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For Trishuwa
 who completed the education of my heart

Where does the power come from
to see the race to its end?
From within.



PRAISE FOR THE SECRET TEACHINGS OF PLANTS

“I learned more from part one of this magnificent book than from any source in years. 
Buhner writes of complex discoveries in neuroscience and neurocardiology with clarity 
and coherence. Encompassing the highest spiritual insights of such giants as Blake, 
Goethe, and Whitman, part two is worthy poetry in itself, offering readers a unique 
way to move into transcendent realms. Of the truly great books appearing today,
The Secret Teachings of Plants is easily the most rewarding I have had the 
privilege of reading.”

JOSEPH CHILTON
PEARCE, AUTHOR OF
THE BIOLOGY OF TRANSCENDENCE

“In this wonderful book Stephen Buhner shows 
us that the heart is not a machine but the informed, intelligent core of our emotional, 
spiritual, and perceptual universe. Through the heart we can perceive the living 
spirit that diffuses through the green world that is our natural home. Required 
reading for all owners of a heart.”

MATTHEW WOOD, HERBALIST AND AUTHOR OF
THE BOOK OF HERBAL WISDOM

“Beautifully written, The Secret Teachings 
of Plants is a work of art—as much a poetical journey into the essence of plants 
as it is a guidebook on how to use plant medicine in our healing practices. Stephen 
Buhner is among the plant geniuses of our time. Like Thoreau and Goethe and Luther 
Burbank, the master gardeners and “green men” he so liberally quotes throughout, 
Buhner will be long remembered for his deep and introspective connection with the 
green world and for his ability to connect us to the heart of the plants through 
his teachings.”

ROSEMARY GLADSTAR, AUTHOR OF ROSEMARY GLADSTAR’S FAMILY
HERBAL AND FOUNDER OF UNITED PLANT SAVERS

“Buhner’s writings are a powerful call for people 
to work together to restore the sacredness of Earth.”

BROOKE MEDICINE EAGLE, AUTHOR OF
BUFFALO WOMAN COMES SINGING
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A NOTE TO THE READER
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The first half of this book is linear, 
		the second half is not. The first half is filled with analytical explanations 
		of why and how—the second half is filled with poetry and doing. The first 
		half of the book is called systole the second diastole to 
		reflect the different natures of these two halves. The terms are usually 
		used to describe the functioning of the heart. Systole is when the heart 
		contracts, forcing blood outward away from the heart. Diastole is when the 
		heart relaxes and fills once more. This book reflects that pattern—the movement 
		away from the heart and the relaxation and movement inward as the heart 
		fills again. In a sense this is one of the oldest 
		patterns we know. Still, we have spent a long time as a culture in the systolic 
		and you may find you aren’t in the mood for more of it. So don’t read the 
		first half of this book if you don’t want to—it is there if you want explanations 
		later.

Feel free to skip around and read this book in any order 
		you wish, choosing whichever chapter interests you and leaving those that 
		do not. It doesn’t matter, for the things that you need to find you will 
		find, if only you will follow your heart.

 

 

I have long seen that each grain 
			of knowledge I acquired, going to school to Nature, was added to each 
			other grain I possessed, that these grains grew into a foundation stone, 
			that the stones accumulated 
			until I had a substructure, and that on that substructure I could build 
			me a house. And I have seen, too, that there are enough buildings 
			in Nature’s system of knowledge to make a great city of wisdom.

I will never see that city completed; no man will. 
			At best he may be able to construct, during his lifetime, one or two 
			buildings, and perhaps to catch a vision of one or two streets and squares 
			and parks and precincts of the whole. But the sublimity of the city—its 
			endless boulevards, its imposing monuments, its transcendent capitol, 
			its towering edifices, its vistas and sweeping panoramas—these we can 
			only imagine, for the view we get of the structures of knowledge we 
			ourselves are able to build up, grain by grain, rock by rock, tier by 
			tier, story by story, through diligence and hard work, into one or two 
			of the buildings we know are all there, somewhere, to be builded. When 
			I think of this, I wonder why some men are content to erect nothing 
			more than rude huts of knowledge—a little cabin of selfish learning, 
			enough to house them while they amass money or gain power or win fame—and 
			will not even try to raise some nobler structure of the 
			wisdom Nature offers so freely and generously, and that any who come 
			to her may have for the asking!

—LUTHER BURBANK
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INTRODUCTION
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The significant problems we face today cannot be solved at the same level of thinking we were at when we created them.

—ALBERT EINSTEIN

All the technical information was stolen from reliable sources and I am happy to stand behind it.

—EDWARD ABBEY

WE IN THE WEST HAVE BEEN IMMERSED 
		in a particular mode of cognition the past hundred years, a mode defined 
		by its linearity, its tendency to reductionism, and its insistence on the 
		mechanical nature of Nature. This mode of cognition, the verbal/intellectual/analytical, 
		is now the dominant one in Western culture. But it is becoming increasingly 
		obvious that there are inherent problems with this mode of cognition and 
		the assumptions about Nature that it possesses. As William James put it 
		in The Will to Believe, “Round about the accredited and orderly facts 
		of every science there ever floats a sort of dust-cloud of exceptional observations, 
		of occurrences minute and irregular and seldom met with, 
		which it always proves more easy to ignore than to attend to. The ideal 
		of every science is that of a closed and completed system of truth [and] 
		phenomena unclassifiable within the system are paradoxical absurdities, 
		and must be held untrue.”1

In our time, this dust-cloud of exceptional 
		observations has become a whirlwind of powerful proportions. The primary 
		mode of cognition that the practitioners of science have used during the 
		past century—analytical, linear, reductionistic, deterministic, mechanical—has 
		begun to reach the limits of its assumptions. For the particular mode of 
		cognition used by scientists, and the system to which that mode has given 
		rise, can only maintain coherence by leaving out or ignoring a great many 
		events that did and do not fit within the neat system it created. The wild 
		oscillations that are now occurring in Nature, from global warming to uncontrollable 
		forest fires, are an aspect of the consequences of that ignoring; we have 
		begun to reap the whirlwind.

There is, however, another mode of cognition, one our 
		species has used as our primary mode during the majority of our time on 
		this planet. This can be termed the holistic/intuitive/depth mode of cognition. 
		Its expression can be seen in how ancient and indigenous peoples gathered 
		their knowledge about the world in which they lived, for example, and in 
		how they gathered knowledge of the uses of plants as medicines.

All ancient and indigenous peoples said that they learned 
		the uses of plants as medicines from the plants themselves. They insisted 
		that they did not rely on the analytical capacities of the brain for this 
		nor use the technique of trial and error. Instead, 
		they said that it was from the heart of the world, from the plants themselves, 
		that this knowledge came. For, they insisted, the plants can speak to human 
		beings if only human beings will listen and respond to them in the proper 
		state of mind.

Although these assertions have been disregarded by Western 
		thinkers the past two hundred years—deemed the superstitious ramblings of 
		unsophisticated, unchristian, and unscientific peoples—it is distinctly 
		odd that every indigenous and ancient culture on Earth, cultures geographically 
		and temporally distinct, would say the same thing. Surely, all the people 
		who ever lived cannot be so similarly foolish as to have projected exactly 
		the same kind of wishful or superstitious thinking onto the world. Surely, 
		the people who have lived during the past two hundred years, and especially 
		the past century, cannot have suddenly become so wise and intelligent that 
		only they can understand the true nature of reality. All the billions of 
		people who lived before them cannot have been so profoundly wrong.

There is tremendous hubris—and dangerous environmental 
		perturbations—in disregarding the wisdom of the ancestors who have gone 
		before us, people who said that they learned about the world not from the 
		ability of their minds to work as analytical, organic computers, but from 
		their hearts as organs of perception.

