside neutrons gain  energy). These warmer 
neutrons inside the fuel cause less fissioni ng in the fuel, and 
escape from the fuel, where they are cooled in the water. Some 
of them then disappear by absorption into the fuel cladding 
material .  The end result is  that the reactor automatically reduces 
power within a few thousandths of a second, faster than any 
engineered device can operate. In other words, the fuel rods 
themselves act as an automatic power regulator, shutting down 

Teller and the TRIGA 

Edward Tel le r  i n  h i s  Memoirs, 
recounts h is involvement with the 

TRIGA. 

the reactor without engineered (mechanical) devices. 
The i n it ial  patent for TRIGA fue l ,  "Fuel  Element," was filed 

on June 8, 1 960, by Walter Wal lace and Massoud S imnad, 
and assigned to General Atomic on January 28, 1 964 (F igu re 
6). By the early 1 960s, GA h ad extended the development of 
hydrogen-conta in ing uran ium-zi rconium (UZrH) fuel rods to 
have h igher contents of hydrogen, increas ing the hyd rogen-to­
zirconium atomic ratio from 1 .0 to 1 .7.  Also, the a luminum 
cladding previously used was replaced with stain less steel 

Stuart LewiS/EiANS 

fools  are extremely i ngen ious in con­
d u ct ing  their  fo l l y ;  th i s  has been 
demonstrated over the years both i n  
the Three M i l e  Is land accident a n d  at 
Chernobyl . The objective I had in  
mind was to produce a reactor that 
could be used in hospita ls  to produce 
short-l ived radioactivities for d iagnos­
tic procedu res a nd treatments, and in 
u n iversities for researc h .  

fl • • •  Fredd ie [ d e  H offma n n ]  h ad 
stayed on at Los A l amos when I l eft, 
but after a few years, h e  deci ded 
that he cou ld accompl i sh  more i n  
industry. H e  went to work fi rst for 
General Dynamics, and l ater, with 
the he lp  of John  Jay H op k i n s, head 
of Genera l  Dynam ics, h e  began h is 
own compa n y, Genera l  Ato m i c .  
When Fredd ie asked m e  t o  h e l p, I 
d id so. I rec a l l  the day when we 
d rove a r o u n d  i n  .Southern  
Ca l ifo rn i a  and fo u n d  a bea utifu l 
s i te a few m i les north of San D iego, 
not far from La Jo l l a .  Then and there, 
Freddie tal ked about the location of 
the c i rcu lar  central b u i l d i ng that was 
to be surrou nded by b u i l d i ngs hous­
ing the various projects. 

Edward Teller in 7 983. 

" F redd ie's i m m ed i ate objection to 
such an i n sta l l at ion was that reac­
tors a re da ngerous u n l ess handled 
by rea l experts . 'Al l  r ight,'  I sa id,  ' let 
us construct a reactor that is safe 
even i n  the hands of a you n g  grad u ­
a t e  student . '  So Fred d i e  c a l l ed 
together a group of people  to p l a n  a 
sma l l ,  very safe reactor. The res u l t  
was t h e  TR IGA reactor. . . .  " 

"1 suggested that one of h is fi rst 
projects should be the construction of 

a sma l l  foolproof reactor. I had been 
d reaming about and wishing for such 
a reactor for some time. The problem 
is by no means an easy one because 

Source: Edward Teller (with Judith Shoolery), 
Memoirs: A Twentieth-Century Journey in 
Science and Politics (Cambridge, Mass.: 
Perseus Publishing, 2001 ), p. 423. 
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Figure 8 
CUTAWAY OF THE MARK I 

This cutaway view shows the internal configuration of 
the original 7 0-kW TRICA Mark I reactor. 

Figure 9 

(F igure 7). A l l  this further enhanced the TRIGA's safety features. 
The resulting metal a l loy was as robust and as corrosion-resist­
ant as sta in less steel .  Although safety-related i ncidents are rare 
at research reactors, the UZrH-conta in ing fuel element made 
such potentia l  incidents of no consequence at a TRIGA reactor, 
based on the simple physical pri nciples of this fue l .  

Temperature Coefficient 
The warm neut�on principle used in UZrH fue l  gives the 

·TRIGA a "prompt negative temperature coeffic ient of reactiv­
ity," as compared with a delayed coefficient for other types of 
research reactors that use a luminum-clad plate-type fuel . This 
al lows TRIGA to withstand events that wou ld destroy plate­
fueled reactor cores. Such an unparal le led degree of safety 
made the reactor wel l  su ited for use i n  u n iversities and 
research institutions, even in  developing cou ntries. It a lso 
permitted TRIGAs to be instal led d i rectly at medical institu­
tions, such as the Veterans Ad m i n istrat ion Hospita l  i n  
Omaha, and med ical centers in  Han nover a n d  Heidelberg, 
Germany. 

The UZrH fuel provides several other advantages. UZrH is 
chemica l l y  stable; it can be quenched at 1 ,200°C with no 
interactions in water. The high-temperature strength and 
ducti l ity of the sta i n l ess steel or A l l oy 800 fue l  c ladding pro­
vides total clad i ntegrity at fue l  temperatures as h igh as 
l , 1 50°C in an operati ng reactor (or up to 9 50°C with a i r  
coo l i ng). The UZrH fuel offers far superior retention of 
radioactive fission products compared with a l u m i n u m-clad 
pl ate-type fuel . It can retain more than 9 9  percent of its . 
volati le fission product inventory, even if a l l  the c ladding 
were to be removed. 

The prototype TRIGA at GA was a Mark I type (F igures 1 
and 8), and was origi na l ly  l icensed to operate at a power 

level of 1 0  k i lowatts, but was soon u pgraded 
to 250 k i lowatts, with brief l i censed tests 
conducted at power l evel s  a pproac h i ng 
1 ,000 ki lowatts. Because of its in herent safe­
ty features, this reactor cou ld be "pu l sed" to 
power levels  of more than 1 ,000 megawatts, 
after which (and without any outside i nter­
vention) it returned in a few thousandths of a 
second to a safe l ow power, as a resu l t  of the 
ubiqu itous warm neutrons. This pu ls ing fea­
ture of UZrH-fueled reactors, first demon­
strated at the prototype TRIGA at GA, i s  now 
a standard feature in  many TRIGA reactors 
(F igure 9) .  

EXAMPLE OF TRIGA'S PU LSED POWER CAPABILITY 

A second TRIGA was b u i l t  at GA in 1 960, 
known as the Mark F, express ly  to ut i l ize 
these pu ls ing features and espec i a l l y  to 
demonstrate the behavior of UZrH fuels  
when p u l sed to power leve l s  even above 
5 ,000 megawatts . T h i s  reactor was 
designed to provide control l ed, instanta­
neous pu lses of i ntense neutron and gamma 
rad iation, for use i n  radiation effects test­
ing, biomedical  investigations, basic neu­
tron physics researc h, and many other 
research studies where high neutron f lux 

The graph shows the time and power level of the pulsing feature of TRICA 
reactors, which is used on radiation-effects testing and other research. 
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and narrow pu l se widths (very short t ime frames) were 
req u i red. 

The startup of the Mark F reactor freed the original prototype 
Mark I reactor at GA for other types of radiation services, both 
for GA and outside customers. The Mark I became particular­
ly usefu l in developing and demonstrating neutron activation 
analysis as an extremely sensitive techn ique for the detection 
of trace amounts of impu rities in a variety of sample materials .  
GA operated a mai l-order analysis  service for customers send­
ing in  samples of biological materials, agricu ltural products, 
chemical and petroleum products, sem iconductors, and met­
als. A forensic activation analys is  service was a l so offered to 
law enforcement agencies. 

A th i rd TRIGA reactor was bu i l t  at GA in  the m id-1 960s, 
known as the Mark I I I .  Th is  2-MW reactor was instal led as a 
below-ground fac i l ity, but served as a prototype of the later 
Mark I I I-type TRIGA reactors, which were instal led above­
grou nd. In San Diego, this reactor was designed to operate as 
a steady-state reactor, and served for several years as a test bed 
for therm ion ic fuel cel l development. 

Standard TRIGA Designs 
The basic TRIGA reactor has been developed and offered 

to users in several standard des igns .  The bel ow-ground 

Figure 1 0  
THE BELOW-GROU N D  

TRIGA MARK I REACTOR 

TRIGA Mark I reactor ( F igure 1 0) is extremely s i m p l e  i n  
physical  construct ion . It h a s  a graphi te-reflected core 
i nsta l l ed near the bottom of an a l u m i n u m  tank, and it typi­
cal ly operates at power l eve l s  u p  to 1 MW with pu l s ing  
capab i l ity. Surround ing  earth and deminera l i zed water pro­
vide most of the req u i red rad i a l  and verti cal  s h i e l d i ng. N o  
spec ia l  conta i n ment or confi nement b u i ld i ng i s  necessary, 
and insta l l at ion i n  a n  ex ist ing b u i l d i ng has often been fea­
s ible .  Core coo l ing  is ach i eved through n atural convection.  
Each Mark I reactor is equ i pped with var ious i rrad iation 
fac i .l ities, inc lud ing a central th imble for h i gh-fl ux i rrad ia­
tion, a pneu matic rabbit with in-core term inus ;  and a rotary 
spec imen rack for un i form i rrad iations of up to 80 sample 
containers. 

The above-ground TRIGA Mark II reactor (F igure 1 1 )  has a 
core that is identical to that of the Mark I but it is located in a 
pool surrounded by a concrete biological sh ie ld that is above 
the reactor room floor. The pool water provides natural con­
vection coo l ing for operation up to 2 megawatts, with opera­
tion at 3 megawatts possib le with forced coo l i ng provisions. I n  
addition to the Mark I 's irrad iation faci l ities, the Mark I I  
includes fou r  horizontal beam ports extending through the 
concrete shield to the faces of the reflector, and a graphite 
thermal column providing a source of wel l -thermal ized neu-

Figure 1 1  
THE TRIGA MARK I I  REACTOR The below-ground TRIGA Mark I reactor at GA 

is simple in its physical construction. It has a 
graphite-reflected core, installed near the bottom 
of an aluminum tank. The surrounding earth and 
demineralized water provide the shielding, and 
no special containment building is needed. 

The core of the Mark /I is the same as that  of Mark I, but it is 
above ground, inside a pool that  is surrounded by a concrete 
shield that is above the reactor room floor. The Mark /I has 
additional neutron sources for research or irradiation. This 
reactor is in Mainz, Germany. 
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trons su itable for physical research or biological i rradiations. 
In the early TRIGA Mark II reactors, a separate thermal izing 
column was included, together with an associated water-fi l led 
pool for shielding studies. In recent times, users have convert­
ed these for other appl ications, such as dry neutron radiogra­
phy fac i l ities with bui lt- in  shie lding. 

Figure 1 2  
THE TRIGA MARK I I I  CUTAWAY VIEW 

In this later design, the reactor core is movable, so 
that it can operate in both a pulsed and steady-state 
mode. The core can move along the length of the 
reactor. 

A later design option, TRIGA Mark I I I  ( F igure 1 2 ) ,  provid­
ed a movable reactor core, su pporti ng both steady-state, up 
to 2 MW, and p u l s i n g  ope rat ions ,  but w i th g reat ly  
i ncreased operat ional  flex i b i l ity. The core can be moved to 
one end of the pool for experi ments i n  an adjacent dry, 
wa l k- i n  exposure room, or to the oppos ite end for experi­
ments i nvolv ing the thermal col u mns  and beam ports, or 
u sed i n  the center of the pool for isotope prod uction and 
other appl icat ions.  

Instrumentation and control ( I &C) systems for al l  new 
TRIGA reactors have now evolved i nto compact, micro­
processor-driven systems.  As with previous generations of 
the I&C systems, they are designed to enable inexperienced 
students and nontech n ical personnel  to operate the reactor 
with a m i n i mu m  of tra i n ing, and with the s impl ic ity of the 
inherently safe characteristics derived from the physical 
properties of the UZrH fue l .  Four 'operating modes are typi­
cal ly  ava i lable:  manual ,  automatic, pu ls ing, and "square 
wave," the l ast being a one-button startup seq uence for 
bringing the reactor u p  q u ickly (a few seconds) to its operat­
ing steady-state power l evel .  TRIGA reactors have a l so been 
l icensed to operate in an u nattended mode, aga i n  as a resu l t  
of  the protection afforded by the  safety characteristics of  the 
UZrH fue l .  

TRIGA Reactors Evolve 
During the 1 960s, 1 9 70s, and 1 980s, a number of low- and 

medium-power, as wel l  as h igher-power, TRIGA insta l lations 
were bui l t  and operated, often making use of the reactor's 
puls ing capabi l ity. A TRIGA reactor with a movable core 
arrangement at the Armed Forces Rad iobiology Research 
Institute at Bethesda, Md., was bui l t  for research on the bio-

Figure 1 4  

Figure 1 3  
MOVABLE CORE TRIGA REACTOR 

This reactor was located at the Northrop Corp., 
in California. 

THE TRIGA MARK I I I  AT THE U N IVERSITY OF CALIFORNIA 
This now-decommissioned TRlcA Mark III reactor is at 
University of California, Berkeley campus. A similar reactor is 
in operation at the Institute of Nuclear Research in Mexico 
City. 
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logical effects of radiation, including 
studying biomed ical effects of i ntense 
nuclear radiation to which m i l itary and 
civi l ian populations m ight be exposed i n  
the event o f  n uclear attack. T h e  Army's 
Harry D iamond Laborator ies i n  
Maryland have operated a movable core 
reactor for radiation-effects testing of 
electronic components, as has Northrop 
Corporation in Cal iforn ia  (F igure 1 3) .  
TRIGA Mark I I I  reactors were bui l t  a t  the 
Un iversity of California's Berkeley cam­
pus, now decomm issioned (F igure 1 4), 
and at the Institute of N uclear Research 
in Mexico City. 

An early TRIGA Mark I I, at Musashi 
Institute of Technology i n  Japan, was 
adapted for pioneering research and 
therapeutic treatment for mal ignant, 
inoperable bra in tumors and melanoma, 
using the N eutron Captu re Therapy Figure 1 5  

JAPAN'S TRIGA AT TOKAIMURA (NCT) techn ique.  About 1 25 bra i n  
tumor patients have been treated a t  the 
Musash i faci l ity. . 

This TRIGA is an annular core pulsing reactor, at the japan Atomic Energy 
Resarch Institute. 

Annular Core Pu lsed TRIGA Reactors 
were designed and bu i lt for use at 
Sand ia  N at ional  Laboratory, the I n stitute for N uc l ear 
Technologies i n  Romania, and the Japan Atomic Energy 
Research I nstitute (Figure 1 5) .  These h ave routi nely ach ieved 
pu lsed power levels up to 22,000 megawatts for testing power 
reactor fuels. These reactors have a large (25-cm diameter), 
dry central test cavity (F igure 1 6) that can accommodate sam­
ples in the central core regions. They employ specia l ly  
designed cladding for the UZrH fuel e lements, permitting 
h igher peak fuel temperatu res in standard UZrH material,  
wh i le  reta in ing the i nherent safety and s impl icity "Of natural 
convection cool i ng. 

A special-purpose TRIGA was designed and comm issioned 
for the u.s. Air  Force at McClel lan Air  Force Base, in 
Cal iforn ia, for real-time neutron radiography inspection of 
large aircraft components. Known as the Stationary Neutron 
Radiography System (SNRS), th is  is a modified Mark I I  reactor 
that .has provided h igh-volume, real-time i nspection of large 
parts, such as complete a i rcraft wings and subassembl ies. A 
custom-designed TRIGA reactor with fou r  neutron beam ports 
transmits neutrons to specia l  component i nspection bays, 
where parts are robotical ly positioned and i maged in real time 
using d igital i maging techniques, as wel l  as the trad itional fi lm 
technique. The reactor was transferred i n  place to the 
Un iversity of Cal ifornia-Davis (the Air Force base itself was 
closed in 2001 ) .  The reactor fac i l ity, now known as the . 
McClel lan N uclear Radiation Center, offers services in nonde­
structive i nspection, i rradiation, rad ioisotope production, and 
other areas. 

The use of TRIGA fuels was extended in the 1 980s in coop­
eration with the Department of Energy's Reduced Enrichment 
for Research and Test Reactors program, by designing and 
qua l  ify ing  pro l iferation-resistant ( low-enr ic hed u ran ium)  
UZrH fuels. These fue ls  were developed with h igher u ran ium 

Figure 1 6  
ANNULAR CORE PULSED TRIGA REACTOR 

The annular core of this TRIGA has a dry central 
cavity tha t  can hold research samples. Its fuel has 
special cladding to a llow it to reach h igher peak 
tempera tures . . 
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Figure 1 7  
TRIGA CONVERSION REACTOR 

TRICA-type fuel has been installed in several research 
reactors that were built with plate-type fuel. Here, the 
converted reactor at the University of Maryland. 

Figure 1 8  
HIGH POWER FUEL 

ELEMENT 

densities for use in  the h igher power regi mes where newer 
TRIGAs were bei ng designed to operate. Th is  fuel design con­
tinues to provide the h ighest degree of safety against n uclear 
incidents, regardless of power leve l .  

One other major development, which started as  early as  the 
late 1 960s, was the conversion of existi ng non-TRIGA research 
reactors that used plate-type fuel to TRIGA-type fuel .  In most 
cases, the converted reactors have retained -the i r  existing core 
grid structure, and, in some cases, their existi ng reactor con­
trol systems. The conversion to a complete TRIGA-type reac­
tor is accompl ished us ing TRIGA fou r-rod c lusters, and can be 
added a few clusters at a time to an operating plate-type core. 
The resulting conversion provides a dual steady-state/puls ing 
capab i l ity in a range of designs rated from less than 1 MW to 
3 MW. 

Research reactors with pl ate-type fuel that have con­
verted to TRIGAs i n c l ude i n stal l at ions  at the U n iversit ies 
of M!1ry l a n d  ( F i g u re 1 7) ,  P e n n  State, Texas A & M ,  
Was h i n gton State, and Wisco n s i n ,  as wel l as locations in 
Ta iwan, Thai land,  the P h i l i pp i n es, and (most recently)  
Colombia.  

