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Does moral action depend on reasoning?

This is The siXTh in a series of conversaTions among leading scienTisTs, scholars, and public figures abouT The “big QuesTions.” 
To join The conversaTion, please visiT www.TempleTon.org/reason.

Yes and no, 
happily. 
Evolution has endowed us with 
certain emotions, without which 
morality could have no purchase 
on us. But these emotions, though 
necessary to develop a moral sense, 
are not sufficient, and it is our 
capacity for reason that carries us 
forth into the moral life. 

Morality paradig-
matically concerns 
our obligations 
toward others, and  
moral struggles 
typically demand 

that we resist favoring ourselves to 
the exclusion of others. It is easy  
to see why we have evolved a 
preferential attitude toward our 
own lives. The bulk of our 
emotions can be understood as 
the affective concomitants of our 
lifelong project of persisting on this 
earth as long and as well as we can.

Among these emotions is the 
sentiment of outrage, particularly 
outrage on our own behalf…
Cont I nued onLI ne. 

Rebecca Newberger Goldstein’s most recent book is  
36 Arguments for the existence of God: A Work  
of Fiction. A MacArthur Foundation Fellow, she 
is also the author of the nonfiction works Betraying 
Spinoza and  Incompleteness: The Proof and 
Paradox of Kurt Gödel.

not so 
much.
Psychopaths can teach us a lot 
about the nature of morality. At 
first glance, they seem to have 
perfectly functioning minds. Their 
working memory isn’t impaired, 
they have excellent language  
skills, and they don’t have reduced 

attention spans. In fact, a few 
studies have found that psycho-
paths have above-average IQ’s 
and reasoning abilities; their  
logic is impeccable. But the 
disorder is associated with a 
severe moral deficit.

So what’s gone 
wrong? Why are 
psychopaths so 
much more likely to 
use violence to 
achieve their goals? 

Why are they so overrepresented 
in our prisons? The answer turns 
us to the anatomy of morality in 
the mind. That’s because the intact 
intelligence of psychopaths 
conceals a devastating problem: 
The emotional parts of their 
brains are damaged, and this is 
what makes them dangerous… 
Cont I nued onLI ne. 

Jonah Lehrer is the author of How We decide and 
Proust Was a neuroscientist. A contributing editor at 
Wired, he has also written for the new Yorker, nature, 
Seed, the Washington Post, and the Boston Globe. 

only if 
we’re free.
In my view, we are morally 
responsible for a substantial 
share of our actions, and this 
would not be true if we never 
reasoned about them. of course, 
not everyone who studies these 
questions agrees with me. Many 

philosophers, 
psychologists, and 
neuroscientists 
would insist that 
moral responsibility 
depends on free  

will and that, over the past several 
decades, modern science has 
demonstrated that free will is  
an illusion. 

The supposed evidence against  
the existence of free will has 
received a lot of press. In one 
much-reported finding, an 
experiment showed that certain 
patterns of brain activity can 
predict people’s decisions up to ten 
seconds before they themselves  
are aware that they have made a  
choice. The study suggested that 

“the unconscious brain calls the 
shots” (as one news account put it). 
Another journalist, surveying 
recent research in neuroscience, 
concluded that free will, far from 
being “the defining feature of 
humanness,” is “an illusion that 
endures only because biochemical 
complexity conceals the mecha-
nisms of decision-making.”…
Cont I nued onLI ne. 

Alfred Mele is the William H. and Lucyle T. Werkmeister 
Professor of Philosophy at Florida State University.  
His books include effective Intentions: The Power of 
Conscious Will; Free Will and Luck; and 
Motivation and Agency.

Less than 
it should.
My camera has a set of handy, 
point-and-shoot settings 
(“portrait,” “action,” “landscape”) 
that enable a bumbler like me to 
take decent pictures most of the 
time. It also has a manual mode 
that allows me to adjust every-
thing myself, which is great for 
those rare occasions when I want 
to try something fancy. A camera 
with both automatic settings and 
a manual mode exemplifies an 
elegant solution to an ubiquitous 
design problem, namely the  
trade-off between efficiency and 

flexibility. The 
automatic settings 
are highly efficient, 
but not very flexible, 
and the reverse is 
true of the manual 

mode. Put them together, however, 
and you get the best of both worlds, 
provided that you know when to 
manually adjust your settings and 
when to point and shoot.

The human brain employs a 
similar hybrid design. our brains 
have “automatic settings” known 
as emotions. A fear response,  
for example, is the activation of an 
automatic program that recog-
nizes dangerous things and tells 
us, quickly and forcefully, to back 
away. our brains also have a 

“manual mode,” an integrated set 
of neural systems that support 
conscious reasoning, enabling us 
to respond to life’s challenges in a 
more flexible way, drawing on 
situation-specific knowledge: 

“That’s a deadly snake alright, but 
it’s in a glass cage. nothing to  
fear.” our automatic settings 
sometimes get things wrong, but 
we would be lost without them. 
Likewise, we need conscious 
reasoning to solve problems that 
are too new or nuanced to solve 
with gut reactions…
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Joshua D. Greene is an assistant professor of psychology 
at Harvard University and the director of the Moral 
Cognition Lab. He uses neuroscientific and behavioral 
methods to study moral judgment and decision-making, 
as well as other traditionally philosophical topics.

Yes, if…
that means that moral action 
depends on reason. I prefer to put 
it this way because we do not 
have to go through a process of 
reason-ing in order to arrive at a 
view of what morality requires on 
every occasion. often, we simply 
know. But moral action does not 
merely depend on reason. Moral 
action is rational action, because 
the moral law is a law of reason.

two distinctions 
will help to clarify 
this claim. The  
first is between 
intelligence and 
reason. Intelligence 

is a power that looks outward,  
to the world around the intelli-
gent animal. Speaking roughly, an 
intelligent animal is one who 
learns from his experiences, 
displays some awareness of what 
causes what, and can use that 
awareness to solve problems. 
Reason, by contrast, looks inward, 
to what is going on in the animal’s 
own mind. A rational animal  
is aware of the grounds of her 
beliefs and actions, of the  
way in which perception tends to 
influence her beliefs or desire 
tends to influence her actions.  
She is able to ask herself whether 
the forces that incline her to 
believe or to do certain things 
amount to good reasons to believe 
or do those things, and then to 
determine what she believes and 
does accordingly… 
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Christine M. Korsgaard is the Arthur Kingsley Porter 
Professor of Philosophy and the director of graduate 
studies in philosophy at Harvard University. Her books 
include The Sources of normativity; Creating the 
Kingdom of ends; The Constitution of Agency; and 
Self-Constitution: Agency, Identity, and Integrity.

Reason 
isn’t 
enough.
Would that reason were enough 
to keep us moral. But it isn’t, and 
we know it isn’t, and people have 
known this for a very long time. 
Aristotle pointed this out in his 
critique of Socrates’ view that 
knowledge leads to virtue. What, 
he asked, about akrasia, weakness 

of the will? Knowing what is 
good and doing it are two very 
different things.

In his epistle to the Romans, Paul 
was eloquent on the subject: 
“What I want to do,” he said, “I do 
not do, but what I hate I do.” our 
will seems to have a will of its 
own, only tangentially connected 
to the mind. The Hebrew Bible 
tells us that after the early failures 

of humanity, “The 
Lord saw how great 
man’s wickedness 
on the earth had 
become, and that 
every inclination of 

the thoughts of his heart was only 
evil all the time. The Lord was 
grieved that he had made man on 
the earth, and his heart was filled 
with pain.” I know of no more 
searing passage in the whole of 
religious literature…
Cont I nued onLI ne. 

Jonathan Sacks became Chief Rabbi of   
the United Hebrew Congregations of the British 
Commonwealth in 1991. A recipient of the Jerusalem 
Prize and a life peer in the House of Lords, he has 
written more than a dozen books.

Yes and no.
My answer is a strong “yes” 
because the actions we can truly 
call moral depend on the work of 
reason at some stage in the 
process leading to their execution. 
But my answer is also “no”  
because the moment-to-moment 
execution of actions, moral or 
otherwise, is not necessarily under 
the control of reason, even if 
reason has a role in the delibera-
tions behind the action and in 
strengthening the control system 
that executes it. My answer is an 
even stronger “no” if the question 
implies that moral actions are 

invented by reason, springing 
fully formed from the consorting 
of  knowledge and logic. 

Looming large over the question 
is the issue of the origins of 
morality. does reason construct 

moral intuitions, 
beliefs, conventions, 
and rules? or does 
morality emerge 
from prerational 
processes? on this 

issue there is growing evidence 
that many behaviors we designate 
as moral have forerunners in 
automated, unconscious, prera-
tional processes, present not only 
in humans but in many other 
species. The evidence is quite 
robust in the case of mammals, 
especially primates and marine 
mammals whose brains share a lot 
with the human brain.

The mechanisms behind such 
behaviors can be traced to specific 
brain systems, neuromodulator 
molecules, and even genes. An 
illustrative set of examples 
pertains to behaviors associated 
with the neuropeptide oxytocin.  
In one species of rodent (prairie 
voles), mating induces the 
pronounced release of oxytocin in 
affect-related brain regions…
Cont I nued onLI ne. 

Antonio Damasio is the David Dornsife Professor of 
Neuroscience and the director of the Brain and Creativity 
Institute at the University of Southern California.  
He is the author of  descartes’ error and Self Comes 
to Mind, which will be published later this year. 

It depends… 
on what is meant by “depends” 
and “reasoning.” If the question 
is “Do those who make moral 
decisions have reasons at the 
ready when asked to justify them?,” 
the answer is “sometimes yes, 
sometimes no.” Many people 
report that they come to a 

decision without engaging in any 
self-conscious reasoning; they just 
feel instinctively that a certain 
action is the right one. one might 
reply that behind what they 
experience as instinct is a web of 
reasons that could be brought to 
the surface by the kinds of 
questions Socrates poses in Plato’s 
dialogues. It could be said that a 
resolve to do this rather than that 
because it is the right thing to do 
always rests on a base of reasons, 
even when those who are 
prompted by them could not 
rehearse them on demand.

Let us, for the sake of argument, 
assume that this is so and grant 
that moral action depends on the 
having and/or giving of reasons. 
But this does not, I think, get us 
very far, for there is another 

question waiting for 
us, and it is the 
crucial one: Where 
do the reasons 
moral action 
depends on come 

from? And the answer to that 
question is that they do not come 
from something called Reason, 
which can be identified indepen-
dently of the situations in which 
it is invoked (as in “Why won’t 
you listen to Reason?”). What  
is or is not a reason — what  will 
be heard as a reason and not as 
something flying in from  
left field — will be a function 
of an ongoing conversation or 
tradition of inquiry in which 
certain propositions, but not 
others, count as weighty  
arguments in the process of 
decision-making…
Cont I nued onLI ne. 

Stanley Fish is a professor of law at Florida 
International University and dean emeritus of the 
College of Liberal Arts and Sciences at the University of 
Illinois at Chicago. He is the author of eleven books  
on a range of literary and cultural subjects.
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Yes and no, 
happily. 
Evolution has endowed us with 
certain emotions, without which 
morality could have no purchase 
on us. But these emotions, though 
necessary to develop a moral sense, 
are not sufficient, and it is our 
capacity for reason that carries us 
forth into the moral life. 

Morality paradig-
matically concerns 
our obligations 
toward others, and  
moral struggles 
typically demand 

that we resist favoring ourselves to 
the exclusion of others. It is easy  
to see why we have evolved a 
preferential attitude toward our 
own lives. The bulk of our 
emotions can be understood as 
the affective concomitants of our 
lifelong project of persisting on this 
earth as long and as well as we can.

Among these emotions is the 
sentiment of outrage, particularly 
outrage on our own behalf…
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Rebecca Newberger Goldstein’s most recent book is  
36 Arguments for the existence of God: A Work  
of Fiction. A MacArthur Foundation Fellow, she 
is also the author of the nonfiction works Betraying 
Spinoza and  Incompleteness: The Proof and 
Paradox of Kurt Gödel.

not so 
much.
Psychopaths can teach us a lot 
about the nature of morality. At 
first glance, they seem to have 
perfectly functioning minds. Their 
working memory isn’t impaired, 
they have excellent language  
skills, and they don’t have reduced 

attention spans. In fact, a few 
studies have found that psycho-
paths have above-average IQ’s 
and reasoning abilities; their  
logic is impeccable. But the 
disorder is associated with a 
severe moral deficit.

So what’s gone 
wrong? Why are 
psychopaths so 
much more likely to 
use violence to 
achieve their goals? 

Why are they so overrepresented 
in our prisons? The answer turns 
us to the anatomy of morality in 
the mind. That’s because the intact 
intelligence of psychopaths 
conceals a devastating problem: 
The emotional parts of their 
brains are damaged, and this is 
what makes them dangerous… 
Cont I nued onLI ne. 

Jonah Lehrer is the author of How We decide and 
Proust Was a neuroscientist. A contributing editor at 
Wired, he has also written for the new Yorker, nature, 
Seed, the Washington Post, and the Boston Globe. 

only if 
we’re free.
In my view, we are morally 
responsible for a substantial 
share of our actions, and this 
would not be true if we never 
reasoned about them. of course, 
not everyone who studies these 
questions agrees with me. Many 

philosophers, 
psychologists, and 
neuroscientists 
would insist that 
moral responsibility 
depends on free  

will and that, over the past several 
decades, modern science has 
demonstrated that free will is  
an illusion. 

The supposed evidence against  
the existence of free will has 
received a lot of press. In one 
much-reported finding, an 
experiment showed that certain 
patterns of brain activity can 
predict people’s decisions up to ten 
seconds before they themselves  
are aware that they have made a  
choice. The study suggested that 

“the unconscious brain calls the 
shots” (as one news account put it). 
Another journalist, surveying 
recent research in neuroscience, 
concluded that free will, far from 
being “the defining feature of 
humanness,” is “an illusion that 
endures only because biochemical 
complexity conceals the mecha-
nisms of decision-making.”…
Cont I nued onLI ne. 

Alfred Mele is the William H. and Lucyle T. Werkmeister 
Professor of Philosophy at Florida State University.  
His books include effective Intentions: The Power of 
Conscious Will; Free Will and Luck; and 
Motivation and Agency.

Less than 
it should.
My camera has a set of handy, 
point-and-shoot settings 
(“portrait,” “action,” “landscape”) 
that enable a bumbler like me to 
take decent pictures most of the 
time. It also has a manual mode 
that allows me to adjust every-
thing myself, which is great for 
those rare occasions when I want 
to try something fancy. A camera 
with both automatic settings and 
a manual mode exemplifies an 
elegant solution to an ubiquitous 
design problem, namely the  
trade-off between efficiency and 

flexibility. The 
automatic settings 
are highly efficient, 
but not very flexible, 
and the reverse is 
true of the manual 

mode. Put them together, however, 
and you get the best of both worlds, 
provided that you know when to 
manually adjust your settings and 
when to point and shoot.

The human brain employs a 
similar hybrid design. our brains 
have “automatic settings” known 
as emotions. A fear response,  
for example, is the activation of an 
automatic program that recog-
nizes dangerous things and tells 
us, quickly and forcefully, to back 
away. our brains also have a 

“manual mode,” an integrated set 
of neural systems that support 
conscious reasoning, enabling us 
to respond to life’s challenges in a 
more flexible way, drawing on 
situation-specific knowledge: 

“That’s a deadly snake alright, but 
it’s in a glass cage. nothing to  
fear.” our automatic settings 
sometimes get things wrong, but 
we would be lost without them. 
Likewise, we need conscious 
reasoning to solve problems that 
are too new or nuanced to solve 
with gut reactions…
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Joshua D. Greene is an assistant professor of psychology 
at Harvard University and the director of the Moral 
Cognition Lab. He uses neuroscientific and behavioral 
methods to study moral judgment and decision-making, 
as well as other traditionally philosophical topics.

Yes, if…
that means that moral action 
depends on reason. I prefer to put 
it this way because we do not 
have to go through a process of 
reason-ing in order to arrive at a 
view of what morality requires on 
every occasion. often, we simply 
know. But moral action does not 
merely depend on reason. Moral 
action is rational action, because 
the moral law is a law of reason.

two distinctions 
will help to clarify 
this claim. The  
first is between 
intelligence and 
reason. Intelligence 

is a power that looks outward,  
to the world around the intelli-
gent animal. Speaking roughly, an 
intelligent animal is one who 
learns from his experiences, 
displays some awareness of what 
causes what, and can use that 
awareness to solve problems. 
Reason, by contrast, looks inward, 
to what is going on in the animal’s 
own mind. A rational animal  
is aware of the grounds of her 
beliefs and actions, of the  
way in which perception tends to 
influence her beliefs or desire 
tends to influence her actions.  
She is able to ask herself whether 
the forces that incline her to 
believe or to do certain things 
amount to good reasons to believe 
or do those things, and then to 
determine what she believes and 
does accordingly… 
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Christine M. Korsgaard is the Arthur Kingsley Porter 
Professor of Philosophy and the director of graduate 
studies in philosophy at Harvard University. Her books 
include The Sources of normativity; Creating the 
Kingdom of ends; The Constitution of Agency; and 
Self-Constitution: Agency, Identity, and Integrity.

Reason 
isn’t 
enough.
Would that reason were enough 
to keep us moral. But it isn’t, and 
we know it isn’t, and people have 
known this for a very long time. 
Aristotle pointed this out in his 
critique of Socrates’ view that 
knowledge leads to virtue. What, 
he asked, about akrasia, weakness 

of the will? Knowing what is 
good and doing it are two very 
different things.

In his epistle to the Romans, Paul 
was eloquent on the subject: 
“What I want to do,” he said, “I do 
not do, but what I hate I do.” our 
will seems to have a will of its 
own, only tangentially connected 
to the mind. The Hebrew Bible 
tells us that after the early failures 

of humanity, “The 
Lord saw how great 
man’s wickedness 
on the earth had 
become, and that 
every inclination of 

the thoughts of his heart was only 
evil all the time. The Lord was 
grieved that he had made man on 
the earth, and his heart was filled 
with pain.” I know of no more 
searing passage in the whole of 
religious literature…
Cont I nued onLI ne. 

Jonathan Sacks became Chief Rabbi of   
the United Hebrew Congregations of the British 
Commonwealth in 1991. A recipient of the Jerusalem 
Prize and a life peer in the House of Lords, he has 
written more than a dozen books.

Yes and no.
My answer is a strong “yes” 
because the actions we can truly 
call moral depend on the work of 
reason at some stage in the 
process leading to their execution. 
But my answer is also “no”  
because the moment-to-moment 
execution of actions, moral or 
otherwise, is not necessarily under 
the control of reason, even if 
reason has a role in the delibera-
tions behind the action and in 
strengthening the control system 
that executes it. My answer is an 
even stronger “no” if the question 
implies that moral actions are 

invented by reason, springing 
fully formed from the consorting 
of  knowledge and logic. 

Looming large over the question 
is the issue of the origins of 
morality. does reason construct 

moral intuitions, 
beliefs, conventions, 
and rules? or does 
morality emerge 
from prerational 
processes? on this 

issue there is growing evidence 
that many behaviors we designate 
as moral have forerunners in 
automated, unconscious, prera-
tional processes, present not only 
in humans but in many other 
species. The evidence is quite 
robust in the case of mammals, 
especially primates and marine 
mammals whose brains share a lot 
with the human brain.

The mechanisms behind such 
behaviors can be traced to specific 
brain systems, neuromodulator 
molecules, and even genes. An 
illustrative set of examples 
pertains to behaviors associated 
with the neuropeptide oxytocin.  
In one species of rodent (prairie 
voles), mating induces the 
pronounced release of oxytocin in 
affect-related brain regions…
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Antonio Damasio is the David Dornsife Professor of 
Neuroscience and the director of the Brain and Creativity 
Institute at the University of Southern California.  
He is the author of  descartes’ error and Self Comes 
to Mind, which will be published later this year. 

It depends… 
on what is meant by “depends” 
and “reasoning.” If the question 
is “Do those who make moral 
decisions have reasons at the 
ready when asked to justify them?,” 
the answer is “sometimes yes, 
sometimes no.” Many people 
report that they come to a 

decision without engaging in any 
self-conscious reasoning; they just 
feel instinctively that a certain 
action is the right one. one might 
reply that behind what they 
experience as instinct is a web of 
reasons that could be brought to 
the surface by the kinds of 
questions Socrates poses in Plato’s 
dialogues. It could be said that a 
resolve to do this rather than that 
because it is the right thing to do 
always rests on a base of reasons, 
even when those who are 
prompted by them could not 
rehearse them on demand.

Let us, for the sake of argument, 
assume that this is so and grant 
that moral action depends on the 
having and/or giving of reasons. 
But this does not, I think, get us 
very far, for there is another 

question waiting for 
us, and it is the 
crucial one: Where 
do the reasons 
moral action 
depends on come 

from? And the answer to that 
question is that they do not come 
from something called Reason, 
which can be identified indepen-
dently of the situations in which 
it is invoked (as in “Why won’t 
you listen to Reason?”). What  
is or is not a reason — what  will 
be heard as a reason and not as 
something flying in from  
left field — will be a function 
of an ongoing conversation or 
tradition of inquiry in which 
certain propositions, but not 
others, count as weighty  
arguments in the process of 
decision-making…
Cont I nued onLI ne. 

Stanley Fish is a professor of law at Florida 
International University and dean emeritus of the 
College of Liberal Arts and Sciences at the University of 
Illinois at Chicago. He is the author of eleven books  
on a range of literary and cultural subjects.
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Yes and no, 
happily. 
Evolution has endowed us with 
certain emotions, without which 
morality could have no purchase 
on us. But these emotions, though 
necessary to develop a moral sense, 
are not sufficient, and it is our 
capacity for reason that carries us 
forth into the moral life. 

Morality paradig-
matically concerns 
our obligations 
toward others, and  
moral struggles 
typically demand 

that we resist favoring ourselves to 
the exclusion of others. It is easy  
to see why we have evolved a 
preferential attitude toward our 
own lives. The bulk of our 
emotions can be understood as 
the affective concomitants of our 
lifelong project of persisting on this 
earth as long and as well as we can.

Among these emotions is the 
sentiment of outrage, particularly 
outrage on our own behalf…
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not so 
much.
Psychopaths can teach us a lot 
about the nature of morality. At 
first glance, they seem to have 
perfectly functioning minds. Their 
working memory isn’t impaired, 
they have excellent language  
skills, and they don’t have reduced 

attention spans. In fact, a few 
studies have found that psycho-
paths have above-average IQ’s 
and reasoning abilities; their  
logic is impeccable. But the 
disorder is associated with a 
severe moral deficit.

So what’s gone 
wrong? Why are 
psychopaths so 
much more likely to 
use violence to 
achieve their goals? 

Why are they so overrepresented 
in our prisons? The answer turns 
us to the anatomy of morality in 
the mind. That’s because the intact 
intelligence of psychopaths 
conceals a devastating problem: 
The emotional parts of their 
brains are damaged, and this is 
what makes them dangerous… 
Cont I nued onLI ne. 

Jonah Lehrer is the author of How We decide and 
Proust Was a neuroscientist. A contributing editor at 
Wired, he has also written for the new Yorker, nature, 
Seed, the Washington Post, and the Boston Globe. 

only if 
we’re free.
In my view, we are morally 
responsible for a substantial 
share of our actions, and this 
would not be true if we never 
reasoned about them. of course, 
not everyone who studies these 
questions agrees with me. Many 

philosophers, 
psychologists, and 
neuroscientists 
would insist that 
moral responsibility 
depends on free  

will and that, over the past several 
decades, modern science has 
demonstrated that free will is  
an illusion. 

The supposed evidence against  
the existence of free will has 
received a lot of press. In one 
much-reported finding, an 
experiment showed that certain 
patterns of brain activity can 
predict people’s decisions up to ten 
seconds before they themselves  
are aware that they have made a  
choice. The study suggested that 

“the unconscious brain calls the 
shots” (as one news account put it). 
Another journalist, surveying 
recent research in neuroscience, 
concluded that free will, far from 
being “the defining feature of 
humanness,” is “an illusion that 
endures only because biochemical 
complexity conceals the mecha-
nisms of decision-making.”…
Cont I nued onLI ne. 

Alfred Mele is the William H. and Lucyle T. Werkmeister 
Professor of Philosophy at Florida State University.  
His books include effective Intentions: The Power of 
Conscious Will; Free Will and Luck; and 
Motivation and Agency.