This more ancient mode of cognition has not disappeared 
		just because another mode of cognition has gained dominance. The truth is 
		that this capacity to learn directly from the world and plants has never 
		been limited to ancient and indigenous cultures, even if the craft is now 
		uncommon. It was used by the great German poet Goethe in the early nineteenth 
		century in his discovery of the metamorphosis of plants, by Luther Burbank 
		in the early twentieth century in his creation of the majority of food plants 
		that we now take for granted. It was used by George 
		Washington Carver in his work with and development of the peanut as a food, 
		and is used now by Masanobu Fukuoka, the great Japanese farmer, in growing 
		crops that consistently exceed the yields of farmers 
		who use more scientific approaches. It was used by Henry David Thoreau, 
		who was a great deal more than a naturalist, and even by Barbara McClintock, 
		who won the Nobel prize for her work with transposons and corn genetics. 
		The truth is that this way of gathering knowledge is inherent in the way 
		we are structured as human beings. It is as natural to us as the beating 
		of our hearts. It is not by nature a vague or mushy cognition, as reductionists 
		so often assert. It is extremely elegant, sophisticated, and exact. The 
		understandings that can be gained through this ancient mode of cognition 
		exceed anything that what we now call science can or will discover 
		or articulate about who and what human beings are or the world of which 
		they are a part.

This gathering of knowledge directly from the wildness 
		of the world is called biognosis—meaning “knowledge from life”—and, 
		because it is an aspect of our humanness inherent in our physical bodies, 
		it is something that everyone has the capacity to develop. It is, in fact, 
		something that all of us use (at least minimally) without awareness in our 
		day-to-day lives.

This ancient mode of cognition is crucially important 
		for us, as a species, to reclaim, for we live in dangerous times. The threats 
		to ourselves and the planet that is our home have never been more dire. 
		These threats come from ways of thinking that are not sustainable, that 
		bear little relation to the real world, and that are an inevitable error 
		inherent in the linear fanaticism and mechanomorphism (seeing the 
		world as a machine) of contemporary perspectives. They are threats that 
		come from the dominance of one particular mode of cognition to the exclusion 
		of all others.

To correct this imbalance, we need to come to our senses, 
		to reclaim the ability each and every one of us has to see and understand 
		the world around us (an ability that has been built into us over evolutionary 
		time) in ways far more sustainable and sophisticated than reductionistic 
		science can ever attain.

In this book I will tell you how this ancient way of 
		information gathering occurs and how it can be used, both generally and 
		in specific. It can be applied to anything: from the discovery of the medicinal 
		uses of plants to understanding the living reality of a damaged organ system, 
		from farming to the interrelationship of mycelial fungi and trees, from 
		the intelligence of whales to the interconnected functioning of ecosystems.

But this mode of cognition is much more than a method 
		for gathering more accurate and sustainable information about the world. 
		Ultimately, it is a way of being, just as the linear mode of cognition is 
		now (regrettably) a way of being. And, as a way of being, it is intimately 
		concerned with things other than the mere extraction of knowledge from the 
		heart of the world. It is concerned with our interconnection to the web 
		of life that surrounds us. It is concerned with wholeness, rather than a 
		focus on parts. It is concerned with the very human journey in which we 
		are all engaged. It is intimately concerned with who we are and who we are 
		meant to be in our time here in this life. For we are more than anything 
		else an expression of the livingness of this world, and we were all born 
		for a reason. The reconnection of our selves to the ground of being from 
		which we have come, from which our species has been expressed over evolutionary 
		time, opens up to us dimensions of experience that are essential in order 
		for us to become ourselves.

But to understand how it is possible to gather knowledge 
		from the heart of the world, without the dominance of the analytical mind 
		or reductionistic, trial-and-error processes, it is crucial to first understand 
		two things: that Nature is not linear and that the heart is an organ of 
		perception.



SYSTOLE


OF NATURE AND THE HEART

The colors of the Dark One have penetrated Mira’s body; other 
colors washed out.

Making love and eating little—those are my pearls and my 
carnelians.

Chanting beads and the forehead streak—those are my bracelets.

That’s enough feminine wiles for me. My teacher taught me 
this.

Approve me or disapprove me; I praise the Mountain Energy 
night and day.

I take the path that ecstatic human beings have taken for 
centuries.

I don’t steal money or hit anyone; what will you charge me 
with?

I have felt the swaying of the elephant’s shoulders. . . and 
now you want me to climb on a jackass? Try to be serious!

—MIRABAI
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PROLOGUE TO PART ONE
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How much of life have I wasted 
				by believing the thing I was taught, that thinking is what makes us better, that the 
				brain is superior to heart.

—AUTHOR’S JOURNAL, JUNE 2001

Like so many others in this century I found 
				myself a displaced person shortly after birth and have been looking 
				half my life for a place to take my stand. Now that I have found it, I 
				must defend it.

—EDWARD ABBEY

I REMEMBER THE FIRST 
			TIME I heard the sound of my great-grandfather’s heart.

I was born months early and the doctors put me into 
			an isolet—a protective, enclosed crib. I was not often touched, or 
			held, or breast-fed. And there I remained two weeks, touched only to 
			be cleaned or bottle-fed, on a schedule.

At the end of that time, my family came for me. They 
			took me to my grandmother’s house, where the relatives had gathered. 
			I remember the moment my great-grandfather took me in his hands and 
			held me against his chest. The warmth of his hands, the scratchy–smooth 
			feel of his starched white shirt. Then the smells: of starch, and his 
			body, and the cigarettes he smoked. I remember, too, 
			the sound of his breathing, his slow, soft inhale and exhale, and under 
			it all, much deeper, the muffled reverberation of his heart.

Those interweaving sounds called to me, a symphony 
			of breath and heart, washing over me like waters lapping an island shore. 
			His every inhale and exhale pulling me, I moving to their ebb and flow. 
			Their rhythms tugging, loosening me, and the shore being left behind. 
			Currents taking me onward, into waters I had never known. My outflowing 
			breath his inhale, his exhale becoming 
			my life. My heart absorbing his rhythms, two beats moving as one.

My tiny life was held in the embrace of his older 
			and more powerful waves. And those waves were a language, carrying within 
			them a meaning far older than words, telling me of being wanted and 
			a part of something that would always be. Murmuring that in this place 
			was my place, in this heart my heart. But deeper still, under all of 
			that, there was a substance, some soul food that I needed to become 
			human, that came to me in that moment of unity. I breathed it in with 
			every breath, took it in with every heartbeat. A food as important to 
			my spirit as my mother’s milk to my body. And something in me, some 
			tiny doorway, opened, and through it flowed this substance, this exchange 
			of soul essence. Out of me, too, it flowed and he took it in in turn 
			and his spirit rejoiced.

And without this bonding, 
				this joining of two living beings, what is life? What is life without 
				this exchange of soul essence but tasteless food in some dusty and 
				empty place. And what are we then but abandoned 
				and crumpled newspapers, yesterday’s stories blowing down some wind-swept, 
				darkened street.

I would visit my great-grandparents 
			sometimes in the summers, traveling to their farm deep 
			in rural Indiana. My great-grandfather and I would take walks in the 
			woods, and sometimes, while we fished, I would lie close to him on the 
			banks of the pond he had dug. I would smell his smell coming into me 
			then and, as I settled deeper into this woodland place, I would notice 
			again that soft inhale and exhale, feel once more the pull of ancient 
			waters. And that soul force would flow into me, I would breathe it in 
			like life itself. It seemed as if, as we lay there, the water, and the 
			plants, and the trees over us, the very Earth itself, partook of that 
			sharing. As if they, too, knew of this thing and blessed it and smiled 
			upon us.

He died when I was eleven, and three years later 
			my family moved to Texas. We lived in a house in a new subdivision where 
			houses and streets were carved in geometric precision out of the Texas 
			prairie. A mathematical model of community life, created in some university-trained 
			architect’s office, forced into place by bulldozer and concrete and 
			Man, overlaying the drifting textures of the land.

I would go to the edges of the subdivision sometimes, 
			when the workmen were gone, to where the new houses were rising, and 
			I would enter them.