General Atomics also began incorporating modifications to 
accommodate h igher-power TRIGA operations (5 to 2 5  MW). 
A smaller d iameter ( 1 3-mm) UZrH fuel rod with a h igh 
strength and ductil ity I nconel a l loy cladding (F igure 1 8), and 
forced cool ing to replace natural convection coo l i ng, were 
included in the 1 4-MW TRIGA reactor commiss ioned in 
Romania in 1 980 (F igure 1 9) .  Designs us ing the smal ler d iam­
eter fuel rods have been extended to steady-state power levels 
up to 25 MW. 

Figure 1 9  Smaller diameter (7 3-mm) fuel 
rods have been adapted so that 
they can accommodate higher 
power TRICA operations (5 to 
25 MW). 

DIAGRAM OF THE 1 4-MW TRIGA REACTOR I N  ROMANIA 

Spring 2004· 

This reactor, commissioned in 1 980, has two reactors in the same reactor pool. 
One (at left) uses annular core pulsing and can reach peaks of 20,OOO-MIN, 
while the other is a 1 4-MW steady-state reactor. 
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The Newest TRIGAs: 
Thailand and Morocco 

Today, two new TRIGA construction 
projects are u nder way. The fi rst 
involves a 1 0-MW m u lt ipurpose 
TRIGA reactor that wi l l  be at the center 
of a Nuclear Research Center being 
built for Thai land's Office of Atoms for . 
Peace near Bangkok. (See Figure 2 .) I t  
wi l l  use the same h igh-density smal l ­
diameter fuel type that has  been suc­
cessfu l l y  demonstrated to very h igh 
burnups in  the Romanian TRIGA reac­
tor, and wi l l  i nc lude a rad iation treat­
ment faci l ity for neutron cancer thera­
py; production of medical and i nd us­
trial r·adioisotopes, and h i gh-pu rity 
semiconductor materials for the elec­
tron ics i ndustry; and neutron-beam 
research fac i l ities to meet Thai land's 
science and education needs. 

Figure 20 The second project i nvolves a 2-
MW TRIGA Mark /I research reactor, 
with provisions to be u pgraded to 3 
MW, u nder construction at the 
Ki ngdom of Morocco's N ational  
Center for Nuclear Science, Energy 
and Tec h nology ( C N EST E N )  near  
Rabat ( F i g u re 20) .  The center, whose 
rema i n i ng infrastru ctu re has recent-

TRIGA MARK I I  REACTOR TO BE B U I LT I N  MOROCCO 
This artist's illustration shows the reactor hall and laboratories at the Nuclear 
Energy Center being constructed by the National Center for Nuclear Science, 
Energy, and Technology of Morocco, located north of the city of Rabat. The 
TRIGA Mark II will be the centerpiece of the facility. This is a turnkey project, 
financed through the U.S. Export-Import Bank. 

ly been completed, w i l l  p rovide broad capab i l it ies for 
perform i n g  bas i c  research a n d  tra i n i n g  i n  such areas as 
isotope p roduct ion,  meta l l u rgy, and chemistry. The TRIGA 
reactor and associ ated l aborator ies form the centerpiece 
of th is new fac i l i ty, which i s  expected to evo lve i nto a 
regional center of exce l l ence.  

Throughout their 45 years of operating h istory, TRIGA reactors 
have demonstrated several common features that have made 
them so widely used in supporting the peaceful applications of 
atomic energy. Their simple design, ease of operation, versatil ity, 
and safety have made them unique-whether for basic student­
type training and isotope production, or for advanced scientific 
research involving sophisticated beam experiments, and also for 
medical uses such as Neutron Capture Therapy. 

More Applications 
In the steady-state mode of operat ion,  TRIGA reactors 

provide much the same research and train i ng capab i l i t ies 
as other types of research reactors. These i nc l ude neutron 
activation analysis,  rad io isotope prod uction, neutron trans­
mutation dop i n g  of s i l icon, and a variety of neutron-beam 
app l i cations, i n c l u d i ng neutron rad iography and Neutron 
Capture Therapy. In add it ion,  however, TRIGA reactors 
offer the u n ique and added capab i l it ies to produce pu lsed 
bursts of neutrons .  Th is  capab i l ity has provided scientists 
and researchers a wide variety of add it ional  areas of 
research appl icat ions.  These have i nc l uded : stud ies of b io­
med i ca l  effects in pu l sed rad i at ion f ields, trans ient rad ia­
tion effects i n  el ectro n i c  components, tests ·of power reac-

tor fuel under s i m u l ated accident cond it ions, and the pro­
duction of very-short- l ived rad ionuc l ides for rad iochem­
istry and nuc lear physics stu d i es, us ing  5 00- to 2 ,OOO-MW 
pu lses. More recently, the p rec is ion in reactor control 
made poss ib le  by the use of d i g ita l e l ectro n i cs has a l l owed 
pu l s ing TRIGA reactor des igns  to offer "cont i nuous pu l s­
i ng" at power leve ls  reach i n g  5 0  MW. The l atter wou l d  
serve i n  l ieu o f  a pu l sed spal lat ion accelerator system a s  a 
neutron source for neutron beam appl icat ions .  

And what about that original prototype TRIGA reactor at 
General Atom ics in San D iego? In 1 997, it was shut down per­
manently because of its age, but not before it had been desig­
nated by the American N uclear Society i n  1 986 as a Nuclear 
H istoric Landmark. The citation h igh l ighted its role in  pio­
neering the use of u n ique, i nherently safe capabi l i ties in 
nuclear reactors. 

Douglas M. Fouquet is Coordinator, Public Relations; Junaid 
Razvi is Senior Program Manager, TRIGA Reactors; and 
William L. Whittemore is Senior Scientific Advisor, TRIGA­
all at General Atomics in San Diego, Calif. TRIGA is a regis­
tered trademarkTM of General Atomics. 

This article is adapted and reprinted with permission from 
the November 2003 issue of N uclear News. 

Notes _____________________ _ 

1 .  A complete list of TRIGA reactors around the world can be found at 
http://triga.ga.com. 

2. Freeman Dyson, "Little Red Schoolhouse" in Disturbing the Universe (New 
York: Basic Books, 1 979). 
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S C I E N T I F I C  

Lectures on 
The Integr 
Calculus 
Johann Bernoulli 
(Trans l ated by Wi l l i am A. Ferguson, J r. )  

The first English translation of selections 
from Bernoulli's groundbreaking work 
identifying the curve formed by a hanging 
chajn suspended at both ends. 

C L A S S I C S  

Johann Bernoulli (1 667- 7 748) 

EDITOR'S NOTE 

34 

I n  1 690, Jakob Bernou l l i , brother of Johann, publ ished a 
chal lenge to the scientific world i n  the Acta Eruditorum of 
Leipzig, to determ ine the geometry of the catenary. Johann 
Bernou l l i , Gottfried Leibn iz, and Christiaan H uygens each 
independently solved the problem. Al l three solutions were 
publ ished i n  the Acta i n  1 69 1 . 

Johann Bernou l l i  then treated the subject in h is  Lectures 
on the Integral Calculus, which were written out for the use 
of the mathematician G u i l l aume Marqu is de L'H6pital in  
1 69 1 -1 692, whi le  Bernou l l i  was res id ing in  Paris., The 
excerpts presented here are from this work. 

Part I is on the physics of the hanging chain. Part II provides 
the derivation of the differential equation of the curve whose 
geometry corresponds to the physics of the hanging chain.  Part 
I I I  is the proof that Leibn iz's solution, based on the logarithmic 
curve, is identical .  These three parts are Lecture Thirty-Six, part 
of Lecture Twelve, and Lecture Thirty-Seven, respectively. 

The text is from Die erste Integralrechnung, Eine Auswahl 
aus Johann Bernoullis mathematischen Vorlesungen uber die 
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Methode der Integrale (Leipzig and Berl i n :  Wi l he lm 
Engelmann, 1 9 1 4), itself a translation into German by 
Gerhard Kowalewski of a selection of lectures from the Latin 
original, Lectiones mathematicae de methodo integralium. 
The figures are reproduced from the Kowalewski translation. 
The reader should not assume that the figures are exact con­
structions. The Kowalewski translation may be fou nd at http:// 
h istorical . 1  ibrary.comel l .edu/cgi bi n/cu I .  math/docviewer?d id= 
Bern002&seq=5 

Al l material in square brackets has been suppl ied by the 
translator. The footnotes are by the German (Kowalewski) 
or the Engl ish translator (Ferguson), as noted in square 
brackets at the end of each note. 

The translator thanks the staff of the Burndy L ibrary, of 
the Dibner I n st itute for the H i story of Science and 
Technology, Massachusetts I n stitute of Tech no logy, 
Cambridge, Massachusetts, for making avai lable a copy of 
the Latin origi nal ,  Lectiones mathematicae de methodo 
integralium, as an aid to translation. 



I .  Lecture Thirty-Six 
On Catenaries 

T he importance of the problem of the catenary i n  
Geometry c a n  b e  seen from the three sol utions i n  the 
Acta of Leipzig of l ast year ( 1 69 1 ), and espec i a l l y  from 

the remarks that the renowned Leibn iz  1 makes there. The 
fi rst to consider this curve, wh ich  i s  formed by a free-h ang­
ing str i ng, or better, by a th i n  i ne lastic cha in ,  was G a l i leo. 
He, however, did not fathom its nature; on the contrary, he 
asserted that it i s  a parabola,  wh ich  it certa i n l y  i s  not. 
Joach im Jung ius  d iscovered that it i s  not a parabol a, as 
Leibniz remarked, through ca lcu lation and h i s  many exper­
iments. However, he d id  not ind icate the correct curve for 
the catenary. The solution to th is  i mportant problem there­
fore remai ned for our t ime.  We present i t  here together with 
the calcu lation, which was not appended to the sol ution i n  
the Acta. 

There are actua l ly two k inds of catenaries: the common, 
which is formed by a string or a chain of u n iform thickness, or 
is of un iform weight at a l l  poi nts, and the uncommon, which 
is formed by a string of non-un iform thickness, which there­
fore is not of u n iform weight at al l points, and certa in ly not 
un iform in relation to the ord i nates of any given curve. 

Before we set about the sol ution, we make the fol lowing 
assumptions, which can eas i ly  be proven from Statics. 

1 .  The string, rope, or chain, or whatever the curve consists 
of, wi l l  be assumed to be flex ib le  and inelastic at a l l  of its 
points, that is, it u ndergoes no stretch ing as a result of its 
weight. 

Figure 1 

2. If the catenary ABC [F igure 1 ]  is held fixed at any two 
poi nts A and C, then the necessary forces at poi nts A and C, 
are the same as those which su pport a weight 0, that is equal 
to the weight of the chain ABC and i s  located at the meeti ng 
point of two weightless strings AD and CO, that are tangent to 
the curve at points A and C. The reason for this is clear: 
Because the weight of the chain ABC exerts its action at A and 
C in one d i rection [at each poi nt] , namely, in  the d i rections of 
the tangents AD and CD, and the pu l l  of the same or equal 
weight 0 at A and C l i kewise goes in  the d i rections of AD and 
CD. Therefore the necessary forces at points A and C must a lso 
in both cases be the same. Accord ingly, one obtains the nec-

essary force at the lowest point B, when one seeks the force 
that the weight E [F igure 2] exerts at the same poi nt, when it is 
held by two weightless strings, one of which is tangent to tne 
cu rve at B, and therefore i s  horizontal ,  while the other is tan­
gent to the curve at poi nt A .  

r.:r---� B 

Figure 2 

B 
Figure 3 

3 .  When a chain fastened at poi nts A and C is then fastened 
at any other point F [F igure 3 ] ,  so that one could remove the 
portion AF, the curve represented by the remain ing piece of 
chain FBC does not change, that is, the rema in ing poi nts wi l l  
stay in  the same position as before the fastening [at Fl . 

This needs no proof, because Reason advises it and experi­
ence lays it dai ly before our eyes. 

4. If we retain  the previous assumptions, then before and 
after the fastening [at Fl, the same (that is, the orig ina l )  force 
must obtain  at particu lar  positions on the cu rve, or, what 
amounts to the same thi ng, a point wi l l  be pul led with the 
same force after the fasten ing [at Fl as before it. This i s  noth­
ing but a coro l lary of the preced ing number. Consequently, as 
one lengthens or shortens the chain BFA, that is, wherever one 
chooses the fastening point F, the force at the lowest position 
B neither increases nor decreases, but a lways remains the 
same. 

5. The weight P [F igure 4], which is held by any two arbi­
trari ly situated strings AB and CB, exerts its forces on the ·poi nts 
A and C in such a relation, that the necessary force at A is to 
the necessary force at C (after d rawi ng vertical l ine BC), as the 
s ine of angle CBC is to the s ine of angle ABC, and the force of 
the weight P is to the force at C as the s ine of the whole angle 
ABC is to the sine of the opposite angle ABC. This is proven i n  
every theory of Statics.2 

With these assumptions, we find the common catenary 
curve in the fol lowing man ner. Let BAa be the desi red curve 
[F igure 5] ; B, its deepest poi nt; the axis or the vertical through 
B, BC; the tangent at the deepest poi nt, which w i l l  be hori­
zontal ,  BE; and let AE be the tangent at any other point A. 

2 1 st CENTURY Spring 2004 35 



Draw the ord i nate AG and the paral lel  EL to the axis. Let 

A : 6  
I 

rr--------------� g 
�----�._------� 6 

c 

Figure 5 

BG = X, GA = Y, Gg = dx, Ha = dy, 

e 

and the weight of the chain, or, since it is of uniform thickness, 
the length of the cu rve BA = 5. Since at point B, an ever constant 

force wi l l  be required (by assumption 4), whether the chain be 
lengthened or shortened, that force, or the segment C = a 
expressing it, wi l l  theretore be a constant.3 Imagine now that the 
weight of the chain AB is concentrated at and hangs at the meet­
ing point E of the tangent strings AE, BE; then (by assumption 2) 
the same force is required at point B to hold the weight E as was 
required to hold the chain BA. But the weight E (by assumption 
5) is to the force at B, as the s ine of the angle AEB, or as the s ine 
of its complementary angle EAL. is to .the s ine of angle AEL, that 
is, as EL is to AL. Wherever on the curve one chooses the fixed 
point A (the curve always remains the same, by assumption 3), 
the weight of the chain AB is to the force at B [which force equals 
the constant a) , as EL is to AL, that is, 

5 : a = EL : AL = AH : Ha = dx : dy 
and if one inverts, 

dy : dx = a : 5. 4 

Hence it fol lows that the catenary BA is the same as that curve 
whose construction and nature we have given above, by the 
method of inverse tangents [provided here as Part I I, below], where 
we first converted the proportion dy : dx = a : 5 to the fol lowing: 

d adx y - ---y====o­
- .,12ax + x2 ' 

at which point the curve was constructed through the rectifi­
cation of the parabola as wel l  as through the quadratu re of the 
hyperbola.  

II. Part of Lecture Twelve on Inverse Tangents 

IV. To fi nd the nature of the curve so created that DC : BC = 
E : AD [Figure 6] . 

B 

Figure 6 

Let AC = X, CO = Y, AD = 5 [and the given constant segment 
E = a] . By assumption, 

dy = � therefore dy = adx . dx 5 '  5 

However, to be able to e l iminate the letter 5 (wh ich is always 
necessary in the determi nation of cu rves), one must proceed 
thus: 
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therefore, 

2d 2 2d 2 
d 2 d 2 d 2 5 X + a  X 5 = X + Y = 7 

and 

dx.,152 + a2 
d5 = I 5 

therefore 

dx = 5d5 
.,1 52 + a2 

and the integral thereof, 

X = .,152 + a2 • 

From this is obtained 

5 = .,1x2 _a2 

5 -



and 

If the equation is s impl ified, one obtains 

x2dy2 _ a2dy2 = a2dx2 

and fina l ly  

dy = adx . 
.J x2 _ a2 

The same resu lt  is ach ieved otherwise and more eas i ly in  the 
fol lowing manner. 

Because 5 = adx/dy, thenS 

and hence 

To be able to take the i ntegral on both s ides, both sides are 
mult ipl ied by dx. Then one obtains  

d d adxd2x x y = r===:-=='7 
Jdx2 + dy2 ' 

If the integral be taken, the resu lt i s  

xdy = aJdx2 + dy2,  

and after s impl ifying the  equation, 

d _ adx y - � , 
"x- -a-

as before. 
Now we come to the construction of this curve. It should be 

noted, first of a l l ,  that because x = .J  52 + a2 and hence x >  5, 

the invariant origin of x l ies beyond the vertex B, and indeed 
at the distance E, s ince if 5 = 0, then x = a necessar i ly. Hence 
if we wish to place the origin of x at the vertex itself, we must 

set x = x + a. Then the equation dy = adx /.J x2 - a2 is 

transformed into the fol lowi ng: 

dy = adx 
.J2ax + x2 ' 

which we wi l l  now construct in a th ree-fold way. 

Multiply the equation by a. Then 

G 

F A I  
Figure 7 

Now draw the normals AK, CH, which w i l l  intersect at B 
[Figure 7] ; take BA = a and draw with vertex B and midpoint 
A the equ i lateral hyperbola BC Construct further a curve OJ, 
such that BA is everywhere the mean proportional between 
KC and KO, that is, that 

2 
KO = 

a . 
.J2ax + x2 

Next, draw the para l le l  AF and make the area of the rectangle 
AC equal to that of HBKOj. If  we now extend OK and FC, their 
intersection E wi l i l i e  on the desi red curve.6 

The curve adm its of another and easier construction in  the 
fol lowing manner. Draw the l i ne  AC and make the area of rec­
tangle AC equal to double the hyperbol i c  area ABC Then 
after the extension of CK and FC, the point E aga in  wi l l  l ie on 
the same desi red curveJ, 8 

It may be constructed i n  yet another way, by means of the 
rectification of a parabol ic  curve, in the fol lowing man ner. 