Less than 
it should.
My camera has a set of handy, 
point-and-shoot settings 
(“portrait,” “action,” “landscape”) 
that enable a bumbler like me to 
take decent pictures most of the 
time. It also has a manual mode 
that allows me to adjust every-
thing myself, which is great for 
those rare occasions when I want 
to try something fancy. A camera 
with both automatic settings and 
a manual mode exemplifies an 
elegant solution to an ubiquitous 
design problem, namely the  
trade-off between efficiency and 

flexibility. The 
automatic settings 
are highly efficient, 
but not very flexible, 
and the reverse is 
true of the manual 

mode. Put them together, however, 
and you get the best of both worlds, 
provided that you know when to 
manually adjust your settings and 
when to point and shoot.

The human brain employs a 
similar hybrid design. our brains 
have “automatic settings” known 
as emotions. A fear response,  
for example, is the activation of an 
automatic program that recog-
nizes dangerous things and tells 
us, quickly and forcefully, to back 
away. our brains also have a 

“manual mode,” an integrated set 
of neural systems that support 
conscious reasoning, enabling us 
to respond to life’s challenges in a 
more flexible way, drawing on 
situation-specific knowledge: 

“That’s a deadly snake alright, but 
it’s in a glass cage. nothing to  
fear.” our automatic settings 
sometimes get things wrong, but 
we would be lost without them. 
Likewise, we need conscious 
reasoning to solve problems that 
are too new or nuanced to solve 
with gut reactions…
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Joshua D. Greene is an assistant professor of psychology 
at Harvard University and the director of the Moral 
Cognition Lab. He uses neuroscientific and behavioral 
methods to study moral judgment and decision-making, 
as well as other traditionally philosophical topics.

Yes, if…
that means that moral action 
depends on reason. I prefer to put 
it this way because we do not 
have to go through a process of 
reason-ing in order to arrive at a 
view of what morality requires on 
every occasion. often, we simply 
know. But moral action does not 
merely depend on reason. Moral 
action is rational action, because 
the moral law is a law of reason.

two distinctions 
will help to clarify 
this claim. The  
first is between 
intelligence and 
reason. Intelligence 

is a power that looks outward,  
to the world around the intelli-
gent animal. Speaking roughly, an 
intelligent animal is one who 
learns from his experiences, 
displays some awareness of what 
causes what, and can use that 
awareness to solve problems. 
Reason, by contrast, looks inward, 
to what is going on in the animal’s 
own mind. A rational animal  
is aware of the grounds of her 
beliefs and actions, of the  
way in which perception tends to 
influence her beliefs or desire 
tends to influence her actions.  
She is able to ask herself whether 
the forces that incline her to 
believe or to do certain things 
amount to good reasons to believe 
or do those things, and then to 
determine what she believes and 
does accordingly… 
Cont I nued onLI ne. 

Christine M. Korsgaard is the Arthur Kingsley Porter 
Professor of Philosophy and the director of graduate 
studies in philosophy at Harvard University. Her books 
include The Sources of normativity; Creating the 
Kingdom of ends; The Constitution of Agency; and 
Self-Constitution: Agency, Identity, and Integrity.

Reason 
isn’t 
enough.
Would that reason were enough 
to keep us moral. But it isn’t, and 
we know it isn’t, and people have 
known this for a very long time. 
Aristotle pointed this out in his 
critique of Socrates’ view that 
knowledge leads to virtue. What, 
he asked, about akrasia, weakness 

of the will? Knowing what is 
good and doing it are two very 
different things.

In his epistle to the Romans, Paul 
was eloquent on the subject: 
“What I want to do,” he said, “I do 
not do, but what I hate I do.” our 
will seems to have a will of its 
own, only tangentially connected 
to the mind. The Hebrew Bible 
tells us that after the early failures 

of humanity, “The 
Lord saw how great 
man’s wickedness 
on the earth had 
become, and that 
every inclination of 

the thoughts of his heart was only 
evil all the time. The Lord was 
grieved that he had made man on 
the earth, and his heart was filled 
with pain.” I know of no more 
searing passage in the whole of 
religious literature…
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Jonathan Sacks became Chief Rabbi of   
the United Hebrew Congregations of the British 
Commonwealth in 1991. A recipient of the Jerusalem 
Prize and a life peer in the House of Lords, he has 
written more than a dozen books.

Yes and no.
My answer is a strong “yes” 
because the actions we can truly 
call moral depend on the work of 
reason at some stage in the 
process leading to their execution. 
But my answer is also “no”  
because the moment-to-moment 
execution of actions, moral or 
otherwise, is not necessarily under 
the control of reason, even if 
reason has a role in the delibera-
tions behind the action and in 
strengthening the control system 
that executes it. My answer is an 
even stronger “no” if the question 
implies that moral actions are 

invented by reason, springing 
fully formed from the consorting 
of  knowledge and logic. 

Looming large over the question 
is the issue of the origins of 
morality. does reason construct 

moral intuitions, 
beliefs, conventions, 
and rules? or does 
morality emerge 
from prerational 
processes? on this 

issue there is growing evidence 
that many behaviors we designate 
as moral have forerunners in 
automated, unconscious, prera-
tional processes, present not only 
in humans but in many other 
species. The evidence is quite 
robust in the case of mammals, 
especially primates and marine 
mammals whose brains share a lot 
with the human brain.

The mechanisms behind such 
behaviors can be traced to specific 
brain systems, neuromodulator 
molecules, and even genes. An 
illustrative set of examples 
pertains to behaviors associated 
with the neuropeptide oxytocin.  
In one species of rodent (prairie 
voles), mating induces the 
pronounced release of oxytocin in 
affect-related brain regions…
Cont I nued onLI ne. 

Antonio Damasio is the David Dornsife Professor of 
Neuroscience and the director of the Brain and Creativity 
Institute at the University of Southern California.  
He is the author of  descartes’ error and Self Comes 
to Mind, which will be published later this year. 

It depends… 
on what is meant by “depends” 
and “reasoning.” If the question 
is “Do those who make moral 
decisions have reasons at the 
ready when asked to justify them?,” 
the answer is “sometimes yes, 
sometimes no.” Many people 
report that they come to a 

decision without engaging in any 
self-conscious reasoning; they just 
feel instinctively that a certain 
action is the right one. one might 
reply that behind what they 
experience as instinct is a web of 
reasons that could be brought to 
the surface by the kinds of 
questions Socrates poses in Plato’s 
dialogues. It could be said that a 
resolve to do this rather than that 
because it is the right thing to do 
always rests on a base of reasons, 
even when those who are 
prompted by them could not 
rehearse them on demand.

Let us, for the sake of argument, 
assume that this is so and grant 
that moral action depends on the 
having and/or giving of reasons. 
But this does not, I think, get us 
very far, for there is another 

question waiting for 
us, and it is the 
crucial one: Where 
do the reasons 
moral action 
depends on come 

from? And the answer to that 
question is that they do not come 
from something called Reason, 
which can be identified indepen-
dently of the situations in which 
it is invoked (as in “Why won’t 
you listen to Reason?”). What  
is or is not a reason — what  will 
be heard as a reason and not as 
something flying in from  
left field — will be a function 
of an ongoing conversation or 
tradition of inquiry in which 
certain propositions, but not 
others, count as weighty  
arguments in the process of 
decision-making…
Cont I nued onLI ne. 

Stanley Fish is a professor of law at Florida 
International University and dean emeritus of the 
College of Liberal Arts and Sciences at the University of 
Illinois at Chicago. He is the author of eleven books  
on a range of literary and cultural subjects.
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DAVID FREEDMAN traveled to the Radia-

tion Center at Oregon State University in 

January for his article “Micro Nukes” (page 

38). There, he stood really, really close to a 

working nuclear reactor and found it oddly 

exciting. “I think the commercialization of 

mini nukes is becoming much more real,” 

he says. “And we’ll start seeing products 

hit the market in the next couple of years.” 

Freedman has written � ve books; his most 

recent, A Perfect Mess, explores why dis-

array is not always a bad thing. The inspi-

ration for the book came while reporting a 

DISCOVER article 17 years ago. A physi-

cist explained how randomness plays a 

vital role in the universe, says Freedman, 

who insists he is not terribly messy. When 

not writing, he enjoys bicycling as far as he 

can get from his home in Boston, usually 

to where there is a good place to eat some 

25 miles away. He has written for many 

publications, including Inc., The New York 

Times, Science, Newsweek, and Wired.

SHANNON TAGGART photographed Shing-

Tung Yau, the Harvard mathematician who 

untangled string theory, for the DISCOVER 

Interview (page 66). “I got to creatively illus-

trate that abstract place that must be in his 

mind when thinking about insanely compli-

cated math problems,” says Taggart, who 

played with motion and time exposures to 

capture Yau turning the pages of his book. 

“He was so nice, and very open to doing 

the shoot. We tried to create a metaphor 

for his work, but not a cliché like using 

a chalkboard with math equations,” she 

says. Taggart is drawn to American spiri-

tualism, Hindu temples, and Appalachian 

snake handling. She also does photo doc-

umentaries, including one of sequestered 

nuns in London. “I was expecting them to 

be really quiet, but as soon as it was recre-

ation time they got on swings and started 

jumping rope. I couldn’t believe it. After an 

Contributors
hour, it was back to business as usual.” 

Taggart’s photography has appeared in 

Time, Newsweek, Reader’s Digest, and 

New York magazine. To see more of her 

work, visit www.shannontaggart.com.

RICHARD CONNIFF has trekked through 

Ecuador, Madagascar, and Bhutan with 

biologists in pursuit of new species, often 

wondering “what motivates these scien-

tists to throw themselves into some of 

the world’s most dangerous and remote 

locales in pursuit of new creatures.” In 

“Unclassified” (page 52) he explores a 

fundamental question behind their quest: 

What is a species? “In the 18th and 19th 

centuries, many of these biologists risked 

death and suffered diseases routinely. 

Ships sank with all their specimens. They 

put up with incredible amounts of stuff,” 

Conniff says. His book on the subject, The 

Species Seekers: Heroes, Fools, and 

the Mad Pursuit of Life on Earth, comes 

out in November. The award-winning author 

also writes for Smithsonian, The Atlantic, 

and The New York Times Magazine and 

has provided commentary on NPR. He is 

based in Connecticut, where he enjoys 

rowing on the Connecticut River.

PAMELA WEINTRAUB is a senior editor at 

DISCOVER. Since 1984 she has inter-

viewed many of the world’s most iconic 

scientists, from Edward Teller to Jonas 

Salk, but she says her biggest challenge 

was her interview with Harvard geom-

eter Shing-Tung Yau (DISCOVER Inter-

view, page 66), who developed the math 

behind string theory. “How his mind went 

from fundamental mathematical concepts 

to topology to geometry to physics to the 

whole structure of space and the universe 

was astonishing,” she says. “He described 

the way it all emerged for him. He natu-

rally, intuitively made these kinds of con-

nections.” Weintraub spent four days, 

shared three authentic Chinese meals, 

and exchanged countless e-mails with 

Yau in the effort to understand his work. 

“He is such a real person. He has a sense 

of humor, friends, family—and he’s able to 

talk about all those things in great detail,” 

she says. “He remembers every moment 

of his life with as much detail as he puts 

into his mathematical proofs.” Weintraub 

is the author of Cure Unknown: Inside 

the Lyme Epidemic, which won the Amer-

ican Medical Writers Association Book 

Award in 2009. AMY BARTH

Clockwise from top left: Richard Conniff, Pamela 

Weintraub, David Freedman, and Shannon Taggart.
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Mail

Climate Change Showdown

I have long refused to read the other side 

of the climate debate. After all, global 

warming deniers sound like Holocaust 

deniers—madmen foaming at the mouth 

and speaking of conspiracies to hide the 

truth. Imagine my surprise when I read 

the article featuring Judith Curry and 

Michael Mann [DISCOVER Interviews, 

April, page 56]. Curry impressed me with 

her straight answers about the shortcom-

ings of climate research, while it is Mann 

who complains about conspiracies. Per-

haps we need a more rigorous scienti� c 

process to direct our meager resources 

to where they are really needed.

Michel Desjardins

Montreal, Quebec

Curry’s comments display a lot of wishful 

thinking as well as political naïveté. When 

various analyses done from various 

perspectives show similar results, it indi-

cates that there is, as the Intergovern-

mental Panel on Climate Change stated, 

reason for concern. While individual 

studies may contain uncertainties, their 

overall results demonstrate the “wisdom 

of the crowd” in the same way meta-

studies  glean important information by 

grouping smaller studies that individu-

ally are too limited to be authoritative. 

The scienti� c community needs to 

stress that, based on the best available 

science, we must act quickly to prevent 

a potential disaster.

Gary Dale 

West Hill, Ontario

How people get caught up in the spin 

with respect to the climate change 

debate never ceases to puzzle me. When 

will there be an intelligent dialogue on 

the burning of fossil fuels? The human 

in� uence on global warming is debat-

able, but the fact that we are consuming 

a nonrenewable energy source is not. We 

are bene� ting from the enormous wealth 

created by our use of carbon-based 

fuels. We should be using a portion of 

that wealth to develop clean, renewable 

sources of energy.

Norm Morin

Garson, Ontario

Progressing “Beyond Einstein”

I was very encouraged by a statement 

in April’s Editor’s Note [page 6]: “Now 

many physicists wonder how long it 

will be until Einstein’s formulations, 

too, are regarded as a passing fad.” Up 

to this point, any potential progress in 

discovering the true nature of time and 

space has been unnecessarily hindered 

by a religious adherence to one man’s 

theories. I can only hope that more 

scientists will investigate physics’ unre-

solved issues with the pure intention 

of seeking truth.

Chris Kennedy

Syracuse, NY

The answer to “Who Wrote the Book of 

Physics?” [April, page 32] is “human-

kind.” The laws of physics are no more 

than a collective summary of the various 

objective observations made over time 

and codi� ed by physicists. They were not 

somehow established in order to guide 

nature. It is only reasonable to expect 

that the laws will need to be changed 

as our experiences (and experiments) 

change. Furthermore, as suggested, the 

universe itself may change over time, 

resulting in different laws. 

Randy Buckspan

Austin, TX

Stuart Kauffman’s Darwinian cosmol-

ogy described in “Who Wrote the Book 

of Physics?” seems to fall apart when 

one considers that evolution occurs only 

through interaction with the larger, sur-

rounding environment. Since he posits 

only one universe, there is no context 

outside of it that can work to shape it in a 

true evolutionary sense.

Dale Glaebach

Evolutionary psychologist

South� eld, MI

Kidney Exchange

While India’s kidney black market is 

outrageous [“The Organ Dealer,” April, 

page 64], we should not throw out the 

idea of selling kidneys. The need for 

donor kidneys is great and at present 

is not being met by volunteers. Studies 

have shown that approving the voluntary 

selling of kidneys by individuals would 

increase substantially the number of 

kidneys available for transplant. If there 

is a mutual agreement between donor 

and recipient on a price, then the sale 

should proceed in a bene� cial manner 

for all participants.

Nelson Marans

Silver Spring, MD

Send e-mail to editorial@discovermagazine.com. 

Address letters to DISCOVER, 90 Fifth Avenue, 

New York, NY 10011. Include your full name, 

address, and daytime phone number.

ERRATA 

On page 14 of the April issue 

[“Numbers: Information”], we 

incorrectly implied that 100,500 

words is equivalent to 34 giga-

bytes of information. The aver-

age American actually consumes 

100,500 words and 34 gigabytes 

of data per day. 

On page 18 of the same issue 

[“Sliced: Fault”], we inaccurately 

described the tectonic motion 

along the San Andreas Fault. 

The North American Plate shifts 

southeastward relative to the 

Paci� c Plate, not northward.
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Hints: 1. The source of the action is just past the right edge. 2. It allows you to save fi les on your hard 
drive. 3. Its infl uence is illustrated by colorful auroras at the earth’s poles. For the answer, see the 
July/August issue or visit discovermagazine.com/web/whatisthis. Last month’s answer: page 76.
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Editor’s Note
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I say that I am surprised by 

the level of science literacy 

in this country, I should 

specify that much of the time 

I am pleasantly surprised. 

People are remarkably 

attentive to the wondrous 

side of scientifi c research, in 

my experience. At a recent 

party I was buttonholed by a 

friend’s 13-year-old daughter, 

who wanted to know—in 

rather considerable detail—

how astronomers are able 

to determine the composi-

tion of planets around 

other stars.

W

The kind of science that the public 

generally does not understand, on the 

other hand, is not so surprising. People 

tend to ignore ideas that they do not 

want to hear, and credulously accept 

ones that they do. (Which story would 

you pay more attention to: one about a 

longevity pill or one about the limitations 

of genetic screening for cancer?) And 

let’s be honest: The media are plenty 

complicit in the misunderstandings.

This complicity was very much on 

my mind as I was putting together this 

month’s special energy section, which 

begins on page 34. Not so long ago we 

were awash in news stories heralding the 

coming of the hydrogen economy. Then 

came the quiet, dour follow-up stories 

noting that we do not yet have a clean 

way to produce hydrogen, much less the 

trillion-dollar infrastructure needed to 

make use of it. The cycle was repeated 

with biofuels. Corn ethanol was going to 

save us from our addiction to foreign oil, 

until it became clear that converting a 

food stock into fuel is an expensive and 

potentially disastrous proposition.

As I read and watched recent cover-

age of the Bloom Box—a new type of 

fuel cell being promoted by inventor KR 

Sridhar—I got a tingling sense of déjà vu. 

“You’ll generate your own electricity with 

the box and it’ll be wireless,” Lesley Stahl 

explained in her introduction to a soft 

interview with Sridhar on 60 Minutes. As if 

a diesel generator—or any kind of power 

plant, for that matter—were not “wire-

less” in the same sense: Wires come out 

but don’t go in. Stahl also implied that the 

Bloom Box would produce no emissions, 

even though if it runs on natural gas (as 

most current versions do) it releases car-

bon dioxide, just like your stove does. 

The Christian Science Monitor, in a 

response to the 60 Minutes segment, 

repeated the zero emissions claim and 

helpfully explained that the Bloom Box 

could be fueled with “fossil-fuel, bio-fuel, 

or even solar power.” That last part is 

true only in the tortured sense that solar 

energy could be used to split water into 

hydrogen fuel. But right now almost 

all hydrogen is made from natural gas. 

Picking up on the theme, Fast Company 

noted on its Web site that the Bloom Box 

puts out water that could be fed into an 

electrolysis unit to create oxygen and 

hydrogen. Not mentioned in the story: 

You could also get water from your 

garden hose—and at any rate, using fuel 

to make electricity to make fuel does not 

make a watt of sense. 

The point here is not to take potshots 

at other media outlets, fun as that is, but 

to recognize that we who report the sto-

ries can be a source of science illiteracy 

as well as literacy. In this issue we take a 

hard, realistic look at the technology and 

policies that could improve this country’s 

energy supply over the next � ve years. 

We also look at efforts to create arti� cial 

photosynthesis, a long-range project 

that could ultimately produce the clean 

bio fuels and abundant hydrogen that so 

many energy visionaries are hoping for. 

In our ongoing effort to deliver the best 

possible science reporting, DISCOVER 

is also launching three new blogs on its 

Web site, discovermagazine.com. In 

“Not Exactly Rocket Science,” Ed Yong 

picks apart the biggest news in biol-

ogy. “Gene Expression” by Razib Khan 

examines breaking developments in 

genetics and related topics. And “Visual 

Science,” curated by DISCOVER photo 

director Rebecca Horne, showcases 

extraordinary photography that illustrates 

the intersection of art and research. 

Check them out. And if anything we 

say sounds too good to be true, question 

us. It is the literate thing to do.

 Corey S. Powell
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1.   Fundamental Building Blocks 
2.   The Smooth,  
      Expanding Universe 
3.   Space, Time, and Gravity 
4.   Cosmology in  
      Einstein’s Universe 
5.   Galaxies and Clusters 
6.   Gravitational Lensing 
7.   Atoms and Particles 
8.   The Standard Model of  
      Particle Physics 
9.   Relic Particles from the Big Bang 
10. Primordial Nucleosynthesis 
11. The Cosmic  
      Microwave Background 

12. Dark Stars and Black Holes 
13. WIMPs and Supersymmetry 
14. The Accelerating Universe 
15. The Geometry of Space 
16. Smooth Tension  
      and Acceleration 
17. Vacuum Energy 
18. Quintessence 
19. Was Einstein Right? 
20. Inflation 
21. Strings and Extra Dimensions 
22. Beyond the Observable Universe 
23. Future Experiments 
24. The Past and Future of the  
      Dark Side 

Dark Matter, Dark Energy:  
The Dark Side of the Universe

What is the Universe Really Made Of?
In recent years, scientists have discovered that 95 percent of the 
contents of the cosmos is invisible to all current methods of di-
rect detection. Yet something is definitely there, governing the 
shape and fate of our universe. These phenomena, called dark 
matter and dark energy, are the most eagerly studied subjects in 
astronomy and particle physics today. And for good reason—
What could be more exciting than cracking the mystery of the 
fundamental components and composition of the universe?

Join the search in Dark Matter, Dark Energy: The Dark Side 
of the Universe. This mind-expanding course of 24 lectures, 
taught by expert theoretical physicist and award-winning Pro-
fessor Sean Carroll, explains the latest complex picture of the 
universe in easy-to-follow terms. Embark on a fascinating voy-
age of scientific discovery, from the insights of Albert Einstein 
to the latest ground-breaking concepts in theoretical physics 
and astronomy. You’ll quickly discover how this “dark side” of 
the cosmos has brought us, for the first time in history, to the 
brink of knowing what the universe is made of.

This course is one of The Great Courses®, a noncredit, recorded 
college lecture series from The Teaching Company®. Award-
winning professors of a wide array of subjects in the sciences 
and the liberal arts have made more than 300 college-level 
courses that are available now on our website.

Taught by Professor Sean Carroll, California Institute of Technology

Lecture Titles

Priority Code: 39285

Order Today! 
Offer Expires Friday, July 9, 2010 

Course No. 550

DVDs $254.95 NOW $69.95

Dark Matter, Dark Energy: The Dark Side of the Universe
Course No. 1272
24 lectures (30 minutes/lecture)

+ $10 Shipping, Processing, 
and Lifetime Satisfaction Guarantee
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Data

HARNESSING 

THE WIND

THE MOMENT: A team from California-based Makani 

Power tests a 10-kilowatt-scale prototype of an 

airborne wind turbine in Maui, Hawaii . The device, 

which has a wingspan of about 16 feet, is tethered 

to the ground using a long, fl exible cable. A 

computer controls the turbine’s fl ight autonomously. 

The company says that its fl ying generator sweeps 

through far more wind than does a traditional 

stationary wind turbine and eliminates the need 

for large, unsightly towers or other supporting 

structures. Makani plans to build a functional 

megawatt version of the tethered turbine in 2011.

THE SHOT: Photograph by Andrea Dunlap using a 

Canon EOS 40D camera with a 10–17mm lens, f/4.5, 

ISO 1250, 30 seconds.
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THE MOMENT: A magnifi ed dot glows briefl y on an RCA solid-state black-and-white television just after 

the set is switched off. When the TV is on, electrons fi ring at its phosphor-coated screen cause the 

screen to emit light, creating the image. Electromagnets guide the beam and direct it to scan repeatedly 

across the screen. When the set is shut down, the electromagnets deactivate and the remnant beam 

from the electron gun defaults momentarily to the center of the screen before dying out. The blue and 

yellow colors here result from electrons exciting the two types of phosphor common in older TVs.

THE SHOT: Photograph by Kirk Crippens using a Canon EOS 1Ds Mark III camera with a 65mm macro/

magnifi cation lens, ISO 100, f/8.0, 4 seconds.

AFTER THE LATE SHOW
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While climate researchers 

struggle to re� ne their projec-

tions of the changing global 

climate and to anticipate the 

social impact of those shifts, 

a growing number of sci-

entists are realizing that the 

past may contain valuable 

lessons about our future.

Humans have faced envi-

ronmental changes before. In 

fact, those changes molded 

every facet of life—what food 

could be cultivated, what kind 

of clothing and shelters were 

required, what goods were 

produced—and most likely 

Could the study of hard times in the past teach us how to face the future?

 
                          

MIGRATIONS 35
Average northward 

range shift, in miles, 

of 305 North American 

bird species, 

according to a 2009 

National Audubon 

Society analysis of 40 

years of observations 

by bird-watchers.  