The smell of new wood,
disturbed sawdust
glittering in the sun.
Plywood flat on the floors,
and the empty echoing of my footsteps.

I remember those sights and sounds 
			and smells, but mostly, it is the feelings in those places that I have 
			never forgotten. There was something sad in those houses, something 
			empty and forlorn. And I began to see, the longer I lived in that subdivision, 
			that those same feelings were also to be found in the faces of my neighbors. 
			There was a strange bewilderment, as if some part of these people was 
			saying, “We have everything we are supposed to have 
			to be happy; why then do we feel so empty and bereft?”

I would sometimes go beyond those rising houses into 
			the corn fields that lay next to the geometric streets and houses. They 
			also lay in ordered rows, a different kind of architecture forced onto 
			the land. Sometimes I would disappear into those fields, tall corn closing 
			over me, a world in each furrow and line. But sometimes I would walk 
			even farther, into the woods that lay beyond. They were ragged and disordered 
			woods, not like the forest I had known on my great-grandfather’s farm. 
			There were the marks of ax and bulldozer, plants crushed into tread 
			marks, short stumps of large trees amid the small reminders of forest 
			that had been allowed to remain.

The breath cannot be taken 
				in deeply in such places, it rises shallow and short in the chest. 
				The heart’s beating is racing and rapid then, its thunder muted 
				and soft. Like a tiny bird seeking release, fluttering desperately 
				inside the chest.

Within such diminished landscapes 
			I came into puberty. I knew that in time my face would become like my 
			neighbors’ faces. That some part of me would die there and that strange 
			bewilderment would also emerge from my eyes. So, I filed emancipation 
			papers and left home, the memory of what I had shared with my great-grandfather 
			calling me, pulling me from the [safety] of that shore into waters I 
			had never known. And sometime later, in the wildness of San Francisco 
			in 1969, I met an interesting man.

Larry’s red hair stood up, a rusty saw, its jagged 
			spikes defying brush and gravity. His beard, like some strange reflection 
			in a lake of still water, mirror-imaged his rusty and ragged head. When 
			he spoke, his energy filled his face; his eyes widened, the whites standing 
			out stark and distinct. In those moments, his hands took any excuse 
			to burst forth and fly, grasping and moving the air to emphasize his 
			meanings. I looked into his eyes as he talked and saw strange lands 
			and people out of ancient legends, and his hands were callused and strong. 
			And his stories were like none I had ever heard before.

After graduating high school, he had moved to mountains 
			and built a cabin. He lived in seclusion for a year, eating little and 
			talking less. Then he began to sail ships, tall masted schooners and 
			small racing boats, and he sailed around the world. The typhoon hit 
			him near the coast of Madagascar. Man working with cloth and rope and 
			wood in a configuration as old as history while the heavens raged and 
			the seas swelled and the ship was finally smashed against the coast.
			

Then one day, hearing him talk, something in my heart 
			turned over, and a strange feeling went through me. I knew in that moment 
			that there was something in mountains for me as well, something I had 
			to find.

It is in such offhand ways that fate finds us 
				and sets us on our way.

The first time I drove my car into the Rocky Mountains, 
			those great peaks towered over me, soaring higher than I could see. 
			The road snaked between them, following the winding of a river that 
			had flowed at their feet for longer than the pyramids had touched the 
			sky. Those peaks, like strange, wild, non-geometric office buildings, 
			standing sentinel along the road, shadow-dimmed the light at the bottom 
			of the canyon. I moved from shadow to light and back again, following 
			the road that fate had given me. I kept on, and as I drove, moved farther 
			from civilization, back into time, back into the wildness of the world.
			

And I was often afraid, for the road passes through 
			areas where on one side the mountains tower up far into the heights 
			and on the other drop into depths whose ending I could not fathom. Sometimes 
			there are no guardrails and I could not help imagining what would happen 
			if, for some reason, I left the safety of the road and lost control 
			and soared out and down and down and down. So I held on tightly and 
			the road took me ever deeper and farther on.

In time, I came to a place where the road crested, 
			and I saw that if I continued on, it would begin to drop again, deep 
			into the valleys, and take me back to the lowlands, to people, and the 
			geometry of civilization.

There is something in us that sometimes drives us 
			to the top, and we must go as high as we can and as far as the road 
			takes us. So, far beyond tree lines and places where people lived, I 
			found a turnout and stopped. I remember the sound the stones made as 
			the car ground slowly to a halt, the slam of the door, the smell of 
			hot engine and burning oil, and my steps on the gravel as I stood for 
			the first time twelve thousand feet above the sea.

I paused then and was aware of the silence, as deep 
			a silence as I have ever known. I could feel my heart beating within 
			me and the coursing of my blood and could hear the slow, subtle, susurrus 
			of my breathing. Then, suddenly, the power of the place flowed through 
			my senses. The size of the mountains came into me and I felt their weight 
			and then ever more deeply their age, and I was tiny and small and aware 
			of something that had been, long before human beings had been, and would 
			still be long after they were gone.

There was a trail off to my right that wandered through 
			wildflowers, and stones, and short, matted gorse. Here and there great 
			rock outcrop-pings arose, the craggy bows of wild ships whose decks 
			I walked, and to keep my balance I was forced to lean into their pitch, 
			like a sailor staggering on the wildness of the sea. The air was thin 
			and cold and carried a smell that entered into me and has never left, 
			and no amount of city will erase it nor length of time dull the 
			remembering.

The trail wandered upward, the beaten ground showing 
			there were those who had gone before me. I followed, and from time to 
			time came upon streams that burst out of the ground and rushed down 
			the mountain slopes, eager to join the river far below. When I put my 
			hands in and lifted them to taste the wildness of that water, they were 
			numbed to the bone; the water swirled through my mouth, a liquid ice. 
			I could feel it twisting and turning as it moved deep within me. Something 
			came into me with it, some wildness that city water no longer knows.
			

The trail wandered into a cleft between those ragged 
			outcroppings of mountain, then opened out into a small protected glade. 
			The great stones circled around, cupping the hollow within their palms, 
			protecting it from the wind. A camp robber, ubiquitous bird of the heights, 
			flitted close, landing on the circle of stones overlooking me. He cocked 
			his head in question and called out to me something that was almost 
			familiar. It was long before I knew what he had said.

A ragged, misshapen stone of granite nestled in the 
			center of the glade, its sides covered with lichens orange and green. 
			I bent down and could feel its textured surface, crumbly and warm beneath 
			my hand. I sat then and leaned against it and felt the sun’s warmth 
			play over my face, the rock’s surface rough against my back. There was 
			a smell in the warm sunlight that day that I have never been able to 
			describe, as if warm sunlight has a smell all its own. Other smells 
			came to me as well, off the rock behind me, from the grass and wildflowers 
			under and around me, from the air itself. And I felt the tension begin 
			to go out of my body. I began to breathe deeply, held in the hands of 
			the secret place I had found.

I started to hear the little sounds of the place 
			then—the creak of rock, one side in sun, the other in shade. The soft 
			fluttering of the wind. The wind leaned down and touched the plants, 
			wildflowers and green stems of grass bending slightly under its caress. 
			I felt its soft touch move to my face, its fingers following the line 
			of my cheek, curving under my chin, ruffling my hair. In its slow, soft 
			murmur the sigh and breathing of the world, flowing in and around me, 
			like waters over a shore.

Their every movement pulling me, I moving with their 
			ebb and flow. Their rhythms tugging, loosening me, and the shore being 
			left behind. Currents taking me onward, into waters I had never known. 
			My outflowing breath the world’s inhale, its exhale now my life.

Then, slowly, my heart began beating with the rhythms 
			of the glade, my tiny life held in the embrace of its older and more 
			powerful waves. And those waves were a language, carrying within them 
			a meaning far older than words, telling me of being wanted, a part of 
			something that would always be. Murmuring that in this place was my 
			place, in this heart my heart. But deeper still, under all of that, 
			there was a substance, some soul food that I needed to become human, 
			that came to me now. I breathed it in with every breath, took it in 
			with every heartbeat. A food as important to my spirit as my mother’s 
			milk had been to my body. And something in me opened up, some tiny doorway 
			within me, and through it flowed this substance. From me, too, it flowed, 
			and the glade took it in and rejoiced. And in that moment I bonded with 
			the world, as I had bonded with my great-grandfather so long before.
			