Because dy = adx/ .J2ax + x2 , therefore 

dy + �dX + xdx 
(differential of EK + KC = EC) 

2ax + x2 
2adx + xdx dxJ2i+X 
.J2ax + x2 JX 

Hence one must find a certa in  curve BL, whose d ifferential is 

dx·J2a + x  /JX. Then BL itself wi l l  be equal  to EC B ut one 

finds this curve thus: From 

x 
subtract dx2. Then 2adx2/x remains.  H ence 

dxffa 
d'ff 

. I f KL JX = I erentla 0 , 

and 

f dxffa . � JX , that IS, ,,8ax , 
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wi l l  therefore be equal to KL itself. The cu rve BL is conse­
quently a parabola of parameter 8AB. If this BL be laid out as 
a straight l i ne and abutted to point C as ord inate, the other 
endpoint E again  wi l l  l i e  on the desi red curve BE.9,1 0 

Corol/ary. The length of the cu rve BE is eq ual to the hyper­
bol ic ord inate KC. If the length of BE is designated by 5, then 

adx + xdx 
�2ax + X2 

d ifferential of KC. 

III. Lecture Thirty-Seven 
Continuation of the Same Subject: On Catenaries 

So that the correctness of our solution be made even clear­
er, we wi l l  test whether it agrees with the solution of Mr. 
Leibniz. H is  construction of the catenary is of the fol lowing 
nature. 

o 

Figure 8 

Let NCP be an unbou nded horizontal straight l i ne [F igure 
8] ,  and above it let the logarithmic curve OMBQ be drawn, l 1 
whose subtangent therefore is everywhere the same. Choose 
the ord inate CB, which is equal to the su btangent, and take on 
both sides of it arbitrary and equal segments CO, CPO Now 
make OA equal to the sem i-sum of the ord inates OM, PQ. 
Then, he asserts that the point A l ies on a catenary. 1 2  

In  order to test, whether this cu rve i s  the same a s  the one we 
have i nd icated, we must see whether the nature of the curve 
BA is expressed by the same differential equation . Let then CB 
or the subtangent = a, BG = x, GA = CD = y, OM = z, Gg = 
dx, Od = Ha = dy. Then, by the nature of the logarithmic 
curve, zdy = adz, thus 

dz = zdy . 
a 

Si nce by construction, CD = Cp, th�n OM CB = CB : PQ, 
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therefore PQ = a2/z and 10M + 1 PQ, that is, OA by con­
struction, 

a2 + Z2 
= -- = CB + BG = a + x  

2z ' 

therefore 

When solved, this equation yields, 

z = a +  x + �2ax + x2, 

therefore 

dz = dx +  (a + x)dx . 
�2ax + x2 

If one substitutes this value of z in the earl ier equation 

dz = zdy/a, the result  is 

or 

dx + (a + x)dx = ady + xdy + dY ' �2ax + x2 
�2ax + x2 a 

adx · �2ax + x2 + a2dx + ax dx 
�2ax + x2 

= ady + xdy + dy · .J'2-ax-+-x""'2 . 

Dividing both sides by a + x + �2ax + x2 ,  one obtains  

adx dy. 

Because this equation is the same as the one that we have 
found, it fol lows that the curve BA is a lso our catenary, and 
that the Leibnizian construction, as different as it may be from 
the one we have given above, indeed produces no other l i ne. 

It remains to add the most important properties of the s im­
ple catenary, and that with calcu lation and proof, which was 
not done in the Acta. We wi l l  use the figure that appears i n·. the 
Acta [Figure 9] . There, EBF is the catenary, B its deepest point, 
BA the axis, BG the equ i lateral hyperbola that can be termed 
generative, and BH the parabola, through whose rectification 
the catenary l i ne EBF is constructed. 



p 

HI---�-""-<::I 
J �-----�-I 

o 
Figure 9 

1 .  Draw the tangent FD; then AF AD = BC (BG the 
curve), because 

AF : AD = dy : dx. 
However we found by calcu l ation that 

dy : dx = a : 5. 

Therefore, the statement is correct. 
2. AE or AF is equal  to the parabo l ic curve BH, minus the 

segment AG. This is c lear, because by construction, EC was 
taken equal to BH. 

. 

3. The length of the cu rve BE or BF is equal to the segment 
AC; that is, the portions of the catenary, if one lays them out 
upon the axis as ord inates, form an equ i l ateral hyperbola . 1 3 
That is a remarkable property of th is  curve. We have proven 
th is by the method of inverse tangents (see page 3 1 ) . 

4. The area of the catenary region BAE or BAF is equal  to the 
rectangle of BA and AG minus  the rectangle of CB and FC. 
S ince of course 

dy = adx 
,12ax + x2 

therefore 

d axdx x y = -r==� ,12ax + x2 
(ax + a2)dx a2dx 
-.f2ax + x2  -.f2ax + x2 

Therefore the integral of xdy, that is, the complement of the 
area BAG is equal to the i ntegral of the latter, and therefore 
equal to 

a,12ax + x2 - ay = CB · AC - CB · AF = CB · FC, 

and consequently the area BAF itself = BA · AF - CB . FC. 
5 .  The length of the curve MNO, the i nvolute of which 

forms the catenary BE, i s  the th i rd proportional of CB and AG. 
To discover that th is  i s  so, one would first find the length of the 
unwinding tangent l ine EO; above, i n  the article on the devel­
opment of curves [in Lecture S ixteen, not translated here] , we 
have shown that in general, for a l l  curves, it is equal to 

(dx2 + dy2)�dx2 + dy2 
-(Pydx 

For the curve in question then, 

and, si nce 

d adx y - -'======0" - -.f2ax + x2 ' 

hence 

From this is obtained, for the whole expression, 

(dx2 + dy2)�dx2 + dy2  a 2  + 2ax + x2 ---'---::-'-,------'-- = EO = ----
-d2ydx a 

. From th is, subtract that which the assumption x = 0  yields; 
then what remains is 

2ax + x2 --- = the length of curve MNO. 
a 

Therefore a or CB is to -.f 2ax + x2 or AC, as AC i s  to MNO. 

6. The unwinding tangent EO is the th ird proportional of CB 
and CA. For, s ince 

a2 + 2ax + x2 
EO = , 

a 
a or CB is to a + x or CA as CA is to EO. 

7. The l ine BM, which extends to the beginning of the curve 
MNO, is equal to CB. S ince of course x = 0, the u nwinding 
tangent EO, which i s  now BM, becomes equal to a = CB. 

B. MP is twice BA. Because 

MNO = 2ax + X2 , 
a 

the d ifferentia l  w i l l  be 

00 = (2a + 2x)dx . 
a 

B u t  the tr iangle Oop i s  s i m i l a r  to tr iang le  ESR and hence 
a l so to tr iangle eER; cpnseq uent ly Ee : ER = 00 : po, 
that is ,  

adx + xdx . adx 
,12ax + x2 

. ,12ax + x2 
2a dx + 2xdx ----- : po, 

a 
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therefore 2 dx = po and, if integrated, 2x = PM. 1 4  
9 .  The area of the rectangle o f  CB a n d  PO is twice that of 

the hyperbo l ic area ABC. Since of course Ee : 00 = eR : 
pO, that is, 

adx + xdx 2a dx + 2x dx 
---- = dx : pO, -.}2ax + x2 

. 

therefore 

a 

O 
2dx · -.}2ax + x2 

p = 
a 

thus 

CB · pO = 2dx-.}2ax + x2, 

and, when integrated, 

CB · PO = double the hyperbo l i c  area A BC. 

1 0. The segment CP i s  b isected by the poi nt A. Si nce of 
course MP = 2x, the res u lt is that BP = 2x + a, BP - BA or 
A P =  x + a = CA. 

1 1 .  The length of the curve EB is to the length of the cu rve 
MNO as the segment CB is to segment AC. That is because EB, 

that is, -.}2ax + x2 , is to MNO or 

2ax + x2 

a 

as a is to � 2ax + Xl , and therefore as CB is to AC. 
1 2 . If the two rectangles AJ, A K  are placed on AC (AJ is 

formed from the half transverse axis  CB and the segment FC, 
and the area of AK is equal to that of the hyperbo l ic area 
BCA); and, from the vertex B along the axis, a segment BL 
eq ual to width KJ is drawn; then poi nt L w i l l  be the center of 
gravity of the catenary EBF. This wi l l  be proven in another 
location. 

1 3 . If one imagines infin itely many curves drawn from E to 
F that are equal in  l ength to the catenary EBF and lays them 
out as straight l i nes, and constructs ind ividual vertical lengths 
at the ind ividual points of the particular segment equal to the 
respective d istances from the l i ne EF, then of a l l  areas formed 
in this manner, the greatest is that formed by the catenary. 1 5 

This wi l l  be proven with the help of the axiom that the cen­
ter of gravity descends as far as it can. 

Two huge chain catenaries used by in the testing of aircraft at NASA's Vertical Motion Flight Simulation Laboratory. 
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Notes __________________________________________________________________ __ 

1 .  In Galileo's Dialogues Concerning Two New Sciences 
(1 638), the catenary is discussed and its form compared 
to a parabola. Joachim Jungius (1 669) showed that the 
curve is not a parabola, but he was not really able to 
define it. Jakob Bernoull i proposed the problem anew in 
May 1 690 in the Acta Eruditorum, and then it was solved 
by Huygens, Leibniz, and Johann Bernoull i .  [Kowalewski] 

2. Let the force acting along AB be FA, the force acting 
along CB be Fe, and the weight of P be Fp. The horizontal 
component of FA is FA sinLABG, opposing the horizontal 
component of Fe, which is Fe sinLCBG ; and Fp is the 
force of gravity on P, and only acts vertically. Because P 
is not moving horizontally, 

FA sin LABG - Fe sin LCBG = 0, 
or 

FA sinLABG = Fe sin LCBG, 

'and so 
FA : Fe = sin LCBG : sin LABG, 

as stated in point 5 of this lecture. The vertical compo­
nent of FA is FA cosLABG, pull ing upward; the vertical 
component of Fe is Fe cosLCBG, also pull ing upward; 
and Fp, the weight of P, is of course pulling down. 
Because P is not moving vertical ly, we have 

Fp - (FA cosLABG + Fe cos LCBG) = 0, 

or 

Fp = FA cosLABG + Fe cos LCBG. 

Dividing both sides of the equation by Fe yields 

F. F 1 = --<icos LABG + cos LCBG. 
Fe Fe 

We proved above that FA/Fe = sinLCBG/sinLABG, so 
we can substitute here and obtain 

Fp _ sin LCBG cosLABG LCBG - - + cos 
� �n LABG 

' 

and multiplying cosLCBG by 1 = sinLABG/sinLABG , 
and rearranging terms in the -equation, we get 

Fp = sinLCBG cosLABG + cosLCBG sinLABG 
Fe sinLABG 

Now LCBG + LABG = LABC, and the Greeks knew 
that 

sin(x + y) = sin x cos y + cos x sin y, 

so we have 

sinLABC = sinLCBGcos LABG + cos LCBGsin LABG, 

and substituting, 

Fp _ sin LABC 
Fe - sin LABG ' 

or Fp : Fe = sinLABC : sinLABG, as stated in point 5. 
[Ferguson] 

3. The force at B is a constant, expressible as the weight of 
a segment of chain labelled C, of constant length a (not 
related to point a). [Ferguson) 

4. lf the chain is of uniform density per unit length (call 
the density 0), then the weight of chain AB will be Os, 
which increases or decreases as the chain AB = s is 
lengthened or shortened; the force at B, which Bernoul l i  
sets equal to the weight of a segment C of constant 
length a, will be Oa. Therefore, the weight of AB is to the 
force at B as Os is to Oa, and therefore as s is to a. 
Bernoull i  expresses this ratio of forces in terms of a ratio 
of lengths, so that it wil l  be in a form solvable by the 
method of inverse tangents, as is shown below. 
[Ferguson] 

5. Here y is considered an independent variable (instead of 
x) . Accordingly, d2y = 0 This aid for the conversion of 
independent variables is already found in Leibniz manu­
scripts of 1 675. 

Bernoulli cannot complete the calculation, because he 
lacks the logarithmic function. From 

dy = adx 
-lx2 _ a2 

it follows that 

y = a log (x + -l x2 - a2 ) + const. 

or, if the axis system is displaced appropriately in the y­
direction, 

x + -lx2 _ a2 y = a log . 
a 

From this it follows that 

The curve is therefore the catenary, which Bernoull i deals 
with in a later lecture. [Kowalewski] 

6. For the equi lateral hyperbola BC, (x + a)2 - y2 = a 2 
or y = � 2ax + X2 . Therefore KC = � 2ax + x2 . If BA = a 
is the mean proportional between KC and KD, then 
KC la = a IKD or KD = a2/� 2ax + x2 . Then, if the area of 
rectangle AG = aAF is to equal the area of 

HBKDJ = f a2 dx 
-l2ax + x2 ' 
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then for the curve BE, f adx y = EK = AF =  . .J2ax + x2 ' 

and 

dy = adx .J2ax + x2 

[Ferguson] 
7. For the equi lateral hyperbola, 

dx dy xdy - ydx dx + dy Y = x = 
x2 _ y2 

= 
X + Y 

therefore 
1 a2 
:2 (Xdy - ydx ) = 2 d log (x + y) 

and the hyperbolic sector 

2 � 
ABC = � log x + v x- - a- . 

2 a 

If this be compared with the formula ih footnote 5, 

x + .J x2 _ a2 y = a log , 
a 

the correctness of Bernoulli's assertion is seen. 
On page 37, col. 1 ,  line 23, A must be replaced by B. 

[Kowalewski] [For this translation, the correction has 
been incorporated into the text.] 

8. If the area of rectangle AG is equal to double the area of 
hyperbolic region ABC, then we have aAF = 2(area ABC) 
or y= EK = AF 

= 
2 (area ABC) = �(� AK . KC _ area BKC) a a 2 

=�U (x + a).J2ax + x2 -J.J2ax + x2 dx l 
adx and dy = ---'===7" .J2ax + x2 

[Ferguson] 
9. The German edition has AE here, an error for BE. The 

expression, "the other endpoint E again will lie on the 
desired curve," taken in light of the two preceding para­
graphs, indicates that BE is meant. This is, in fact, the 
same error that Kowalewski corrected on the previous 
page of the German edition: The vertex of the catenary 
had been mistakenly called A instead of B. See the last 
paragraph of footnote 7. [Ferguson] 

1 0. "Hence one must seek a certain curve BL" whose length 
s as a function of x, has the differential 
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Since ds2 = dx2 + dy2, 

dy2 = ds2 _ dx2 = (2a + x) dx2 dx2 = 2adx2 

and 
x x 

dy = dxga = the differential of KL, 

that is, the y-coordinate of BL. So for BL, 

y = .J8ax . 

[Ferguson] 

1 1 .  The logarithmic curve is, because of the constancy of the 
subtangent, characterized by y' = Y Ie [that is, dy Idx = 
y Ie ] and is therefore expressed by y ",; becx. 

Because of its relationship with the logarithmic curve, 
Leibniz proposed to use the catenary in place of logarith­
mic tables, especially when travel l ing, because volumi­
nous tables were inconvenient "to sehlep across land and 
sea." [Kowalewski] 

1 2. Definition of the subtangent: For a curve y = f(x) with a 
line L tangent to it at point (x',y') the subtangent is the 
segment of the x-axis between the x-coordinate of the 
point of tangency (x',o) and the intersection of the x-axis 
and the tangent line L. [Ferguson] 

1 3. If the length of BE = s is considered a function of x, then 

which reduces to f (x + a) dx or .J2ax + x2 , .J2ax + x2 

which is the y-coordinate AG of the equi lateral hyperbola 
BG. [Ferguson] 

1 4. Because 

Ee = ds =  (x + a) dx and ER = dy =  adx . .J2ax + x2 .J2ax + x2 
[Ferguson] 

1 5. The proposed constructions may be restated in this form: 
Suppose the catenary EBF, in Figure 9, to be a chain with 
very fine links. Step 1 .  At various points along EBF, cut rods 
that extend vertically from each chosen point on the cate­
nary curve to the horizontal EF. Attach each rod to the link 
it touches. Now extend the chain as a straight line. Use the 
free ends of the still-vertical rods to define a line. An area is 
now enclosed by the straight chain and the line just 
defined, and can be measured. Step 2. Form any number 
of other curves whose end-points are E and F, and whose 
length is the same as the catenary EBF. Repeat for these 
curves the procedure described in Step 1 .  

Bernoulli asserts that the area derived from the cate­
nary is the greatest of all such areas. [Ferguson] 



The Significance of the Catenary 
by B ruce D i rector 

I t is indicative of the level of today's cu ltural 
decay, that sc ie nt ist  and l ay m a n  a l i ke a re 

genera l l y  i g n o r a n t  of t h e  t r u e  h i story a n d  
p r i n c i p l es o f  C .W. L e i b n i z 's i n f i n ites i m a l  
calcu lus .  I t  i s  a matter of vital interest for the 
futu re of s c i e n c e  a n d ,  m o re g e n e ra l l y, 
c iv i l ization as a whol e, that th i s  s ituation be 
remedied qu ite rapidly. 

Fortu nately, this process is a l ready u nder way 
through the revol utionary educational program 
of Lyndon LaRouche's i ntern ational youth 
movement. The accompanying first Eng l i sh  
translation of  the conclud i ng section on the 
catenary, from lohann Bernou l l i 's 1 69 1  
"Lectures o n  the I ntegral Calcul us," provides a 
vital resource for that effort. 

The s i gn if icance of the c aten ary c u rve 
emerged in modern ti mes with the construc­
tion of Brunel l esch i 's famous Dome over the 
church of Santa Maria del  F i ore in  F lorence, 
Italy. B u i l t between 1 420 and 1 426, it was the 
largest free-standing dome constructed unt i l  
that t ime.  To bui ld the dome without scaffo ld­
ing, Brunel leschi uti l ized the least-action prop­
erties of the hanging chain,  both to guide the 
curvatu re of the bricks, as wel l as to stab i l ize the 
Dome's structure. 