Sixty species had 

moved 100 miles or 

more, probably due to 

climate change. 

Average distance, in miles, traveled each 

year by Arctic terns as they make the 

round-trip between their summer breed-

ing grounds in Greenland and Iceland 

and their winter home in Antarctica. It is 

the longest recorded migration of any 

animal. Humpback whales, which can 

travel more than 5,100 miles annually, 

hold the record for mammals. 

44,000

played a role in determining 

which civilizations thrived and 

which perished. In the distant 

past, climate variations may 

have shaped the very nature 

of our species. Earth scientists 

and climatologists are joining 

forces with archaeologists 

and anthropologists to build a 

comprehensive understand-

ing of the climate record that 

is written into our own past. 

“Climate change is one of the 

most neglected aspects of 

human history,” says Brian 

Fagan, an anthropologist who 

has written multiple books on 

the topic. “Now we are acquir-

ing tools to look at its effects 

on human society.”

This work builds on studies 

of paleontological climate 

clues—tree rings, ice cores, 

clamshells, even the inner 

ears of � sh—that have been 

used to reconstruct ancient 

temperatures and humidities, 

providing a broad look at past 

conditions on earth. Better 

instruments and techniques 

have brought an unprecedent-

ed level of precision to these 

analyses, allowing researchers 

to zoom in on ever narrower 

timescales relevant for under-

standing climatic effects on 

human populations.

Clams, for example, add 

a tiny layer of carbonate to 

their shells virtually every day 

of their lives, which typically 

span two to nine years. Using 

a new micromilling technique 

that harvests thin samples 

from the shells, scientists can 

probe each layer for a par-

ticular isotope of oxygen that 

varies in step with tempera-

ture, essentially providing a 

daily weather report over 

the life of the clam. “We are 

Data Big Picture

HOW CLIMATE SHAPED HUMANITY
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BuzzWords

 CARBONATE

A mineral based on the 

carbonate ion, CO
3
2-. 

Many invertebrates 

have shells of calcium 

carbonate that bear 

evidence of the physi-

cal conditions in which 

they formed. 

 MICROMILLING

A technique for obtain-

ing thin slices. A new 

robotic micromilling 

device developed at 

the University of Sas-

katchewan can har-

vest 20,000 slices per 

millimeter of material.

 PALEOCLIMATE

The climate conditions 

of geologic periods in 

the ancient past.

 DENDRO-

 CLIMATOLOGIST

A researcher who uses 

tree rings to study the 

climate record.

2
Number of butterfl y species 

transplanted northward in 

2001 to help them survive the 

changing climate in the U.K. 

A six-year follow-up study 

declared the relocations a 

success. In 2008, 31 seedlings 

of the conifer Torreya taxifolia—

a Florida native on the brink 

of extinction—were planted in 

North Carolina, where botanists 

and naturalists continue to 

monitor their progress. 

Approximate annual damage and control 

costs associated with invasive species in 

the United States, according to ecologists 

at Cornell University. The researchers 

estimate that more than 50,000 nonnative 

plant, animal, and microbe species inhabit 

the country. Most invaders arrive with the 

assistance—intentional or accidental—of 

humans. 

$120 BILLION
Number of cities worldwide 

with a million or more 

foreign-born residents. Eight 

are in the United States, 

led by Miami, where 36.5 

percent of residents are from 

outside the country. Among 

nations, the United Arab 

Emirates has the greatest 

percentage of immigrants, 

at 71.4 percent. About 12.4 

percent of U.S. residents are 

foreign-born. 

getting to the point where 

we can look at paleo weather 

—how hot it got in the 

summer, individual major 

storms—rather than just 

paleoclimate,” says William 

Patterson, a geologist at the 

University of Saskatchewan 

in Canada, who developed 

the technique. By analyz-

ing clamshells unearthed 

on Canada’s Melville Island, 

he can pinpoint individual 

summers in the region dating 

back 370 million years.

Patterson’s latest study 

looks at a far more recent era. 

He has analyzed clamshells 

to gain perspective on the 

Vikings, who migrated from 

Europe’s mainland to Iceland, 

Greenland, and northeastern 

stretches of North America 

hundreds of years before 

Columbus. Patterson’s � nd-

ings, published in March, 

suggest that Viking settlers 

in Iceland ran into trouble 

when a cool period hit around 

A.D. 970, just a few decades 

after they arrived. Summer 

temperatures there dropped 

9 degrees Fahrenheit.

Writings con� rm that this 

period was a dif� cult one 

for Norse settlements in the 

area, marked by devastat-

ing crop failures. “Men ate 

foxes and ravens…. The old 

and helpless were killed and 

thrown over cliffs,” reads one 

contemporary account. “We 

have written records that 

we can evaluate by looking 

at the cold, hard facts” from 

physical evidence, Patterson 

says, allowing scientists to 

quantify the cold spell for the 

� rst time. The Vikings’ experi-

ence indicates that “when 

the climate changes, the most 

vulnerable, marginal environ-

ments fail � rst,” Patterson says.

His study joins a burgeon-

ing collection of research 

documenting climate’s role 

in the rise and fall of ancient 

civilizations. In another March 

study, dendroclimatologist 

Brendan Buckley of Columbia 

University examined tree rings 

that yielded clues to the fate 

of Angkor, a once-bustling 

city in what is now Cambodia 

that thrived for � ve centuries 

before mysteriously collaps-

ing in the 1400s. Buckley’s 

analysis of tree rings from 

a species of cypress in the 

region revealed that 13 of the 

40 driest years in the 760-year 

record were clustered close 

together in the late 14th and 

early 15th centuries. These 

droughts, he realized, cor-

responded to the time of 

Angkor’s fall. 

Historians have pegged 

the city’s demise on war and 

social con� ict. Climate was 

probably just one of many fac-

tors that brought it down, but 

prolonged drought probably 

exacerbated the political and 

societal problems. And while 

Angkor was overwhelmed by 

climate change at the scale of 

a few decades, Buckley says, 

“a more nimble society might 

be able to adapt in response.”

Pushing this theme further, 

Ezra Zubrow of the University 

of Buffalo is launching a gar-

gantuan undertaking in areas 

of Russia, Finland, and Canada 

aimed at understanding how 

the people there adapted to 

a rapid temperature rise that 

occurred about 5,000 years 

ago. “This can give us some 

perspective on how people 

respond to a warming world 

with more drought,” Fagan 

says. “You can’t understand 

the present and future without 

looking at the past.”

Other researchers are 

exploring deep timescales to 

look for climate’s in� uence 

on our evolutionary origins. In 

March the National Research 

Council (NRC) published a 

report urging more research 

into whether “critical junctures 

in human evolution and 

behavioral development may 

have been affected by the 

environmental characteristics 

of the areas where hominids 

evolved.” The report highlights 

evidence of a dramatic shift 

toward drier conditions in 

Africa about 2.8 million years 

ago. Soon afterward, mem-

bers of our genus, Homo, 

started using stone tools.

Various human species, 

including our own Homo sapi-

ens, have endured ice ages 

and warming periods as well 

as � oods and droughts. These 

ups and downs might have 

forced our ancestors to adapt 

quickly; big-brained humans 

may have had a survival edge 

in an unstable environment. 

Peter deMenocal, a Columbia 

University paleoceanogra-

pher who coauthored the 

NRC report, says “our study 

of human evolution in the 

context of major changes in 

African climate indicates 

that our species was honed 

by climate.” ANDREW GRANT 
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w Bigelow Aerospace, 

a private company 

with two craft in orbit, 

has announced that it 

is hiring professional 

astronauts. Only appli-

cants with previous 

space� ight experience 

will be considered.

w Engineers at the 

University of California at 

Berkeley have developed 

a robot that folds laun-

dry. The machine was 

victorious in a challenge 

involving � ve “previ-

ously unseen towels.” 

w A British zoologist 

reports on the latest in 

earthquake detec-

tion: common toads. 

The animals virtually 

disappeared from their 

breeding sites in central 

Italy days before a 

magnitude 6.3 quake 

struck near L’Aquila and 

returned the day after 

the shaking ended.

The Good News 

The Bad News
w The Substance Abuse 

and Mental Health 

Services Administra-

tion reports that 6.9 

percent of 12-year-olds 

nationwide have huffed 

potentially fatal inhal-

ants (including refriger-

ants, shoe polish, hair 

spray, and gasoline).

w The presence of an 

attractive woman causes 

young men to take 

more risks, according 

to an Australian � eld 

study of skateboarders.

w When shoppers try to 

mentally tally their gro-

cery bills, it back� res, 

a Cornell study � nds. 

The more precisely we 

try to calculate the total, 

the more we overspend. 

Estimating works better.  

In the 50 years since Theodore Maiman 

demonstrated the � rst working laser, 

physicists have labored to build devices 

capable of controlling sound waves in 

the same way that optical lasers manip-

ulate light. In recent months, two teams 

of researchers announced the devel-

opment of successful sound-based 

lasers, or “sasers.”

Optical lasers use quantum effects to 

produce an intense beam of light of a 

single frequency, or color. The big chal-

lenge in translating that capability to 

sound has been � nding an analogous 

way to amplify just one sonic frequency. 

Physicist Tony Kent and his colleagues 

at the University of Nottingham in Eng-

land managed to create such an ampli-

� er from a thin, layered lattice made of 

two semiconductors, gallium arsenide 

and aluminum arsenide. The resulting 

saser can build up an intense, pure 

sound wave at a speci� c frequency in 

the terahertz range (far, far above the 

limit of human hearing) for a few bil-

lionths of a second. 

Researchers’ next goal is to lengthen 

the duration of the sonic amplifica-

tion. Caltech physicist Kerry Vahala 

and his group are making progress in 

that direction with a different type of 

acoustic laser. Their technique relies 

on � ring an optical laser at tiny glass 

membranes to amplify sound. Unlike 

the Nottingham saser, Caltech’s device 

can run continuously, but it operates at 

a slower speed of 50 megahertz. Vahala 

is working to boost that frequency into 

higher ranges, which will probably be 

more useful for acoustic imaging.

Other potential applications for 

sasers include detecting defects in 

microscopic structures and improving 

signal processing in semiconductor 

chips, the scientists say. Vahala has 

no doubt that once the technology 

matures, it will quickly find all kinds 

of other uses as well. After all, optical 

lasers now perform eye surgery, scan 

groceries, and play movies off DVDs. 

“But when the laser first came out,” 

Vahala says, “no one had the foggiest 

idea what to do with it.” LAURIE RICH

LASERS MAKE 
SOME NOISE 

 

Data

Astronomers have long inferred that most of the material 

in the universe is invisible, existing as mysterious dark matter. But a 

new study suggests that most ordinary matter is hidden as well.

Widely accepted studies of the cosmic microwave back-

ground—the afterglow of the Big Bang—indicate that for every 

pound of normal matter in the universe, there are about six pounds 

of dark matter, unseen particles that are known only from their 

gravitational pull. Because galaxies spring from dense clumps 

of both types of matter, researchers assumed that on average, 

the makeup of galaxies should exhibit a similar 1 to 6 ratio. “The 

parts should sum up to the whole,” says University of Maryland 

astronomer Stacy McGaugh. But when he examined more than 

100 galaxies, he found that all had substantially less ordinary 

matter than predicted. The Milky Way showed just a quarter of the 

expected amount. Smaller galaxies yielded even scantier quanti-

ties, with visible matter making up only about 0.05 percent of the 

least massive galaxies studied, Willman 1 and Segue 1. Most of 

the universe’s normal matter was nowhere to be found.

Some scientists had proposed that the missing stuff might be 

hidden in extended halos of gas surrounding galaxies, but Uni-

versity of Michigan astronomer Joel Bregman has dealt a blow 

to that idea. Studying light from distant stars that had fi ltered 

through the Milky Way’s halo, Bregman determined that “the 

matter really isn’t there,” he says. He suggests that perhaps 

much of the hot gas in the early universe was never captured 

by galaxies at all and instead remained scattered invisibly 

through intergalactic space. 

A more radical explanation for the puzzling new fi ndings 

involves rethinking the laws of gravity. A hypothesis known as 

modifi ed Newtonian dynamics could eliminate both the missing 

matter problem and the dark matter in one fell swoop. But for 

now, abandoning Einstein’s extremely well-supported theory of 

gravity, general relativity, remains “a rather unpopular possibility,” 

Bregman says.             ANDREW GRANT

MATTER GONE MISSING
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The Stratospheric Observatory 

for Infrared Astronomy (SOFIA), 

developed jointly by NASA and 

the German Aerospace Center, 

is a Boeing 747 jet with a twist: 

Instead of passenger seats, the 

plane’s cabin houses a power-

ful, 17-ton telescope capable of 

imaging submillimeter, infrared, 

and visible light wavelengths.

With four engines each 

generating 50,000 pounds of 

thrust, SOFIA can cruise at 

520 miles per hour and reach 

an altitude of about 40,000 

feet. There it soars above 99.8 

percent of the water vapor in 

Earth’s atmosphere, allow-

ing extremely crisp images. 

The 98-inch telescope—the 

largest ever borne aloft in a 

fl ying observatory—accesses 

the sky through a 14-by-20-

foot opening in the fuselage. 

During SOFIA’s fi rst test run 

with the doors open this past 

December, pilots reported that 

the craft handled well despite 

the gaping hole in its side.

Specialized modifi cations 

to the plane allow the smooth 

ride needed for precise obser-

vations. A gyroscope system 

keeps the craft steady, while 

the Fast Diagnostic Camera 

monitors image quality and 

the Focal Plane Imager locks 

the telescope onto its celestial 

targets. SOFIA’s Faint Object 

Infrared Camera will examine 

the Milky Way’s tumultuous 

center, star-forming regions, 

dust clouds, and nearby 

galaxies. Other instruments 

aboard include the High-

Speed Imaging Photometer 

for Occultation, which will 

observe objects such as 

planets, satellites, 

and asteroids as 

they pass 

in front of stars, and the Ger-

man Receiver for Astronomy 

at Terahertz Frequencies, 

which will determine the 

chemical composi-

tion of interstellar gas 

clouds. SETH NEWMAN

SOFIA

 

TWO-FACED BRAIN PROTEINS

For nearly 30 years, researchers have 

gathered evidence that a group of 

bizarre, fatal brain diseases—includ-

ing mad cow and its human equivalent, 

Creutzfeldt-Jakob disease—are caused 

not by a virus or bacterium but by an 

abnormal form of a protein, called a 

prion. New studies lend the strongest 

support yet to this once-controversial 

idea and are also starting to reveal the 

bene� cial natural functions these pro-

teins perform before they go bad.

Molecular biochemist Jiyan Ma at 

Ohio State University and colleagues 

were able to transform a normal protein 

produced by E. coli bacteria into a prion 

whose properties match those of the 

infectious version: It forms clumps, 

resists being cut by enzymes, and 

converts other normal proteins into 

the aberrant form. When the prion was 

injected into the brains of mice, the 

brains became spongy and riddled with 

In a separate experiment, researchers 

in the United States and Austria used 

a prion protein generated by E. coli to 

infect hamsters with a transmissible brain 

disease. The disease progressed very 

gradually, just as it does in humans, sug-

gesting that the hamsters could provide 

a useful animal model system.

While some investigators focus on 

the disease-causing version of the prion 

protein, others are looking into what the 

healthy forms of those proteins do in 

the body. Neuroscientist Adriano Aguzzi 

of the University Hospital of Zurich has 

found that mice lacking the protein 

showed a deterioration of the protective 

myelin sheath on their nerves. Additional 

recent research has hinted that the cor-

rectly made protein aids in consolidat-

ing memories and transmitting neuron 

signals. The big challenge now is � guring 

out why this good molecule sometimes 

goes rogue. AMBER ANGELLE

holes, the telltale signs of prion disease. 

“Next we plan to take a closer look at 

the system we used to create infectious 

prions to identify the molecular mecha-

nisms behind the change,” Ma says. 

Prions (dyed red) in mouse nerve cells.
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More than a mile beneath the ocean’s surface 

there is no sunlight, but the darkness does not 

reign undisturbed: Angler� sh and other biolumi-

nescent animals cast an ominous glow in the sea’s 

deepest reaches. They live in water that hovers just 

above freezing and that exerts pressures of thou-

sands of pounds per square inch. The mysterious 

and bizarre-looking angler� sh, which bear names 

like triplewart sea devil  and wolf-trap angler� sh, 

sport remarkable adaptations that allow them to 

thrive where shallow-water fish  would instantly 

perish. Although angler� sh are notoriously dif� cult 

to collect and study, scientists are steadily learn-

ing more about their biology and their evolutionary 

origins. Earlier this year an analysis of mitochondrial 

DNA conducted by researchers in the United States, 

Japan, and Taiwan estimated that the � rst angler� sh 

appeared about 160 million years ago, during the 

Jurassic Period, and quickly diversi� ed as they spread 

into habitats ranging from shallow waters to the conti-

nental shelves to the harsh deeps. Today 321 species 

swim the waters of the world. JOCELYN RICE 

ANGLERFISH

AND THERE WAS 

LIGHT

Most deep-sea 

anglerfi sh lures glow 

with light that is 

generated by an enzyme 

called luciferase. Some 

species make the light 

themselves, while 

others harbor colonies 

of luminescent bacteria 

that do the job for them. 

In addition to attracting 

prey, the fi sh’s blue-

green radiance may 

attract mates and ward 

off predators. 

THE BETTER TO 

EAT YOU WITH

When the anglerfi sh’s 

jaw opens, it creates 

suction that pulls her 

victim inside. In some 

species, retractable 

teeth spring down, 

trapping the meal. An 

expand able stomach 

can hold fi sh larger 

than the anglerfi sh 

herself. High-speed 

cinematography 

from the University 

of Washington 

has revealed that 

anglerfi sh  can pop 

open their mouths in 

just four milliseconds. CLINGY RELATIONSHIPS

The male anglerfi sh chomps down on the 

female, which may be 25 times his size, and 

never lets go. His circulatory system fuses 

with hers, and all of his own organs—except 

for his reproductive system—shut down. He 

siphons off nutrients from his mate and in 

return provides a permanent sperm bank. At 

just 6.2 millimeters long, a swamp-dwelling 

male anglerfi sh from Southeast Asia, fi rst 

described in 2005, is currently regarded as 

the world’s smallest vertebrate. 

GONE FISHING

Over millions of years of evolution, the front-most spine of the anglerfi sh dorsal fi n 

developed into a fi shing rod with fl eshy “bait” dangling at the end. The creature fl oats 

passively and wiggles its rod until a prey fi sh approaches. This lie-in-wait strategy 

was long suspected and fi nally confi rmed in 2005 by a remotely operated underwater 

vehicle that captured some of the fi rst footage of an anglerfi sh in the wild. 
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Emily Schaller
By age 6 Emily Schaller had two obsessions: fi gure skating and the 

planets. By 9 she was a competitive skater, attending summer training 

programs and eventually becoming an early member of the Dartmouth 

College team, in 1998. Today Schaller uses in-line skates to get around 

Tucson, where she is a Hubble Postdoctoral Fellow at the University of 

Arizona. Her fascination with the planets has proved even more durable: 

Schaller now uses NASA’s Infrared Telescope Facility (IRTF) on Mauna 

Kea in Hawaii to monitor methane clouds on Titan, where bizarre 

weather patterns could explain the extraordinary lakes, streams, 

and channels observed on Saturn’s largest moon. 

         

 When I was 5, my mother got me a picture book 

of the solar system. The pictures of each planet were 

just drawings, but I kept looking at the images think-

ing I saw important things. In college an internship at 

NASA really cemented my feeling that I wanted to get 

a Ph.D. in planetary science.

     If you didn’t know you 

were looking at the surface of Titan, you might think 

you were looking at Earth because there are river valleys, 

channels, and lakes that seem very familiar. Titan is 

the only moon in the solar system with a substantial 

atmosphere and the only place besides Earth with 

a weather cycle we can study. But Titan’s surface 

temperature is about –290 degrees Fahrenheit, so cold 

that methane condenses to liquid form. Instead of 

water, Titan’s clouds and rain are made of methane. A 

year there is about 30 years on Earth, so we haven’t 

even studied one full Titan weather cycle yet.

      I want 

to know where Titan’s clouds are located and how 

that relates to its surface features. IRTF data allow 

me to probe down to different levels in Titan’s 

atmosphere to measure the amount of cloud 

coverage. Earth is about 60 percent covered by 

clouds. On Titan, usually there’s less than 1 per-

cent coverage, but it can go up to 10 percent, as 

happened in 2008. We’re trying to understand what 

the outbursts of activity mean. The clouds might 

be related to a geyser spewing methane from the 

interior or icy volcanoes heating the surface. 

        
A lot of the chemistry there may be analogous to 

processes that occurred when Earth was young. 

     Nearly every 

night for three years, I used IRTF to monitor the weather on 

Titan, but there were very few clouds. Then the morning 

I handed in my Ph.D. dissertation in 2008, I saw those huge 

clouds forming. As soon as I turned it in, the clouds decided to 

throw a party.  AMY BARTH
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If you 
didn’t know 
you were 
looking 

at Titan, you 
might 

think it was 
Earth.
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Bender: Back in the Groove
Robot-human intermarriage. The Harlem Globetrotters 

performing mathematical wizardry. Hearing “Good news, 

everyone!” when bad news is on the way. It all can mean 

only one thing: Futurama is back.

The interstellar travels of the Planet Express crew 

—canceled by Fox in 2003 but kept alive by syndication, 

straight-to-DVD movies, and the unstoppable force of 

geek fandom—are returning in 26 fresh episodes, 12 of 

which will run in the upcoming season.

Show developer David X. Cohen says that the resur-

rected series starts where it left off, using the fi rst few 

seconds to extricate the crew from the crisis in which 

they found themselves at the last movie’s conclusion.

New episodes will feature time travel into the even 

more distant future, 31st-century Twitter, and, admittedly, 

more lapses in the laws of physics. But while science- F
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savvy fans may get more fodder for fact-checking, Cohen, 

who holds a master’s degree in theoretical computer 

science, promises that the science in-jokes will return 

too. As Billy West—the actor who voices Fry, Professor 

Farnsworth, and others—puts it, “There are all kinds of 

symbols to the true faithful.”

Cohen and West say the Futurama movie projects, includ-

ing Bender’s Big Score, kept them sharp for the return of 

the TV series. West says he can imagine the second run 

lasting as many years as the show was off the air. “It was 

too good to go away,” he says.

But how would they like living in Futurama’s less-than-

perfect 31st century? For these two sci-fi  fans, it’s a no-

brainer. “It seems pretty awesome to me to hang out with 

a giant lobster and a girl with one eye,” Cohen says. 

Comedy Central, beginning June 24. ANDREW MOSEMAN

It’s been too long, 

Bender. Seven years after 

Futurama’s cancellation, 

the crew returns with 

new episodes—and more 

dancing—in June.  

WHAT TO READ, VIEW, AND VISIT THIS MONTH

SCIENCEHOT
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THROUGH THE WORMHOLE 

WITH MORGAN FREEMAN 

SCIENCE CHANNEL, 

BEGINNING JUNE 23

Nearly 14 billion years 

ago, the Big Bang pro-

pelled our universe from 

nothing to everything. 

Before that, there was no 

when or where. But was 

this truly the beginning? 

With Morgan Freeman 

hosting, the � rst episode 

of Through the Worm-

hole explores the time 

before time. Scientists 

such as Alan Guth, Neil 

Turok, and Paul Stein-

hardt tackle the question 

of what preceded the 

Big Bang, including the 

provocative idea that the 

cosmos is in an endless 

cycle, being re-created 

with one “bang” after 

another.  BO ZHANG
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of the hardy folk who 

helped him begin bee-

keeping, make his own 

espresso, and replace 

his lawn with a garden, 

all while not angering 

his wife—too much.

THE RATIONAL OPTIMIST

BY MATT RIDLEY

(HARPERCOLLINS)

Don’t worry about 

climate change, over-

population, and the other 

gloomy forecasts, Ridley 

argues. Science has 

raised the standard of 

living exponentially since 

the Industrial Revolu-

tion, and technological 

innovation—not eco-

awareness or self-suf� -

ciency—will continue to 

improve our lives.

NONSENSE ON STILTS

BY MASSIMO PIGLIUCCI

(UNIVERSITY OF 

CHICAGO PRESS)

A tour of solid science, 

shaky science, and 

pseudoscience, this 

crash course in critical 

thinking by biologist and 

philosopher Pigliucci 

includes handy rules for 

evaluating the confused 

public discourse on cli-

mate change, evolution, 

and even UFOs.