And without this bonding, 
				what is life? What is life without this exchange of soul essence 
				between the human and the wildness of the world? Tasteless food 
				in some dusty and empty place rising in geometric 
				precision out of an empty plain. A mathematical life forced into 
				place by bulldozer and concrete and Man. And what are we then but 
				abandoned and crumpled newspapers, stories without meaning, blowing 
				down some wind-swept, darkened street. 

So I found the thing I had sought, 
			that had come into me first with my great-grandfather’s heart. My eyes 
			were soft focused, the colors of the land luminous, its sounds a rippling 
			harmony of the rhythmic patterns of the world. I found my place.

In time I rose from that glade, found the trail and 
			walked on, eventually coming to the crest. I stood and 
			looked then and my eyes swept out and down, my vision soaring birds 
			on currents of light. They traveled farther than I thought it possible 
			for sight to go, gently touching the great foldings of those mountains, 
			soaring from their valleys to their peaks. Then the wind blew against 
			me and suddenly, for no reason that I knew, I was laughing, a wild, 
			deep joy flooding me. The wind took my laughter in its hands and carried 
			it up and out, into the wildness of the world.

I turned my eyes farther then, and across the valleys, 
			far away, I could see a ragged wall of rain falling from darkened clouds 
			high above, bending down to touch the Earth. On one side there was sun, 
			the other darkened rain. A curtain of gray lace, hanging heavy from 
			dark, water-laden clouds, was sweeping toward me, twisting and bending 
			in the wind. Then some strange movement of clouds opened a path and 
			the sun took it, laying light across that gray, lacy curtain. A rainbow 
			spread out below me, cupping in its colors a brilliant blue lake whose 
			wind-disturbed surface followed the ragged twistings and turnings of 
			the land.

I felt my spirit move and then some Mountain
			thing touched me, looked down from a mighty height, awakened from 
			its contemplation, to see me, tiny, below. And it was old beyond knowing 
			and has little to do with humans and its gaze rocked me as, for a second, 
			I stood revealed. Then it returned to a contemplation of centuries, 
			of millennia, living a kind of life that is as far beyond me as the 
			stars are from the sun.

Not long after that I returned to the car and drove 
			on, eventually coming to a place lower down, where people go. There 
			I found an old cabin and rebuilt it, and lived there, and began to make 
			relationship with the wildness of the world. And from time to time, 
			I would travel higher into the mountains and hike their forests.

I hunted in the high country for mushrooms and wild 
			plants and followed the tracks of mountain men and the Indians who were 
			there before them. I entered into the wild places and listened to their 
			songs, for the world was young then; I was new and life stretched, unbroken, 
			before me.

And though I had been taught in school that the wildness 
			of the world was cold and uncaring, unfeeling, and ruled by tooth and 
			claw, I did not find it so. It gave me all that I have ever wanted to 
			have and began to teach me a truth that I had not learned in school, 
			a truth plain in its every line, and movement, and turning. For Nature 
			does not know how to lie.

It is such a simple observation that there are no 
			straight lines in Nature. But it is a door into Nature’s heart.



SECTION ONE

NATURE
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When geometric diagrams and 
				digits

Are no longer 
				the keys to living things,

When people who go about 
				singing or kissing

Know deeper things than the great 
				scholars,

When society is returned once more

To unimprisoned life, and to the universe,

And when light and darkness mate

Once more and make 
				something entirely transparent,

And people see in 
				poems and fairy tales

The true history of the world,

Then our entire twisted nature will turn

And run when a single secret word is spoken.

—NOVALIS




 

CHAPTER ONE
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THE NONLINEARITY OF NATURE
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Deep in the human unconscious is a pervasive 
				need for a logical universe that makes sense. But the real universe 
				is always one step beyond logic.

—FRANK HERBERT

It is becoming obvious that 
				channeled vision is not good enough. There must be a return from 
				overspecialization to the generalist who can see totalities.

—CHANDLER BROOKS

Most men only care for science 
				so far as they get a living by it, and that they worship even error 
				when it affords them a subsistence.

—GOETHE

We shall see but little way 
				if we are required to understand what we see. How few things can 
				a man measure with the tape of his understanding! How many greater 
				things might he be seeing in the meanwhile?

—HENRY DAVID THOREAU

 I 
WENT TO COLLEGE,
			LIKE MANY PEOPLE IN THE 1970S, 
			to escape the draft for the Vietnam war. When I first enrolled I didn’t 
			know what I wanted to study—I wasn’t there to learn—and so I 
			studied anything that seemed interesting to me. I wandered into philosophy, 
			then the humanities, eventually washing up on mathematical 
			shores. Though my learning seemed somewhat random to me then, it was 
			not. I was searching for explanations, something 
			to explain the deep experiences I had had, experiences that were profoundly 
			important to me. For in my cultural myths I could find few traces of 
			them.

Of course (though I did not know it then), the soul 
			of the world cannot be found in philosophy, nor in the humanities, nor 
			in mathematics, (nor even in science). It resides someplace else, someplace 
			the linear mind cannot go. But to many people adrift, mathematics makes 
			lover’s promises and offers a safe harbor from the storm. “Here,” it 
			says, “are not only explanations, but a promise of total control.” The 
			rules are straightforward and understandable; unpredictability vanishes.

What about pi?

And those few irritating things, 
			like pi, as the mathematicians discovered, can simply be rounded off. 
			(“Ve haf vays of making you behafe.”) Mathematics is almost always a 
			profession for control freaks. It has little to do with life, very little 
			to do with the real world.

Mathematics cannot eliminate 
				prejudice, prevent willfulness, or resolve partisan differences. It has no power 
				over anything in the moral realm.

—GOETHE

Anyone who truly looks will quickly 
			see that Euclidean space is not present in a mountain range (nor is 
			topology, but that is a different story); there are no straight lines, 
			no rectangles, no spheres, no geometric angles of predictable value. 
			Though this observation is a simple thing, obvious to any four-year-old, 
			Western culture has ignored it for centuries, developing a culture expressed 
			out of assumptions of Euclidean predictability. But life is not linear, 
			its forms are not predictable to the linear mind, and it bears little 
			relation to the mathematical reality developed by Euclid, the mathematics 
			taught to all of us in school as geometry.

How hard it is to see what 
				is right in front of us.

The word geometry is derived 
			from the Greek geometria: geo meaning Earth and metria meaning to measure, literally, “to measure the Earth.” But the term, 
			has been corrupted, and now applies not to measuring the Earth, but 
			to something that is not geometry at all—the measurement of Euclidean 
			space. This may seem a ridiculous point to make, but our whole culture 
			is based on the illusion that Euclid created with his mathematics. That 
			illusion, which we take to be so very real, actually has little to do 
			with the real world and nothing at all to do with natural environments 
			like mountains, and oceans, and the places where water touches the land—coast 
			lines. For Coast lines and Euclidean lines really have nothing in common. 
			Coast lines have a very specific lack of smoothness, which makes them 
			more complicated than any line Euclid ever imagined.


COAST LINES

When we are shown a map of land that is bounded on 
			all sides by water, as islands such as Madagascar are, we also inevitably 
			see its coastline. To get the area in square miles of such an island, 
			geographers measure the coastline, calculate the distances across the 
			land from coast to coast, and tell us that Madagascar has an area of 
			226,658 square miles. This is an application of Euclidean geometry to 
			the world. But it is not real.

When calculating a measurement for a coastline, using 
			Euclidean geometry, the living reality of a coastline is altered significantly. 
			To understand why this has so little to do with the real world, you 
			must remember just how a coastline is in the real world and not 
			on maps. It is important to let the reality of its being enter 
			your personal experience, to, perhaps, begin to see it once more with 
			a child’s eyes. For when you have done this, it becomes obvious just 
			how little the geometry we are taught has to do with the real world 
			in which we live.