The successful construction of the Dome indi­
cated that the hanging chain expressed a u n i­
versal physical principle whose investigation 
i nvolved the fight between the successfu I 
Socratic method of Kepler, Le ibn iz,  and 
Bernou l l i  on the one s ide and the fai led empiri­
cist methods of Paolo Sarpi,  Ca l i leo, and Euler 
on the other. 

Kepler's Discovery and Kepler's Problem 
In d iscovering the e l l iptical natu re of the plan­

etary orbits, Kepler set the stage for the develop­
ment of the i nfin itesimal ca lcu lus .  Kepler reject­
ed the method of Ptolemy, Copern icus, and 

Brunelleschi's Dome at the church of Santa Maria del Fiore in Florence, 
Italy, built between 7 420 and 7 426. Brunelleschi used the least action 
principle of the catenary as a guide for the curvature of the bricks, and to 
stabilize the structure. 

Brahe, who a l l  adopted the Aristotel ian dogma that knowledge 
of physical principles was impossible, and that science can 
only concern itself with the mathematical description of 
appearances. Consequently, Ptolemy, Copernicus, and Brahe, 
although positing wi ld ly d ifferent mathematical models, a l l  
accepted the  restriction that planetary motion must conform 

'
to 

perfectly un iform c i rcular  action.  

I n  arr iv ing at the e l l ipt ica l  o rb its o n  the bas is  of h i s  
phys ica l  hypothes i s  concern i n g  u n iversal  grav itat ion , 
Kep ler  showed that' the p l anet's motion was a lways 
chang ing. That change was not the res u l t of any i n nate 
property of the p la net, but was the effect of the pr i nc ip le  
of  u n iversal gravitat ion,  w h i c h  was  acti n g  on the  p lanet, 
from outside the dom a i n  of sense percept ion,  at every 
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Le ibn iz  and Bernou l l i  con­
tri buted to the d iscovery of 
the catenary p r i n c i p l e .  
Le ibn iz's d iscovery was pub­
l i sh ed i n  the Acta Eruditorum 
i n  June  1 69 1 . 

I n  the accompanying 
excerpt from Bernou l l i's Lec­
tures, Bernou l l i  develops his  
own or ig inal  appl ication of 
Leibn iz's calcu lus  to the cate­
nary curve, and he shows the 
equ ivalence of h i s  results to 
those of Leibniz. 

Children exploring the catenary and its relationship to the arch, at the San Francisco 
Exploratorium. 

L i ke Kepler-but u n l i ke 
G a l  i leo-Bernou I I  i considers 
the shape of the h a nging 
chain to be merely the vis ib le 
effects of an unseen u n iversal 
physical pr inciple .  That pri n­
c ip le i s  acti ng on the chain at 
every i nfin ites imal  point. How 
that pr inc ip le  is acti ng, 
Berno u l l i  s hows, can be 
expressed by a d ifferent ia l  
eq u ation in  the man ner of 
Leibn iz's calcu l us .  However, 
as Bernou l l i  recognizes, h is 
d ifferential  eq u ation for the 
catenary curve can not be 
expressed by an a l gebraic 

moment of the p lanet's action . Therefore, the p lanet's 
act ion had to be measu red as a fu nction of th i s  pr inc ip le  
of  change.  

. 

Kepler's attempt to sol�e th is  problem led to the forma­
tion of his famous pri nc ip le  of equal  a reas. B ut, Kep ler's 
approach conta i ned a paradox. Kepler cou ld ' measu re 
where the pl a net h ad been, but the same method cou l d  not 
measure where the planet. wou l d  be. Th i s  problem, known 
as "The Kep ler  P roblem" req u i red the development of a 
new type of m athematics, which K�pler demanded in The 
New Astronomy. 

It was Kepler's chal lenge that provoked Leibniz to develop 
the i nfin ites imal  calcu lus .  In col laborat ion wi�h Johann 
Bernou l l i  and Christiaan H uygens, Leibniz appl ied his  calcu­
lus to the solution of many physical problems, such as the 
catenary. 

The problem of the catenary exempl ifies the superiority of 
Leibn iz's method over the neo-Ari stotel ian ism of Sarpi, 
Ga l i leo, et a l .  G a l i leo had ins i sted that the sh ape of the 
hangi ng chain was a parabo la, because the vis ib le appear­
ance of the chain  and the parabola were s i m i lar. However, 
ca refu l physical measurements by Joach im J u ngius,  and a 
later analysis by H uygens, demonstrated that G a l i leo was 
wrong. 

H uygens and Jakob Bernou l l i  (Johan n's brother) subse­
quently put out a chal lenge to determine the pri ncip le gov­
ern ing the hanging cha in ,  which Le ibn iz  recogn ized as an 
expression of h i s  u n iversal pri nc ip le  of least-act ion.  Both 

44 Spring 2004 2 1 st CENTURY 

expression.  
I n  h is treatment, Leibniz showed that Bernou l l i 's d ifferential 

equation cou ld  be expressed as the arithmetic mean between 
two opposite exponential curves. Leibniz a lso demonstrated 
the connection between this expression and the q uadrature of 
the hyperbola, hence the now common denotation of the cate­
nary by the hyperbol ic  cosine. 

L i ke Socrates, LaRouche has emphasized in the education 
of his youth movement, that the only way for a student to get 
to know someth ing is to relive the d iscovery as if  it were orig­
inal to the student. This is best ach ieved, LaRouche says, in  
d iscussion groups of  not less than 1 5  and not more than 25 
participants. 

The accompanying piece by Bernou l l i ,  taken along with 
Leibn iz's own work and LaRouche's more extensive writings 
on �he subjectl provide an excel lent basis for such education­
al  work. 

Notes _____________________ _ 

1 .  See, for example, Lyndon H. LaRouche, Jr., "Visualizing the Complex 
Domain," 21st Century, Fall 2003, p. 24, and "The Pagan Worship of Isaac 
Newton," 21st Century, Winter 2003-2004, p. 1 8. 

For Further Reading ________________ _ 

G.w. Leibniz, "Discourse on Metaphysics" (1 686). In Leroy Loemker, ed. 
Gottfried Wilhelm Leibniz Philosophical Papers and Letters (Chicago: 
Chicago University Press, 1 956), pp. 464·506, and in other locations. 

"Preface to Leibniz's New Essays on Human Understanding," by Abraham 
GOllhelf Kastner, Fidelia, Spring 2003, p. 79. 

Lyndon H. LaRouche, Jr., "Science for Teachers: Visualizing the Complex 
Domain," 21st Century, Fall 2003, p. 24. 
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How Global Warming May Cause the' Next . :t��(� 
The University of Kentucky website 

The Pentagon's eminence grise, Andrew Marshall, 
has been the source of key military-strategic 
blunders for more than three decades, His latest 
is an abrupt climate change scenario, in which 
there would be new wars over scarce resources, 

Ice Age...  ' 
by Thom Hartmann mge� 
While global :.varming is being officially Ignored by the pOlitical arm of the Bush Qrl",:n':" -« '  
a nd  AI Gore's recent conference 00 the tMl� tI,,",-- . - . '. . . , s Canac omvi<!"" tn'_ ,. " ' 

'h ' terrorism '  say 
. . r threat t an I 

Global warmtng blgge 
" _ � _ '  __ ' r;; '004 

From 'War on Terror' 
To 'Climate Warfare' 
by Ralf Schauerhammer 

U nder the  head l i n e  " Now the 
Pentagon Tel l s  . B ush : C l i mate 

Change Wi l l  Destroy Us," the London 
Observer's Feb, 22 issue brought sensa­
tional news: "Cl imate change over the 
next 20 years cou ld result in a global 
catastrophe costing m i l l ions of l ives in 
wars and natural d isasters, ' "  A secret 
report, suppressed by u.s.  defense chiefs 
and obtained by the Observer, warns that 
major European c ities w i l l  be sunk  
beneath rising seas as  Britain is p lunged 
into a 'Siberian' c l imate by 2020, Nuclear 
confl ict, mega-droughts, fam ine and 
widespread rioting wil l  erupt across the 
world, ' "  The document predicts that 
abrupt climate change cou ld bring the 
planet to the edge of anarchy as countries 
develop a nuclear threat to defend and 
secure dwindl i ng food, water, and energy 

suppl ies, The threat to global stabi l ity 
vastly €cI ipses that of terrorism," 

Just how the Observer obtained this 
"suppressed" report, isn't nearly as mys­
terious as the ed itors make it out to be, 
The report in  question is titled "An 
Abrupt C l imate Change Scenario and Its 
Impl ications for U n ited States National 
Secu rity," It was �ut together u nder the 
d i rection of Peter Schwartz, d i rector of 
the G lobal Bus i ness Network, and was a 
worki ng draft for a more extensive arti­
cle titled "Cl i mate Change for a National 
Security Threat," which appeared in 
Fortune magazi ne's Jan, 26 issue, 

What's more interesti ng, is that 
Schwartz's paper had been commissioned 
(and s l ipped to the press) by a central 
planning group inside the u.s.  Defense 
Department led by Andrew Marshal l .  

F o r  more t h a n  th ree decades, 
Marsha l l  has headed u p  the Office for 
Net Assessments, and is considered to 
be Pentagon's eminence grise, Most of 
the key U.S ,  m i l itary-strategic b lunders 
of recent decades can be traced d i rectly 
to h i m-for example, the utopian impe­
r ia l  " Revo l ution i n  M i l itary Affai rs," 
which can be best described as the mil­
itary equ ivalent of the "New Economy" 
swi ndle,  And it a lso comes as no great 
su rprise, that Marsha l l  has harbored a 
decades- long h atred aga i n st Lyndon 
LaRouche and his ideas, 

In the very fi rst sentence of the 
Fortune artic le, para l lels with the "War 
Against Terrorism" are c learly drawn : 
"G lobal warm ing may be bad news, but 
let's face it, most of us spend as l i ttle 
time worrying about it as we d id  about 
al-Qaeda before 9/1 1 , L ike the terrorists, 
though, the seemingly remote c l i mate 
risk may hit  home sooner and harder 
than we ever imagi ned ," 

Also interesting is the political signifi­
cance which the Observer attributes to 
the report: "So dramatic are the report's 
scenarios , , , that they may prove vital in  
the U.S.  elections," Because, amazi ngly, 
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the report was commissioned "by influ­
ential Pentagon defense advisor Andrew 
Marshal l ;  who . . .  was the man behind a 
sweeping recent review aimed at trans­
form ing the American m i l itary under 
Defe�se 

. 
Secretary Donald Rumsfeld." 

And coming thus out of that corner, it 
means big trouble for Bush, reports the 
Observer: "The find ings wi l l  prove humi l­
iating to the B ush Administration, which 
has repeated ly den ied that c l i mate 
change exists . . . .  Democratic frontrun­
ner John Kerry is known to accept c l imate 
change as a real problem . .  : .  The fact 
that Marshal l  is beh ind its scathing find­
ings wi l l  aid Kerry's cause." 

The B ush Ad m i n i strat ion can not 
enterta in  the false hope that the issue 
might not emerge as a major one over 
the next few months, because on May 
28, a new fi l m ,  "The Day After 
Tomorrow," is set to hit  the box offices. 
It enacts a sudden and catastrophic entry 
i nto a new Ice Age, with scenes just as 
gripping 'as were those of another fi l m  
made 2 1  years ago, "The Day After," 
about the aftermath of a nuclear strike 
against the U n ited States. 

The 'Scientific' Background 
Just how hasti ly this new scare cam­

paign has been cooked up, is demonstrat­
ed by its flimsy scientific underpinnings. 
Fortune's account refers to Schwartz's 
"secret report" in these terms: In connec­
tion with the World Economic Forum in  
Davos, Switzerland, there was "a  session 
at which Robert Gagosian, d irector of the 
Woods Hole Oceanograph ic Institution in  
Massachusetts, urged pol icymakers to 
consider the impl ications of possible 
abrupt c l i mate change with i n  two 
decades." The reference is fitting, because 
it was those theses presented by Gagosian 
to the World Economic Forum in January 
2003, which Schwartz has uncritical ly 
adopted as his  own. 

Accord ing to Gagosian's theory, glob­
al warm i ng wi l l  lead to a steady increase 
in the amount of melt-off water in the 
world's oceans, which, in turn, wi l l  
cause the warm G u lf Stream to sudden­
ly change course, such that it wi l l  no 
longer reach into the Northern Atl antic. 
This, in  turn, wi l l  trigger a sudden glob­
al  c l imate change, which wi l l  man ifest 
itself differently in various parts of the 
globe-but always with negative effects: 
In cold regions, it wi l l  get even colder, 
and in warm regions, drought and deser-
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tification w i l l  increase, whereas i n  
regions with storms and monsoon rains, 
the intensity of those weather events wi l l  
increase catastrophical ly. 

A l l  this, of cou rse, can be model led 
and precalcdlated by computers-but 
that sti l l  doesn't make science fiction 
into real science, by a long shot. 

In  fact, there's noth ing new about this 
theory. The basic outl ine was set forth 
back in 1 997,1 and in 2001 , Gagosian 
made an identical presentation on "The 
Economic and Social Consequences of 
G lobal Environmental Changes." But 
back then, Peter Schwartz was apparent­
ly concentrating on other th ings, and this 
crucial  issue somehow escaped his 
notice. Indeed, back then-shortly after 
Sept. 1 1 ,  2001 -Peter Schwartz wrote the 
fol lowing on the G lobal Bus i ness 
Network's website: "If it is true, as many 
are argu ing, that World War III has begun, 
then it is critical to understand what the 
war is about. . . .  Osama bin Laden is 
only the expression of a much bigger 
problem. . . .  Throughout the Is lamic 
world, from Pakistan to the Middle East 
and North Africa, there are very few suc­
cessfu l nation-states. Most of them have 
fai led . . . .  They need an enemy to justify 
their fai lure . . . .  There are at least 1 0  key 
countries, in three groups, that need to be 
dealt with in any broad campaign against 
terrorism." The countries named incl ude 
Sudan, Afghanistan, Saud i Arabia, I ran, 
and Syria. According to Schwartz, "Our 
targets must be both the terror network 
and the governments that support it. We 
much pun ish the evildoers by eradicati ng 
them." 

But now that the neo-conservatives' 
preventive warfare doctrine has demon­
strably fai led to have the desi red effect, 
Schwartz has suddenly d iscov�red that 
the world's c l imate poses a "threat to 
global stabi l ity" which "vastly ecl i pses 
that of terrorism"!  

The Political Motive: 'Perpetual War' 
But Schwartz goes further, putting h is 

own overlay on top of Gagosian's abrupt 
c l i mate-change theory and "Weather 
Report for 201 0-2020." Gagosian's fore­
cast can't be perfectly accu rate, but nev­
ertheless, Schwartz writes, "there 
appears to be general agreement in the 
scientific commun ity that an extreme 
case l ike the one depicted below is not 
implausible." In view of the fact that 
even local short-term weather forecasts 
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are fraught with i naccuracies when they 
concern situations i nvolving rapid tran­
sitions between high and low pressure, 
there certain ly  does not exist any such 
"genera l agreement in  the scientific 
commun ity" as Schwartz c la ims .  

But this f ib  is sma l l  potatoes, com­
pared to some of h i s  other assertions. For 
example, Schwartz predicts that a cata­
strophic c l i matic reversal wi l l  occur as 
early as 2007, and on that basis, he 
spins out an end-of-the-world scenario 
fitti ng for a new movie script. 

And in fact, it's easy to see from the 
overa l l  style of his  "secret report," that 
Schwartz has been functioning for some 
time now as an 'advisor to Hollywood pro­
ducers, for example, for Steven Spielberg's 
fi lm "Mi nority Report." Schwartz gasps, 
"As glacial ice melts, sea levels rise . . .  
ocean waves increase in  intensity, damag­
ing coastal cities. Additional ly, m i l l ions of 
people are put at risk of flooding around 
the globe . . . .  Fisheries are disrupted as 
water temperature changes cause fish to 
migrate to new locations. . . .  Drought 
persists for the entire decade in critical 
agricu ltural regions and in the areas 
around major popu l ation centers in  
Europe and North America . . . .  Winter 
storms and winds intensify," and so on. 

By floating this c l i mate catastrophe 
scenario, Schwartz has la id  the ground­
work for h is  main political c l i ncher:  "As 
abru pt cl i mate change l owers the 
world's carrying capac ity, aggressive 
wars are l ikely to be fought over food, 
water, and energy." 

And wouldn't you know it? Just in time, 
a new book has come out by Harvard pro­
fessor Steven LeBlanc, which "describes 
the relationship between carrying capacity 
and warfare." Accord ing to LeBlanc, future 
warfare is going to be a bit d ifferent: 
"Advanced states have steadi ly lowered 
the body count. . . .  Instead of slaughtering 
a l l  their enemies in the trad itional way, for 
example, states merely ki l l  enough to get a 
victory and then put the survivors to work 
in their newly expanded economy . . . .  Al l  
of that progressive behavior could col lapse 
if carrying capacities everywhere were 
suddenly lowered drastical ly by abrupt c l i ­
mate change. H umanity would revert to its 
norm of constant battles for d iminishing 
resources . . . .  Once again warfare would 
define human l ife." 

Given the existence of weapons of 
mass destruction, this scenario would 
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imply the extermination of most human 
beings on this p lanet. Accord ing to 
Schwartz, " In  this world of warring states, 
nuclear arms proliferation is inevitable . . . .  
China, India,  Pakistan, Japan, South 
Korea, Great Brita in, France, and 
Germany will all have nuclear weapons 
capabil ity, as wi l l  Israel, I ran, Egypt, and 
North Korea." 