BARNUM BROWN

BY LOWELL DINGUS 

AND MARK A. NORELL 

(UNIVERSITY OF 

CALIFORNIA PRESS)

These paleontologists 

write a rollicking recollec-

tion of Brown, a globe-

trotting adventurer, 

sometime spy, and great 

dinosaur hunter who was 

the � rst to unearth T. rex. 

Field notes and personal 

letters capture Brown’s 

obsession with fossil col-

lecting and his zest for, 

shall we say, extracur-

ricular life. JEN BARONE, A.M.

RACE TO THE END OF THE EARTH

In 1911, rival explorers Roald Amundsen 

of Norway and Robert Falcon Scott of the 

United Kingdom raced across 1,800 miles 

of treacherous, icy terrain to be the fi rst 

to reach the South Pole. This exhibit has 

assembled stunning photographs, paint-

ings, and artifacts of their daring quests, 

conveying what it was like to travel to 

the coldest place on earth a century ago. 

Visitors can enter models of the explor-

ers’ base camps and view a computer 

map of Antarctica outlining the ocean 

currents around the continent and the 

land masses and mountains that lie hid-

den beneath the ice. And if you think you 

have the daredevil spirit needed for such 

a harrowing journey, take the personality 

test modeled after those used for real 

expeditions to see how you might fare all 

alone at the far end of 

the world. 

American Museum of 

Natural History, New 

York City. Opens 

May 29. NICK ZAUTRA

P B O O K S

MADE BY HAND

BY MARK FRAUENFELDER

(PORTFOLIO)

Frauenfelder, the editor 

of MAKE magazine, 

delivers an ode to 

DIY that goes beyond 

how-to projects. He 

embraces the lifestyle 

a
M U S E U M S

Binoculars that once belonged to Amundsen are on display.

21 st Century               
Shaker

The new Flip-Top Cocktail 
Shaker is a feat of hydraulic 
engineering and high-tech 
sealing technology –
a neater, cooler, easier way 
to mix cocktails. There are
advantages to living in the 

21st century.

See video at metrokane.com

Push Flip-Top closed.

Push Flip-Top open.

Shake.

Pour.

b y  M e t r o k a n e

AT:
Bed, Bath & Beyond, Sur La Table, 
KitchenKapers.com, Amazon.com, 
Chef’s Catalog,Total Wine & More, 
Chef Central, Spec’s Liquors, Macy’s, 
Le Gourmet Chef, BevMo!
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Vital Signs By Claire Panosian Dunavan

A bad choice made at a young age brings about devastating 
consequences many years later.

 I
t’s funny how songs can trigger memories. For example, when 

Peggy Lee’s “Fever” recently played on my car radio, I thought 

of a long-ago patient whom I’ll call Jerry Rivers.

Jerry had fever, all right—but it wasn’t the sizzle of passion. 

Ten years ago, when I � rst met him, the trumpeter who helped 

launch the “cool jazz” movement of the 1950s had been hitting 101 

degrees Fahrenheit for weeks. His internist had already sent out 

routine blood, urine, and stool cultures. No answers there. Nor had 

abdominal scans revealed a hidden abscess. From the moment 

we met, I knew Jerry had no ordinary bug.

Across the Formica desk of my small exam room, the frail but 

animated 74-year-old—his head and torso lightly bobbing—gazed 

at me, perplexed. “I don’t get it,” he said. “When that staph infection 

gave me fevers last year, my doctors � gured it out right away.”

Jerry’s casual comment belied a complex medical history. 

Decades earlier, like many musicians of his era, he had experimented 

with heroin and picked up hepatitis C. In the time since then, the virus 

had silently scarred his liver. More recently, Jerry’s spleen had started 

to destroy red cells and platelets, those minuscule bloodborne bits 

that stanch bleeding. His doctors concluded that his spleen—large 

and � ecked with calcium deposits—harbored a lymphoma.

As a result, six months before we met, Jerry underwent a sple-

nectomy, only to suffer a post-operation bout with Staphylococcus 

aureus, that notorious invader of hospital wounds. Fortunately, 

strong antibiotics quickly cured the infection. Or had they?

To add to my challenge, minus a spleen Jerry was now vulner-

able to certain encapsulated bacteria—Streptococcus pneumoniae 

in particular—which are normally coated by antibodies produced 

by the spleen prior to being eaten by white blood cells. His missing 

spleen also predisposed him to exotic bugs like the malaria parasite. 

But truth be told, Jerry’s simmering illness didn’t suggest an aggres-

sive culprit like staph or pneumococcus, and he had never traveled 

to any place where he could plausibly have contracted malaria.

Back to basics. As Jerry once again felt his forehead for warmth, 

I started scanning his chart, so extensive that it � lled two large vol-

umes. Most of its notes dealt with his hepatitis C infection, which was 

rapidly progressing. Of course, I already knew that from Jerry’s physi-

cal exam, which had revealed classic signs of liver disease: � uid in the 

abdomen, reddened palms, and small, spidery veins on the skin.

“Hmm, here’s something interesting,” I said, suddenly looking 

up. “I just found a CT scan from last year that shows a calci� ed 

lymph node near your heart and some pleural scarring. Did you 

test positive for tuberculosis as a kid?”

“No,” Jerry replied. “Not that I remember.”

His answer didn’t reassure me. Because TB was widespread 

during the � rst half of the 20th century, many people in Jerry’s 

age group were unknowingly exposed in their youth. Years later, 

when old or debilitated, such patients could experience an unfor-

tunate reactivation of long-dormant infections. On the other hand, 

if tuberculosis were the cause of Jerry’s protracted fever, by now I 

would have expected more abnormalities to show up on his chest 

X-ray. The � lm from a week earlier had been clear.

Frustrated by the simultaneous lack and abundance of clues, I 

closed Jerry’s chart and � lled out requisitions for additional blood 

and urine tests that might detect TB or certain fungal organisms and 

thus pinpoint the source of his fever. This slow-going approach wasn’t 

my preference, but my original plan—to admit him to the hospital and 

pursue an aggressive workup—had been vetoed by the patient.

Soon, however, we were back to Plan A. Jerry’s fevers had 

accelerated, his tests again yielded no leads, and he was so weak 

that he needed a wheelchair to get around our medical center. 

Declining hospitalization was no longer an option.

Once settled in his room, Jerry received a local anesthetic while a 

medical resident drew a sample of bone marrow from his posterior 

ilium, an easily accessed pelvic bone. I had the specimen sent for 

cultures and pathology. Unlike with some cases, I didn’t have to 

twist any arms to get the procedure done. Jerry’s oncologist also 

wanted the bone marrow exam to rule out recurrent lymphoma.

Three days later, the waiting was over. Did Jerry have lymphoma? 

No. But was his body harboring a hidden invader? Yes indeed, and 

one not often found in California. A call from the hospital microbi-

ology lab con� rmed that the culprit was indeed a fungus: a yeast 

(Histoplasma capsulatum) that was growing in Jerry’s bone marrow 

and bloodstream. The trumpet player who once crisscrossed the 

nation with fellow band members had fallen prey to a pathogen 

common to the Ohio and Mississippi river valleys.

The disease caused by Histoplasma capsulatum is traced to 

soil, usually in a damp environment contaminated by droppings 

from birds and bats—animals that can carry the agent. From here, 

fungal spores can be inhaled into human lungs, where they pro-

liferate in lymph nodes in the chest. At this stage, most patients 

Did my patient have lymphoma? 
No. But was his body harboring a 
hidden invader? Yes indeed.
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Histoplasma 

capsulatum, a 

fungus that causes 

histoplasmosis.
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experience either mild � ulike symptoms or no illness at all.

Unfortunately, the outward calm is deceptive. In many cases 

the invaders do not go away; they simply lie in wait in acidic sub-

spaces within a group of white blood cells called macrophages 

(large, tissue-based cells whose main job is to engulf and digest 

intruders). One way the yeast is able to survive is by subtly alka-

linizing its hideouts. At the same time, healthy humans mount 

defenses that keep the fungi at bay. CD4 lymphocytes, the same 

immune cells that protect HIV-infected individuals from getting 

full-blown AIDS, are a prime bulwark.

Jerry’s problem was this: The loss of his spleen and other ill-

nesses had � nally depleted his CD4 troops. That’s when his long-

silent infection roared back to life, converting his macrophages 

from disease penitentiaries to factories spewing yeast into his 

blood and bone marrow. In another histoplasmosis victim, different 

clinical features might emerge. Some sufferers present with upper-

lobe lung cavities—a picture that mimics the X-ray appearance 

of one form of tuberculosis—or bulky intrathoracic lymph nodes, 

walnut-size tissue masses straddling the central structures of the 

chest. In� ammation and � brosis around the heart are two other 

signature symptoms, as are painless ulcers (often mistaken for 

cancer) that may affect the tongue, larynx, gums, and lips.

The standard antifungal treatment for histoplasmosis, a drug called 

itraconazole, proved tricky to prescribe in Jerry’s case because his 

liver disease altered the drug’s metabolism. Once we used serum 

drug levels to optimize his dose, however, he turned a corner. Within 

a few weeks his fevers were gone and his fungal blood cultures were 

clean. When Jerry left the hospital, he was effervescent. From time 

to time he even played with a group of fellow musicians. He also put 

together a CD of jazz standards and gave me a copy.

That proved to be a brief interlude, though. Despite our success 

in beating back Jerry’s fungal blight, a few months later hepatitis C 

caused his already marginal liver to fail. Just one question remained: 

Was he a candidate for a liver transplant? Some doctors said yes, oth-

ers argued he was too fragile. Jerry understood that he was standing 

on a razor’s edge, but hope drove him forward. If the transplant doc-

tors were willing, he told me privately, he would take his chances.

Sadly, this story does not end well. Jerry got his liver transplant, 

but numerous complications ensued. He died two months later, 

having never left the hospital.

Not long ago I spoke with Jerry’s wife, and we reminisced about 

the man who had played jazz with the greats. To this day she 

questions the decision to keep him alive during his � nal, poignant 

weeks. “He was special in so many ways,” she said. “I just hope 

he didn’t suffer too much.” I tried to comfort her. In retrospect, who 

can judge the choices made by a dying patient or his doctors—or 

those made years earlier by a young artist on the loose?

I’m sure Jerry always rued the day a dirty needle gave him hepa-

titis C. To his credit, he gave up drugs and alcohol long before he 

married. But perhaps living the life he loved, jamming who knows 

where—Kansas City? Louisville? Memphis?—was worth the price 

he paid long ago for drinking in a breath of fungus-laced air. 

At least I like to think so. 

Enough said.
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The Brain by Carl Zimmer

The difference between one personality 
and another is not determined by genes alone.  
Love’s got something to do with it too. 

 T
his month’s column is a tale of two rats. One rat got lots of 

attention from its mother when it was young; she licked its fur 

many times a day. The other rat had a different experience. Its 

mother hardly licked its fur at all. The two rats grew up and turned 

out to be very different. The neglected rat was easily startled by 

noises. It was reluctant to explore new places. When it experienced 

stress, it churned out lots of hormones. Meanwhile, the rat that had 

gotten more attention from its mother was not so easily startled, was 

more curious, and did not suffer surges of stress hormones.

The same basic tale has repeated itself hundreds of times in a 

number of labs. The experiences rats had when they were young 

altered their behavior as adults. We all intuit that this holds true for 

people, too, if you replace fur-licking with school, television, fam-

ily troubles, and all the other experiences that children have. But 

there’s a major puzzle lurking underneath this seemingly obvious 

fact of life. Our brains develop according to a recipe encoded in 

our genes. Each of our brain cells contains the same set of genes 

we were born with and uses those genes to build proteins and 

other molecules throughout its life. The sequence of DNA in those 

genes is pretty much � xed. For experiences to produce long-term 

changes in how we behave, they must be somehow able to reach 

into our brains and alter how those genes work.

Neuroscientists are now mapping that mechanism. Our experi-

ences don’t actually rewrite the genes in our brains, it seems, but 

they can do something almost as powerful. Glued to our DNA are 

thousands of molecules that shut some genes off and allow other 

genes to be active. Our experiences can physically rearrange the 

pattern of those switches and, in the process, change the way our 

brain cells work. This research has a truly exciting implication: It may 

be possible to rearrange that pattern ourselves and thereby relieve 

people of psychiatric disorders like severe anxiety and depression. 

In fact, scientists are already easing those symptoms in mice.

Two families of molecules perform that kind of genetic regula-

tion. One family consists of methyl groups, molecular caps made 

of carbon and hydrogen. A string of methyl groups attached to 

a gene can prevent a cell from reading its DNA sequence. As a 

result, the cell can’t produce proteins or other molecules from that 

particular gene. The other family is made up of coiling proteins, 

molecules that wrap DNA into spools. By tightening the spools, 

these proteins can hide certain genes; by relaxing the spools, they 

can allow genes to become active. 

Together the methyl groups and coiling proteins—what scientists 

call the epigenome—are essential for the brain to become a brain in 

the � rst place. An embryo starts out as a tiny clump of identical stem 

cells. As the cells divide, they all inherit the same genes but their 

epigenetic marks change. As division continues, the cells pass down 

not only their genes but their epigenetic marks on those genes. Each 

cell’s particular combination of active and silent genes helps deter-

mine what kind of tissue it will give rise to—liver, heart, brain, and so 

on. Epigenetic marks are remarkably durable, which is why you don’t 

wake up to � nd that your brain has started to turn into a pancreas.

Our experiences can rewrite the epigenetic code, however, and 

these experiences can start even before we’re born. In order to lay 

down the proper pattern of epigenetic marks, for example, embryos 

need to get the raw ingredients from their mothers. One crucial 

ingredient is a nutrient called folate, found in many foods. If moth-

ers don’t get enough folate, their unborn children may lay down 

an impaired pattern of epigenetic marks that causes their genes 

to malfunction. These mistaken marks might lead to spina bi� da, a 

disease in which the spinal column fails to form completely.

Other chemicals can interfere with epigenetic marks in embryos. 

Last year, Feng C. Zhou of Indiana University found that when 

pregnant lab rats consumed a lot of alcohol, the epigenetic marks 

on their embryos changed dramatically. As a result, genes in their 

brains switched on and off in an abnormal pattern. Zhou suspects 

that this rewriting of the epigenetic code is what causes the dev-

astating symptoms of fetal alcohol syndrome, which is associated 

with low IQ and behavioral problems.

Even after birth the epigenetic marks in the brain can change. Over 

the past decade, Michael Meaney, a neurobiologist at McGill Univer-

sity, and his colleagues have been producing one of the most detailed 

studies of how experience can reprogram the brain’s genes. They are 

discovering the molecular basis for the tale of the two rats.

The differences between rats that got licked a lot and those that 

got licked only a little do not emerge from differences in their genes. 

Meaney found that out in an experiment involving newborn rat pups. M
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He took pups whose mothers who didn’t lick much and placed them 

with foster mothers who licked a lot, and vice versa. The pups’ expe-

rience with their foster mothers—not the genes they inherited from 

their biological mothers—determined their personality as adults.

To � gure out how licking had altered the rats, Meaney and his 

colleagues looked closely at the animals’ brains. They discovered 

major differences in the rats’ hippocampus, a part of the brain that 

helps organize memories. Neurons in the hippocampus regulate 

the response to stress hormones by making special receptors. 

When the receptors grab a hormone, the neurons respond by 

pumping out proteins that trigger a cascade of reactions. These 

reactions ripple through the brain and reach the adrenal glands, 

putting a brake on the production of stress hormones.

In order to make the hormone receptors, though, the hippocampus 

must � rst receive signals. Those signals switch on a series of genes, 

which � nally cause neurons in the hippocampus to build the recep-

tors. Meaney and his colleagues discovered something unusual in 

one of these genes, known as the glucocorticoid receptor gene: The 

stretch of DNA that serves as the switch for this gene was different in 

the rats that got a lot of licks, compared with the ones that did not. 

In the rats without much licking, the switch for the glucocorticoid 

receptor gene was capped by methyl groups, and the neurons in 

the underlicked rats did not produce as many receptors. The hip-

pocampus neurons therefore were less sensitive to stress hormones 

and were less able to tamp down the animal’s stress response. As a 

result, the underlicked rats were permanently stressed out.

These studies hint at how experiences in youth can rewrite the 

epigenetic marks in our brains, altering our behavior as adults. 

Meaney and his colleagues cannot test this hypothesis by run-

ning similar experiments on humans, of course, but last year they 

published a study that came pretty close.

Meaney’s team examined 36 human brains taken from cadavers. 

Twelve of the brains came from people who had committed suicide 

and had a history of abuse as children. Another 12 had committed 

suicide without any such history. The � nal 12 had died of natural 

causes. The scientists zeroed in on the cells from the hippocampi of 

the cadavers, examining the switch for the stress hormone gene they 

had studied in rats. Meaney and his colleagues found that the brains 

of people who had experienced child abuse had relatively more 

methyl groups capping the switch, just as the researchers had seen 

in rats that had not been licked much as pups. And just as those rats 

produced fewer receptors for stress hormones, the neurons of the 

people who had suffered child abuse had fewer receptors as well.

Child abuse may leave a mark on its victims in much the same way 

that parental neglect affects rat pups. Abuse seems to have altered 

the epigenetic marks in their hippocampi. As a result, they made 

fewer stress receptors on their neurons, which left them unable to 

regulate their stress hormones, leading to a life of anxiety. That extra 

stress may have played a part in their committing suicide. 

The hippocampus is probably not the only place where experi-

ences rewrite epigenetic marks in the brain. An international group of 

researchers recently compared the brains of 44 people who had com-

mitted suicide with those of 33 people who died of natural causes. 

The scientists looked at a gene that produces the protein BDNF, 

which promotes hormone receptors, in a part of the brain called the 

Wernicke area. That area, located behind the left ear in most people, 

helps us interpret the meanings of words. In March the researchers 

reported that the BDNF switch had more methyl groups attached to 

it in the Wernicke area of suicide victims than in other people. 

And the in� uence of environment doesn’t end with childhood. 

Recent work indicates that adult experiences can also rearrange 

epigenetic marks in the brain and 

thereby change our behavior. Depres-

sion, for example, may be in many 

ways an epigenetic disease. Several 

groups of scientists have mimicked 

human depression in mice by pitting 

the animals against each other. If a 

mouse loses a series of � ghts against 

dominant rivals, its personality shifts. 

It shies away from contact with other 

mice and moves around less. When 

the mice are given access to a machine 

that lets them administer cocaine to 

themselves, the defeated mice take more of it. 

Eric Nestler, a neuroscientist at Mount Sinai School of Medicine 

in New York City, wondered what the brains of these depressed 

mice looked like. Last fall he reported discovering an important 

difference in a region of the brain called the nucleus accumbens. 

It was probably no coincidence that depression altered this region, 

since the nucleus accumbens plays an important role in the brain’s 

reward system, helping to set the value we put on things and the 

pleasure we get from them. 

The change Nestler and his colleagues discovered in the nucleus 

accumbens was epigenetic: Some of the DNA in the neurons in that 

region became more tightly or less tightly wound in depressed mice. 

Such an epigenetic change might permanently alter which genes 

are active in the brains of those mice. The same may hold true for 

humans. Nestler’s team looked at cadaver brains from people who 

had been diagnosed with depression in life. They discovered the 

same epigenetic changes in the human nucleus accumbens.

If scientists can pinpoint the epigenetic changes that our experi-

ences impart, it may be possible to reverse those changes. Nestler 

and his colleagues pumped drugs known as HDAC inhibitors into 

the nucleus accumbens of their depressed mice. These drugs can 

loosen tight spools of DNA, making it possible for cells to gain 

access to genes again. Ten days after treatment, the mice were 

more willing to approach other mice. The drug also erased many 

other symptoms of depression in the animals.

The possibility that we can rewrite the epigenetic code in our 

brains may be exciting, but it is also daunting. Modifying epigenetic 

markers is not easy—and that’s a good thing. After all, if our methyl 

groups and coiling proteins were constantly shifting, depression 

would be the least of our problems. Nothing ruins your day like 

� nding that your brain has turned into a pancreas. 

Experiments on rats suggest that experiences 
in youth can rewrite the epigenetic marks in 
the brain, altering our behavior as adults. It is 
not possible to run similar experiments on 
humans, of course, but last year researchers 
published a study that came pretty close. 
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Is anything stirring on the dusty surface of the 

Red Planet? A few bold scientists say we need 

speculate no longer: We have already found 

strong evidence of life on Mars.
BY ANDREW LAWLER

For those seeking life on Mars, it is the best of times and the worst 

of times. Nearly 35 years after NASA’s twin Viking robots eased 

down onto its ruddy surface, there is still no incontrovertible 

evidence that living organisms ever existed on the fourth planet 

from the sun. Few researchers accept one scientist’s claims that 

the 1976 Viking experiment detected life. The brief frenzy over 

possible fossils in a Mars meteorite has fi zzled. And even after 

billions of dollars’ worth of adorable rovers and eagle-eyed orbit-

ers have prodded and probed the planet, the results have been 

at best ambiguous and at times downright confusing.

Yet a growing number of space scientists are upbeat, even 

buoyant, about the likelihood that Mars is a living world. “A 

variety of discoveries are creating a kind of buzz,” says Chris 

McKay, an astrogeophysicist at NASA Ames Research Center in 

Mountain View, California. “And people seem more enthusiastic. 

It’s group psychology.” There has been no single major break-

through in the search, but a subtle change is taking place within 

the clubby community dedicated to fi nding and bringing back 

organisms—dead or alive—from the Red Planet.

JUNE 2010  |  29

DV0610MARS6A_WC   29 4/6/10   10:30:44 PM

worldmagsworldmags

worldmags



It
isms were not obvious on July 

20, 1976, when the � rst Viking 

lander touched down on Mars’s 

Chryse Planitia lowlands, pro-

grammed to � nd life as we then 

knew it. At the time, that meant 

looking for water, warmth, and 

the right nutrients for delicate 

organisms. Scientists didn’t 

dream that life could flourish 

in brine pockets of sea ice or 

in mine water � lled with heavy 

metals. “In hindsight, what we 

did with Viking was incredibly 

naive,” Jakosky says. “We have 

since learned that life can be 

exceedingly dif� cult to detect.”

And yet one man insists 

that the Viking search yielded 

a positive result. “In my mind 

the question is resolved,” says 

Gilbert Levin, the leader of one 

of the Viking experiments, the 

Labeled Release Life Detec-

tion Experiment. Ever since 

the data came in from Viking, 

he has argued that his tests 

gave evidence consistent with 

life on Mars; now, after further 

analysis, he believes they prove 

its existence. His colleagues 

have responded with doubt, 

even derision, over the years. 

But growing knowledge about 

extremophiles on Earth and the 

environment on Mars has given 

Levin, who just turned 86, hope 

that his assertion will � nally be 

taken seriously.

Levin’s recipe for smoking 

out Martian life was elegantly 

simple: Scoop up Martian dirt 

with the Viking arm, seal it in a 

chamber, add an organic com-

pound with a trace of radioac-

tive carbon, and wait. Any bac-

teria similar to those on Earth 

would exhale radioactive gas. 

Next, take a second sample  and 

subject it to high heat to kill off 

any microorganisms, then add 

more radioactive compounds to 

the chamber. If there is no sub-

sequent radioactive release, 

that demonstrates that there 

are living microbes on Mars. 

Indeed, the chambers on 

both Viking landers signaled a 

radioactive reading in the � rst 

the mainstream. Even William 

Schopf senses a shift in atti-

tude. The UCLA paleobiolo-

gist was the house skeptic at 

NASA’s 1996 press conference 

introducing the Mars mete-

orite and its alleged fossils of 

microbes. While he remains 

skeptical, Schopf believes that 

if biology ever took hold on 

Mars, it is probably still there. 

“If we’ve learned one thing in 

recent years,” he says, “it is that 

life is resilient.”

No one knows that better than 

John Baross, an astro biologist 

at the University of Washington 

in Seattle. A very resilient life 

form nearly killed him. When 

the bacteria attacked, his body 

turned as red as a fireplug as 

his temperature climbed to 104 

degrees Fahrenheit. In eight 

days he lost 38 pounds as the 

invader released a toxin that ate 

away at the muscles in his legs 

and back. While doctors franti-

cally pumped his bloodstream 

full of antibiotics, the organism 

hid behind a thin protective skin 

of sugary slime that made it 

impervious to the medicine.