It is a rare qualification 
				to be able. . . to conceive and suffer the truth to pass through 
				us living and intact. . . First of all a man must see, before he 
				can say. . . See not with the eye of science, which is barren, nor 
				of youthful poetry, which is impotent. . . . As you see, so at length 
				you will say.

—HENRY DAVID THOREAU

When you approach a coastline, what 
			you encounter is a ragged edge, some portions of which protrude farther 
			into the water, some less. To measure this ragged line, Euclidean geometricians 
			“round off” the raggedness. In essence, they take an approximation of 
			the raggedness of the coastline in order to allow the complexity of 
			a living coastline to fit into Euclidean space so that their model, 
			their way of thinking, will be able to measure it. But always, it is 
			important to remember, this is only an approximation. It is never real.
			

One way of understanding how coastlines are measured 
			is to imagine that the line geographers measure is a path you can walk 
			that goes around the whole island along the coast. Such paths rarely 
			follow the exact edge of the coast; they are a bit inland from it, and 
			their twistings and turnings are much less severe than the coastline 
			itself. Walking the exact outline of a coast, with each little twist 
			and turn, would be very hard to do. But if the path is a bit inland, 
			as it is to make walking easier, that has more to do with comfort and 
			ease than the coastline itself. So, to make the coast line more exact, 
			you can imagine moving this path closer and closer to the water’s edge, 
			so that it follows more and more closely the irregular outline of the 
			coast. And you can see that the closer the path gets to the water, the 
			more wiggly it becomes. The more wiggly it becomes, the more twists 
			and turns you must make as you walk it. The more twists and turns you 
			make, the more you have to walk, and the longer the distance you must 
			travel.

And so the closer the path to the exact edge where 
			water and land meet, the longer the path will be. At some point in time, 
			though, if the path keeps getting closer and closer to the water, you 
			will be too big to follow all the ever-more-exact twists and turns along 
			the coast, and so imagine now that the walker is a little mouse instead 
			of you, a human being. A mouse can get much closer to the edge of the 
			water than you can and thus follow all the twists and turns more easily. 
			Doing this, of course, will make the path a lot longer for the mouse 
			than it was for you because there are a great many more twists and turns, 
			all of which have to be traveled, all of which have to be measured. 
			This will work fine for a while, but if you keep moving the path closer 
			and closer to the exact edge of the water, even the mouse will eventually 
			be too big to follow all the tiny twists and turns. So, to follow the 
			edge of the water more closely we must find a smaller walker, perhaps 
			an ant. An ant, because of its size, can get even closer, following 
			the twists and turns of the tiny pieces of the coastline ever more exactly. 
			And again, the more closely the ant’s path follows the exact outline 
			of the coast, the more twists and turns there will be. So the length 
			of the coastline becomes still longer as the walker becomes smaller. 
			Eventually, even an ant will be too big to follow all the twists and 
			turns and so perhaps we will have to imagine a microbe now traveling 
			along the coast. Its size enables it to follow the coastline better 
			still, and the line becomes, again, much more twisty and turny, and 
			much, much longer.

All experiments show that 
				with ever closer inspections, the mathematicians, 
				“straight” lines become obviously ever less straight.

—BUCKMINSTER FULLER

Changing the size of the walker in 
			the imagination is merely one way of increasing the magnification of 
			the coastline. The smaller the point of view, the larger and longer 
			the coastline becomes. Because the magnification can 
			always be increased, the coastline can always become longer. Another 
			way of saying this is that the length of a coastline grows the closer 
			you get to the water’s edge and the more closely you follow the coastline 
			itself. The greater the scale of your measurement, the more twists and 
			turns you must make to follow the coastline and the longer the line 
			you are measuring becomes. (It can also be seen by this that the coast
			line—the path the walker takes—gets thinner and thinner the more 
			exactly you approach the place where water and land meet, the more you 
			increase your magnification. For an atom walking the coast, the line 
			is very long and thin indeed.)

I find myself inspecting little 
				granules, as it were, on the bark of trees, little shields or apothecia 
				springing from a thallus, such is the mood of my mind, and I call 
				it studying lichens. That is merely the prospect which is afforded 
				me. It is short commons and innutritious. Surely I might take wider 
				views. The habit of looking at things microscopically, 
				as the lichens on the trees and rocks, really prevents my seeing 
				aught else in a walk. Would it not be noble to study the shield 
				of the sun on the thallus of the sky, cerulean, which scatters its 
				infinite sporules of light through the universe? To the lichenist 
				is not the shield (or rather the apothecium) of a lichen disproportionately 
				large compared with the universe? The minute apothecium of the pertusaria, 
				which the woodchopper never detected, occupies so large a space 
				in my eye at present as to shut out a great part of the world.

—HENRY DAVID THOREAU

Nature is like this. If you take 
			any part of Nature and look at it, its edges will be ragged and twisty 
			and not straight. So to measure parts of Nature, to make Nature accessible 
			to linear—some would call it “practical”—thinking, all of us are taught 
			to round off the edges, to create specific and distinct boundaries between 
			one thing and the next. This in actuality only gives 
			us an approximation, a guess. And no matter the power of our magnification, 
			it remains only an estimation of the real. For a long time, scientists 
			ignored this (and this ignoring has had terrible consequences). They 
			spent their time seeing Nature through Euclid’s eyes and Newton’s (who 
			thought this way, too) and ignored the simplest thing there is about 
			Nature, something any child can see immediately: it goes on and on and 
			on.

I have never known a clergyman 
				or a professor who could be more narrow, bigoted, and intolerant 
				than some scientists, or pseudoscientists. 
				. . Intolerance is a closed mind. Bigotry is an exaltation of authorities. 
				Narrowness is ignorance unwilling to be taught. And one of the outstanding 
				truths I have learned in my University [of Nature] is that the moment 
				you reach a final conclusion on anything, set that conclusion up 
				as a fact to which nothing can be added and from which nothing can 
				be taken away, and refuse to listen to any new evidence, 
				you have reached an intellectual dead-center, and nothing will start 
				the engine again short of a charge of dynamite. . . Ossified knowledge 
				is a dead-weight to the world, and it does not matter in what realm 
				of man’s intellectual activities it is found. . . Any obstinate 
				clinging to outworn doctrines, whether of religion or politics or 
				morality or of science, are equally damning and equally damnable.

—LUTHER BURBANK

So the idea of quantitatively measuring 
			Nature, of measuring a coastline, of “coastline length” 
			itself, as the mathematician Benoit Mandelbrot remarks, “turns out to 
			be an elusive notion that slips between the fingers of one who wants 
			to grasp it. All measurement methods ultimately lead to the conclusion 
			that the typical coastline’s length is very large and so ill determined 
			that it is best considered infinite. Hence . . . length is an inadequate 
			concept.”1

In nature, a whole encloses 
				the parts, and yet a larger whole encloses the whole enclosing the 
				parts. By enlarging our field of view, what is thought of as a whole 
				becomes, in fact, nothing more than one part  
of a larger 
				whole. Yet another whole encloses this whole in a concentric series that continues on to infinity.

—MASANOBU FUKUOKA

Thus, the length of the coastlines 
			listed in school books are never accurate, for, with increasing magnification, 
			the actual coastline in the real world becomes longer and longer. In 
			order to measure coastline length, geographers smooth out the irregularities 
			that are inherent in Nature and in real coastlines. Only in this way 
			can their mode of measuring be used. But this smoothing out ignores 
			an essential facet of Nature—its nonlinearity. Coastlines, 
			in actuality, in reality, continually approach infinite length, and 
			any assumption that they are measurably finite forces a nonlinear system 
			into a linear mode of cognition. And this always leaves out something, 
			and that something is very important indeed.