Now, some dolts m ight have a crazy 
idea that the new trend toward prol ifer­
ation is  the resu l t  of Cheney and 
Ru msfeld's strategy of preventive 
nuclear warfare using so-cal led "min i­
n u kes." But strategic th i n ker Peter 
Schwartz sets us straight on that one: On 
the contrary, it's al l  the weather's fau It!  
And Andrew Marshal l  has noth ing but 
applause for such bri l l iant th inking.  

Eurasian land-Bridge Vs. Malthus 
Incred ibly, the entire "secret report" 

contains not a single sol itary word on 
the sign ificance of the economy for 
national security-despite the fact that 
only a few years ago, Peter Schwartz 
himself made some rather pithy com­
ments on the cou rse of the world econ­
omy. In his 1 999 book The Long Boom, 
which he co-authored with Peter 
Leyden, he forecast a coming period of 
sustained growth, dur ing w h i c h  the 
world economy would double in size 
every 1 2  years, and would bring increas­
i ng prosperity to b i l l ions of people. U p  
through 2020, t h e  new i nformation 
technologies would have spread the fun­
damental economic and political val ues 
of the U.S.A. into a l l  parts of the planet, 
and problems such as poverty, cancer, 
and global warm ing would have been 
e ither e l i m i n ated or su bstant ia l l y  
reduced, accord i ng to this seer. 

Such propaganda for globalization and 
"free-trade optimism" is merely one side of 
the neo-l iberal coin;  on its fl ip side, one 
can clearly distinguish the ugly face of 
Malthusian wars of extermination under 
conditions of reduced carrying capacity.2 
On July 1 3, 2000, Schwartz told a reporter 
for Executive Intelligence Review: " In  
1 986 [i .e., before he had publ ished h is 
optimistic boom book], I d id a study on 
this for AT&T, Royal Dutch Shel l, and 
Volvo. We concluded that people who 
have AIDS in Africa should not be kept 
al ive; they spread the d isease. It is better 
they should die quickly." Here he's show­
ing the kind of social Darwinism, usual ly 
a l l ied with outright racism, that is typical 
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of such neo-l iberals. It would be interest­
ing to know whether Schwartz now rec­
ommends the same prescription for AIDS 
victims in the U nited States and Europe. 

In Europe, where the pol itical el ite has 
been more receptive to Malthusian 
ideas, there could arise the false i l l usion 
that Europeans could have an important 
role as j unior partner, by "overcomi ng 
the c l i mate-related security threats" con­
com itant with decreasi ng "carry ing 
capacity." But beware! Malthus con­
cocted his theory of l im ited carrying 
capacity in  order to establ ish a political 
basis for abol ish ing centuries-old social  
laws; to rescue the economical ly bank­
rupt British Empire; and also, at the same 
ti me, to deprecate the successes of the 
young American republ ic .  So, now, 
apparently, d ismantl ing social  services 
and protections has once aga in  become 
the " in"  thi ng. 

The actual alternative to all this, both 
economical ly and from the standpoint of 
national security pol icy, is to establ ish a 
republ ican economy according to the 
pri nciples of physical economy, as set 
forth by economist and U .S.  Presidential 
cand idate Lyndon LaRouche. Europe 
shou ld not al low itself to be seduced into 
either a false "War Against Terrorism," or 
a Malthusian war of extermination based 
on a fraudulent theory about of the 
Earth's "carry i ng capacity." Instead, 
Europe should not waver in  adopting the 
concept of cooperation in  constructing 
the Eurasian Land-Bridge, and in  doing 
a l l  that" is requ i red to rescue Africa out of 
its cu rrent pit of despai r. 

Ralf Schauerhammer is an editor of 
the German-language science magazine 
Fus ion and an organizer with the 
LaRouche political movement in 
Germany. He is the co-author of the 
Holes in  the Ozone Scare: The Scientific 
Evidence That the Sky Isn't Fal l i ng, pub­
lished by 2 1 st Century in 1 992. 

Footnotes ___________ _ 

1 .  See A.B. Alley, T. Sowers, P.A. Mayewski, M. 
Stuiver, K.C. Taylor, and P.U. Clark, "Holocene 
Climate Instability: A Prominent, Widespread 
Event 8,200 Years Ago," in Geology. Vol. 26, No. 
6, 1 997. 

2. Rail Schauerhammer, "Warum es wirklich keine 
Grenzen des Wachstums gibf' ("Why There 
Really Aren't Any Limits to Growth"), in Neue 
SolidariUit, No. 1 5, April 10 ,  2002. This 
appeared in English in 21st Century Science & 
Technology. Spring 2002. 
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,Maupertuis: The Man Who Tried . to Flatten Leibniz 
·by David Shavin 

The Man Who Flattened the Earth: 
Maupertuis and the Sciences in the 
Enlightenment 
by Mary Terrali 
Chicago: University of Chicago Press, 2003 
Hardcover, 408 pages, $39.00 

I n the 1 8th Centu ry, P ierre-Louis  
Moreau de Maupertu is  was main ly 

known for two thi ngs: h i s  exped ition to 
Lapland to make geodetic measure­
ments (showing that the Earth is flat­
tened at the poles, and not at the equa­
tor), and his making a fool out of h imself 
and the Berl in  Academy of Science, in 
presid ing over flagrantly pol itical opera­
tions that attempted to e l iminate the sci­
ence of Gottfried Leibniz. The former 
accomplishment was largely a success 
of publ ic relations, whi le  the l atter was 
so ug ly, that it both poisoned 
Maupertuis's remain ing days, and failed 
in  a rather happy fashion. 

Author Mary Terral l ,  an assistant pro­
fessor of h i story at the U n iversity of 
Cal iforn ia  at Los Angeles, seems to 
have chosen to focus on Maupertu is 
because she finds that successfu l publ ic  
re l ations i s ,  for the science student of 
the 2 1  st Centu ry, the critical lesson to 
draw from h i s  l ife. She thi nks that the 
ear l ier, 1 992 revival of Maupertu is, 
(David Beeson's Maupertuis: An 
Intellectual Biography), in trying to assess 
Maupertu is in terms of the status of h is  
ideas, fai l s  to appreciate his  social ski l l s  
and talents. 

In fol lowi ng Maupertuis's movements 
and choices, Terral l  has performed the 
useful task of showing how Mau pertu is 
prostituted h i mself-although it certa in­
ly appears that she wou ld have a new 
generation of scientists be sed uced i nto 
the same practices. Mau pertu is  was 
qu ite adroit at flattery, at impressing 
women at salons, and evidently a lso in 
boud o i rs .  She quotes the Abbe Le 
B l anc:  "M. de Mau pertu is played h is  
gu itar at  the toi l ette of  duchesses and at 
the su ppers of mi� i sters. They have 
paid h i m  with a posit ion without 
responsib i l ities that was created j u st to 
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Flattened the Earth 

Mary Terra l l  

give h im 1 ,000 crowns more than he 
al ready had." 

But Maupertuis's faci l ity wou ld be 
extended beyond the salon. 

Maupertuis's Career 
Maupertuis's father was one of the 

pi rates of B rittany, who succeeded i n  
d ispensing with h i s  sh ips and converting 
to financial piracy on l and, in  such spec­
u lative fi nancial ventures as the infa­
mous "South Seas Bubble." H i s  fi rst­
born, P ierre-Lou is, was educated to 
attend the salons of Paris. 

Maupertu is's preference for games­
manship over physical causal ity was 
establ ished in one of his first papers for 
the Academy, his 1 726 "Sur une ques­
tion de maximis et min im is" (On a ques­
tion of maximum and min imum).  Here, 
as Terra l l  explains, he was "to find 
trapezoids of greatest and least area, 
given certain  conditions for the lengths 
of the sides." He wrote an algebraic for­
mu la, d ifferentiated it, and obtained not 
two, but fou r  solutions-two of which 
were not trapezoids. Normal l y, such an . 
event need not be fatal ,  should one s im­
ply go back and re-examine the axioms 
that mis led one to propose such an over­
ly broad algebraic encapsu l ization.  

But Maupertu is evidently was wi red 
d ifferently. He proud ly c la ims:  " Noth ing 
shows better the advantage of algebra 
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over geometry in the solution of prob­
lems than this abundance with which it 
gives not on ly  what we had meant to ask 
of it, but a lso everyth ing depend ing on 
the same conditions and that we d id  not 
th ink of asking it." 

This weakness for the magical fecun­
d ity of formal isms sure ly was not over­
looked by whomever promoted his next 
career move. I n  1 728, Maupertuis made 
an unusual vis it  to the Newtonian estab­
l ishment of London, where he was rap­
i d l y  made a member of the Roya l 
Society with i n  about one month of his  
arrival .  ( I t  wou ld take h i m  a few more 
months, after leaving London, to cure 
h i mself of the syph i l is that he had con­
tracted there.) 

Deploying against Bernoulli 
Maupertu is then launched into his  

most d i ffi c u l t  project-a th ree-year 
deployment ( 1 729-1 732)  agai nst the 
sti l l -active Johann Bernou l l i, Gottfried 
Leibniz's c losest scientific col laborator. 
In 1 724, Bernou l l i  had been s l ighted by 
the Paris Academy, in its essay contest 
promoting a "hard bal l "  (or "bi l l iard 
ba l l " )  notion of physica l  causal ity. 
Bernou l l i's essay showed that an analy­
s is  based upon the elasticity of sub­
stance, instead of a fu ndamental impen­
etrabi l ity, was powerfu l and correct. It 
was obviously the superior essay of the 
contest, but it was passed over in favor 
of Co l i n  Maclaur i n's N ewton ian  
approac h .  

Bernou l l i , based i n  Basel ,  h a d  been 
trying for five years to persuade the 
Paris Academy to engage in a healthy 
d i scussion of the u nder ly ing issues. 
Mau pertu is  offered h i m self as 
Bernou l l i's advocate in Paris. He then 
took advantage of the position to d i rect 
Bernou I I  i to demonstrate the ma i n 
weaknesses in Newton, and ind icate the 
l i nes of improvement in  the product, so 
that Newton cou ld  be marketed outside 
of G reat B rita in .  

Maupertu is's market ing of  N ewton in  
France explo ited the u nexa m i ned 
ax ioms in Descartes. H i s  open i ng 
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sa lvo, i n  1 73 2 ,  Discourse on the 
Various Shapes of the Celestial Bodies, 
with an Exposition of the Systems of 
Mssrs. Descartes and Newton, argued 
that Newtonian "attraction bei n g  no 
less possible in  the natu re of thi ngs 
than [Cartesian]  impulse, we can use 
both of them ."  In France, Mau pertu is  
wou ld offer h is  gentleman's agreement, 
whereby each fact ion's u nexami ned 
axioms and occu lt qual ities wou ld be 
a l lowed to c i rcu l ate und istu rbed as the 
debased c u rrency of the s c ient if ic  
rea lm.  

Voltaire joi ned Mau pertu is's project 
that same year ( 1 732), writi ng:  "Your 
first letter baptized me i n  the N ewtonian 
rel igion, your second gave me my con­
firmation.  I thank you for your sacra­
ments." For the next 20 years, these two, 
along with their shared mistress, Em i l ie 
du Chatelet, led the proselytization for 
Newton on the continent. 

Perverting 'Least Action' 
H owever, in the 1 740's, when 

Maupertuis accepted the appoi ntment 
to head the Berl in  Academy, he had to 
dig deeper into his grab-bag of tricks to 
attempt to root Leibniz out of Germany. 
He wou ld combine with Leonhard Euler 
in  "glove-and-fist" operations, where 
sophistry and naked th reats were i nter­
mixed. 

F i rst, Maupertu is  adopted the 
Leibnizian phrase, " least action," for h i s  
pecul iar transformation o f  val ues i n  the 
Berl in  Academy of Science. For Leibn iz, 
a " least action" principle reflects the 
fundamenta l ly  good workings of God, 
whereby the Creator's hand iwork 
betrays a pattern that is increasingly 
inte l l igible to man, made in  H i s  i mage. 
God works inte l l ig ib ly, not randomly. 
For Maupertu is, such a principle reflects 
God's laziness. 

In  the specific case of the refraction of 
l ight, for example, from a less dense to a 
more dense medi um, the l ight fol lows a 
" least action" pathway. H owever, 
instead of tak ing the path of least d is­
tance, as in the case of reflection (the 
case of a "zero" change in the density of 
medium), the l ight takes the path of least 
time. For Leibn iz, this has several impl i ­
cations; namely: Action is more funda­
menta l than any resu ltant d istance; 
reflection is a derived (and col lapsed) 
case of refraction; and s ine/cosine-or 
c i rcu lar-va l ues are more rea l  and 
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causal than mere length-or l i near­
values. 

Maupertu is expl icit ly reverses this.  In 
the . paper which was the basis of his 
i naugura l  address to the Berl i n  
Academy, Mau pertu is asks : "What pref­
erence could it [ l ight] have for time over 
d istance?" He argues for the more "com­
mon-sensical" notion that what we th ink 
we. can see-length-must be pri mary; 
and the somehow metaphysical notion 
of c i rcular  constructs (si nes or cosi nes) 
must be derived from the l i near. 

h i s  new and improved " least action" 
principle on a royal pedestal in Berl in, 
by publ ish i ng a particu larly ornate pres­
entation of th is  mess, h i s  Cosmologie. 
But i n  1 75 1 , a Professor Samuel Koenig 
(a former student of B ernou l l i  and 
Christian Wolff) issued a publ ic chal­
lenge, correctly assert ing that Leibniz 
had developed the " least action" princi­
ple, and that it was not what Maupertu is 
was peddl i ng. It was for Euler to bring 
down the fist, with a publ ic  trial in 1 752 
that rai l roaded Koenig. B ut its heavy­

handedness demoral ized the 
Berl in  Academy and disgraced 
Maupertuis, who began to suf­
fer i l l nesses that kept h i m  from 
publ ic duties. It also fired up two 
young geniuses, Gottlob Lessing 
and Moses Mendelssohn,  to 
come to Leibniz's defense, and 
to successfu l ly r idicule the fol ly 
of the science d ictators. 

Pierre-Louis Moreau de Maupertuis (7 698- 7 759): 

In sum, from 1 746 to 1 755, 
Mau pertu i s  and Eu ler  h ad 
assau lted Leibn iz's legacy at the 
Berl in  Academy, in operations 
that incl uded : the "least action" 
c harade; a rigged Academy 
1 746-1 747 "contest" aga i nst 
Leibn iz's concept of the monad; 
and another 1 753-1 755 "con­
test" designed to red uce 
Leibniz's concept of "the best of 
a l l  possib le  worlds" to the 
amoral sophistry of Alexander 
Pope, that "a l l  [that is] i s  for the 
best." Lessing and Mendelssohn 
matured from 1 7-year-olds to 
26-year-old men, forged in  bat­
tle against Maupertuis's sophis­
tical truth-hati ng rule, and, in 
their own way, they proved yet 

An advocate of the senses, the sensual, and Issac 
Newton, and an antagonist of the ideas and 
method of  Leibniz and Bernoulli. 

For Maupertu is, God has a l ready 
invented the law of reflection (of least 
distance). This must be primary for God, 
because we stumble upon it fi rst. 
Therefore, God would not be acting in  a 
" least action" sort of way if he were then 
to i nvent a higher order l aw of refrac­
tio n !  So, with regard to refractive phe­
nomena, it seems that man simply has 
some sort of confusion of his senses; and 
the road to c larity involves his getting 
back to the basics of scalar lengths­
and, in general, the basics of the five 
an imal senses. 

In 1 750, Maupertu is attempted to put 

aga in  that it was indeed the best 
of a l l  possible worlds. 

Maupertu is never recovered . 
The Leibniz Gap 

Mary Terra l l  probably h as done more 
work on Maupertu is than anyone in 
h i story, inc lud ing or ig inal  trans lations 
of many French and German docu­
ments. Unfortu nate ly, she i s  largely 
i l l iterate with regard to Leibn iz-and 
that does cause a few problems when 
one's subject i s  put forth as the l ead ing 
antagon ist to Leibniz.  Among a vo l u m i­
nous I ist of sources that she has read, 
her on ly  l isti ng for her study of Leibniz 
i s  Ph i l ip Wiener's 1 95 1  Engl ish- Ian-
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Gottfried Wilhelm Leibniz 
( 7 646- 1 7 1 6) 

guage Selections. 
When Terra l l  is concerned, for exam­

ple, to connect Maupertu is's use of the 
term "perception" with h is reading of 
Leibn iz's Monadology, she prefers to 
use Wiener's Engl ish transl ation of this 
sensitive French text, despite her habit­
ua l  use of French texts. At times, matters 
become a bit lud icrous. She begins a 
footnote, "On Leibn iz's vision for the 
Berl i n  Academy, see . . .  " and then she 
proceeds to cite a commentator's 23-
page artic le  from a 1 996 Isis magaz ine, 
instead of s imply referencing Leibn iz's 
own (much shorter) art icle on h i s  idea 
for his Academy. 

There is  no b l u s h i ng here, j ust 
deepl y  i ngra i ned h abit.  No one is  sup­
posed to actu a l l y  study Leibn iz, in the 
sense of h av ing an open honest rela­
tionsh i p  with Leibn iz's works. As such, 
Mary Terra l l  herse lf is  a typical ,  mod­
ern-day scholar ly victim of what the 
Mau pertu is operation orig ina l ly  set out 
to accompl i sh .  

Aga in ,  i n  the  crit ical  section on 
Maupertuis's treatment of Leibniz and 
Fermat on refraction and " Ieast action," 
Terra l l  completely misses the point. She 
explains the preference of Maupertu is's 
God for matter over action : "God prefers 
a world fu nctio n i ng economica l l y, 
where a l l  changes or motions cost the 
l east 'expend iture . '  " The imp l ic it 
assumption is that action is measu red in  
terms of  the less "expensive" matter, 
and/or that God prefers entropic dead 
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Johann Bernouilli 
(7 667- 1 748) 

matter to action. 
In  this section, Terra l l  seems to rely on 

on A.1. Sabra's Theories of L ight from 
Descartes to Newton, which fol lows 
Euler's secondary argument that Leibniz 
real ly  assumed that l ight moved faster in 
a denser med ium, and that he differed 
from Fermat on the matter. She wou ld 
have done better to have read the short 
analysis of l ight moving through increas­
ingly more-dense media, in the h istoric 
col laboration between Leibniz and 
Johann Bernoul l i, known as  the brachis­
tochrone problem. 