Baross at the time happened 

to be studying just such slime, 

known as a bio� lm. His gradu-

ate students sent the hospital 

extensive information on the 

bacterium and its protective 

cloak to share with the puzzled 

physicians. “We knew more 

about it than they did,” Baross 

recalls wryly. Finally, an exhaus-

tive battery of tests pinpointed 

the invader’s primary location: 

the liver. Doctors were then able 

to tailor the meds to overwhelm 

it. Even so, it took Baross seven 

painful months to recover. 

Baross’s personal encounter 

with the bacteria deepened his 

belief that such bio� lms might 

extend from the bottom of the 

ocean into interplanetary space. 

Two thousand feet below the 

sea, in the cracks of the Mid-

Atlantic Ridge, he and his stu-

dents recently discovered sin-

gle-celled organisms � ourishing 

in highly alkaline water close to 

the boiling point. The gooey � lm 

encasing these organisms is the 

key to their survival. 

Such sticky mucilage is 

among the oldest of known 

organisms, dating back more 

than 3 billion years. And Baross’s 

lab work shows that the mid-

Atlantic bio� lms have an aston-

ishing capacity for transferring 

genes. That facility may have 

been just what early life needed 

to give rise to the widely varied 

genomes that walk, swim, and 

� y on Earth today.

Other researchers are busy 

scouring our planet to test the 

limits to organic life. They have 

found Cephalosporium (fungi 

that live in highly acidic environ-

ments), Euglena and Chlorella 

(algae that grow in heavy met-

als), and a cockroach that can 

survive massive doses of gam-

ma radiation. Some archaea—a 

domain of microbial life that 

was little understood when the 

Viking landers reached their 

destination—live in even more 

extreme situations, � ourishing 

in temperatures far above the 

boiling point of water and sur-

viving in thick brine.

The many extreme-life dis-

coveries led NASA to ask the 

National Academy of Sciences 

for help in knowing what to 

search for beyond our planet. 

Baross chaired the investigating 

committee.  The group reported  

that carbon-based life depen-

dent on liquid water and using 

DNA “is not the only way to 

create phenomena that would 

be recognized as life.” Quickly 

dubbed the “weird life report,” 

the study dramatically con-

cluded that many locales in the 

solar system could support life 

drawing on a variety of liquids 

and energy sources. “I think life 

existed on Mars,” Baross says. 

And if it did, he—like Schopf—

thinks that it, or evidence of it, 

is probably still there.

Life’s resilience and the sheer 

diversity of terrestrial organ-

is not now considered a stupid 

idea to look for life on Mars,” 

says Bruce Jakosky, a plan-

etary geologist at the Univer-

sity of Colorado at Boulder. “In 

recent years the case has been 

made again and again that 

life is or was possible there.” 

Undergirding this new opti-

mism are reams of data—from 

Earth-based telescopes as 

well as Mars orbiters, landers, 

and rovers—that have slowly 

painted a much more complete 

and complicated picture of the 

Mars environment stretching 

back billions of years, providing 

intriguing hints that microbes 

might have once evolved there, 

and might yet endure.

For younger researchers 

who were children when Viking 

landed, it is hard to conceive of 

a solar system where Earth is 

the only life-bearing place. They 

take it for granted that organ-

isms can endure extreme envi-

ronments. Weird and wonderful 

forms of life have been found 

deep within the Earth’s crust, 

swimming in boiling pools, and 

clinging to vents deep under 

the ocean surface. That ver-

satility heartens those looking 

beyond our own planet. “If it 

smells like life and looks like life, 

then it could be life,” says Dirk 

Schulze-Makuch, a 46-year-

old astrobiologist at Washing-

ton State University in Pullman. 

“There’s a strong sense that we 

should get missions going to 

nail this down. I’d be surprised 

if Mars were sterile.”

That assessment would 

have raised eyebrows 10 years 

ago, but it is no longer outside 
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deal.  NASA lost interest in what 

seemed a quixotic quest, and 

Mars exploration was aban-

doned. “And from then until 

now, the gospel is that Mars 

doesn’t have any organics in its 

soil,” McKay says. The irony is 

that we now know such com-

pounds litter the solar system, 

present everywhere from Sat-

urn’s moon Titan to common 

meteorites; organics are proba-

bly present even on Mars’s little 

moons, Phobos and Deimos. 

In 2008 the NASA Phoenix 

lander added fuel—literally—to 

the debate. The robot detected 

perchlorates, charged particles 

consisting of a single chlorine 

atom surrounded by four oxy-

gen atoms, in the arctic soil 

taken from near the planet’s 

north pole. That molecule 

helped Phoenix get to Mars in 

the � rst place, since perchlorate 

is a powerful rocket fuel. Some 

researchers took the presence 

of perchlorate as another sign 

that life on Mars’s surface is 

unlikely, since the compound is 

a powerful oxidizer, acting like a 

bleach at high temperatures.

But McKay believes the � nd 

is an exciting hint of life’s pres-

ence. “This is the most impor-

tant discovery since Viking,” he 

contends. “This made our whole 

world change.” In his reading, 

the Viking gas chromatograph 

scooped up soil, heated it, and 

round followed by none in the 

second. Levin celebrated with 

champagne and cigars. But 

within days that finding was 

contradicted by results from 

the gas chromatograph spec-

trometer, which detected no 

sign of organic compounds, 

much less evidence of life. And 

without organic compounds—

molecular combinations of car-

bon and hydrogen—life as we 

know it is not imaginable. 

Scientists assumed that 

a nonbiological reaction had 

caused Levin’s instruments 

to register life, and the lack of 

organics seemed to seal the 

Clockwise from above: Micrograph of 

a Mars meteorite on Earth; the rim 

of Concepcion, a young Martian crater; 

Viking 2 gathering Mars soil for analysis.
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in so doing activated the per-

chlorate, which then destroyed 

the very organics the spacecraft 

was searching for. Only a single 

type of molecule, which could 

have been produced by the per-

chlorate reacting with organics, 

appeared in each sample. “The 

results were misinterpreted,” 

McKay says. “And our whole 

community is in denial.” 

Schulze-Makuch agrees, 

saying the Viking gas chromato-

graph lacked sensitivity; it also 

failed to register life when a ver-

sion of the device on Earth was 

fed a sample from the Dry Val-

leys of Antarctica, a seemingly 

barren place that actually hosts 

some microorganisms. He adds 

that perchlorates could serve 

as a potent energy source as 

well as a way for life to access 

water. In the Atacama Desert of 

Chile, one of the world’s most 

desiccated spots, perchlorate 

in the soil can condense water 

out of the atmosphere. Intrigu-

ingly, small droplets—which 

appeared to be water—were 

spotted in photos on the legs of 

the Phoenix lander. 

So while some research-

ers see the perchlorate � nd as 

another sign of life’s unlikeli-

hood on Mars, Schulze-Makuch 

is positively elated. “From an 

extremophile perspective, this 

story is a plus for life,” he says. 

For example, instead of using 

a water-based substance as a 

basis for its cellular processes, 

a Martian organism might use 

hydrogen peroxide, a molecule 

similar to perchlorate that is 

abundant on Mars. The debate 

may finally be resolved when 

NASA’s Mars Science Labora-

tory arrives in the autumn of 

2012. “Our great hope is that 

we will find organics either in 

the soil or inside rocks” drilled 

by the robot, McKay says.

The renewed possibility 

of organics on Mars has led 

researchers to reconsider 

the conclusions of Levin. “The 

community is not convinced 

he’s right, but he’s a first-rate 

scientist, and you can’t just dis-

miss what he says,” Jakosky 

notes. At UCLA, Schopf argues 

that laboratory tests long ago 

showed how nonbiological soil 

chemistry could have produced  

the results seen on Viking. But 

he admits that the mainstream 

view could prove false. “Levin 

isn’t necessarily wrong,” he 

says. “There are lots of exam-

ples of people who stick to 

their guns and are proved right 

—think of Alfred Wegener and 

continental drift.”  

Like Levin, the team that 

claims it found evidence of life 

in a Mars rock dubbed Allan 

Hills 84001 remains unbowed 

in the face of widespread sci-

entific skepticism. That rock 

was blasted off the surface of 

the Red Planet millions of years 

ago and fell to Earth as a mete-

orite, landing in Antarctica. At 

its famous 1996 press con-

ference, a group from NASA 

Johnson Space Center led by 

David McKay—no relation to 

Chris—laid out four lines of 

chemical and physical evi-

dence that they believed made 

a strong case for life on Mars. 

After years of further analy-

sis and debate, many astro-

biologists think that three of 

those four can be shown to be 

the result of nonliving chemi-

cal or geological activity. The 

fourth line is tenuous but more 

intriguing. The meteorite is full of 

grains of an iron oxide mineral 

called magnetite, each grain 

a mere 20 to 120 nanometers 

across. On Earth, organisms 

called magnetotactic bacteria 

routinely manufacture such 

tiny crystals. But in 2003 two 

papers noted that there are 

other ways to make magnetite 

crystals, such as slamming a 

rock from space onto the Mar-

tian surface. The intense heat 

could degrade carbonates and 

form similar structures. 

In November 2009 the 

McKay team struck back with 

a new paper. Using advanced 

microscopy, they noted that the 

crystals in the Allan Hills sample 

are too pure to be explained by 

a thermal event. “We do not 

believe it is too incautious to 

restate our original hypothesis 

that such magnetites constitute 

strong evidence of early life on 

Mars,” said lead author Kathie 

Thomas-Keprta at the time. A 

member of the original Allan 

Hills team, she insists that there 

is no longer an alternative to the 

existence of life in the formation 

of the crystals. “We’re left with 

only one hypothesis standing,” 

she says. Her next step is to 

� nd corroborating evidence in 

other meteorites. 

Baross argues that if Earth-

like life-forms created these 

crystals, they would have to be 

highly sophisticated organisms. 

Given the harsh environment, 

he � nds it unlikely that any Mars 

life evolved far beyond simple 

bio� lms. Other researchers say 

that any number of chemical 

processes might be responsi-

ble. “It’s almost a fool’s errand,” 

Jakosky says. “You could spend 

the rest of your life altering for-

mulas to show what can or can-

not make magnetite.”

Thomas-Keprta believes the 

data and the momentum are 

on her side. “As a group, sci-

entists now consider Mars to 

have once been habitable, and 

it may still be so,” she says. 

“We’re a long way from the dry 

and desiccated deserts of the 

past. Mars could have sup-

ported a biosphere.” 

Some researchers believe 

the mere presence on Earth of a 

meteorite from its distant neigh-

bor underscores the possibility 

that life has been transferred 

from planet to planet. 

Perhaps the most intriguing 

sign of life since the Allan Hills 

announcement was the detec-

Methane on Mars may 
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than 20,000 tons of methane, 

comparable to the output of 

the Santa Barbara seep, one 

of the largest geological meth-

ane sources on Earth.

There is no doubt Mars once 

rumbled and spewed. The 

planet is home to the solar sys-

tem’s largest volcano, Olympus 

Mons, which is as tall as three 

Mount Everests. But geolo-

gists have found little evidence 

of activity in recent eons; the 

newest volcanic deposits 

date back millions of years. 

Besides, volcanoes typically 

give off not just methane but a 

host of other gases, and those 

have not been detected. 

Mumma says he stands by 

his data. But some scientists—

Chris McKay, for example—see 

it as highly unlikely that the 

Red Planet is active enough to 

produce methane and believe 

there is no explanation for its 

high rate of dissipation in the 

atmosphere. “I’m forced to 

conclude that the methane 

data are probably wrong,” 

McKay says. 

Baross, however, is excited by 

the possibility that the methane 

results from a chemical process 

called serpentinization, which 

can provide a rich environment 

for life. “It’s a driving force for 

recycling nutrients in the Earth 

system,” he says. Cold water 

reacts with oxidants to crack 

rock, producing heat and a host 

of mineral compounds. “It’s a 

really dynamic process, and if it 

is going on on Mars, then you 

may be circulating a lot of liquid 

water through rock.” That is a 

purely chemical process, but it 

is the same one that led to the 

growth of slimy organisms along 

the Mid-Atlantic Ridge. Back 

on Mars, NASA’s Spirit and 

Opportunity rovers have found 

evidence of minerals associated 

with serpentinization. 

tion of methane in the thin Mar-

tian atmosphere. The discovery 

by a number of research teams 

did not grab headlines around 

the world as the Mars rock did, 

but it may prove more impor-

tant in the quest to � nd life. On 

Earth, methane is emitted by 

two sources: living creatures, 

such as cows, and geological 

formations, such as mud volca-

noes. So the methane on Mars 

may be the result of geological 

activity or life—or both. 

Last year, using ground-

based telescopes, a team led 

by Michael Mumma of NASA’s 

Goddard Space Flight Center 

reported that Mars’s methane 

is concentrated in vast plumes. 

The team charted the spread 

of several plumes across the 

northern hemisphere as sum-

mer approached and noted that 

they seemed to originate above 

volcanic regions. One plume 

expanded to include more 

the middle of the next decade. 

But the cost—possibly $8 bil-

lion—makes that a tough sell in 

the current economic climate. 

Baross is also wary of grab-

bing a few rocks and repeating 

Viking’s legacy of ambiguous, 

yet-to-be-understood results.

In the meantime, Jakosky’s 

Mars Atmosphere and Volatile 

Evolution probe is slated to 

arrive in 2013, two years after 

the Mars Science Laboratory. If 

all goes as planned, joint Euro-

pean-U.S. projects will yield an 

orbiter ready for launch in 2016 

and two rovers in 2018. None of 

these probes is likely to � nd the 

direct evidence of life that will 

settle the debate, though. “My 

guess is that skepticism will 

remain in the science commu-

nity almost regardless of what is 

found,” Schopf predicts. “That’s 

not to say the missions won’t 

lead us in the right direction.”

A slow, steady pace is just 

The topsoil of Mars is prob-

ably dead, due to the intense 

radiation and extreme tem-

peratures (–195° to 70°F), but 

the prospects for life look much 

better below the surface. Baross 

wants a mission that drills 

below the places Mumma has 

pinpointed as methane sources, 

and that goes far deeper than 

the drilling planned for future 

missions. He envisions a sophis-

ticated robot that could do the 

equivalent of deep-sea drill-

ing, boring down hundreds of 

meters. Only then, he believes, 

can scientists answer the heady 

question of life on Mars. 

For most life seekers, the 

ultimate goal is getting a few 

pounds of Martian rock back to 

a lab on Earth. “What we need 

is a sample return,” Jakosky 

says. NASA and ESA currently 

envision a joint mission to bring 

back the Martian goods around 

what is needed, NASA man-

agers insist. “The key is to do 

careful, long-range homework,” 

says Michael Meyer, lead sci-

entist of NASA’s Mars Explora-

tion Program. Gathering more 

detailed data on surface chem-

istry, the history of liquid water, 

climate cycles, and the exact 

constituents of the atmosphere 

are critical to building a case 

for—or against—life. 

That approach may seem 

conservative to some, but it 

takes into account the hard-

learned lessons of Viking. And 

it will provide the foundation 

for the extraordinary evidence 

required to support the most 

extraordinary of claims. “This 

could lead to the most stupen-

dous discovery in the history 

of human existence,” Schopf 

says, speaking with the prac-

ticed patience of a scientist. 

“Little steps add up.”  

Left: In the eastern Hellas region of Mars, the soil conceals buried glaciers. 

Above: South America’s Atacama Desert, one of the driest places on Earth, 

where perchlorates are found, much as they are on the surface of Mars.

esult of geological activity or life—or both.
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Leaf 
Power
Breakthrough research 
is making our energy supply 
cleaner, safer, and more 
secure. Scientists are even 
learning to master nature 
itself—re-creating 
photosynthesis in the lab.

By Fred Guterl

Photograph by 
Nicholas Eveleigh

LILAC AMIRAV IS BREAKING A SWEAT trying to do 

what nature has been doing effortlessly for some 

3 billion years. She and 30 or so colleagues at 

the Helios project are trying to build miniature 

machines that re-create photosynthesis, the 

process by which green plants take in sunlight 

and carbon dioxide and produce energy. In a 

leaf, the product of this reaction is the sugar 

molecule, which serves as a kind of biological 

battery: All the plant has to do is break sugar’s 

chemical bonds, releasing the energy it needs to 

sustain itself. Amirav’s goal is to tweak this pro-

cess to better suit the energy needs of a world 

population that by 2050 is expected to reach 

9 billion, a growing percentage of which will want 

to drive their own cars. She and her colleagues 

at Helios, a joint project of U.C. Berkeley and 

Lawrence Berkeley National Laboratory, want to 

build an artifi cial leaf that drips ethanol, or some 

other alcohol derivative, which you could pump 

right into your gas tank. ¶ New energy technolo-

gies have never been in greater demand. With 

consumption growing, oil supplies tight, and the 

world in a warming trend, the search is on for 

better energy sources—clean coal, safe nuclear 
reactors, and more far-reaching ideas like artifi -

cial photosynthesis. Automobiles pose a particu-

lar problem because they require a portable
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source of energy that can deliver a concentrated punch, 

a quality that sunlight does not possess. But the status 

quo is unacceptable. Tailpipe exhaust accounts for some 

20 percent of the world’s emissions of carbon dioxide; 

an economic recovery could easily cause the return of 

$140-a-barrel oil.

The scientists at Helios—and at a growing number of 

labs around the world doing related work—could revise 

those equations. Photosynthesis consumes carbon 

dioxide. If we could pull carbon out of the air and use it to 

wean cars off fossil fuels, that would go a long way toward 

reducing humankind’s production of greenhouse gases 

without impeding technological progress.

The idea of using the sun to make a liquid fuel has 

been kicking around ever since Melvin Calvin elucidated 

the chemical steps by which a plant turns sunlight into 

sugar, for which he won the 1961 Nobel Prize in Chemis-

try. He wondered aloud if the chemistry could be tweaked 

to produce automobile fuel, but nobody gave the idea a 

high priority. In those days carbon was not considered a 

pollutant, fossil fuels seemed plentiful, and many people 

were convinced that nuclear power would deliver on its 

promise of electricity “too cheap to meter.” Two oil-price 

shocks in the 1970s sent the developed world reeling, 

but during the 1980s complacency reasserted itself.

 P
AUL ALIVISATOS was a young chemist in those 

days, and like many scientists of his generation, 

he gravitated toward photovoltaics, the technol-

ogy behind the panels that convert sunlight into 

electricity. He was optimistic that nanotechnology 

—controlling matter on the molecular scale—would soon 

give physicists unprecedented control over the semicon-

ductor materials used in photovoltaic cells. Then by chance 

in the late 1980s, he was asked to review some basic 

research in photosynthesis. “I was surprised at how little we 

knew about it,” he says. As he poked further into the subject 

in the 1990s, he had something of a revelation. “All the 

really interesting things that take place in a leaf happen on a 

nanoscale,” he says. The leaf is a type of nanomachine.

Perhaps the techniques of nanotechnology would come 

in handy to build a better leaf, Alivisatos thought. He spent 

the latter part of the past decade exploring this idea and 

eventually became a codirector of Helios. The techniques 

he has explored include fancy ways of growing crystals of 

semiconductor material—oxides of manganese, cobalt, 

silicon, and many other elements—that can perform the 

� rst critical tasks of photosynthesis: absorbing light and 

displacing electrons. The electrons provide the energy 

for the next step, causing the reactions that transform 

one chemical into another. Helios has experimented with 

turning water into oxygen and hydrogen, which could 

be used in fuel cells. The ultimate goal is to transform 

carbon dioxide into oxygen and alcohol.

Both tasks have already been done in the lab. What 

Helios is now working on is � nding a way to do it that 

could be scaled up to industrial dimensions. That means 

� nding inexpensive materials that can do the job ef� ciently.  

Feng Jiao is one of the determined young researchers 

addressing that task. The object he is handling in the lab 

looks like nothing more than a beaker half full of an orange 

liquid. But this solution of cobalt oxide could be a major 

step forward in � nding an ef� cient catalyst for photosynthe-

sis. Nature uses a similar compound, manganese oxide, to 

convert carbon dioxide into sugar, but the process is frag-

ile: The molecule poops out after about half an hour, and 

the whole cycle comes to a halt until fresh molecules circu-

late through the leaf cell. A plant can afford such leisure, but 

a synthetic leaf must do better. Recently Jiao found a way 

to grow cobalt oxide rods, each 30 to 40 nanometers long, 

that cluster together like the buildings in Lower Manhattan. 

When he shines light on the beaker containing these rods, 

after a few minutes little bubbles of oxygen come to the 

surface. The rods absorb light, which releases electrons 

and sets in motion a chain reaction that ends with the 

water in the beaker releasing its oxygen, as desired.

According to Jiao’s measurements, the rods can 

produce a healthy � ow of hydrogen ions and oxygen for 

many hours and potentially much longer, for weeks or 

even months. Then it is a matter of embedding them in 

a membrane that can keep the constituents separate so 

they can be harvested and turned into methanol fuel.

Jiao’s rod clusters are by no means the � nal word in 

arti� cial photosynthesis. Helios scientists are still inves-

tigating other materials and forms. Amirav makes “all 

kinds of crazy shapes” with the compounds she is testing . 

Lately she has had success in modifying rods similar to 

those Jiao is developing. She will take a minuscule ball of 

material, grow a rod made of a different material around 

it, and then attach another ball, made of a third material, 

to one end. This is how the game goes for now: constant 

tweaking, all in the hope of � nding the right technology for 

harvesting sunlight and replacing fossil fuels.

The Helios team is not going to make anything that 

resembles a green leaf. Green, for one thing, is far too prof-

ligate with the sun because it does not absorb all colors of 

sunlight. A Helios leaf would be thin and black. Someday 

this material could be stretched over many thousands of 

square miles of countryside. In sunshine, the black mem-

branes would sweat methanol, which would run into tubes 

that drain into tanks, which would in turn lead to pipelines 

or tanker trucks. “If a quarter of all agricultural land—about 

60 million acres—were devoted to energy, we would need 

a 1 percent ef� ciency to meet all the transportation fuel 

needs of the United States,” Alivisatos says. That is a lot of 

land, but an arti� cial leaf with 30 percent ef� ciency—which 

Alivisatos thinks is within reach—would bring the require-

ment down to just 1 percent of all agricultural land.

We have a long way to go. But judging from the progress 

at Helios, black could be the new green. 

The ultimate goal is to transform 

carbon dioxide into oxygen 

and alcohol fuel. That  task has 

already been done in the lab. 
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Micro Nukes
Downsized, 

simplifi ed reactors 
are poised to 

revive nuclear energy 
and bring carbon-

free power to where 
it is needed 

most.

By David H.

Freedman

Photograph by 

Nicholas Eveleigh

I’m standing 20 feet from the brightly glowing core of a labora-

tory nuclear test reactor the size of a van, and the Geiger counter 

next to me is going nuts. But no worries, I’m told. The light, visible 

on a nearby monitor hooked up to a camera inside the reactor, 

is not from nuclear � ssion; it is harmless emission from electrons 

zipping out of the core and shedding their energy into the water that 

surrounds it. And the stream of particles eliciting the shriek from the 

Geiger counter is not from the reactor at all. Just for a giggle, the 

reactor manager has placed the detector next to a Fiestaware cup, 

which happens to be one of many everyday items that are mildly 

radioactive. He keeps it on hand to tease visitors. I am actually get-

ting less radiation here than I would on the beach or in an airplane.

You’ll have to forgive the folks at Oregon State University’s 

Radiation Center for having a little fun. Nuclear power fell into a 

long funk after the partial core meltdown at the Three Mile Island 

reactor in Pennsylvania in 1979. All new nuclear plant construc-

tion in the United States came to a halt, and before the industry 

could recover, the 1986 reactor breach at the Chernobyl nuclear 

plant in Ukraine seemed to seal the fate of nuclear power in this 

country. Now the technology is hot again—this time in a good 

way—because it produces virtually no carbon emissions and it 

backs us away from the turbulent politics and economics of oil.

OSU’s nuclear engineers are basking in that glow. While the 

industry was in deep freeze, they were pressing ahead with one 

of the most promising emerging technologies in energy: micro-

size nuclear reactors, fully functional power plants a good deal 

closer to the size of the test reactor I’m standing near. It is a far 

cry from the standard nuclear plant—the size of a small town, 

cranking out enough electricity to power a major city—not to 

mention the even bigger plants going up in China and France. 