THE SUBJECTIVITY OF SCIENCE

Any measurement of Nature that smooths out its irregularities 
			in order to allow measurement is not objective. It is, in fact, highly 
			subjective.

The observer, by determining the degree of measurement 
			(or magnification) that will be used, and thus how the lines will be 
			smoothed out, interferes with what is being measured. The observer intervenes 
			in any resultant description of Nature by subtly altering its description, 
			a description that depends on a preference for one level of magnification 
			over another. It is an error that is not rectifiable—not correctable—because 
			the error comes from the way of thinking itself. It comes from applying 
			a linear, static mode of cognition to a nonlinear, always changing and 
			flowing reality. That this resultant description is then taken as an 
			accurate portrayal of Nature injects an unreality into our collective 
			consciousness. We are slightly moved away from Nature, and everything 
			we do begins to take on perturbations that grow greater the farther 
			away in time we go from, and the more decisions we make based upon, 
			that original error in description.

The truth is that in the real world, in Nature, quantification 
			is always a projection of arbitrary human decisions. It is always 
			subjective. Nature contains no fixed, measurable quantities.

What about those four rocks 
				over there?

We often think, because we are so 
			thoroughly immersed in Euclid’s imaginary world in school and by our 
			culture, that there are quantities in Nature. We are shown a number 
			of oranges and we think there is a quantity—seven, perhaps. But number 
			and quantity are not the same thing. As Gregory Bateson admonishes, 
			“You can have exactly three tomatoes. You can never have exactly three 
			gallons of water. Always quantity is approximate.”2

Nature may contain numbers of things, 
			but it contains no quantities of things—only qualities.

I’m starting to feel sick

And when we are taught, and come 
			to believe, that rigorous thinking, that scientific thinking, occurs 
			only with the exactitude of quantification, we embark on a course that 
			is more a reflection of the kind of thinking we are engaged in (and 
			unconscious, unexamined projections) than it is the real world. It has 
			almost nothing to do with the real world or Nature. It is, in fact, 
			crazy.

Scholars have for the most 
				part a diseased way of looking at the world. They mean by it a few 
				cities and unfortunate assemblies of men and women, who might all 
				be concealed in the grass of the prairies. . . When I go abroad 
				from under this shingle or slate roof, I find several things which 
				they have not considered.

—HENRY DAVID THOREAU

As children, of course, we instinctively 
			understand the nearly infinite, open-endedness of Nature. It is only 
			with schooling that we lose our natural understanding (and lack of fear) 
			of the nonlinearity of the world. If you ask young children to guess 
			the length of any particular coastline they will joyfully do so. But 
			when you explain to them about mice and ants and microbes they will 
			realize immediately that any coastline is as long as you want to make 
			it, and they will laugh, knowing that Nature goes on and on and on. 
			For they experience this truth every day of their lives when they play 
			in the secret worlds they find in their yards.

(Coastlines—like all things in Nature—are finite 
			in length, even though their limits can never exactly be found. Even 
			though finite, they approach an infinite length. They are wrinkled for 
			just this reason, in order to extend their length, to have them approach 
			infinity as closely as possible, to have them go on and on and on.)
			

It is only adults, when given this exercise of thinking 
			about coastlines, who will become afraid of what it means, who will 
			feel the underpinnings of their reality begin to crumble, and refuse 
			to accept it or its implications.

A finite living being partakes 
				of infinity, or rather, has something infinite within itself. We 
				might better say: in a finite living being the concepts of existence 
				and totality elude our understanding; therefore we must say that 
				it is infinite, just as we say that the vast whole containing 
				all beings is infinite.

—GOETHE

The recognition that there was something 
			wrong in applying linear thinking to life was recognized long ago, of 
			course, and captured in language (inevitably) by a Greek 
			named Zeno of Elea—though he put the paradox in story form as a race 
			between Achilles and a tortoise. Zeno of Elea’s paradox states that 
			there is between me and that wall a distance that must be traveled before 
			I can touch the wall. The length of that distance, the line between 
			me and the wall, can be divided in half, and that half in half again, 
			and that half in half again, and so on, forever. So it is never possible 
			to reach that wall, for an infinite distance must be traveled to reach 
			it.

Straight lines are axiomatically 
				self-contradictory and self-cancelling hypothetical ventures.

—BUCKMINSTER FULLER

The internalization of this paradox, 
			once it is grasped, is often frightening (nausea sometimes accompanies 
			its ingestion), for it challenges the foundations of the linear thinking 
			to which we have become habituated. Most people, once they grasp it 
			and internalize it (and feel the fear that it engenders) dismiss and 
			ignore it as senseless, as irrelevant. But it reveals a profound truth 
			about the nature of linear thinking and its limitations. Obviously, 
			I can reach the wall, and so something must be wrong (hence the paradox 
			of the thing). The something that is wrong is not in the paradox itself, 
			but in the thinking that gives rise to it. It has to do with applying 
			linear thinking to life. Life is not, and never has been, linear.
			

(The roiling in the gut that can accompany the recognition 
			of the nonlinearity of Nature, of the absence of quantity in Nature, 
			is an experience of the sickness, of the aberration, of linear 
			thinking when it is used as a dominant window through which the world 
			is seen. The repercussions of that thinking can be seen in the 
			destruction of wild landscapes, in the logging of rain forests and the 
			damning of rivers.)

Euclid defined the dimensions of physical matter 
			that we now take for granted: a point has no dimensions, a line one, 
			a rectangle two, and a sphere three. But if you think about it, you 
			have never seen a no dimensional, one-dimensional, or two-dimensional 
			form—they do not exist in Nature and they never have. They existed only 
			in Euclid’s mind and now, regrettably, in ours.

Planes are not experimentally 
				demonstrable. Solids are not experimentally demonstrable.

—BUCKMINSTER FULLER

Each of these increasing dimensions, 
			in Euclid’s world, stands at a ninety degree angle to the one preceding 
			it. We are used to thinking of physical objects through 
			this matrix, this definition of the dimensions of matter. We are taught 
			that we live in three-dimensional space. But Euclid limited his mathematics 
			to (imaginary) objects for which all the dimensions coincided. Thus 
			we are taught in school that shapes are regular and are mathematically 
			measurable. We constantly apply this kind of thinking to all of Nature 
			but what is true is that Nature is not regular and its shapes are not 
			dimensionally concordant, not so regular and predictable. Nature’s increasing 
			dimensions do not necessarily stand at ninety degrees to the ones preceding 
			them. (Hence, the nonlinearity—the chaos—of the thing.)

The shapes around which Euclid arranged his mathematics 
			are exceptionally rare in Nature: mountains are not cones, the Earth 
			is not a sphere, and straight lines are nonexistent.

Someday someone will write 
				a pathology of experimental physics and bring to light all those 
				swindles which subvert our reason, beguile our judgement and, what 
				is worse, stand in the way of any practical progress. The phenomena 
				must be freed once and for all from their grim torture chamber of 
				empiricism, mechanism, and dogmatism.

—GOETHE

Any object in Nature will 
			display the same kind of unsettling dynamics coastlines do when they 
			are deeply examined. The supposed two-dimensionality of a rectangular 
			plain and assumed three-dimensionality of a mountain will themselves 
			approach infinite size as the magnification of measurement increases. 
			(There is no linearly measurable length, width, or height. No 
			quantity to them at all.) Euclid’s world is not the real world, and 
			his system of measurement only works accurately in his imaginary world. 
			In Nature, something much different is going on, and trying to understand 
			it with the linear mind gets complicated, for Nature is as far beyond 
			lines as the stars are from the sun.

Science has made no experimental 
				finding of any phenomena that can be described as solid, or as continuous, or 
				as a straight surface plane, or as a straight line, or as infinite anything.