In  fact, in  1 742, Bernou l l i ,  as an old 
man, republ ished that same 1 696-1 697 
brach istochrone materia l  that he had 
instructed Maupertuis on back in  1 730. 
And j ust two years l ater, i n  1 744, 
Maupertu is wrote his contrary version of 
the same. Because th is is just the sort of 
textual h istory that Terra l l  otherwise spe­
cia l izes in; it only emphasizes what a 
massive bl ind spot she has in areas of 
basic l iteracy of Leibn iz's work and 
thought. 

Deeper into the Leibniz Pit 
Terra l l  bel ieves that she is correcting 

the record, where the 1 992 Beeson 
biography had too simply assumed that 
Maupertu is was anti-Leibniz.  " Beeson 
exaggerates Mau pertu is 's ant i­
Leibniz ian views," she writes, whereas 
she presents Maupertu is as more even­
handed dur ing the fi rst b ig  attack 
against Leibniz at the Academy. But 
what Terra l l  succeeds in  recounting is  
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how Maupertu is rel i ed upon Eu ler to do 
the d i rty work, wQi le  he kept at arm's 
length. 

S imply summarized, the anti-monad 
contest was launched in the first weeks 
of Maupertu is's pres idency of the 
Academy in 1 746, and Maupertu is ran 
cover for Eu ler, as Eu ler ran the commit­
tee that chose whatever anti-monad 
essay was avai lable.  The controversy 
was massive, and years l ater, Eu ler 
bragged about the p rotests of the 
Leibnizians. 

Terral l 's pains to paint Maupertuis as 
an in nocent bystander i n  a l l  this, 
ensnare her, rendering her account both 
weak and biased. For example, she 
asserts that Eu ler's early publ ic  declara­
tion to the potential essayists as to the 
anti-monad orientation of the judges, 
was somehow counterbal a nced by 
protests registered after the essays had 

. been written .  Her phrase is  that there 
was an a i ring of "the whole controversy 
before the essays had even been col lect­
ed by the prize com missioners." 

B ut the essays had largely been writ­
ten. She cou ldn't possib ly  th ink  that this 
wou ld cure the bias; but she cou ld think 
it were important for Maupertuis to 
appear wel l-i ntentioned . 

Terral l  c laims a more d ispassionate 
view of Maupertuis's attitude toward 
Leibn iz, a view acknowledged to stem 
from Ernst Cassi rer, the Marburg neo­
Kantian who taught at UCLA during 
World War I I ,  and who said that 
Maupertu is  was c l ose to Leibniz .  
Maupertuis, Terra l l  says, s imply "substi­
tuted physical points for Leibn iz's meta­
physical poi nts, transferri ng the proper­
ties of monads tQ material  particles and 
undercutt i n g  the fou ndations of 
Leibn iz's system." 

What must she u nderstand of 
Leibn iz's concept, if she also th i n ks this 
substitution a m i nor matter? And, in fact, 
this l ine was al most exactly the same as 
Eu ler's publ ic  threat referred to above­
that monads cou ld  not be metaphysical, 
as only material ity cou ld be al lowed to 

. account for causal ity. 
With friends l i ke this, one doesn't lack 

for enem ies. 
Terrall's supposed improvement upon 

the account of Cassirer is  based upon the 
realization that he doesn't "address the 
ambivalence of Maupertu is toward 
Leibn iz, which is related to h is  position 
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in Berl in ." It turns out that- Maupertuis's 
operations against Lei bniz,  and h i s  
shocking thuggery agai nst t h e  poor 
Professor Koenig, were psychological 
abreactions, the result of his guilt in  tak­
i ng over the Berl i n  Academy from 
Leibniz. We can assume that modern day 
science control lers may also experience 
such abreactions, but now they m ight be 
understood and, perhaps, amel iorated . 

The 'Science' of Seduction 
In the final analysis, Terral l 's praise for 

Maupertu is is that he was a master of 
seducing the ru l i ng el ite. Her account of 
Maupertuis's 1 744 Venus physique d is­
p lays the author at the height of h i s  art. 
At the peak of h is  statu re and s inecures 
in France, and in the midst of h i s  work 
on refraction and " least act ion,"  
Maupertu is instructs and entertains the 
upper class on the l atest cu riosity, an 
a lbino African boy d isplayed in Paris. 

Maupertuis's biology and genetics les­
sons for ladies, first invites the ( ideal ized 
female) reader to consider her own body, 
and then begins to explain that pleasure 
drives a l l, and that the sperm does not 
impregnate the egg, but genetic material 
comes from interm ingled ju ices: "She 
who charmed him ign ites with the same 
fire that burns h im;  she gives herself u p  
to its transports; a n d  the happy lover rap­
idly traverses a l l  the beauties that over­
powered h im.  He has a l ready arrived at 
the most del icious spot. Oh, u nfortu nate 
man, whom a mortal kn ife [castration] 
has deprived of that state! If the b lade 
had ended your l ife, it wou ld have been 
less deadly. . . .  In the human species, 
pleasure makes everyth ing else disap­
pear before it; in  spite of a thousand 
obstacles to the union of two hearts and 
a thousand torments that are bou nd to 
fol low, pleasure d irects the lovers to the 
goal nature intended." 

After establ ishing this pleasu re-pri nci­
ple, and going on i n  this vein  about the 
mating habits of various an imals, he 
proud ly annou nces: " I  have searched 
several times with an excel lent m icro­
scope to see whether there aren't s imi lar 
animals [as in sperm] i n  the fl u id  that 
women produce." 

Havi ng revealed h is  bold research 
methods, h is  remai n i ng audience is now 
prepared for the d izzying secret of the 
Newtonian attractive force. N ot only are 
a l l  the particles under the microscope 
driven by animal i nsti nct, each for the 
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Air (or water) 

D C 

REFLECTION 
Shown is least action from A to B, 
given some reflection off a surface. 
Angle a = angle (3 .  Least distance is 
seen; least time is implicit. 

other, but he: "cannot help pointing out 
that these forces and these affin ities are 
noth ing other than what other more dar­
i n g  p h i l osophers cal l  [Newton ian]  
attraction .  Th is  ancient term, revived in  
our times, at  first shocked those scien­
tists who thought they cou ld expla in 
everything without it." 

An ima l  i nstinct is  the · key to 
Newtonian gravity; and, as such, we can 
dance a l l  around it and play with it and 
tease each other about it, but we shou ld 
no more ask for an u nwrapping of the 
worki ngs of gravity than we shou ld  
probe any deeper into the behavior of 
human bodi ly  fl u ids. Or, we a l l  depend 
u pon occult  forces. 

Terra l !  summarizes Maupertu is's 
Venus physique saying: "The reader is  
left reflecting on the animal ity of h uman 
desires and behavior, with in  the highly 
styl ized and eroticized framework of 
pol ite society and fash ionable l iterature. 
The hybrid genre of the book suited the 
speculative content, more provocative 
than defi n itive . . .  but nevertheless 
c la im ing an authentic ity for its interpre­
tation of phenomena." Iron ica l ly, this is 
al most a c l i n ical description of Terral l 's 
own book, except that her subject is not 
the dance of sex, but the dance of th� 
so-cal led scientists in pursuit of a career. 

. Terral l 's concl usion emphasizes the 
lessons for today's buddi ng scientists: 
" [M]aking an identity in science under 
these c ircumstances entailed speaking 
s imu ltaneously in  d istinct but related 
voices. The voice of the loyal subject and 
servant of the state alternated with that of 

A 

REFRACTION 

Descartes's 
mistake 

Light minimizes the time of the trip 
-not the distance-from A to B. 
Sin -y/sin B is the ratio of the refractive 
index of the media. 

the u nfettered m i nd in pursu it of dis inter­
ested truth. Maupertuis saw academies 
as vehicles for receiving patronage from 
the h ighest c ircles of government and as 
a framework for d ispensing patronage 
h imself. H is obsession with marks of 
honor, such as t itles and pensions, 
betrayed h is  desire to assert the noble 
status of h is cal l i ng.  For Maupertu is, 
being a man of science was the means to 
reputation, and even glory." 

The art of Terral l 's book consists in her 
attempt to make a l l  of this sound l i ke a 
good thing. 

I ron ical ly, were the author to have 
looked out her wi ndow at UCLA at the 
right time, she would have seen mem­
bers of the LaRouche Youth Movement 
out in the open a i r  on campus, with ped­
agogies on the crucia l  d ifference in the 
cases of the reflection and the refraction 
of l ight (that is, that action is  of a h igher 
order than d istance). There, the minds of 
excited students could focus on the 
change in  the idea of l east action itself, 
as a reflection of the " least action" char­
acteristic of the i r  m i nds. 

Terra l !  wou l d  h ave witnessed­
through the youth d ia logues-scientific 
d iscourse and inqu i ry as a means for 
equ i pping human bei ngs for pursu ing 
truth and making h istory. And instead of 
bei ng the author who depressed her stu­
dents and readers about The Man Who 
Flattened the Earth, she m ight have re­
appraised her extensive fam i l i arity with 
Maupertu is's words and actions, and 
written the tragi-comedy, The Man Who 
Tried to Flatten the Mind. 
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Global Warming: More Hot Air 
by Howard Hayden 

The Discovery of Global Warming 
by Spencer R. Weart 
Cambridge: Harvard Uniyersily Press, 2003 
Hardcover, 91 pp., $24.95 

An End to Global Warming 
by Laurence O. Williams 
New York: Pergamon Press (Elsevier 
Science) , 2002 
Hardcover, 209 pp., $78.00 

Thermometers at the surface of the 
Earth, sometimes correctly placed in  

c lean, standard ized wh ite, louvered 
boxes with good a i r  c i rcu lation, some­
what more than a meter above ground, 
measure the ambient air temperature. 
They do so where there are people to 
read the thermometers. A small  fraction 
of the globe is a<;:curately measured by 
such thermometers, and there is l ittle 
reason to conclude that the readi ngs are 
actua l ly  representative of the Earth's 
average temperature. Moreover, year-to­
year changes in the thus-averaged tem­
perature may or may not reflect year-to­
year changes in the average temperature 
of the enti re Earth. 

Microwave Sou nding U n its (MSUs) in 
weather sate l l ites measure temperature 
remotely, but do so for the entire Earth's 
surface, giving equal weight to every 
square k i lometer. The record spans a rel­
atively short time-since 1 979. 

Whatever the relative qual ities of the 
two types of measu rements, they do not 
agree on the recent temperature h istory 
of the Earth. The National Academy of 
Sciences investigated the problem, and 
cou ld find no fault with the sate l l ite data 
or interpretation. Moreover, the MSU 
data are in  close agreement with data 
from weather bal loons. 

That much said, let us take a look at 
these two recent books about global 
warm ing. It is hard to take any book on 
global warm ing seriously, if it does not 
even mention the d isparity between 
sate l l ite data and the su rface tempera­
ture record . Neither of these two books 
makes any reference to the satel l ite or 
the bal loon data. If they can't even iden­
tify the controversy, they can't offer any 
insight into the controversy. Each book, 
however, does have something to offer, 
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even if the cu rrent situation is  not 
incl uded . 

From History to Polemics 
Spencer Weart is a h istorian of physics 

at the American Institute of Physics. H is  
book is about the h istory of the  idea of 
global warming, including i nteresting 
data about Milankovitch cycles (cycl i cal 
variation in  the solar irradiance as a 
result of regular periodic changes i n  the 
Earth's orbital inc l ination and distance 
from the Sun): Fi rst, these cycles were 
interesti ng, then they were pooh­
poohed, because they did not expla in  
the (then-bel ieved) four ice ages in  the 
h istory of the Earth . When ice-core data 
revealed many c l imatic osc i l l ations, the 
Mi lankovitch cycles began to agree far 
better. 

. About halfway through the book, 
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Weart's presentation changes from a d is­
passionate h i story of science into a 
polemic, argu ing that global warm ing is 
a human-caused real ity, and implying 
that everybody who says otherwise is a 
sh i l l  of the coal and o i l  industries. 

To give some idea of Weart's bias, 
note that there is  no mention of weather 
sate l l ites, or of weather bal l oons. Global 
warming promoter Stephen Schneider 
has precisely ten i ndex entries, versus 
only one for S. Fred S i nger, the first head 
of the U .s. Weather Sate l l ite Service. 
Weart does not mention that the 
Executive Summary of the Inter­
governmental Panel on C l i mate Control 
( I PCC) bears - l ittle resem blance to the 
actual fi ndings of I PCe's scientists, nor 
does he mention that most partic ipants 
were not scientists at a l l .  He makes no 
mention of global warr;ning advocate 
Ben Santer's famous rewriting of the 
Executive Summary. 

Weart shows what has come to be 
known as Mann's " hockey stick graph" 
showing a nearly constant temperature 
for the last m i l lennium, but r is ing dra­
matica l ly  in the l ast centu ry. He says not 
a whit about data from hundreds of 
papers of h istorical temperature proxies 
that argue to the contrary. One should 
expect better from a serious h i storian of 
science. 

S i nce Weart's book was publ ished, 
Canad ian scientists Stephen Mcintyre 
and Ross McKitrick d iscovered that 
Man n's underlying data h ad been "man­
handled";  the i r  re-analysis yields the 
result that the 20th Century was not the 
warmest in the past 1 ,000 years. Also S. 
B a l i u nas 'and W. Soon at Harvard­
Sm ithsonian, have compi led the data on 
temperature proxies and showed that, 
contrary to Mann's assertions, the cl i­
mate has varied widely dur ing the last 
m i l lennium. 

On h is  website (http ://www.aip.org/ 
h istory/ci i mate/20ctrend .htm, reference 
47), Weart makes the fol lowing cla im, 
which is s imu ltaneously false and i rrele­
vant: " I n  debates dur ing 2001 -2003, 
after the period covered by these essays, 
this conclusion came u nder attack by a 
few scientists. Nearly a l l  other experts 
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found the criticism groundless, based on 
grossly improper statistical methods." 

Weart's claim is false, because no pol l 
was ever taken. It is i rrelevant, because 
science is decided by experi mental 
facts, not by consensus. 

Weart mentions Carl Sagan's predic- . 

tion that so-ca l l ed "nuclear winter" 
would fol low a nuclear war. He does not 
mention that Sagan pred icted, in a 
debate on "N ightl ine" with Fred S inger, 
that the Earth would turn into an ice bal l  
after Saddam H ussein set fire to o i l  wel ls 
as his troops were driven from Kuwait. 

It is difficult to attribute such omis­
sions to mere ignorance. 

A Lack of Understanding 
Wi l l iams's understanding of the contro­

versies about global warming is no better 
than Weart's. He has the obl igatory 
doomsday chapter about global warming, 
complete with silly statements l i ke :  "Plants 
wil l  not be able to take advantage of the 
extra carbon dioxide." "The weather has 
been unusual for the last 5 to 1 0  years." "If 
it [the ice at the poles] a l l  melted it would 
raise sea level by 80 to 1 20 meters." 

(The amount of snow and ice in g la­
ciers, in fact, is determi ned by the bal­
ance of processes that bri ng snow, and 
those that remove it. For example, the 
loss of glacial ice on Mount K i l i manjaro 
is the result of a decrease in snowfa l l, 
not a change in temperature. The South 
Pole is r is ing because of i ncreas ing 
snowfal l ,  not because of a decrease in  
temperatu re.) 

"Large-scale solar energy col lectors 
wi l l  change the a lbedo of the Earth, 
which is the amount of rad iant energy 
the Earth adsorbs [sic] or reflects," he 
writes. "So Arizona w i l l  become c00ler 
and the rest of the cou ntry w i l l  become 
warmer." (Albedo is the fraction of inci­
dent sun l ight that is reflected, not the 
amount of rad iation that is  absorbed .)  

"Solar photovo ltaic co l lectors w i l l  
requ i re l ittle mechanical  maintenance 
out wi l l  requ i re some method of regular 
cleaning." (Hmm.)  

As a book of science, Wi l l iams's book 
is far better than Weart's. After the first 
chapter, he proceeds to d iscuss how to 
handle the "problem." He is, after a l l ,  an 
analytical chem i st with n u merous 
inventions to his credit. 

The 'Solutions' That Won't Work 
Wi l l iams methodological ly  and care­

fu l ly  shows that the standard sol utions to 
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global warm ing won't work. He shows 
that the Kyoto Protocol would be about 
as effective as a Band-Aid on cancer. I n  
enough deta i l  to b e  convincing, he 
shows that the answer does not lie in 
solar power, biomass, hyd ropower, geo­
thermal power, solar sate l l  ites, t idal  
power, wave power, solar/thermal/elec­
tric power, wind, ocean thermal energy 
conversion, or any combination thereof. 

Wi l l iams concl udes that the on ly  
option is  to use thermonuclear fusion to 
generate electricity, and to use electroly­
sis to produce hyd rogen, which wi l l  
serve as an energy carrier. In  that sense, 
h is book conveys ideas that have been 
around for at least 50 years. He does a 
very creditable job in h is  presentation. 

But  Wi l l iams is  very naive about 
rad ioactivity in n uc lear fusion 
machi nes. Every fusion device being 
investigated intends to fuse deuteri um 
and tritium in a vacuum system to pro-

duce hel i u m, which is not rad ioactive. 
However, the neutron flux would  be 
extremely intense, and there is noth ing 
i n  the vacuu m  system to keep the neu­
trons from h itting the wal l s, where they 
w i l l  transmute n ucle i  to rad ioactive 
species. One visit to a fusion lab just 
after a run is completed shou ld  d isabuse 
h i m  of h is delus ion.  