Given the economies of scale in the power industry, why would 

anyone want to go teeny? “There are economies of small, too,” says 

Jose Reyes, chairman of OSU’s nuclear engineering department 

and chief technology of� cer at nearby NuScale Power, a com-

mercial  spin-off of the department. For one thing, Reyes explains, 
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miniaturized nuclear plants are small enough to mass-

produce, driving down costs, and they can be shipped 

just about anywhere by truck or boat, even to locations 

that are off the grid. Also, micro nukes can be designed 

to run a long time without maintenance or refueling. They 

could be sealed like a big battery and buried underground 

for as long as three decades, so terrorists could not get 

into them and nuclear waste could not get out. A spent 

micro nuke could simply be plucked out of the ground and 

shipped whole to a waste-processing or recycling facility 

anywhere in the world; the old one could be swapped out 

for a new one, cartridge-style. In contrast, a conventional 

nuclear plant requires several years of customized design 

and construction, and at the end of its life several years 

more are needed to dismantle it and decontaminate the 

massive site around it. Toshiba, Hyperion Power Genera-

tion, Sandia National Labs, and TerraPower—a company 

underwritten in part by Bill Gates—also have downsized 

nuclear reactor concepts in the works.

Initially, micro nukes are likely to be installed in clusters 

as safer, simpler replacements for existing commercial 

reactors that need decommissioning. But in the coming 

decade, nukelets like NuScale’s may well eclipse solar 

and wind as the green energy of choice, bringing plentiful 

electricity to billions of people who lack it and possibly 

powering individual neighborhoods within cities. 

 M
ICRO NUKES that put out as little as a few mega-

watts—instead of the 1,000 megawatts of a typi-

cal conventional nuclear plant—are a fresh spin 

on an old idea. Hundreds of similar devices are 

already operating around the globe. Many are 

laboratory test reactors like the one I stood beside at OSU; 

others provide power to submarines, ships, and even U.S. 

and Russian military outposts. These custom-built devices 

are not nearly cheap enough to be commercially viable, 

however. Moreover, the military versions generally don’t 

come close to meeting civilian standards for safety, usually 

relying on less-stable forms of uranium that could be too 

easily converted for use in a dirty bomb. About a decade 

ago, the U.S. Department of Energy and the Japanese 

government started quietly pushing their researchers to 

� nd a way to commercialize small nukes.

NuScale’s reactor stands to be the � rst of the new-age 

nuclear power plants to come on line. Like mainstream 

reactors, it is a “light water” design: The reactor is pres-

surized and � lled with plain water that � ows past the core, 

where the radioactive decay of uranium-235 generates 

intense heat. The heat boils a separate tank of water and 

turns it to steam, which in turn drives turbines that produce 

electricity. But there are differences. A conventional plant 

requires a vast, complex array of pumps, pipes, and valves 

to move enormous quantities of water between the reac-

tor vessel, a separate steam-generating chamber, and  a 

NuScale 

Power’s compact 

reactor is 

designed to be 

modular: Multiple 

units could 

replace existing 

large reactors, 

simplifying the 

design and 

reducing costs.

cooling tank. NuScale keeps things simpler with a tall, thin, 

single-vessel design.  Water heated by the core ascends in 

a chimneylike metal structure inside the reactor, then spills 

over the top of the chimney and sinks back down along the 

inside walls of the reactor to repeat the journey. High pres-

sure inside the reactor prevents the superheated water from 

boiling. As the water climbs over the top of the chimney 

in the NuScale reactor, it passes over a long coil of pipe, 

transferring much of its heat to water inside the coil. Lower 

pressure in the coil allows the water to boil, and the resulting 

steam travels up the pipe to power a turbine. 

This simpli� ed design is as ef� cient as that of a con-

ventional nuclear plant. NuScale claims it will be able to 

produce power at about seven to nine cents per kilowatt- 

hour—roughly the same as big nuclear plants, only a few 

cents more than the cheapest modern natural gas–� red or 

coal-� red plants, and one-third the cost of a typical diesel 

generator. Michael Corradini, who heads the nuclear engi-

neering program at the University of Wisconsin in Madison, 

notes that while the economics of micro nukes make sense, 

the biggest advantage to the approach may be that there is 

so little to go wrong with it. “The NuScale design has a lot of 

inherent safety, and that makes it very appealing,” he says.

OSU houses a one-third-scale test version of the Nu Scale 

reactor, faithful to the real thing except for electrically pow-

ered heating rods that stand in for the radioactive core. 

Operating since 2008, the uncomplicated-looking contrap-
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tion seems like the sort of thing you would expect to � nd 

at the back of a small brewpub. But the device runs like a 

top, sending a copious river of steam into the air above the 

building. (Reyes nixed a student scheme to dye the steam 

green and hook it up to a train whistle.)

NuScale plans to submit its design to the U.S. Nuclear 

Regulatory Commission in early 2012. The NRC is 

expected to take at least three years to approve it, due to 

a backlog of applications at the agency and to the new-

ness of micro nuke designs. Still, that is probably a few 

years sooner than most other micro nukes can expect to 

get the nod; the NuScale reactor’s light-water technology 

is quite similar to the industry-standard approach with 

which the NRC is intimately familiar. To speed things up 

further, NuScale is initially marketing its micro nukes in 

bundles of 12 set up to replace existing nuclear power 

plants—which means that the company will not have to 

wait for approval of speci� c sites, since the go-ahead will 

already be in place. Having an installed base of safely 

operating reactors should make it easier to win approval 

for selling the units individually or in smaller bundles later 

on, Reyes contends. “We’ll learn a huge amount about 

building and running the reactors every time we produce 

a batch of 12,” he says. NuScale is in active discussions 

with several utility customers.

Sticking with proven light-water technology has some 

downsides, Reyes acknowledges. To keep the water from 

boiling and losing its heat-transferring properties, light-

water reactors cannot run at the high temperatures that 

are most ef� cient for producing power. And even at lower 

temperatures, preventing boiling requires high pressure. In 

the unlikely event that an overheating core causes a reactor 

breach, the pressure could potentially cause an explosive 

venting of radioactive gases into the environment. 

T   
O GET AROUND these problems, Japan’s Toshiba 

and Hyperion Power Generation of Santa Fe, New 

Mexico, are pushing rival micro reactors. Their ver-

sions, which have been in development for more 

than a decade, use circulating molten metal—sodium 

and lead bismuth, respectively—as coolants and heat con-

duits instead of water. Without the risk of water boiling, the 

reactors can run at higher temperatures, producing enough 

heat to extract hydrogen from water for use in fuel cells. 

And if one of these reactors melted open, there would be no 

venting, just a well-contained hot mess underground. 

Toshiba’s 10-megawatt reactor design promises to be 

a marvel of low maintenance. It is intended to be sealed 

and run for up to 30 years without refueling, relying on 

uranium enriched to nearly 20 percent uranium-235. 

(Typical reactors use a mix that is only about 5 percent 

energy-rich uranium-235; the rest is more common 

uranium-238.) Hyperion’s 25-megawatt prototype, which 

is based on technology developed at nearby Los Alamos 

National Laboratory and is similar to reactors long used 

on Russian submarines, gets by with more conventional 

levels of uranium enrichment but could still run 8 to 10 

years without refueling. One big disadvantage to the 

liquid-metal reactors: Their novel design could require 

more study by the NRC, potentially adding two or more 

years to the approval process.

Micro nukes cannot match the cost of electricity from 

natural gas or coal in areas where these fuels are cheap. 

But their economics would really shine for isolated towns 

whose lack of access to central power grids has forced 

them to rely on dirty and costly-to-run diesel generators. In 

the United States that especially means Alaska: The town 

of Galena has a loose agreement with Toshiba to become 

an early customer, and both Hyperion and NuScale say 

they, too, have been speaking to communities in the state. 

As pressure mounts to cut fossil fuel consumption, and 

as punitive taxes on non-green power kick in over the next 

several years, micro nukes could reach a wider market. 

They are more reliable than wind power and cheaper than 

solar. They would be much easier to plan, site, set up, and 

operate than conventional nuclear plants, which currently 

are hard-pressed to attract investor support in this country. 

And micro nukes could appeal to companies—computer 

data centers, factories, � nancial institutions, hospitals, 

and the like—that now spend millions of dollars on diesel 

generators and banks of batteries as back-up to avoid 

a disastrous loss of power. These bene� ts take on extra 

weight in much of Europe, Asia, and other parts of the world 

where fossil fuels are far costlier than in the United States. 

For all their appeal, micro nukes carry some of the same 

drawbacks that have paralyzed the nuclear power industry 

in this country. For one thing, a bundle of micro nukes 

would collectively produce just as much nuclear waste 

as a conventional plant generating the same amount of 

power. “They produce less waste per plant but not less 

waste per unit of energy produced, so it’s not necessarily 

an advantage,” Corradini says. And no nuclear reactor can 

ever be 100 percent safe. The NRC currently requires only 

that the builder prove that the chance of a meltdown for a 

given reactor in a given year is less than 1 in 10,000. 

Then again, nuclear advocates point out that there 

are plenty of problems associated with fossil fuel emis-

sions —and not just from carbon dioxide. A widely cited 

Clean Air Task Force report found that power-plant 

pollution cuts short the lives of 24,000 Americans per 

year. U.S. Energy Secretary Steven Chu has come out 

in favor of government backing of small nuclear plants. 

Tiny nukes could particularly improve the quality of life 

in impoverished regions that otherwise would not have 

clean, affordable options for electricity. Hyperion CEO 

John Deal insists that micro nukes will drastically reduce 

misery, disease, and poverty throughout the developing 

world by powering water-treatment systems (as well as 

lights, sewing machines, and everything else electrical) at 

less cost than a diesel generator. 

“We’re in this to clean the water,” Deal says. “These 

reactors just happen to be the best way to do it.”  

Micro nukes are more reliable than 

wind power, cheaper than solar, 

and much easier to operate than 

conventional nuclear plants.
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An experimental power plant 
in New Jersey could give 
the black rock an attractive 
(and lucrative) makeover.

By Michael Lemonick

Photograph by 

Nicholas Eveleigh

New Coal

Daniel Schrag gets visitors all the time—graduate 

students in despair over their dissertations, fellow faculty 

members dropping by to chat about the Cretaceous sulfur 

cycle or some equally abstruse topic, or visiting scientists 

collaborating with him on one of the scores of scholarly 

papers he has churned out in a career that has earned 

him a professorship in Harvard’s department of earth and 

planetary sciences and a MacArthur genius grant.

The two men who stopped by his of� ce one after-

noon three years ago were not interested in professorial 

chitchat, however. Frank Smith and Jim Croyle are hard-

nosed businessmen, and they wanted Schrag’s advice 

on a major investment. Smith and Croyle are cofounders 

of SCS Energy, a power plant development company in 

nearby Concord, Massachusetts, and they were plan-

ning to spend 5 billion dollars on a radical new type of 

coal-based power plant called PurGen One. Burning coal 

accounts for about 40 percent of all carbon emissions 

worldwide, but this plant would emit essentially no car-

bon at all. Smith and Croyle had read some of Schrag’s 

papers about carbon capture and sequestration, or 
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CCS—a technique for keeping globe-warming carbon 

dioxide out of the air by burying it—and they were ready 

to put it into action. “I was kind of surprised,” Schrag 

admits. “I told them, ‘I’d love it if you’d sequester carbon. 

But how would you make money?’ ”

Coal is plentiful around the world, especially in three of 

the most energy-intensive economies: the United States, 

India, and China. It would be tough to abandon it entirely. 

On the other hand, capturing the carbon from a coal-

burning plant and pumping it underground is expensive. 

Such “clean coal” technology could cost 50 percent 

more than regular, dirty coal-generated power, wiping 

out much of the black rock’s economic appeal. Schrag 

politely brought up all the reasons why CCS might never 

be commercially viable, but Croyle and Smith just kept 

talking. They didn’t seem to care how much money it 

took to get started. “They knew the project depended 

on making a pro� t,” Schrag says, “and they thought they 

had � gured out the way to do it.” 

As the two investors explained their plan, Schrag 

grew increasingly excited: They had come up with a 

breakthrough in clean-coal power generation that just 

might work. PurGen would transform raw coal into 

cleaner-burning hydrogen and � re its generators with that 

instead, in a process that would also yield valuable by-

products. Croyle and Smith already had a few potential 

sites in mind (they later decided on a heavily industrial 

section of Linden, New Jersey), and they were convinced 

they could have their plant up and running by 2016, 

largely by using off-the-shelf technology. The project 

could mark the beginning of a transformation in the way 

we produce electricity. We could drastically cut back on 

human-generated carbon emissions without giving up 

on an energy source that could last us a century or more.

 I
F ALL CROYLE AND SMITH HAD to offer was the 

idea of turning coal into hydrogen, Schrag would not 

have been impressed. The basic technology for turn-

ing coal into other fuels, known as gasi� cation, has 

been around since the 1920s. During South Africa’s 

apartheid period, for example, the country could not 

import oil, so it gasi� ed locally abundant coal to make 

gasoline. Creating hydrogen requires merely tweaking the 

process. To do so, explains PurGen project manager Tim 

Bauer, coal is ground up and heated under pressure in 

the presence of oxygen. The right mix of heat, pressure, 

and chemistry keeps the coal from burning; instead, it 

undergoes a series of reactions that give rise to a mix of 

gases, including hydrogen, carbon monoxide, nitrogen, 

and sulfur dioxide. The solids left over at the end are 

recycled back into the pressure vessel, where more 

gases are extracted until all that is left are “clinkers”—

inert, glassy cinders that can be added to concrete to 

strengthen it. The gases, meanwhile, are combined with 

steam, which changes the carbon monoxide to carbon 

dioxide that can be extracted, lique� ed, and buried. 

Processing coal this way is substantially more compli-

cated than burning it whole, which is why Schrag initially 

assumed that SCS Energy’s plan would be a money 

loser. “Even regular coal-� red power plants are gener-

ally terrible investments,” Bauer says. They cost billions 

of dollars to build but make money only part of the 

time. During the day, when people are using computers, 

appliances, electric machinery, and so on, the plants can 

sell all the power they can churn out. At night, though, 

demand goes way down—especially in winter, when air 

conditioners are turned off.

Here is where the cleverness that sparked Schrag’s 

interest comes in. At an estimated $5.2 billion to construct, 

PurGen will be twice as expensive as a conventional coal 

plant. But what the SCS people realized is that while coal is 

pretty much good for only one thing, the hydrogen locked 

inside the coal has multiple uses. In particular, it can be a 

feedstock to make ammonia and urea, which are used 

to manufacture fertilizer. So the PurGen plant will be two 

plants in one: a hydrogen-burning power plant churn-

ing out electricity when demand is high, and a chemical 

plant making hydrogen-based ammonia and urea when 

electricity demand is low. And sulfur dioxide  extracted 

from the coal will be converted into sulfuric acid and sold 

as well. As a result, PurGen should yield substantially 

more income than a conventional 750-megawatt coal 

power plant could . “It puts the capital investment to work 

24 hours a day,” Schrag says. 

And churning out ammonia and urea is only one poten-

tial source of extra income. Hydrogen has plenty of other 

applications. It can be used to generate electricity in fuel 

cells, for example, which could become a signi� cant 

source of energy for transportation and distributed power 

in the coming decades (see “Let a Thousand Boxes 

Bloom,” page 46). At present, most commercially pro-

duced hydrogen is derived from natural gas in a process 

that “has an awful carbon footprint,” Bauer says. Any 

serious attempt to tax or cap  carbon emissions would 

make PurGen’s hydrogen much more attractive to the 

chemical industry than the conventional sort.

Strictly speaking, PurGen will not be entirely emission- 

free. When you burn hydrogen in pure oxygen, the only 

by-product is water; when you burn it in air, as PurGen 

will, you also get nitrogen oxides. The urea plant will 
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create some particulate emissions too. Bauer says all 

of these will fall well within state and federal pollution 

guidelines. The big advantage of PurGen, though, is that 

it avoids the copious carbon emissions that normally 

come with burning coal. 

The captured CO2 will be lique� ed on site and pumped 

through a two-foot-diameter pipeline that will snake 

south through the waters of the Arthur Kill, turn eastward 

through Raritan Bay out into the Atlantic Ocean, and 

arrive, about 140 miles later, at a natural  repository of 

Lower Cretaceous sandstone more than 8,000 feet below 

the sea� oor. The formation is huge, stretching from Long 

Island to Georgia. It is highly permeable, making it easy 

to pump the CO2 in, and is capped by layers of imperme-

able shale with a total thickness of about a mile, making 

it hard for the CO2 to get back out. “There’s no way that 

CO2 is going to leak out in a million years,” Schrag says. 

 S
CS ACKNOWLEDGES THAT EVEN WITH 

sharply reduced emissions, coal is inherently dirty. 

No matter how you burn it, you still have to mine 

it—dumping West Virginia mountaintops into nearby 

rivers, gouging huge scars into the earth in Montana 

or Wyoming, and exposing miners to the risk of injury or 

death. “We take these issues seriously,” Bauer says, “which 

is why we’ve pledged not to use mountaintop-removal coal.” 

Instead, the company will use high-sulfur coal—mined 

mostly in Pennsylvania, Ohio, and West Virginia—and will 

then pull the sulfur out as part of the CCS process. 

Environmentalists, who have formed an ad hoc group 

called the Arthur Kill Watershed Alliance to oppose the 

plant, have plenty of other objections. For starters, they 

ask, what if the CO2 leaks? “This is almost like storing 

nuclear waste,” says Jeff Tittel, director of the Sierra 

Club’s New Jersey chapter and chairman of the Water-

shed Alliance. “What happens if there’s an earthquake? 

You’re going to end up with a giant burp that puts all that 

Emissions 

from power 

plants along 

the New 

Jersey Turnpike, 

not far from 

the site of 

the planned 

PurGen One 

facility.

carbon back into the environment.”

Schrag tends to lose his cool when he hears this sort 

of thing. “The New Jersey Sierra Club is crazy,” he says. 

Although earthquakes do occur in the northeastern 

United States, he notes, there is no reason to expect that 

even a massive quake could release CO2 stored under-

neath a mile and a half of rock: “This is nothing more 

than a scare tactic. It’s no different from the irresponsible 

scare tactics right-wing think tanks use.”

Another objection to PurGen has to do with resources. For 

the $5 billion cost of PurGen, Tittel says, “we could put more 

than 550 windmills off our coast, creating 1,600 to 1,800 J
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The PurGen plant will be two 

plants in one: a hydrogen-burning 

power plant churning 

out electricity at times when 

demand is high, and a chemical 

plant making hydrogen-based 

ammonia and urea when 

electricity demand is low.
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Let a Thousand Boxes Bloom
In February, millions of viewers of 

60 Minutes on CBS saw a lauda-

tory profile of the Bloom Box, a 

refrigerator-size device that could 

provide enough electricity to power 

100 U.S. homes. Since then, buzz 

on the box and its creator, Bloom 

Energy of Sunnyvale, California, 

has been relentless. “From a mar-

ket  perspective, what they’ve done 

is remarkable,” says Scott Samuel-

sen, director of the National Fuel 

Cell Research Center at U.C. Irvine. 

“After 20 years of these fuel cells’ 

being out there, in one week Bloom 

Energy has captured the attention 

of the media and the public.”

Fuel cells can run on hydrogen, 

natural gas, or biofuels—the latter 

two requiring a reformer that pro-

cesses the fuel to extract hydrogen. 

The hydrogen � ows  into the cell on 

one side while oxygen enters from 

the other. The reaction yields a � ow 

of electrons that produce a current. 

Because there is no combustion, 

fuel cells run extremely cleanly: Their 

emissions are just water and carbon 

dioxide, and they produce less than 

half as much CO2 per kilowatt-hour 

as do traditional power plants. If the 

cells run on hydrogen—which could 

be derived from a clean-coal plant, for 

instance—the only direct by-product 

is water. Fuel cells are also com-

pact and nearly silent, making them 

appealing as backup generators or 

even as distributed power sources 

for the home.

The biggest hurdle is cost: At 

present, electricity from fuel cells 

costs four times more than the juice 

from your wall outlet. Many solid-

oxide fuel cells, including the Bloom 

Box, operate at 1,250 to 1,800 

degrees Fahrenheit. Economically 

viable cells will need to use inex-

pensive materials that can withstand 

the heat for years while operating at 

high ef� ciency. That is what Bloom 

Energy says it has done. The posi-

tive and negative terminals of its fuel 

cells are made with a proprietary 

coating that the company has not 

identified; in between is a layer of 

baked sand—silicon. Samuelsen 

notes that Rolls Royce and Delphi 

are working on similar technologies 

but says commercial versions are at 

least three years away.

Revised regulations could help 

fuel cells catch on. Several states—

including California, New York, and 

Connecticut—are rewriting their 

utility rules so individuals or compa-

nies can sell electricity (from a fuel 

cell or other private power source) 

back into the grid. “Fuel cells are 

clean and ef� cient, 

but we have to cre-

ate a market for 

them,” says Neal 

Montany, director 

of the stationary 

fuel cell business at 

UTC Power, which 

recently installed 

fuel cells at a hand-

ful of Whole Foods 

markets. AMY BARTH

the only nonpolluting alternatives are coal with CCS and 

nuclear,” he says. “The New Jersey Sierra Club opposes 

both.” (The opposition notwithstanding, the town of Linden 

approved the project in January. SCS now expects to 

begin construction in 2012 and to � nish in 2016.)

But the greatest hurdle facing carbon-capture coal-

� red power plants—not just in New Jersey but around the 

country and the world—is the other kind of green: dollars. 

Even with PurGen generating income around the clock, 

SCS admits that the plant still might not be � nancially 

appealing if not for the $20-per-metric-ton carbon-

sequestration tax credit that was tacked onto 2008’s TARP 

bank-rescue legislation. (The law covers up to 75 million 

metric tons of sequestered carbon from all sources;  PurGen 

will generate 5 million tons per year.) “Over the longer 

term,” says Bradley Campbell, the former commissioner 

of New Jersey’s Department of Environmental Protection 

and now chief counsel to the PurGen project, “we’re going 

to need a price on carbon, whether it’s a tax or cap-and-

trade legislation, for this plant to meet its potential.” 

With a focused, decades-long effort, the United States 

could probably get most of its electricity  from wind, solar, 

and other renewable sources.  But the most abundant and 

reliable supplies of wind and solar energy are in the Great 

Plains and Southwest. Not only would major new wind 

farms and photovoltaic arrays have to be constructed there, 

but the entire electric grid would have to be upgraded 

and recon� gured to bring that electricity to the population 

centers where it is needed. Americans would also have to 

become far more ef� cient in their use of electricity.

If that really does happen, the need for carbon capture 

and sequestration will disappear. Schrag and the folks 

at SCS Energy think that a wholesale movement toward 

renewables and extreme ef� ciency is a very long shot, 

however, so they are moving ahead with what they 

think could be a model for America’s energy future, or 

at least a big part of it. And because the technology is 

not especially exotic, it could also in principle work for 

China and India, places where coal is almost surely going 

to be the primary energy source for decades to come. 

Fertilizer and distributed power from fuel cells would 

satisfy important demands in both of those countries, so 

the economic model of PurGen could make sense there, 

too—again, assuming that local tax laws recognize the 

bene� ts of burying carbon rather than spewing it into 

the atmosphere.

If the world ever does reach an accord to cap CO2 

emissions, the PurGen model might go global and the 

carbon might go back underground. Which would make 

the capitalists at SCS Energy very happy indeed.

megawatts of electricity. We could put solar on every roof 

in Union County,” where Linden is located. “And we could 

reduce energy consumption by 15 percent in New Jersey 

through ef� ciency alone.” 

Schrag’s response to this argument is even pithier. 

“Garbage,” he says. “I’m an environmental scientist and a 

super-advocate for dealing with climate change.” But New 

Jersey isn’t very sunny, he points out, and it isn’t especially 

windy. At the outside, he thinks the state might be able to 

get 20 percent of its power from renewables. “For the rest, 

Bloom Energy 

CEO KR Sridhar, 

above, shows 

off a Bloom 

Box fuel cell at 

the company’s 

launch event in 

February.
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Michael Lemonick is a senior writer at Climate Central, a nonprofi t 

news organization at www.climatecentral.org.
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I L L U S T R A T I O N S  B Y  C H R I S T I N E  C H A N

POWER

When the colonists of Virginia depleted their cropland, they relocated westward. 