—BUCKMINSTER FULLER

The truth is that what Euclid left 
			out of his mathematical world was life. When life flows through 
			(what is called) three-dimensional space, it changes it. The smooth 
			lines twist, fracture, wiggle, and fold over themselves in all directions. 
			And this twisting and fracturing occurs not only along the dimensional 
			line itself—along the one-, two-, or three-dimensional line being considered—but
			between the dimensional lines themselves. Thus, shapes in nature 
			are composed of discordant dimensions. A mountain is not a cone or a 
			pyramid that possesses three distinct and clear dimensions, each at 
			ninety degrees to the other. As life flows through (physical) space, 
			each dimensional line of a mountain fractures and folds, approaching 
			infinity in length.

As well, the mountain’s dimensionality itself is 
			not a constant, it fluctuates somewhere between two and three—a fractional 
			dimension—because as life flows through the so-called three dimensions, 
			not only are the dimensional direction lines of height, width, and depth 
			broken and fragmented, but the space through which they flow 
			is also broken and fragmented. So this dimensionality of mountains is 
			always spilling over into another dimension at different degrees of 
			spill at different points along its near-infinite fractional lines. 
			The greater the dimension of a nonlinear object, such as a mountain, 
			the greater the chance that a given region of space contains a piece 
			of it. Thus, where the mountain begins and ends can never be determined. 
			It seems to have a beginning and an end. But we will never know, with 
			the linear mind, just where that end is or if, in fact, it actually 
			exists.

The fact is, that you cannot 
				see all of the facts about anything just by looking at the thing 
				itself. To learn part of the essential truth about grasses, for 
				instance, you have to study the cow!. . . A fact is relative, and 
				if it is placed out of its relative position it apparently is not 
				a fact, often.

—LUTHER BURBANK

We can see the ripples that life 
			caused when it fell into the land in the upthrust jagged peaks that 
			we call mountains. But upon what distant shore do those ripples end? 
			Do they end on the sandy beach of the ocean? However tiny they are, 
			however unseen they are to the linear mind, are those ripples not present 
			still? And just as the shade of the oak tree is present in the seed, 
			is not the eagle present in the mountain? And if the eagle flies to 
			the field, is not the mountain now in the field? The waters begin in 
			the mountain snows, but when they flow to the sea, does not part of 
			the mountain reside now in the ocean?

Nonlinear structures—the shapes found in Nature—are 
			the visible remnants of the movement of life through matter.

(Even this way of talking is too reductionistic. 
			The question “What came first, the chicken or the egg?” is a product 
			of the linear mind. Linearity is an illusion. Life came first, 
			and within it all living forms are inherent.)

Each shape has its own particular identity and the 
			linear mind names them mountains or coastlines or trees (though to name 
			something is never to know it). We see them as static entities, as if 
			we are outside them. To the linear mind they appear to be static and 
			unchanging. But they are not.

You cannot get out of Universe. 
				Universe is not a system. Universe is 
not a shape. Universe is a scenario. You are 
				always in Universe. You 
can only get out of systems.

—BUCKMINSTER FULLER

When the linear mind looks at Nature 
			or a part of Nature, it takes a picture of it, frozen in one instant 
			of time. If the linear mind looks at a moving, changing process—the 
			flight of a bird, for instance—it takes a series of pictures, one after 
			the other. Each picture shows the presence of the bird in a different 
			location at a different moment in time. But these strung-together snapshots 
			are not the flight of the bird, however much they appear to be so to 
			the linear mind. Even if the linear mind could move as quickly as a 
			motion picture camera, it still would only be capturing static moments 
			of the flight of the bird. Even film can never capture the flight of 
			the bird, for a moving picture is only a series of snapshots moving 
			very rapidly, giving the appearance of flight. No matter how fast the 
			shutter speed of the camera, there will always be a tiny piece of time 
			left out from all such series of pictures. The semblance of a living 
			thing is found in this process, but only a semblance. The linear mind, 
			and the moving picture cameras it invents, will always leave out that 
			tiny piece of time. And it is in that tiny piece of time that the oh-so-hard 
			to describe but oh-so-strongly felt thing we know as life resides. It 
			is something that always resides between and outside the frozen moments 
			that are graspable by the linear mind.

A collection of an infinite 
				number of parts includes an infinite number of unknown parts. These may be represented 
				as an infinite number of gaps, which prevent the whole from ever being 
				completely reassembled.

—MASANOBU FUKUOKA

Scientists, when focusing their research 
			on one particular thing, take a picture, with the linear mind, of the 
			moments and the movements of that living thing through (supposed) three-dimensional 
			space. They separate it out and isolate it. They take a piece of Nature, 
			remove it from the flow of life and time, and study it, trying to understand 
			Nature and life or, perhaps—to them—more simply, the leaf of a plant. 
			But once it is removed from its living context, broken off from the 
			matrix within which it exists, it is no longer what they think it to 
			be. This unnatural separation can never produce the outcome they desire, 
			and everything they decide based on that separation will always end 
			up wrong.

One of our great limitations 
				is our tendency to look only at the static picture, the one confrontation. We want one-picture 
				answers; we want key pictures. But we are now discovering that 
				they are not available.

—BUCKMINSTER FULLER




FRACTALS, NONLINEARITY, AND DETERMINISTIC CHAOS

So . . . any close observation of a natural object 
			reveals a highly irregular structure. The greater the magnification 
			of our vision, the more irregular the object’s surface will become. 
			And because nearly all natural formations on Earth are irregular, trillions 
			upon trillions of them, they cannot be described using Euclidian geometry 
			or the mathematics of Newton. This was recognized by Benoit Mandelbrot, 
			who has long had the habit of seeing the world like a child and asking 
			difficult questions. Because he could not find a word in any language 
			(including mathematics) to describe the infinite, irregular shapes of 
			Nature he invented one—fractal.

Mandelbrot created the term from the Latin word
			fractus, which means “something broken apart into irregular shapes.” 
			Fractus is also the origin of the English words fraction and
			fragment. And so a fractal is something that has irregular, nonperiodic 
			shape. That is, it is fractional, fragmented. (And this use of the word 
			fraction or fractal to describe Nature evokes the fundamental realization 
			that everything we see, including ourselves, is only a fractional part 
			of one very large whole.)

The fractal shape of natural objects means they are 
			irregular or disjoint and the word stands in opposition to algebra
			which comes from the Arabic al-jabr and means “to rejoin 
			broken parts.” (It was used originally to refer to setting broken bones.) 
			Euclidean geometry uses algebra to measure shapes and it joins together 
			the nonlinearity of nature by smoothing out its irregularities into 
			something that can be understood, and supposedly controlled and predicted, 
			with the linear mind. But fractals are not Euclidean and they are intimately 
			related to life itself. They are not a static system of three-dimensional 
			shapes. Fractal lines—the fractal geometry of Nature—are the shapes 
			created when life flows through physical space. And they are
			always in flux. Looking out from our tiny and limited life span, 
			we continually miss the fact that life is still flowing through 
			physical space. It has never stopped. The mountain lives much slower 
			than we do, but its shape is never static, never unchanging. 
			It is always flowing along and between dimensions, in constantly fluctuating, 
			never predictable ways. This understanding disturbs deeply embedded 
			(adult, not child) preconceptions and species bias, about matter and 
			Nature, about what is living and what is not. For human cultures to 
			allow scientists to dissect Nature as much as they have, Nature had 
			to become a dead, unalive thing, otherwise no one would have put up 
			with it.

When we allowed 
science to convince us 
that 
				there is no soul 
or intelligence in matter, 
the Earth’s physical 
				forms 
became only cemetery markers 
showing where spirits once moved 
				
through the world. 
The autopsy 
of the material world 
then began 
				in earnest. 
Its dissected parts 
now litter the landscape 
and we 
				walk, depressed, 
among lifeless statuary, 
only accidental lifeforms 
				
on the surface of 
a ball of rock 
hurtling around the sun. 


The metal gate is unlocked.

Other kinds of flowers 
nod in sunlight 
outside that wrought-iron 
				fence.