W h at does Wi l l iams say about 
nuclear fission? He c la ims that breeder 
technology cou ld  last civi l ization a few 
h u ndred years, which is adm ittedly a 
very short time on the scale of human 
c iv i l ization.  But there is  a fl aw, an u nfor­
tunatel y  common one, in h is  argument. 
There are various est imates a round 
about the amount of u ranium in the 
Earth's crust. If we extract on ly the 1 per­
cent of the energy that comes from U-
235 ,  the u ran ium wi l l  l ast for (choose a 
number) 50 years. If we extract the ener­
gy avai l able in  the U-238 (through the 
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The thin line is the "hockey stick" curve, allegedly showing recent tempera­
tures (the handle of the stick is at right) as the highest since 1 400. Authors of 
the curve, M.E. Mann et al., claimed that "temperatures in the latter half of the 
20th Century were unprecedented, " and that the 1 990s was "likely the 
warmest decade. " The !PCC adopted the Mann et al. analysis, calling 1 998 
the "warmest year" of the millennium. 

The bold line is the corrected curve, which is derived from the same data 
set, showing the 20th Century temperatures to be colder than those of the 1 5th 
Century. 

Source: Adapted from S. Mcintyre and R. McKitrick, 2003. "Corrections to the Mann et al (1 998) 
Proxy Data Base and Northern Hemispheric Average Temperature Series," Energy & 
Environment, Vol. 14 ,  No. 6, pp. 751 -771 . 
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breedi ng process), we get 1 00 times as 
much energy. By simple arithmetic (but 
flawed reasoni ng), the uranium shou ld 
last for 5,000 years, far more than 
Wi l l iams suggests. 

At a price of $ 300 per Troy ounce of 
gold, I wou ld lose money fi lteri ng 
through the soi l  i n  my back yard in  quest 
of m icroscopic amounts of gold .  If the 
price were 1 00 times as h igh-$ 30,000 
per Troy ounce-the trace amou nts of 
gold in the soi l  wou ld possibly pay for 
the min ing work. In many places, the 
payoff wou ld be tremendous. 

The situation is  no different with u ra­
n ium.  If we �an use a l l  of the energy i n  
the u ranium, rather than only 1 percent, 
the uran ium in the ground has an inher­
ent worth that is  1 00 times greater. That 
is, we could afford to m i ne u ranium that 
is 1 00 times less concentrated . It's poi nt-

less to do so at the present time, because 
uran ium is readi ly ava i lable, and actual­
ly pretty cheap. 

In  the future, when the h ighly con­
centrated uran ium is used up, society 
can use ores that are not as concentrat­
ed . As it happens, there is about 300 
times as much uran ium worldwide at 
only 1 0-times lower concentration as 
there is at the now-m ined concentration.  
And there is yet another factor of 3 00 in  
quantity for the next lowering of  con­
centration by a factor of 1 0. 

The upshot is that the factor of 1 00 in  
energy retrieval begets two factors of 
300 in quantity of uran ium.  That is, the 
amount of energy we can get out of u ra­
n ium through breeder tech nology is 
mu ltipl ied by 1 00, then by 300, and 
again by 300, for a factor of about 9 mi l ­
l ion.  Multiply that number by  the 50  

(again,  choose you r  number) years that 
we would  get from U-235 a lone. During 
the next half-bi l l ion years, perhaps soci­
ety can learn how to use the more abun­
dant thor ium as a n uclear fue l .  

Even though Wi l l iams seems to  have 
gotten h i s  information about global 
warm ing from the unen l ightened press, 
his subsequent arguments are largely 
beyond reproach.  He does a masterly 
job of demo l ish i ng the Kyoto Protocol, 
and of showing why renewable energy 
sou rces w i l l  utterly fai l .  The d isagree­
ment I have with h i m  l ies with h is  faith 
in nuclear fusion and h i s  too-easy dis­
missal of nuclear fission. 

Howard Hayden, Ph.D., is the pub­
lisher of The Energy Advocate newsletter 
(pO. Box 7595, Pueblo West, CO 
8 1 007), and is the author of The Solar 
Fraud. 

You Can Build a Better-Than-Commercial Telescope! 
by Charles H ughes 

Making Your Own Telescope 
by Allyn J. Thompson 
Mineola, N.Y.: Dover Publications, 2003 
(reprint from 1 947) 
Paperback, 21 1 pp., $1 4.95 

This  is a reprinting of a book which 
first appeared in  1 947, and which 

has been out of pri nt for many years. 
Although it is more than 50 years old, it 
is nevertheless a very important book on 
a subject about which few books have 
been written.  Thompson based h is  book· 
on h is  experience conducti ng cl asses 
and a workshop in New York City at the 

. Hayden Planetarium, in the 1 940s . 
By fol lowing Thompson's instructions, 

anyone can produce an optical instru­
ment as good as, or even better than, a 
telescope purchased from a commercial  
shop, using only the most basic hand 
work and tools.  I wil l  d iscuss what you 
need and the general steps it takes to 
bui ld  the telescope, with the aim of con­
vincing readers to buy this book and 
make your own telescope. 

Note that a six-inch telescope made 
by Thompson, and s imi lar to the instru­
ments prod u ced in h i s  P l anetar ium 
classes, is sti l l  i n  the possession of  the 
Sky Publ ishing Company (publ isher of 
Sky and Telescope magazine), and is 
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The author with his six-inch, short-focus telescope, which has a mirror made with 
the Thompson polishing method. 

reputed to be optical ly perfect. 
As this book deals only with making a 

reflect ing telescope, the main  th ing 
involved is construction of  the m i rror, 
which concentrates l ight from a d istant 
object (stars) . The other type of tele-
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scope is cal led a refracti ng telescope, 
and it uses glass lenses to concentrate 
the l ight to form a magn ified image of 
the d i stant object. Refract ing instru­
ments are very d ifficult  to bui ld, so that 
most amateurs bu i ld  reflectors with a 
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concave mi rror, at least u nti l they have 
mastered optical science. 

What You Will Need 
That the reader has no previous expe­

rience with telescope b u i l d i n g  is 
assumed here. What's needed (besides 
enthusiasm) is a g lass d isk known as a 
mirror blank, onto one side of which the 
worker w i l l  gr ind a concavity with 
another piece of glass cal led the tool .  
Both discs of g lass are of a thickness of 
about one inch.  Also needed are abra­
sive powders, pol ish ing compou nds, 
and optical pitch. 1  

One first completes the mi rror, which 
wi l l  be s ix inches in  d iameter, and then 
the rest of the instrument: a tube to hold 
the optical parts, and a stand to d i rect 
and support the tube. 

The depth of the concavity of the m i r­
ror wi l l  determi ne the focal length of the 
mi rror. Thompson d i rects the worker to 
produce a mirror of focal l ength f/8; that 
is, a focal  length eight times the d iame­
ter of the mi rror. This l ength w i l l  pro-

• duce a telescope of moderate power, 
with a tube length not overly long. 

As for technique, the book describes 
how the amateur works by hand with 
the two d iscs of glass, the mi rror and the 
tool, with the tool on the bottom and the 
mi rror on the top, pushing each over the 
other, with center-over-center strokes, 
and constantly rotating the work so as to 
grind out a very sha l low concavity even­
ly ground in the m i rr.or. 

On the bottom, the tool wi l l  tend to 
become convex. I n  effect, what the 
worker is doing by c ircu lar  action on 
both d iscs, is producing a section of a 
sphere on both; one concave (the m i r­
ror) and the other convex (the tool) .  The 
agent of action between the two d iscs is  
a charge of s i l icon carbide abrasive 
powder, which is harder than the g lass 
substance of the mi rror and too l .  

The Work Involved 
I ' l l  describe in general deta i l  now, 

how the m i rror-making process pro­
ceeds, and also some errors to avoid 
(from my own experience). No mach in­
ery is needed to complete a m i rror, but 
some care is needed i n  fi nd ing a su itable 
workplace to make the m irror; for exam­
ple, a cel lar  where the temperature 
remains constant, and where the a i r  is 
clean and dust free. For many, however, 
the on ly  workp l ace ava i l ab l e  is a 
kitchen or bedroom. 
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Thompson-designed rubber molds for pitch polishing. The object in the center is a 
finished button type polisher on a plywood base. 

Because you need a table to perform 
the gr inding of the mi rror on the tool ,  
and where the tool can be secured, the 
best work bench is a barrel or a steel 
drum, so you can walk around the bar­
rel as you grind, ensuring even work on 
a l l  parts of the concavity. If th is is not 
possible, you may work on a kitchen 
table, bei ng carefu l to rotate the work as 
you grind.  The tool can be secured by 
three wooden c leats around the edge. 

Start with a teaspoon of the roughest 
abrasive, perhaps number 60 s i l icon 
carbide, put on top of the tool with a few 
drops of water to form a thick paste. The 
m irror is pushed back and forth over the 
tool ,  center over center, a l l  the whi le 
walking around the barrel or rotating the 
tool and the m irror to ensure even cut­
ting of the abrasive on the glass. 

The abrasive becomes worn out in a 
few m i nutes and must be washed off, 
along with the g lass residue. This shou ld  
be done by d i ppi ng the d iscs in  a buck­
et of water and wiping them with a 
sponge. (Don't ever fl ush the spent car­
bide down sink or toi let, or it wi l l  badly 
stop it up.)  

A smal l  concavity wi l l  forn� in  the face 
of the m irror, after about an hour. This 
process is repeated with about eight 
more abrasives of decreasing size, for 
about an hour for each grade, unt i l  the 
m irror is fi nely ground. Simple tests are 
performed to test the depth of the con­
cavity. Such tests incl ude l aying a ruler 
across the top of the mirror and measur­
ing the space between the center of the 

m irror and the bottom of the ruler. Using 
this d istance (wh ich shou ld  be nearly a 
fraction of an i nch) i n  an arithmetical 
formu la, wi l l  give the focal length of the 
rough-ground cu rve. 

In the absence of a feeler gauge, the 
worker can use a d i me, sheets of paper 
of known thickness, or even dri l l  bits to 
accurate l y  ca lcu late th is  d i stance, 
known as the sagitta of the curve. 

Testing and Polishing 
A test us ing sun l ight is performed 

when the mi rror is very finely grou nd.  
The surface of the mi rror is wet with 
water, and sun l ight is d i rected at a wal l  
u nti l the smal lest bright image of the Sun 
is perceived . The d istance from this spot 
back to the mi rror face is the focal 
length, which shou ld  measure about 48 
i nches for a 6-inch d iameter mi rror of a 
focal ratio of f/8.  

After about six to ten hours of gri nd­
ing, going through a l l  the grades of abra­
sives in the m irror kit, the su rface is s i lky 
smooth, such that, if the m i rror is placed 
on top of a newspaper, the print may be 
read through the m irror. Now the mi rror 
is  ready to be pol ished. Th is operation is 
one that proves very d ifficult  for most 
amateurs. 

Pol ish ing involves a defin ite phase 
change of the m i rror su rface. An optical 
pol ish can be produced only by working 
the glass surface of the mi rror with the 
tool from the previous grinding phase. 
The tool is  covered with a soft, yielding 
materia l ,  wh ich a l l ows the pol ish ing 
agent, usual ly i ron oxide, or ceri um 
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The author (left) with a 1 O-inch long focus telescope, whose mirror he made before 
he came across the Thompson method. 

oxide and water, to work. 
For optical work that does not requ i re 

as much precis ion as our telescope m i r­
ror, such as spectacle lenses, felt  or 
paper pol ishing pads are used. For the 
telescope mirror, in  order to obta in  a 
fine optical surface, accurate to one ten­
m i l l ionth of an inch, without holes or 
bumps on the surface, demands the use 
of a glass tool covered with optical 
pitch. This is  the biggest problem for the 
amateur, and the greatest d iscourage­
ment in mi rror making. 

Tricky Pitch 
Thompson describes in detai l  how to 

make the tricky pitch lap. It has been 
said that pitch, a substance derived from 
pine tree sap, is the most evi l  material 
on Earth . It sme l ls bad, is very flamma­
ble, wi l l  ru in  any clothing it comes in 
contact with, and, when it is cut, it 
breaks up and fl ies al l  over. 

L ike gl ass, pitch is a supercooled l iq­
u id .  Even though rock hard, it slowly 
flows, so that when employed on the 
su rface of the pol ish ing tool ,  it changes 
shape to conform to the glass cu rve as 
gl ass is removed, and thus a lways 
remains in  perfect contact. No other 
known substance w i l l  do this. 

. The conventional way to make the 
pitch lap is  to melt the pitch on a hot 
plate and pour it on the tool, which has 
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been previously soaked in hot water to 
prevent its breaking from the heat of the 
molten pitch.  The pitch is coated on the 
tool to a depth of a quarter- inch and 
a l lowed to cool unt i l  of gummy consis­
tency. Then the mi rror is placed over the 
pitch and pressed down to assume the 
shape of the mirror curve. 

The pitch is a l lowed to harden, and 
then channels must be cut in  the pitch 
surface in a checkerboard pattern, to 
faci l itate the flow of the pitch as it heats 
as a result of friction during pol ishing.  
The channels close in  a few hours and 
must be recut, a rea l ly  messy job. 

Thompson e l imi nates much of this 
mess with a molded pitch lap made with 
a rubber matrix, which the worker can 
make h imself from sheet rubber. This 
rubber mold is Thompson's own inven­
tion, which I fol lowed in making a pitch 
l ap to pol ish a 6-inch perforated m irror 
for construction of a short compound 
telescope. When the lap is fi n ished, it 
has round buttons on the surface, which 
do not need trimming during the entire 
polishing job. 

To make the mold, one takes a rubber 
bath mat, cuts out a d isc of rubber the 
size of one's mi rror, and punches a pat­
tern of holes of about 3lB-inch d iameter 
on the su rface of the d isc in the pattern 
shown in the book. (See photo, p. 5 5 .) 
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The m irror is then coated with a s lurry of 
pol ishing rouge ( i ron oxide) all'd water; 
the mold is p laced on the mi,rror, and 
pitch is poured over the mold; The tool 
is placed on top of the pitch arid pressed 
down u nti l the pitch gets nearly hard; 
then it is pu l led off. . 

The pitch wi l l  now be attached to the 
tool, and there wi l l  be sma l l  buttons of 
pitch covering the tool .  To complete pol­
ishing the m i rror, the tool is placed 
down on the work table, charged with 
pol ishing compound in water, and the 
m i rror pushed back and forth over the 
tool in half-hour t ime periods, u nti l no 
pits from grinding remain .  This may take 
from 7 to 1 0  hours of continuous work. 

After the mi rror is polished out, the 
next and final phase of work to complete 
the job, is testing the cu rve and correct­
ing the shape of it, if need be. 
Throughout the process of grinding and 
pol ishing carefu l l y, the m i rror wi l l  tend 
to assume a spherical shape, as a result 
of worki ng with c i rc u l ar strokes. 
However, in order to focus l ighUrom an . 
infin ite point to a sharp focus, only a 
parabolic cu rve wi l l  do the job. 

In a m i rror of fiB focal ratio, the 
curve m ust thus be sl ight ly deformed 
from a sphere to a parabola .  Th is is 
accompl ished by deepen ing the center 
of the sphere, an operation ca l led fig­
ur ing .  If the foca l  ratio is  made much 
longer than that su ggested by the 
author-say fil a or f/1 5-then the 
images produced w i l l  be l arger, and 
the curve need not be parabol ized, but 
can be left spherical .  H owever, the 
length of the tube then becomes diffi­
c u lt to manage, and you m i ght need a 
l adder to reach the eyepiece of the 
instrument! 

Thompson a lso describes the con­
struction of test i nstruments, such as the 
Foucault  tester which wi l l  show the 
shape of the cu rve on your mi rror, and 
su rface defects magn ified 1 00,000 
times. In  addition, the author explains 
the basic laws of optical lenses and mir­
rors. 

I strongly recommend that readers not 
only purchase this book, but bu i ld their 
own telescopes! 
Notes ____________ _ 

1 .  You may buy telescope-making kits, which con­
tain a mirror blank and tool blank, plus the nec­
essary pitch and abrasives, for about $50 for a 
six-inch telescope. Look in Sky and Telescope 
magazine or on the internet for suppliers. 
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SPACE REPORT 

Mars Was Once 'Drenched' in Water! 
by Marsha F reeman 

At a special briefing at NASA head­
quarters in Washington on March 2, 

scientists who have been poring over the 
data from the two rovers on Mars, made 
the categorical statement that there was 
once l iqu id water at the Opportunity 
landing site. The Merid iani  Planum was 
"drenched" in water, at some time in the 
past, stated the science team leader Dr. 
Steve Squyres. 

Virtua l ly  from the moment the 
Opportunity rover began its geologic 
exploration on January 25, 2004, there 
were h ints in the panoramic photographs 
that water was part of the history of this 
region of the planet-but they were not 
the h ints the scientists were expecting. 

Merid iani  Planum had been chosen 
for Opportunity's landing site because 
from orbit, the Thermal Em ission 
Spectrometer aboard the Mars Odyssey 
spacecraft had revealed the presence 
there of gray hematite, a mi neral that 
forms in the presence of water on ·Earth. 
The rover did not land on the relatively 
fl at, hematite-l aden part of the 
Oklahoma-sized p la in, however, but 
ins ide one of a number of a small  craters 
that dot the landscape. 

The crater is about 74 feet in  d iameter, 
and nearly 1 0  feet deep. Only tens of 
feet away from the lander, at the rim of 
this crater, sits a field of rocks that scien­
tists immed iately identified as an out­
crop of ancient · bedrock. Without the 
rover even having to dig under the soi l ,  
some of Mars's history was just sitting 
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The rover uses a suite of instruments located at the end of its robotic arm, which is 
seen here extended over the rocks. The dotted circles highlight shallow holes 
drilled into the Guadalupe (top) and McKittrick (bottom) rocks by the Rock 
Abrasion Tool. The instruments were then able to peer inside the rocks to discover 
their chemical and mineralogical composition. 
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there, waiting to be discovered . 
J ust two days after Opportunity 

opened its panoramic. eyes, the cameras 
snapped photographs of the nearby out­
crop that showed layers in the rocks. 
The mission scientists proposed that the 
layering could be the result of either suc­
cessive deposits of volcanic ash, or sed­
iments that cou ld have been laid down 
by wi nd-blo'-"":n dust-or by water. 