When prospectors found gold in the Rockies, they rushed to exploit it without a 

thought to the environment. There is no Wild West anymore. As it becomes increas-

ingly clear that our energy supply is � nite and unpredictable, the United States 

must make a clean break from its history of squandering resources. To brainstorm 

an action plan, DISCOVER teamed up with the National Science Foundation, the 

Institute of Electrical and Electronics Engineers (IEEE-USA), and the American 

Society of Mechanical Engineers (ASME) to sponsor a series of brie� ngs on Capi-

tol Hill. Eight leading thinkers offered visions of how to make our energy supply 

cleaner, more ef� cient, and more abundant. Here is their expert analysis. 
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also drastically cut fuel use. For instance, refrigerators 

today consume about 75 percent less energy than they 

did in 1972 due to federal and state ef� ciency standards.

THE POLICY Loftness and others recommend that the 

federal government encourage ef� ciency through tax 

incentives and stricter standards for appliances, vehi-

cles, and buildings to meet the goals of the American 

Clean Energy and Security Act. That Senate bill sets a 

goal to reduce emissions by 83 percent from 2005 levels 

by 2050 and requires electricity suppliers to use renew-

ables and electricity-saving measures for 20 percent of 

their demand by 2020. According to Lowell Ungar, direc-

tor of the Alliance to Save Energy in Washington, D.C., 

stronger building codes that would improve insulation, 

heating and cooling, and lighting could reduce building 

energy demand by 6 to 7 percent by 2030. “Buildings 

use about two-� fths of the energy and are responsible 

for about two-� fths of the carbon in this country. Building 

codes are the essential policy tools here,” he says.

The government could also help by promoting con-

sumer education about energy-ef� ciency options and by 

broadening the labeling of consumer products to show 

the energy costs of using such products, as is done now 

with the EnergyStar program. It should encourage  urban 

infi ll, in which underused parts of our cities (instead of 

areas on the fringes) are redeveloped for business and 

residential use. This would help curtail suburban sprawl 

and the associated auto miles traveled while also making 

our cities more compact and walkable. 

In 2005, residents of Portland, Oregon—where 

regulations encourage in� ll development—emitted 35 

percent less carbon dioxide than the average resident 

of the country’s 100 largest metropolitan areas. Loftness 

estimates that in� ll development could cut greenhouse-

gas emissions by 240 million metric tons. It could reduce 

vehicle miles traveled by 30 percent by 2050, other stud-

ies have found. Encouraging greater investment in—and 

use of—mass transit would also help improve ef� ciency, 

as would carbon cap-and-trade legislation.

PLAN OF ACTION Make our economy more productive by 

using energy more intelligently. A stunning 57 percent 

of our energy ends up wasted, according to James D. 

McCalley, electrical and computer engineer at Iowa 

State University. Investing in energy ef� ciency would be 

equivalent to tapping an entirely new source of energy. 

“If you green the electrical system and then electrify 

the transportation system, you also have a very good 

start to the solution to our global warming problems,” 

McCalley says.

 

THE SCIENCE Residential and commercial energy con-

sumption accounts for 72 percent of all electricity and 13 

percent of all fossil fuels consumed in this country, says 

Vivian Loftness, an architect at Carnegie Mellon Univer-

sity. That means buildings offer huge potential for energy 

savings. Natural daylight can replace 30 to 60 percent of 

our current energy consumption for lighting, natural venti-

lation can reduce the energy used for air-conditioning by 

20 to 40 percent, and better use of natural shading could 

cut another 10 percent. Passive solar heating eliminates 

20 to 40 percent of heating costs. 

“Conservation is a new supply. As long as it’s rel-

egated to the far end of the equation, we’re never going 

to get to where we need to go,” Loftness says. More 

stringent energy regulations could save 50 to 75 percent 

of the cost of running appliances and equipment. Some 

urban planning, modest transportation initiatives, and 

better application of off-the-shelf technologies could 

1. 

Energy Sources
The breakdown of energy sources 

in the United States (measured 

in quadrillion Btu), according to the 

Energy Information Administration. 

More than four-fi fths of the 

country’s energy comes from fossil 

fuels; only one percent comes 

from geothermal, solar, and wind 

(GS&W). The energy content of all 

these sources pales in comparison 

with the losses due to waste 

during generation, transmission, 

and use (the dark blue bar).
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PLAN OF ACTION Rebuild our aging, patchwork electri-

cal grid to reduce losses and improve � exibility. Smart 

electrical grids and energy storage options would allow 

utilities to operate more ef� ciently by helping them man-

age spikes in the demand for electric power. 

THE SCIENCE A better energy delivery and storage 

system will have far-reaching effects on all forms of 

energy consumption—from transportation to heating. 

It would eliminate supply and price volatility, level peak 

loads, increase reliability, and decouple production from 

demand, thereby making alternative sources like wind 

and solar more viable. “Renewable energy sources like 

wind and solar need storage. We can use the grid to 

decouple the renewable power production from when 

we want energy. Storage will level the load,” says Ralph 

Masiello, innovation director of KEMA, a Massachusetts-

based energy consulting company. 

He describes how Presidio, Texas, found a solution for 

its energy problem. The town is located at the very end 

of a long, thin transmission line. Frequent storms would 

take out the line, causing power outages. The solution in 

the past was to temporarily connect Presidio to Mexico’s 

2. 

Energy Use
The percentage of energy used in the United States by 

various sectors, according to the Department of Energy 

and Lawrence Berkeley National Laboratory. Energy is 

wasted in every step of the supply chain. For example, 

light-duty vehicles convert only 20 percent of the fuel 

they consume into useful energy. Improving the grid will 

reduce one major cause of energy loss.

electrical grid until the problem could be � xed. Now the 

utility has installed a six-megawatt battery at the substa-

tion to deliver electricity to the town during outages. 

Meanwhile, McCalley from Iowa State University is 

developing computer models that project how energy 

supply and demand will change over the next four 

decades. That analysis, which he calls “infrastructure 

investment planning,” looks at possible investment 

strategies and identi� es the optimal plans in terms of cost, 

environmental impact, and resiliency to disturbances. 

THE POLICY The government should direct funds into 

initiatives to develop technologies for storing power from 

traditional and alternative sources on the nation’s grid. 

Upgrading to high-voltage transmission lines will greatly 

increase the ef� ciency of the grid. According to S. Mas-

soud Amin, an electrical and computer engineer at the 

University of Minnesota, the United States now invests 

just $4.6 million per gigawatt annually in high-voltage 

transmission, compared with a $16.5 million investment 

in England, $12.3 million in Spain, and $22 million in New 

Zealand. The implications of a smart grid also require 

study: Who, for instance, would own energy that is put 

in storage for later use? The battery in Presidio, Masiello 

says, has proved to be controversial with wind farm 

developers because the utility buys power from them at 

night when it is cheap, stores it, and then supplies it to 

customers during outages, when it is expensive. 
LOST
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PLAN OF ACTION Wean the United States off fossil fuels 

by developing and adopting better alternatives. The 

obstacles are not just technological. The nation’s leaders 

will need to take on entrenched interests, particularly in 

fossil fuels. Petroleum, coal, and natural gas dominate 

today’s energy system, making up around 84 percent of 

our nation’s total energy consumption. In comparison, 

biofuels and other alternative energy sources remain 

minor players in the overall economy.

THE SCIENCE Advanced biofuels that are derived from 

cellulose (such as wood chips or cornstalks) are well 

along in the labs, but they need substantial investment 

to bring them to the marketplace. Catalytic fast pyrolysis 

—a technique that uses catalysts to turn biomass into 

fuel in a matter of minutes—could be ready in 5 to 

10 years with proper funding, says George Huber, a 

chemical engineer at the University of Massachusetts 

at Amherst. “In my laboratory today, we can synthesize 

many of the same compounds that are found in petro-

leum from biomass resources,” he says. “We can take 

sawdust. We can also take agricultural waste. We can 

take energy crops, and we can make gasoline.” 

Better technologies for splitting water into oxygen 

and hydrogen fuel could power homes on a few liters of 

water a day. Splitting just 5.5 liters (about 1.5  gallons) 

of water would produce about 20 kilowatt-hours of energy, 

the daily use of a typical American home, says Daniel 

Nocera, a chemist at MIT. A rooftop array of solar panels 

measuring 30 meters square , operating at 50 percent 

ef� ciency, also could supply the necessary electricity.

3. 

THE POLICY The federal government needs to 

support, through policy and direct R&D funding, the 

development and adoption of biofuels, wind farms, 

solar panels, and hydrogen fuel cells. “We need 

to let renewable fuels out of the box so they can 

compete on a level carbon playing fi eld. If you’re 

going to carbon-score them and compare them on 

a relative basis, treat petroleum and biofuels alike,” 

says Brooke Coleman of the New Fuels Alliance. 

Our national energy policy should also support the 

standardization of nuclear power plant design, an 

idea that Energy Secretary Steven Chu has recently 

endorsed (see “Micro Nukes,” page 38). It is also 

important to rewrite regulations to help alternative 

energy producers compete in the risky and volatile 

energy marketplace.  Steps should include the continu-

ation of loan guarantees and cost-sharing programs 

for building pilot biofuel plants, support for fl ex-fuel 

vehicles that can burn both gasoline and biofuels, 

and R&D incentives from the departments of energy 

and agriculture. Continuing the $1-per-gallon subsidy 

for cellulosic ethanol and the renewable fuel stan-

dards will also help. Huber also suggests eliminating 

tariffs on Brazilian ethanol and other foreign biofuels.

Biomass Availability
In 2005, the U.S. departments of 

agriculture and energy teamed up 

to project the nation’s potential 

annual supply of biomass (in 

millions of tons) for energy use. 

These fi ve sources add up to the 

equivalent of 4.1 billion barrels of 

oil, or 58 percent of the country’s 

annual oil consumption.
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PLAN OF ACTION Encourage more basic and applied 

R&D in the United States, and increase the fl ow of 

students into science and engineering. Continuing to 

improve and expand the country’s energy supply will 

require a pool of talented researchers. A report by the 

U.S. Power and Energy Engineering Workforce Col-

laborative estimates that almost 1,000 college students 

graduate each year with an interest in electric-power 

engineering jobs, and an additional 1,000 students enroll 

in graduate-level power engineering programs. But over 

the next � ve years, electrical utilities alone will require an 

additional 7,000 power engineers, and factoring in other 

industries adds another 4,000 new hires.

THE SCIENCE Amin notes that revamping the energy sys-

tem will take a tremendous push in applied mathematics, 

systems science, and supercomputing. Designing and 

building smart grids in particular will require workers with 

expertise in sensing, data management, automation, 

power electronics, and materials science. In alternative 

energy, Huber sees a need for more research in chemi-

cal engineering. In � scal 2009, the federal government 

4. 

allocated $147 billion, or 4 percent of total spending, for research and devel-

opment. And only 0.2 percent of that R&D funding went to green building;

all of energy, general science, natural resources, and environmental research 

totaled 8 percent. The challenge of satisfying America’s future energy needs 

is staggering—but essential to our national security. “In the next 40 years, 

we’re going to need 16 terawatts of power,” Nocera says. “A typical power 

plant puts out 1 gigawatt. If I want 8 terawatts from nuclear, say, you’re going 

to have to build a new nuclear power plant every 1.4 days for the next 40 

years. That gives you a feeling of the scale of where we’re headed.” 

THE POLICY Industry spending on R&D is at a 30-year low. Between 

1995 and 2000, U.S. electrical utilities invested less than 0.3 percent 

of sales in R&D, and from 2003 to 2006 that number dropped to 0.17 

percent. “The pet food industry spends more in pet food research 

than we do in energy technology research,” Amin says. The Depart-

ment of Energy’s spending on energy technology has also declined, 

from $6 billion in 1978 to $1.8 billion in 2004. Loftness argues that 

the government must respond with incentives, such as funding 

relevant Ph.D. programs; Amin hopes to see more federal and private 

investment in R&D for high-voltage transmission and energy technol-

ogy.  “If the federal system does not say that conservation, renewables, 

and energy innovation are where we want our future Ph.D.s to be and 

put money behind it, we’re not going to see the wealth of innovation and 

accomplishment we want to see,” Loftness says.
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UNC
For three centuries, scientists 

have divided living things 
into tidy species. But the real 
world seems more slippery: 

a continuum in which one 
variety of life fl ows seamlessly 

into the next.

By Richard Conniff

When scientists concluded in 2007 

that the giraffe—long regarded as a 

single species, Giraffa cameloparda-

lis—should in fact be classi� ed as six 

or more species, the news worried 

schoolchildren and conservation-

ists alike. The finding, based largely 

on genetic evidence, suggested that 

these graceful, long-necked animals 

were in trouble. Lumped together as 

a single species, the giraffe seemed 

relatively healthy, with a population 

of up to 110,000 individuals scattered 

across sub-Saharan Africa. But split 

apart into at least six separate groups, 
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some of the most beloved animals on earth suddenly looked “hyper-endangered,” as one researcher put it. 

The study was unsettling on a more basic level, too. The idea that an animal so well known and so big—the 

giraffe is the tallest animal on earth—could have so many cryptic species hiding beneath its familiar 

dappled � esh seemed to call into question the notion of species itself. 

The concept of species is among the most familiar scienti� c ideas in our lives. We celebrate (or bemoan) 

the human species, get excited about the discovery of new species, obsess over the fate of endangered 

ones, and shout at one another about the book called On the Origin of Species. The word derives from the 

Latin specere, “to look at” or “to behold.” What we behold, in the conventional view of natural history, is 

a comforting and lovely sense of order. In a drawer at a museum, the butter� ies, dragon� ies, beetles, and 

other insects stand discretely apart, like jewels, each neatly labeled on its mounting pin. 

The real world, by contrast, can seem like a seething mess, with one species smudging uncertainly into 

another. “Fuzzy species are common,” says Rutgers University geneticist Jody Hey. Taxonomists, the sci-

entists who specialize in classi� cation, frequently disagree about how to determine where one species ends 

and another begins. Ask the big question—“So what is a species, anyway?”—and you discover there is no 

universally accepted de� nition. Instead, some 20-odd concepts and interpretations vie for eminence.

A group 

of insects 

are mounted 

classically 

in this 

collection, 

each one 

apparently  

belonging 

to a single, 

cohesive 

species. But 

are those 

divisions truly 

meaningful?
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The notion of biological species dates back at least to Carolus 

Linnaeus, the Swedish botanist who invented the system of clas-

si� cation in 1735. A compulsive organizer, he divided life on earth 

into distinct entities with � xed forms given to them by God. Even at 

the time, other naturalists saw shades of gray, with one species often 

separated from another only by barely perceptible nuances. 

In the mid-19th century Charles Darwin made these nuances the 

basis for his theory of evolution by natural selection. He saw that 

the normal variations among individuals within a species tended to 

become more signi� cant among separate populations of the same 

species, and even more so among separate varieties, as each 

moved down its own evolutionary path. The natural world was a 

continuum, he concluded, with isolated populations perpetually in 

the process of becoming species in their own right. The evolution-

ary perspective meant acknowledging the species designation as 

“arbitrarily given, for the sake of convenience, to a set of individu-

als closely resembling each other,” Darwin wrote.

Scientists have been arguing ever since about where to draw the 

line. For years taxonomists tended to follow the “biological species” 

concept. As articulated in the 1940s by ornithologist and evolu-

tionary thinker Ernst Mayr, it de� nes a species as a population of 

organisms that interbreed and live in reproductive isolation—that 

is, they do not normally breed 

with similar populations. 

But nothing in nature is as 

simple as this sounds. Among 

its other drawbacks, this de� ni-

tion excludes the vast majority 

of organisms on earth. Bacteria, 

for instance, do not interbreed 

at all; they reproduce asexu-

ally—and also swap genes in 

ways that can blur the distinc-

tion between species. Even 

some sexual species would not 

qualify, according to Richard 

Mayden, an ichthyologist and 

evolutionary theorist at Saint 

Louis University. For instance, 

certain fish species produce 

no males, but the females 

must have sex to trigger par-

thenogenic development of 

unfertilized eggs; the female 

therefore “mates” with males 

of other species. It’s not exactly 

virgin birth, but since the males 

don’t fertilize the eggs, it isn’t 

interbreeding, either. Strict fol-

lowers of the biological spe-

cies concept might also have 

to classify some dog breeds 

as separate species, Hey sug-

gests, because a Chihuahua 

cannot jump high enough to 

make puppies with a mastiff. 

A more general problem, 

according to critics of the bio-

logical species concept, is that 

it does not really help scientists � gure out where one species ends 

and another begins. Determining whether different populations of a 

species are interbreeding is dif� cult at best, especially for scientists 

looking at specimens in a museum. Figuring out the sex lives of fossil 

species is nearly impossible. 

In� uenced by his work with fossils, George Gaylord Simpson, 

one of the great paleontologists of the 20th century, proposed his 

“evolutionary species” concept in 1951. It de� nes a species as 

a lineage—individuals descended from a common ancestor—that 

maintains a distinct identity and follows a common evolutionary path 

through time. The addition of a time line suited scientists limited to 

working with fossils, often of extinct species. Simpson’s concept 

was also broad enough to accommodate asexual and partheno-

genic species. But in terms of providing an obvious criterion for 

recognizing a species, it was not much of an improvement.  

Tantalized by these efforts, a small army of evolutionary thinkers 

fanned out, beginning in the 1960s, on a quest for what Hey calls 

“the big one,” the magic formula that would somehow address all 

the murky complications of the natural world and “lay the species 

problem to rest.” What they ended up with was more like an alphabet 

soup: The “phenetic” concept de� nes species mainly according to 

observable differences in physiological traits. The “genetic” concept 

One evening in March 2007, a couple in Chi-

cago sat down to a soup made from “monk-

fi sh” exported by a Chinese company. Their 

faces started to burn soon after they ate. The 

wife had to be hospitalized and needed reha-

bilitation to walk again. Customers at Korean 

restaurants in California and New Jersey also 

fell ill. The monkfi sh, it turned out, was actu-

ally pufferfi sh, and depending on the species, 

a single pufferfi sh can contain enough toxin to 

kill 30 people. It was a blunt reminder that spe-

cies distinctions we cannot readily see, or even 

taste, can have serious consequences. 

Investigators from the Food and Drug 

Administration could not at first 

identify the species either. Then a 

leading authority on pufferfi sh, Kei-

ichi Matsuura of the National Muse-

um of Science and Nature in Tokyo, 

looked at photos of the shipment 

and identifi ed the culprit as Lago-

cephalus lunaris. Most pufferfish 

carry toxin in their organs, which 

generally get discarded; in L. lunaris, 

the toxin is in the fl esh. According 

to Matsuura, fi shermen in Thailand 

catch this fi sh side by side with two 

other pufferfish species, one only 

mildly poisonous, the other not at all. 

The three species look alike, so they 

sometimes get tossed together. 

Matsuura identified the fish on 

the basis of morphological differences too 

obscure for anyone but an expert to discern: 

the pattern of prickles on their backs. Con-

sumers are unlikely to benefi t from this kind of 

expertise when eating out, and fi sh markets 

and restaurants are notorious for being clue-

less about the species they sell. In one study, 

genetic evidence showed that the “Mediter-

ranean red mullet” marketed in the Northeast 

was actually Caribbean spotted goatfish. It 

makes you wonder: “Couldn’t they just look 

more closely?” one might ask. But when it 

comes to species distinctions, looking is often 

not enough. R. C.

THE PUFFERFISH DECEPTION
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puts more emphasis on DNA. The “ecological” concept focuses on 

ecological niches or adaptive zones. And the “phylogenetic” concept 

combines descent with “diagnosable” differences in physical traits. 

But all these concepts suffer from arbitrary cutoff points, arguable 

assumptions, and cases in which they � at out do not work. One for-

midable critic, until his death at 101 in 2005, was Mayr, who clung to 

the biological species concept. He derided rivals as “armchair tax-

onomists” and asserted that some of them had “never personally 

analyzed any species populations or studied species in nature.”

The failure to pin down the term “species” continues to vex many 

evolutionary biologists today. Physicists have the atom. Molecular 

biologists have DNA. Some evolutionary biologists worry that failing 

to de� ne their fundamental unit of study with the same precision 

leaves them open to criticism that they are doing something less than 

hard science. In Colorado, for instance, state and federal � sheries 

experts were recently spending  hundreds of thousands of dollars a 

year over � ve years to restore populations of a threatened subspe-

cies of trout, the greenback cutthroat. Then in 2007, genetic analysis 

suggested that most of the � sh being protected belong to a much 

more common subspecies, the Colorado River cutthroat trout. Even 

conservationists could not tell the difference just by looking.

If biologists cannot defi ne it and sometimes do not know it when 

they see it, is the idea of species real? In many cases, especially 

among insects, separate species can appear identical except for min-

ute differences in their genitalia. Because they can have such a direct 

in� uence on reproductive success, genitalia evolve more quickly and 

in more bizarre ways than any other animal trait. And since they may 

determine whether two individuals can interbreed, genitalia often pro-

vide a reliable guide to species identity. “Pull out the genitalia,” says 

Maxi Polihronakis, a beetle taxonomist at the Santa Barbara Museum 

of Natural History, “and often everything becomes clear.”

Or not. One dif� culty with using any morphological trait is that there 

are not enough experts in the world with a working knowledge of 

the differences that distinguish closely related species, whether it 

is the pattern of bristles on the genitalia of Anopheles mosquitoes, 

say, or the dorsal prickles in the puffer� sh genus Lagocephalus. 

And even that expertise does not guarantee that the morphologi-

cal differences will yield absolute answers. The question is always 

where to draw the line: Are the differences just a matter of normal 

variation among individuals within a species? Or do they suggest 

that individuals or varieties belong to separate species? 

Genetic analysis might sound like the perfect tool for resolving 

these messy complications. The term “DNA bar coding” suggests 

that the process is as straightforward as using a laser scanner to 

separate chicken noodle soup from beef barley in the supermarket 

checkout line. And it is, in fact, quick and cheap. A gene sequencing 

machine followed by analysis can produce bar coding results on a 

batch of specimens in several hours at $10 apiece. But bar coding is 

seldom conclusive when it comes to designating a new species.

Bar coding typically involves sequencing a few short segments 

of animal DNA from the mitochondria, the mini-organs that pro-

duce energy within every cell. Mitochondrial DNA has a fast muta-

tion rate and hence is a quick-and-dirty indicator of a possible 

species difference. But since this DNA is inherited only from the 

maternal line, it does not go through the normal genetic process 

of division and recombination. That means traits are not steadily 

diluted to the point of insigni� cance. If two species have mixed in 

the past, the genetic evidence of that indiscretion may linger like 

an archaeological record for 10,000 years or more. That persis-

tence can give the misleading impression that these species still 

interbreed today. Bar coding suggests, for instance, that savanna 

elephants and forest elephants belong to the same species, Lox-

odonta africana. DNA from the cell nucleus, which includes both 

maternal and paternal lines, tells a different story: The two types 

of elephants are in fact separate species, leading recently to a 

proposed relisting of the forest elephant as Loxodonta cyclotis.

Even so, DNA bar coding is turning taxonomy on its head, suggest-

ing that valid species can exist in the absence of any morphological 

difference whatsoever. In Costa Rica’s Area de Conservacion Guana-

caste, a group of researchers have collected some 450,000 caterpil-

lars over three decades and reared them in captivity. Among other 

things, they were interested in parasitoid insects whose reproductive 

strategy is to � nd a caterpillar and lay an egg on or in it. The egg 

produces a larva that develops by devouring the caterpillar’s innards, 

eventually bursting out, Alien-style, to become an adult � y or wasp. 

Recently the researchers used bar coding to take a closer look at 16 

species of parasitoid � ies known to scientists  for more than a century. 

Hidden within each of the 16 was evidence of four or � ve cryptic spe-

cies that looked identical even to experts but that were nonetheless 

separated from one another by an average genetic distance of about 

4 percent. (By comparison, humans and chimpanzees differ geneti-

cally by about 2 percent.)

The scientists then went 

back and looked at the cater-

pillars from which the flies 

were reared. It turned out 

that the genetically different 

individuals were ecologi-

cally and behaviorally differ-

ent, too. Researchers had 

assumed that the original 16 

species were all generalists 

parasitizing any caterpillar 

that happened to be in the 

wrong place at the wrong time. 

But at least 64 of the 73 new species were actually specialists, each 

focusing its deadly attentions on just one or two caterpillar species.