Recognizing the nonlinearity of Nature confounds 
			the linear mind; to truly understand Nature we are forced to think outside 
			the (appropriately Euclidean) box, to abandon quantity in favor of quality. 
			For the linear mind, this removal of dimensional, quantitative, (living/nonliving), 
			limitations means the removal of all points of (mental) reference. It 
			is inherently frightening. As Mandelbrot comments, “Almost every case 
			study we perform involves a divergence syndrome. That is, some quantity 
			that is commonly expected to be positive and finite turns out either 
			to be infinite or to vanish. At first blush, such misbehavior looks 
			most bizarre and even terrifying, but a careful reexamination shows 
			it to be quite acceptable. . . as long as one is willing to use new 
			methods of thought.”3

A far more difficult task arises when a person’s 
				thirst for knowledge kindles in him a desire to view nature’s objects 
				in their own right and  in relation to one another. . . he 
				loses the yardstick which came to his aid when he looked at 
				things from the human standpoint.

—GOETHE

The fractal nature of Nature, the nonlinearity of 
			actual objects in the real world can be thought of as an added dimension 
			to all natural forms. And this dimension must be taken into account 
			when describing Nature. For if it is not, something other than Nature 
			is being described. Describing Nature, naming a thing, is a wonderful 
			yet perilous act. Once people have a name for something, their tendency 
			is to think they understand it and once they think they understand it, 
			they quit experiencing it fresh and new each time they encounter it. 
			Should the name itself be inaccurate it starts a chain of cultural and 
			individual events that lead to outcomes that are not predictable in 
			the initial act of naming.

Semen is Latin 
for a dormant, fertilized, 
plant ovum—
				
a seed. 
Men’s ejaculate 
is chemically 
				more akin 
to plant pollen. 
See,
				
it is really 
more accurate 
to 
				call it 
mammal pollen.

To call it 
semen 
is to thrust
				
an insanity 
deep inside our culture:
				
that men plow women 
and plant their seed
				
when, in fact, 
what they are doing
				
is pollinating 
flowers.

Now.
Doesn’t that change everything between 
				us?

Ultimately life must be, is intended to be, experienced. 
			Life is no mere description. To experience life, to get to the heart 
			of things, to see truly the face of Nature—not just to describe it through 
			the framework of an illusionary, disinterested, objective observer—a 
			nonlinear mode of cognition must be used. For life is, 
			as Frank Herbert realized, “always one step beyond logic.”








 

CHAPTER TWO
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THE SELF-ORGANIZATION OF LIFE


[image: image]

The mathematical intuition so developed [by training 
				students in linear mathematics] ill 
				equips the students to confront the bizarre behaviors 
				exhibited by the simplest discrete nonlinear systems. . . yet such 
				nonlinear systems are surely the rule, not the exceptions.

—R. M. MAY

There is in all things a pattern 
				that is part of our universe. It has symmetry, elegance, 
				and grace—those qualities you find always in that which the true 
				artist captures. You can find it in the turning of the seasons, 
				in the way sand trails along a ridge, in the branch clusters of 
				the creosote bush or the patterns of its leaves.

—FRANK HERBERT

In the human spirit, as in 
				the universe, nothing is higher or lower; everything has equal rights 
				to a common center which manifests its hidden existence precisely 
				through this harmonic relationship between every part and itself.

—GOETHE

IF YOU LOOK CLOSELY 
			AT ANY LINE IN NATURE
			you will find a fractal line; it will be wrinkly and 
			irregular. And if you look at a section of that wrinkled line through 
			a microscope or under any greater magnification, this increased perspective 
			will reveal yet smaller wrinkles on the larger ones. And further magnification 
			of that smaller part will reveal yet smaller wrinkles. 
			This all continues on and on for a very long time.

Each series of smaller wrinkles will be found to 
			be very similar in shape to the larger one you started with (see figure 
			1.1). This is true of all natural objects such as branching trees, coral 
			formations, wrinkly coastlines, ragged mountain ranges, the heart and 
			circulatory system, plant leaves, and the brain and central nervous 
			system. Thus a fractal, to be even more precise, is a nonlinear object 
			composed of subunits (and sub-subunits) that resemble the larger structure.


[image: image]


Figure 1.1. Self-similarity in fractal lines

This is the grandeur of Nature, 
				that she is so simple, and that she always repeats her greatest phenomena on a 
				small scale.

—GOETHE

All fractal objects possess this 
			property, known as self-similarity; while they are highly irregular, 
			they also have patterns. They are not simply chaotic, that is, unpatterned 
			randomness. And even more difficult for the linear mind, this also applies 
			to any processes or properties the objects may have, such as 
			velocity, pressure, and temperature.

Every property of a natural object will, when examined, 
			display a fractal nature. For example, the temperature of the human 
			body is never an unchanging 98.6 degrees Fahrenheit. Examined 
			on a graph, this always-changing body temperature will be a ragged and 
			wrinkled line, just like a coastline. And if you take a small section 
			of that wrinkled line and magnify it, it will possess the same kind 
			of irregular pattern that the larger line possesses. And if you magnify 
			a smaller section of that smaller line, it will also possess smaller 
			wrinkles, all self-similar to the larger one. And so on and on and on. 
			Just as quantity does not exist in space, neither does it exist in time. 
			We may have the quality of warmth, but we never have a quantity of it.
			

Rather than fractal shapes, these are fractal processes. 
Instead of being fractal in space, they are fractal in 
			time. Fractal processes generate irregular fluctuations on multiple 
			time scales, just as fractal shapes generate irregular structures on 
			multiple length scales. And it turns out that the fluctuations of these 
			processes are quite often oscillations. They ebb and flow, increase 
			and decrease in intensity, like a sound wave pattern or waves on the 
			ocean.

There is a tendency, when recognizing that fractal 
			patterns exist, to once again apply linearity of thought and assume 
			that while the (supposed) lines and planes of nature are fractal, the 
			pattern underneath is always predictable and regular. But this is, again, 
			an inaccuracy. The oscillating patterns underneath are themselves expressions 
			of nonlinearity. The patterns themselves express fractal dimensionality.
			

this is a hard habit to break

This sort of fractal, oscillatory 
			pattern is extremely vivid when examining coastlines, for coastlines 
			alter considerably with the tides. The movement of the moon and the 
			gravity well that accompanies it pull the waters of the Earth along 
			as the moon moves in orbit around the Earth. And so, in following the 
			moon’s pull, the waters ebb and flow. This ebb and flow is an oscillating 
			movement, phase-locked to the moon’s movements. Thus the coastline itself 
			is a constantly shifting identity whose exact orientation in space and 
			time is always fluctuating. There is a regularity about this oscillation, 
			but it is not linear. Examining the oscillation of the tides and thus 
			the shifting of any particular coastline will reveal that the oscillations 
			are nonlinear, fractal processes. Any close examination of this nonlinearity 
			will reveal that it contains smaller subunits and sub-subunits of oscillation 
			that are all self-similar.

But this picture is still too 
			reductionistic, too much a viewing of the world as a place of objects, 
			things that have shape and sometimes movements—all 
			with some mechanical basis. But there is nothing in the world that is 
			merely mechanical, nothing that is not alive.

Virologists have been too busy, 
			for instance, with their DNA-RNA genetic code isolatings, to find time 
			to see the synergetic significance to society of the fact that they 
			have found that no physical threshold does in fact exist between animate 
			and inanimate.

—BUCKMINSTER FULLER

These apparently static material 
			forms, mountains and water, are the body and blood of a living ecosystem, 
			the Earth, and can never be accurately viewed in isolation from the 
			whole. They make up one complete, living organism.

In pursuing investigations on 
			the border region of physics and physiology, 
			I was amazed to find boundary lines vanishing, and points of contact 
			emerge between the realms of the Living and Non-Living. Metals are found 
			to respond to stimuli; they are subject to fatigue, stimulated by certain 
			drugs and “killed” by poisons.

—JAGADIS CHANDRA BOSE

We must step up the complexity of 
			all of this to see it more clearly; the discomfort to the linear mind 
			must be greater.

MOLECULAR SELF-ORGANIZATION
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