By its 1 7th day on Mars, Feb. 1 0, 
Opportunity had ro l led r ight u p  to 
Opportun ity Ledge, as the outcrop was 
named, and it was observed that the th in  
layers in  the the rocks are not a lways 
paral lel to each other. This d iscovery 
added to the evidence that it was some 
kind of flowing motion, and not vol­
canic deposits, that created these rocks 
features, perhaps in ebbs and flows. 

Chemistry Tells the Tale 
It is only natural that the scientists 

studying the features on Mars rel y  on 
what they know about the geology, 
chemistry, and h istory of the Earth to try 
to inform their u nderstanding of Mars. 

Lyndon H. LaRouche, 
Jr. has posed the possi­
b i l ity, however, that 
chem istry on Mars may 
not be entire ly compara­
ble to that on Earth. In a 
recent art ic le, he d is­
cusses the cha l l enge 
faced by the human race 
to overcome the l i m ited 
supply of ind ispensable 
mi nerals natural to Earth 
that wi l l  be increas ingly 
depleted as the popula­
tion grows:1 

"We need a physical 
chem istry which does 
not conti nue to rely 
upon b l ind  faith in 
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The Mars rover Opportun ity has been exploring an outcrop of rocks near 
the rim of the small crater in which it landed. The inset, below, a detail 
from the high-resolution panorama, shows the EI Capitan region of the 
outcrop, where the rover has confirmed that water did once exist on the 

. planet Mars. 

'magic n umbers,' to seem to explain 
away how the Solar System actua l ly 
generated the repertoi re of what is 
a l ready known as the natura l ly  fou nd 
period ic table of the Solar System . . . .  
We m ust get out of the intel lectual 
prison of our current textbooks, and go 
to Mars, hoping to find the d ifferent 
physical chemistry which wi l l  help us to 
develop a physical chemistry, including 
a nuclear physical chemistry, beyond 
what we know from studies on Earth�" 

Spirit and Opportunity are taking the 
first steps in this search.  

The evidence that convi nceq the 
rover m ission scientists to make the 
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categorical  statement that there was 
water i n  the past at Merid ian i  P lanum 
came from the i ntens ive study of  an 
area of outcropped bedrock at the r im 
of  the sma l l crater i n  w h i c h  
Opportunity l anded. 

The rover's A l p h a  Pa rti c l e  X-ray 
Spectrometer, or APXS, has identified 
la rge q u a ntit ies of su lfu r i n  the rocks 
of the outcrop.  The APXS,  w h i c h  
determi nes t h e  e l emental compos it ion 
of rocks and so i l s , uses a s m a l l  
amount of c u r i u m-244 t o  generate 
rad iat ion . It then measu res the emis­
s ion  from the object be ing bom barded 
by the i n strument .  

One piece of 
incontrovertible evidence 
that the rocks in the 
outcrop once were soaked 
in water, was the discovery 
of the iron sulfate mineral 
jarosite. On Earth, it forms 
in an acidic aqueous 
environment. Here, the key 
data collected by the 
Mossbauer spectrometer at 
the EI Capitan rock 
formation showing the 
spectral signature of 
jarosite, the two lightest­
colored peaks to the right 
and left of the graph center. 
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Rel ated measurements from the 
rover's M i n iature Thermal Em iss ion 
Spectrometer (Min i-TES) suggested that 
the su lfu r is  in the form of sulfate salts, 
s imi lar to Epsom salt on Earth . Rocks 
conta in ing large amou nts of salts are 
either formed in water, or are soaked in  
water over a long period of  t ime after the 
rocks are formed. 

The rover's instrum�nts a lso found 
amounts of ch lorine and bromine i n  the 
rocks at Opportunity Ledge, both of 
which, in water, become salts. 

A th i rd rover i nstru ment, the 
Mossbauer spectrometer, which can d is­
tingu ish between varieties of i roncbear­
ing mi nerals, detected the ·presence of 
jarosite-a hydrated i ron su lfate-in the 
same rocks. Th is m ineral on Earth typi­
cal ly spends time in  an acidic l ake or 
acidic hot spring environment. 

The scientists cou ld  fi nd no other 
explanation for the results of these chem­
istry experiments, than that water was 
involved in either the formation, or the 
later environment, of the outcrop's rocks. 

Another piece of evidence for water, 
presented at the March 2 briefing by Dr. 
Benton Clark, was the observation via 
the rover's Microscopic Imager of holes, 
or voids cal led "vugs," that are visible 
i nside an outcrop rock. These voids 
match the d istinctive appearance of hol­
lows that form where crystals of salt 
minerals grow inside rocks that sit in 
briny water on Earth. Later, when the 
crystals  d isappear because of erosion or 
because water d issolves them, the holes 
in  the rocks remain.  

Some of the Mars vugs have d isk-l i ke 
shapes, with wide midpoi nts and 
tapered ends.  This is  consistent with su l­
fate m inerals that crysta l l ize with i n  the 
rock matrix, either push ing the matrix 
materia l  aside, or replacing it. 

Summing Lip what the Opportunity 
findings reveal, Dr. Squyres said there 
are two poss ib i l ities that cou ld  expla in 
the experimental resu lts: That volcanic 
eruptions generated layers of ash to cre­
ate the rocks, and subsu rface water then 
percolated up through pores in  the l ay­
ers; or that there was a salty sea with 
currents and waves on the site. As the 
water evaporated, the salt precipitated 
out, a long with other sediments, creat­
ing the layered structure and other fea­
tu res seen i n  the rocks. 

Topographical  analysis of the 
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When Opportun ity's Microscopic Imager took a close look inside the outcrop 
rocks, it found these tiny voids, or vugs inside. On Earth, vugs form when minerals 
in briny water precipitate out, forming crystals inside rocks. When the crystals 
erode away, or are dissolved and disappear, these hollow areas are left behind. The 
area in this image is about 1 . 2  inches across. 

Merid iani site does not ind icate any basin 
in the area that could have held the water 
of an ocean, or evidence of a shore l ine, 
Dr. Squyres observed. But that does not 
mean, he said, that the site's topography 
was not qu ite d ifferent in  the past. 

The data that are col lected by the 
rover's su ite of scientific instruments 
take days to col lect, and days to transmit 
back to Earth. Integrati ng the spectrome­
ter IT]easurements can take up to 1 2  
hours each, at each target site. B ut long 
before the detai led chemical analysis 
presented at the briefing was complete, 
there had been h i nts of past water at 
Meridiani  Planum, from the day that 
Opportunity arrived there. 

The Fir.st H ints 
At the March 2 special briefing, Dr. 

John Grotzinger, a science team mem­
ber, expressed hope that the u pcoming 
exa m i nation of a rock cal l ed Last 
Chance near one end of the outcrop, 
wi l l  provide a c loser look at what 
appears to be a cross bedding in the 
rock's layers, and wi l l  a l low scientists to 
decide conclusively whether volcanic 
gases or wind or water created the non­
paral lel l ayers. 

A second hint that water may have 
once rested or flowed through the crater 
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region came when the rover's 
Microscopic Imager set its sights on a 
patch of soi l  near the landing s ite, return­
ing images on Feb. 4. The tiny instrument 
examined a patch only 1 .2 inches across, 
and was able to resolve remarkably circu­
lar grains, or spherules, as smal l  as 0.1 2 
inch in d iameter, or the size of a sunflower 
seed . These coarser round grains were 
sprinkled over a fine layer of sand. 

The sc ientists proposed three 
hypotheses as to how such tiny rounded 
objects cou ld  be created on Mars: ( 1 )  
that d roplets of vo lcan ic  materi a l ,  
spewed out during an eruption, cooled 
in mid-ai r  and dropped from the sky; (2) 
that an impact from a meteor or comet 
tossed material from the ground up i nto 
the a i r, a lso then ra in ing down into the 
crater; or (3) that sma l l  grai ns of materi­
als d issolved in water, precipitated out, 
and became nucleation poi nts for the 
growth of spheres, in a process 
described as concretion. From the data 
then at hand, it was impossible to rule 
out any hypothesis. 

Then, on its 1 5th day on Mars, or Feb. 
9, Opportunity sent back its first photo­
graphs taken with the Microscopic 
Imager on one of the outcropped rocks. 
The rock, Robert E, had spherules embed-
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indicating they did not h it the 
rocks from outside. Also, their 
presence throughout the rock's 
interior indicate that they did 
not fal l  down from the sky, but 
formed inside the rocks. 

As the story at Merid ian i  
P lanum was becom ing more 
and more i nteresti ng, the Spirit 
rover-more than 6,000 m i les 
away from Opportunity, on the 
other side of Mars-was send­
ing back its own intriguing indi­
cations that water was present 
there. 

Spirit Makes Tracks 
The Spirit rover is working 

i nside a very l arge crater, the 
size of Connecticut, n amed 
after the 1 9th Century Russian 
astronomer Matvei Gusev. This 
site was chosen for the rover's 
landing because orbital photo­
graphs suggest that G u sev 
Crater was once fi l l ed with 
water, as i!-bas· outflow chan­
nels and----what appear to be 
beachheads. 

Even from a distance, panoramic images revealed that the outcrop rocks are made up of 
layers. The panoramic cameras on board Opportu nity took this close-up photograph on Feb. 
1 0. The image reveals that the layers that make up the rock are not always parallel, leading to 
the possibility that they were laid down through the flowing motion of either wind or water. 

As Spirit was fi rst on the 
scene, landing on Jan.  3,  three 
weeks before Opportunity, it 

returned the first in situ data on the char­
acteristics of Martian soi l ,  soon after it 
rol led off its lander. Just as the Apol lo 
astronauts left their  footprints on the 
Moon, Spirit left its wheel tracks on the 
Martian soi l .  

ded inside, with some protruding from 
the formation, and some seemi ngly ready 
to drop off. Here was one possibi l ity as to 
how the spherules ended up in the soi l .  

Ten days later, another piece was 
added to the puzzle. Opportunity had 
used its wheels to dig a smal l trench i n· a 
patch of soi l ,  which was chosen because 
thermal emission measurements h ad 
indicated it was an area where gray 
hematite cou ld  be found.  The ubiqui­
tous spheru l es showed u p  aga in ,  
embedded in the wal l  of  the trench. 

On Feb. 25,  scientists began receiving 
images and data from the first i ncision 
Opportunity made into one of the out­
crop rocks. The Rock Abrasion Too l  
(RAT) h a d  s l iced i nto t h e  surface o f  a 
rock named McKittrick, grinding a hole 
about 0.1 6 inch deep and 1 .8 inches in 
diameter. Inside the interior of the rock 
were spherules. Unexpectedly, two of 
them had been cut in half, and one had 
been scratched by the RAT's d iamond 
grinding wheel, promising to reveal more 
details. 

On March 2,  at the special  briefing, 
the scientists announced that they have 
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The ubiqitious spherules are one of the 
most  in teres ting fea tu res a t  th e 
Opportun ity site. Early in the mission 
they were found on the soil, and here 
one is visible sitting in a rock. Their 
actual size is indicated by the fact that 
this entire image is 0.6 inch across. 

concl uded that the spheru les are, 
i ndeed, concretions that were formed in 
water. Their evidence is the fact that 
these tiny round particles did not deform 
the rock l ayers in which they reside, 

Navigation engineers, responsible for 
safely guiding the rover around its terrain, 
noticed from the first post-drive images 
that the soi l  seemed to be sticking to the 
rover's wheels. It is possible, scientists 
bel ieve, that this cohesion in the soi l  
cou ld  b e  from layers o f  dust that have 
been compacted, or that a brine, or salty 
water, has created a kind of cement. 

At a briefing at the Jet Propu lsion 
Laboratory on March 5 ,  scientists d is­
cussed another h int from Spirit's adven­
tures, that smal l amou nts of water had 
existed at Gusev Crater. The i nterior of a 
dark volcan ic rock named H umphrey, 
which was exami ned after the rover's 
Rock Abrasion Too l  had scraped away 
the su rface, contains bright material in 
cracks and crevices that looks l ike min­
erals crystal l ized out of water. This was 
reported by Dr. Ray Arvidson. 

"If we fou nd this rock on Earth," he 
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. explained, "we would say it is a 
volcanic rock that had a l ittle 
flu id  moving through it." The 
amount of water suggested by 
Humphrey's crystals is far less 
than that ind icated in the mi neral 
structures fou nd by Opportunity, 
but it could be a h int of more 
extensive findings, soon to come. 

NASAlJPL 

Did l ife thrive at Meridiani 
Planum at some time in  the past? 
The Mars Exploration Rover mis­
sion wi l l  not be able to answer 
that question; it is not designed to. 
Dr. Squyres stressed at the March 
2 briefing that even just to know 
when water existed on Mars, for 
how long, how much ot' it there 
was, and where, wi l l  require a 
quantum jump i n  exploration 
strategy and technology, to bring 
samples of Martian soil and rock 
back to Earth. NASA is consider­
ing such a m ission for l aunch in 
the middle of the next decade. 
B ut Dr. Squyres stated without 
hesitation that at one time, th is site 
"was a habitable place." 

As Dr. Squyres is fond of say­
ing, the two Mars rovers came 
with a "90-day warranty." They 
may very wel l  continue to be able 
to col lect data for far longer than 
that, and the science team hopes 
to sti l l  be at the Jet Propulsion 
Laboratory in the summer. But 
even if they expire when their 
warranty runs out, in  mid-spring, 
the rovers have a lready answered 
the primary question they were 
sent to Mars to investigate: Yes, 
there was once water on Mars. 

A Roadmap for the Future 

The Spi rit rover made its first contact with the Martian 
soil when it rolled off its lander on Ja n .  7 5. This 
photograph, taken with Spi rit's black-and-white rear 
hazard identification camera, shows both the rover's 
tracks and the empty lander, which is about 3 feet away. 

Over the remaining weeks, and 
perhaps

' 
months, of their geology 

mission, the rovers wi l l  be able 
to shed more I ight on these 
questions, and a lso provide sci­
entists with a roadmap of where Water is the "e l ix i r  of l ife . "  

There is  nowhere on Earth that l ife exists 
without its presence, and there is v irtu­
a l l y  nowhere that l iquid water exists on 
Earth where l i fe is  not fou nd .  This 

Editorial 
Continued from page 3 
it's part of the universe. And we don't 
know the universe, unti l we can find a l i t­
tle bit better answer on what the Crab 
Nebula is. How could a supernova pro­
duce an effect l i ke this? It's the one we 
know, of this type. We're interested in 
these fast-rotating bi nary star systems. 
How do they function? They produce 
some very interesting effects--we don't 
understand them. But, it's part of the uni­
verse. People talk about "black holes." 
Wel l ,  I don't bel ieve in "black holes" as 
black holes. But, there's something acting 
there. What is it? 

So therefore, we have to know, 
because it's part . of the un iverse. And 
anyth ing that's sign ificant in  the u n i­
verse, we have to know. 

And the same thing, as everything else. 
The human mind, for example. The behav­
ior of the human mind. Al l  kinds of things. 

We don't know-we don't have a def­
i n ition of l ife. We have a defi n ition of 
non-l ife, which we use to defi ne l ife. 
The phenomenon of life, we know. You 
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inc l udes even the most host i le environ­
ments on Earth, s imi lar to Mars. Even if 
there is no sunl ight or a i r, if there is 
water, there is l ife. 

can tel l  the d ifference, if someth ing is 
dead, or not dead. But, what is l ife? As a 
principle, as opposed to an abiotic 
process. We are, on the one hand, we 
are animal bodies. B ut, we have a char­
acteristic, which no animal has: cogni­
tion. Cognition is not a part of animal  
l ife. It's outside animal l ife. Therefore, 
what is cog!lition? It's not someth ing 
secreted by an animal,  that is generated 
by 'an animal .  What generates it? 

The Universe Is Cognitive 
Obviously, the un iverse is cognitive. 

The un iverse is cognitive. And, u nder 
certain  conditions, a form of apparent 
animal l i fe, becomes engaged with a 
characteristic of the universe, which is  
cal led cognition. We don't know much 
about that. We know the effects. We 
know the proofs that that's the case. B ut, 
the idea of cogn ition, which I've done a 
good deal of work on-people don 't 
even think that, as a subject. Life is not 
treated as a subject. You have people 
faking, and saying, "Wel l ,  l ife evolved" 
from someth ing or other. From match­
sticks, or whatever. Or something rub­
b ing agai nst someth i ng .  And, man 

21 st  CENTURY 

the most productive sites on Mars may 
be to target for more i ntens ive investiga­
tions in the future. 
Notes ____________ _ 

1 .  Lyndon H. LaRouche, Jr., "On the Subject of 

evolved from monkeys rubbing against 
monkeys, or someth ing.  

No. We don't know. And therefore, 
there are many thi ngs we don't know. 
And therefore, it's important to us, to 
structure our activities, as a human 
species, with experiment, exploration, 
and so forth, to find

' 
circumstances under 

which we can discover answers, to ques­
tions to which we presently don't have 
the answers. L ike, what does it mean, to 
have a un iverse, ' in  which a phenomenon 
l ike the Crab Nebula operates? Because 
that's a characteristic of the un iverse, that 
it does operate in the universe. Now, 
what does that say about a universe? 

So, I mean, it's a drive. You're human . 
You l ive it once; it's a fair ly short l ife, as 
the u n iverse goes. What're you going to 
do with your l ife? You're going to do 
someth ing which adds to the stock of 
human achievement, and knowledge, so 
that, you make that a profession. That's 
what I 'm doing. You do it. 

And you feel happy about it. 
Notes ____________ _ 

1 .  See Lyndon H. LaRouche, Jr., " 'The Woman on 
Mars,' "  in 21st Century Winter 1 996-1997; or on 
www.larouchepub.com. 
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