That distinction is important in understanding how an ecosystem 

works, according to University of Pennsylvania conservation biolo-

gist Dan Janzen, a leader of the Guanacaste research team. It is 

also the sort of evidence that biologists, Janzen included, have tra-

ditionally missed. “To me a species is a very real thing,” he says. But 

separating species based on “how they look to a six-foot-tall diurnal 

mammal” may not have much relevance to the creatures themselves. 

DNA bar coding alerts scientists that they need to � gure out “what 

is actually there, rather than what we perceive as humans.” The key 

difference between species may be a matter of scent, seasonal tim-

ing, vocalization, auditory targeting of a particular prey, or some other 

trait. Such invisible distinctions may leave no trace in a museum 

specimen drawer, but they can make a life-or-death, sex-or-solitude 

difference in the wild, and not just for the species themselves. 

For instance, bar coding studies in malaria zones around the world 

are splitting Anopheles mosquitoes into multiple cryptic species, all 

of them identical to human eyes. Why should we care? Because 

some of those species cause disease, while others are harmless. 

A detailed picture of invisible differences helps public health work-

ers target limited funds more effectively. The result is that children 

Separate species can look 

identical except for minute 

differences in their genitalia. 

Because they infl uence 

reproductive success, 

genitalia evolve more 

quickly and in more bizarre 

ways than any other trait. 
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now live who, just a year or two ago, probably would have died.

On the other hand, the proliferation of new species also compli-

cates life for conservationists, not least because it opens the door to 

environmental skeptics. An editorial in The Economist not long ago 

suggested that the scienti� c currency is “being subtly debauched 

by over-eager taxonomists.” The magazine wondered if organisms 

were simply being “rebranded” to help conservation. Some biolo-

gists share that concern, particularly about certain primates that 

have recently been split off into separate species. They fear that 

unwarranted “species in� ation” could jeopardize the credibility of 

their work. Taxonomists could become “like expert witnesses,” says 

Kent Redford of the Wildlife Conservation Society Institute. “You 

know, ‘You tell me if you want them to be separate species, and I’ll 

tell you what philosophy of species designation I’m going to use to 

give you the answer you want.’ ”

The discovery of valid new species divisions can also present con-

servationists with major new headaches. Individual species that had 

seemed relatively healthy can suddenly look endangered when split 

up into multiple separate ones. Protected areas that once seemed 

adequate may not include what turns out to be essential habitat. But 

when genetic, morphological, and behavioral differences all point to a 

new species, says David Brown, the geneticist whose study argued for 

dividing giraffes into six species, that is not rebranding. It is science. 

Brown says his research team did not know what to expect when 

it began its study. In zoos, the different giraffe types now being 

proposed as separate species did the one thing that has tradition-

ally de� ned animals as a single species: They bred together and 

produced what seemed like viable offspring. As a result, past tax-

onomists had categorized the variants as subspecies at best, mean-

ing that although they bred together, they were morphologically or 

geographically distinct. It seemed likely that they would interbreed 

in the wild, too. The genetic evidence in Brown’s study showed 

otherwise. Even neighboring giraffe types almost never interbreed. 

Some populations that look identical to us turn out to have been 

going their separate ways for up to 1.5 million years. 

One possible explanation for these divisions has to do with cli-

mate. Masai giraffes, living just south of the equator, give birth 

during the dry season from December to March, meaning their 

offspring are ready to wean just as the wet season arrives and 

produces new foliage to browse on. North of the equator, where 

reticulated giraffes live, the dry season starts in July. A hybrid of 

the two species with a blended reproductive cycle might do � ne 

in a zoo. But in the wild, predators kill 50 to 70 percent of young 

giraffes in the � rst year of life. Being born in the right season, so 

there is plenty of browse to support fast growth, can be critical 

to a young giraffe’s survival. The species difference that seems C
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like an imperceptible nuance to us is anything but to them.

If groups of humans were separated long enough, they could 

begin the march toward hidden speciation as well. A study pub-

lished last year in the American Journal of Human Genetics used 

mitochondrial DNA to argue that the San Bushmen of southern 

Africa became isolated from other modern humans for up to 

110,000 years, probably because climate change produced a great 

desert separating East Africa from southern Africa. That separation 

was long enough to begin the process of pulling away from other 

human populations, according to Spencer Wells, an author of the 

paper and director of the Genographic Project at National Geo-

graphic. No one really knows how long it would take for an isolated 

human population to evolve into a separate species. “What we 

know,” Wells says, “is that humans and Neanderthals are different 

species, and that separation time was about 500,000 years.”

Looking at species, Jody Hey says, is like looking at clouds. 

On a sunny day they can seem like distinct entities, with sharp 

boundaries separating them. On other days they pile up together 

in dense banks, or with wispy tendrils connecting one to another. 

Then we remember what damp, atmospheric things they really are. 

The closer we look, the more everything starts to appear like fog. 

Homo sapiens, on the other hand, is a pigeonholing species. 

“Our brains are these massive engines for creating categories,” Hey 

says. “We’re just brilliant at identifying kinds of things. We evolved 

to do that.” There are times when precision counts: Is that mosquito 

Anopheles dirus, which is a major vector of malaria, or A. harrisoni, 

which is not? But the practical approach in many other contexts, 

he suggests, may be to get comfortable with uncertainty. 

“I don’t necessarily care what the taxonomic rank would be of 

the units I’m studying,” says Hey, whose current research involves

cichlid � sh in Lake Malawi. “I could go in and study the level of 

divergence in a population and never care about whether they’re 

ranked as separate species.” This is not to suggest that species 

are unimportant. “That would be like saying that because people 

disagree about where human life begins, humans don’t matter,” 

says Kevin de Queiroz, a reptile expert at the National Museum of 

Natural History. Nor does less concern over ranking species dimin-

ish the value of taxonomy. When a new disease like SARS threatens 

to become pandemic, it becomes obvious why we need experts who 

can track the source of the disease not just to bats in general but 

to Chinese horseshoe bats of the genus Rhinolophus. 

But instead of arguing about precisely where to draw the line 

between species, Hey suggests, being less categorical could be more 

productive. Taxonomists need to stop holding out pigheadedly for “the 

big one,” the ultimate concept that covers all species, he says. They 

are likely to get better results, adds de Queiroz, by applying different 

tools and species concepts to 

different groups. Morphology 

might be useful for mammals 

but not for bacteria. Genetics 

might work for bacteria but 

not for most fossils.

Sidestepping the species 

argument does not mean 

avoiding conservation or 

other scientific issues, Hey 

emphasizes. Despite its 

name, even the Endangered 

Species Act prudently man-

ages not to get stuck on the 

de� nition of a species. Instead, it extends protection down to the level 

of a “distinct population segment” differing from other segments and 

traveling on a separate evolutionary trajectory. If we were to delay con-

servation measures until we nailed down the precise taxonomic rank of 

a population, the population might well go extinct in the meantime.

There is plenty of precedent for acting in the face of uncertainty.

Doctors may disagree about the nature of a disease, Hey notes, 

yet they have no problem providing essential expertise on the 

public health measures to control it. Meteorologists may disagree 

about whether a hurricane will hit with Category 4 or 5 force, yet 

we still listen when they warn us to evacuate.

But to E. O. Wilson, the Harvard evolutionist and taxonomist, this 

kind of thinking sounds woefully incomplete. It may be dif� cult to do 

taxonomy in the rapidly opening world of microorganisms, where 

bacteria routinely swap gene segments, he says, but the answer is 

not for scientists to throw up their hands. Instead, we have to get past 

visual observation and study more carefully how animals live. “It does 

not mean we are going to keep parsing until � nally we have an in� nite 

number of species. It stops once you get to a certain point and you 

� nd out what the animals themselves know. And then you realize you 

are close to the truth.”

Looking at species is 

like looking at clouds. On 

a sunny day they can seem 

like distinct entitites,

with sharp boundaries 

separating them. On other 

days they pile up together 

in dense banks.

Giraffes, Burchell’s zebras, and kudu 

appear neatly divided into textbook categories 

of life at a watering hole in Africa .
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Schizophrenia 
has long been 

blamed on bad 
genes or even bad 

parents. Wrong, 
says psychiatrist 

Fuller Torrey. The real 
culprit, he claims, is a 

virus that lives entwined 
in every person’s DNA.

insanity

the

BY DOUGLAS FOX
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Steven and David Elmore were 

born identical twins, but their 

fi rst days in this world could 

not have been more different. 

David came home from the 

hospital after a week. Steven, 

born four minutes later, stayed 

behind in the ICU. For a month 

he hovered near death in an 

incubator, wracked with fever 

from what doctors called 

a dangerous viral infection. 

Even after Steven recovered, 

he lagged behind his twin. He 

lay awake but rarely cried. 

When his mother smiled at 

him, he stared back with 

blank eyes rather than mirror-

ing her smiles as David did. 

And for several years after 

the boys began walking, it 

was Steven who often lost his 

balance, falling against tables 

or smashing his lip. ¶ Those 

early differences might have 

faded into distant memory, 

but they gained new sig-

nifi cance in light of the twins’ 

subsequent lives. By the time 

Steven entered grade school, 

it appeared that he had hit 

his stride. The twins seemed 

to have equalized into the 

genetic carbon copies that 

they were: They wore the 

same shoulder-length, sandy-

blond hair. They were both 

B+ students. They played 

basketball with the same 

friends. Steven Elmore 

had seemingly overcome his
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Torrey’s younger 

sister, Rhoda, stood on the 

lawn of the family home in upstate 

New York, looking into the distance. “The 

British,” she said. “The British are coming.” 

Just days before Rhoda should have started 

college, she was given a diagnosis 

of schizophrenia.

rough start. But then, at the age of 17, he 

began hearing voices.

 The voices called from passing cars as 

Steven drove to work. They ridiculed his 

failure to � nd a girlfriend. Rolling up the car 

windows and blasting the radio did nothing 

to silence them. Other voices pursued Ste-

ven at home. Three voices called through 

the windows of his house: two angry men 

and one woman who begged the men to 

stop arguing. Another voice thrummed out 

of the stereo speakers, giving a running 

commentary on the songs of Steely Dan or 

Led Zeppelin, which Steven played at night 

after work. His nerves frayed and he broke 

down. Within weeks his outbursts landed 

him in a psychiatric hospital, where doctors 

determined he had schizophrenia.

The story of Steven and his twin re� ects 

a long-standing mystery in schizophrenia, 

one of the most common mental diseas-

es on earth, affecting about 1 percent of 

humanity. For a long time schizophrenia 

was commonly blamed on cold mothers. 

More recently it has been attributed to bad 

genes. Yet many key facts seem to contra-

dict both interpretations. 

Schizophrenia is usually diagnosed 

between the ages of 15 and 25, but the 

person who becomes schizophrenic is 

sometimes recalled to have been different 

as a child or a toddler—more forgetful or shy 

or clumsy. Studies of family videos con� rm 

this. Even more puzzling is the so-called 

birth-month effect: People born in winter 

or early spring are more likely than others 

to become schizophrenic later in life. It is a 

small increase, just 5 to 8 percent, but it is 

remarkably consistent, showing up in 250 

studies. That same pattern is seen in people 

with bipolar disorder or multiple sclerosis.

“The birth-month effect is one of the 

most clearly established facts about 

schizophrenia,” says Fuller Torrey, director 

of the Stanley Medical Research Institute 

in Chevy Chase, Maryland. “It’s dif� cult to 

explain by genes, and it’s certainly dif� cult 

to explain by bad mothers.” 

The facts of schizophrenia are so pecu-

liar, in fact, that they have led Torrey and 

a growing number of other scientists to 

abandon the traditional explanations of the 

disease and embrace a startling alternative. 

Schizophrenia, they say, does not begin as 

a psychological disease. Schizophrenia 

begins with an infection.

The idea has sparked skepticism, but 

after decades of hunting, Torrey and his 

colleagues think they have � nally found the 

infectious agent. You might call it an insan-

ity virus. If Torrey is right, the culprit that 

triggers a lifetime of hallucinations—that 

tore apart the lives of writer Jack Kerouac, 

mathematician John Nash, and millions 

of others—is a virus that all of us carry in 

our bodies. “Some people laugh about the 

infection hypothesis,” says Urs Meyer, a 

neuroimmunologist at the Swiss Federal 

Institute of Technology in Zurich. “But the 

impact that it has on researchers is much, 

much, much more than it was five years 

ago. And my prediction would be that it will 

gain even more impact in the future.” 

The implications are enormous. Torrey, 

Meyer, and others hold out hope that they 

can address the root cause of schizophrenia, 

perhaps even decades before the delusions 

begin. The � rst clinical trials of drug treat-

ments are already under way. The results 

could lead to meaningful new treatments 

not only for schizophrenia but also for bipo-

lar disorder and multiple sclerosis. Beyond 

that, the insanity virus (if such it proves) 

may challenge our basic views of human 

evolution, blurring the line between “us” 

and “them,” between pathogen and host.

T
orrey’s connection to schizo-

phrenia began in 1957. As sum-

mer drew to a close that year, his 

younger sister, Rhoda,  grew agi-

tated. She stood on the lawn of the family 

home in upstate New York, looking into the 

distance. She rambled as she spoke. “The 

British,” she said. “The British are com-

ing.” Just days before Rhoda should have 

started college, she was given a diagnosis 

of schizophrenia. Doctors told the griev-

ing family that dysfunctional household 

relationships had caused her meltdown. 

Because his father was no longer alive , it 

was Torrey, then in college, who shouldered 

much of the emotional burden.

Torrey, now 72, develops a troubled ex-

pression behind his steel-rimmed glasses 

as he remembers those years. “Schizo-

phrenia was badly neglected,” he says.

In 1970 Torrey arrived at the National Insti-

tute of Mental Health in Washington, D.C., 

having finished his training in psychiatric 

medicine. At the time, psychiatry remained 

under the thrall of Freudian psychoanalysis, 

an approach that offered little to people like 

Rhoda. Torrey began looking for research 

opportunities in schizophrenia. The more he 

learned, the more his views diverged from 

those of mainstream psychiatry. 

A simple neurological exam showed 

Torrey that schizophrenics suffered from 

more than just mental disturbances. They 

often had trouble doing standard inebria-

tion tests, like walking a straight line heel 

to toe. If Torrey simultaneously touched 

their face and hand while their eyes were 

closed, they often did not register being 

touched in two places. Schizophrenics 

also showed signs of in� ammation in their 

infection-� ghting white blood cells. “If you 

look at the blood of people with schizo-

phrenia,” Torrey says, “there are too many 

odd-looking lymphocytes, the kind that 

you � nd in mononucleosis.” And when he 

performed CAT scans on pairs of identical 

twins with and without the disease—includ-

ing Steven and David Elmore—he saw that 

schizophrenics’ brains had less tissue and 

larger � uid-� lled ventricles.

Subsequent studies confirmed those 

oddities. Many schizophrenics show chron-

ic in� ammation and lose brain tissue over 

time, and these changes correlate with the 

severity of their symptoms. These things 

“convinced me that this is a brain disease,” 

Torrey says, “not a psychological problem.” 

By the 1980s he began working with 

Robert Yolken, an infectious-diseases 

specialist at Johns Hopkins University in 
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Baltimore, to search for a pathogen that 

could account for these symptoms. The 

two researchers found that schizophrenics 

often carried antibodies for toxoplasma, a 

parasite spread by house cats; Epstein-

Barr virus, which causes mononucleosis; 

and cytomegalovirus.  These people had 

clearly been exposed to those infectious 

agents at some point, but Torrey and Yolken 

never found the pathogens themselves in 

the patients’ bodies. The infection always 

seemed to have happened years before.

Torrey wondered if the moment of infec-

tion might in fact have occurred during early 

childhood. If schizophrenia was sparked by 

a disease that was more common during 

winter and early spring, that could explain 

the birth-month effect. “The psychiatrists 

thought I was psychotic myself,” Torrey 

says. “Some of them still do.”

While Torrey and Yolken were chasing 

their theory, another scientist unwittingly 

entered the fray. Hervé Perron, then a 

graduate student at Grenoble University in 

France, dropped his Ph.D. project in 1987 

to pursue something more challenging and 

controversial: He wanted to learn if new 

ideas about retroviruses—a type of virus 

that converts RNA into DNA—could be rel-

evant to multiple sclerosis.

Robert Gallo, the director of the Institute 

of Human Virology at the University of Mary-

land School of Medicine and co discoverer 

of HIV, had speculated that a virus might 

trigger the paralytic brain lesions in MS. 

People had already looked at the herpes 

virus (HHV-6), cytomegalovirus, Epstein-

Barr virus, and the retroviruses HTLV-1 and 

HTLV-2 as possible causes of the disease. 

But they always came up empty-handed.

Perron learned from their failures. “I 

decided that I should not have an a priori 

idea of what I would � nd,” he says. Rather 

than looking for one virus, as others had 

done, he tried to detect any retrovirus, 

whether or not it was known to science. 

He extracted � uids from the spinal columns 

of MS patients and tested for an enzyme, 

called reverse transcriptase, that is carried 

by all retroviruses. Sure enough, Perron 

saw faint traces of retroviral activity. Soon 

he obtained fuzzy electron microscope 

images of the retrovirus itself.

His discovery was intriguing but far from 

conclusive. After con� rming his � nd was 

not a � uke, Perron needed to sequence its 

genes. He moved to the National Center for 

Scienti� c Research in Lyon, France, where 

he labored days, nights, and weekends. 

He cultured countless cells from people 

with MS to grow enough of his mystery 

virus for sequencing. MS is an incurable 

disease, so Perron had to do his research 

in a Level 3 biohazard lab. Working in 

this airtight catacomb, he lived his life 

in masks, gloves, and disposable scrubs.

After eight years of research, Perron 

finally completed his retrovirus’s gene 

sequence. What he found on that day 

in 1997 no one could have predicted; it 

instantly explained why so many others 

had failed before him. We imagine viruses 

as mariners, sailing from person to person 

across oceans of saliva, snot, or semen—

but Perron’s bug was a homebody. It lives 

permanently in the human body at the very 

deepest level: inside our DNA. After years 

slaving away in a biohazard lab, Perron 

realized that everyone already carried the 

virus that causes multiple sclerosis.

Other scientists had previously glimpsed 
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 Rhoda Torrey and her brother Fuller, 

who would go on to research schizophrenia.
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One study 

found the 

HERV-W virus in 

49 percent of people 

with schizophrenia, 

compared with 

just 4 percent of 

healthy people.

Perron’s retrovirus without fully grasping its 

signi� cance. In the 1970s biologists study-

ing pregnant baboons were shocked as 

they looked at electron microscope images 

of the placenta. They saw spherical retro-

viruses oozing from the cells of seemingly 

healthy animals. They soon found the virus 

in healthy humans, too. So began a strange 

chapter in evolutionary biology.

Viruses like in� uenza or measles kill cells 

when they infect them. But when retroviruses 

like HIV infect a cell, they often let the cell live 

and splice their genes into its DNA. When 

the cell divides, both of its progeny carry the 

retrovirus’s genetic code in their  DNA. 

In the past few years, geneticists have 

pieced together an account of how Per-

ron’s retrovirus entered our DNA. Sixty 

million years ago, a lemurlike animal—an 

early ancestor of humans and monkeys—

contracted an infection. It may not have 

made the lemur ill, but the retrovirus spread 

into the animal’s testes (or perhaps its ova-

ries), and once there, it struck the jackpot: 

It slipped inside one of the rare germ line 

cells that produce sperm and eggs. When 

the lemur reproduced, that retrovirus rode 

into the next generation aboard the lucky 

sperm and then moved on from generation 

to generation, nestled in the DNA. “It’s a 

rare, random event,” says Robert Belshaw, 

an evolutionary biologist at the University of 

Oxford in England . “Over the last 100 mil-

lion years, there have been only maybe 50 

times when a retrovirus has gotten into our 

genome and proliferated.”

But such genetic intrusions stick around a 

very long time, so humans are chockablock 

full of these embedded, or endogenous, ret-

roviruses. Our DNA carries dozens of copies 

of Perron’s virus, now called human endog-

enous retrovirus W, or HERV-W, at speci� c 

addresses on chromosomes 6 and 7. 

If our DNA were an airplane carry-on bag 

(and essentially it is), it would be bursting 

at the seams. We lug around 100,000 retro-

virus sequences inside us; all told, genetic 

parasites related to viruses account for more 

than 40 percent of all human DNA. Our body 

works hard to silence its viral stowaways 

by tying up  those stretches of DNA in tight 

stacks of proteins, but sometimes they slip 

out. Now and then endogenous retroviruses 

switch on and start manufacturing proteins. 

They assemble themselves like Lego blocks 

into bulbous retroviral particles, which ooze 

from the cells producing them. 

Endogenous retroviruses were long 

considered genetic fossils, incapable of 

doing anything interesting. But since 

Perron’s revelation, at least a dozen 

studies have found that HERV-W is 

active in people with MS. 

 B
y the time Perron made his 

discovery, Torrey and Yolken 

had spent about 15 years look-

ing for a pathogen that causes 

schizophrenia. They found lots of antibod-

ies but never the bug itself. Then Håkan  

Karlsson, who was a postdoctoral fellow in 

Yolken’s lab, became interested in studies 

showing that retroviruses sometimes trig-

gered psychosis in AIDS patients. The team 

wondered if other retroviruses might cause 

these symptoms in separate diseases such 

as schizophrenia. So they used an experi-

ment, similar to Perron’s, that would detect 

any retrovirus (by � nding sequences encod-

ing reverse transcriptase enzyme)—even if 

it was one that had never been catalogued 

before. In 2001 they nabbed a possible cul-

prit. It turned out to be HERV-W.

Several other studies have since found 

similar active elements of HERV-W in the 

blood or brain � uids of people with schizo-

phrenia. One, published by Perron in 2008, 

found HERV-W in the blood of 49 percent 

of people with schizophrenia, compared 

with just 4 percent of healthy people. “The 

more HERV-W they had,” Perron says, 

“the more in� ammation they had.” He now 

sees HERV-W as key to understanding 

many cases of both MS and schizophrenia. 

“I’ve been doubting for so many years,” he 

says. “I’m convinced now.”

Torrey, Yolken, and Sarven Sabunciyan, 

an epigeneticist at Johns Hopkins, are 

working to understand how endogenous 

retroviruses can wreak their havoc. Much 

of their research revolves around the con-

tents of a nondescript brick building near 

Washington, D.C. This building, owned by 

the Stanley Medical Research Institute, 

maintains the world’s largest library of 

schizophrenic and bipolar brains. Inside 

are hundreds of cadaver brains (donated 

to science by the deceased), numbered 

1 through 653. Each brain is split into right 

and left hemispheres, one half frozen at 

about –103 degrees Fahrenheit, the other 

chilled in formaldehyde. Jacuzzi-size freez-

ers � ll the rooms. The roar of their fans cuts 

through the air as Torrey’s team examines 

the brains to pinpoint where and when 

HERV-W awakens into schizophrenia. 

New high-speed DNA sequencing is 

making the job possible. In a cramped 

room at Johns Hopkins Medical Center, a 

machine the size of a refrigerator hums 24/7 

to read gene sequences from samples. 

Every few minutes the machine’s electric 

eye scans a digital image of a stamp-size 

glass plate. Fixed to that plate are 300 mil-

lion magnetic beads, and attached to each 

bead is a single molecule of DNA, which 

the machine is sequencing. In a week the 

machine churns out the equivalent of six 

human genomes—enough raw data to � ll 

40 computer hard drives. 

The hard part starts when those 

sequences arrive at Sabunciyan’s desk. 

“We got these data right around New 

Year’s 2009,” Sabunciyan said one day 

last August as he scrolled through a � le 

containing 2 billion letters of genetic code, 

equivalent to 2,000 John Grisham novels 

composed just of the letters G, A, T, and C 

(making the plot a great deal more confus-

ing). “We’re still looking at it.”

Sabunciyan has found that an unexpect-

edly large amount of the RNA produced in 

the brain—about 5 percent—comes from 

seemingly “junk” DNA, which includes 

endogenous retroviruses. RNA is a messen-

ger of DNA, a step in the path to making pro-

teins, so its presence could mean that viral 

proteins are being manufactured in the body 

more frequently than had been thought. 

Through this research, a rough account 

is emerging of how HERV-W could trigger 

diseases like schizophrenia, bipolar dis-

order, and MS. Although the body works 

hard to keep its ERVs under tight control, 

infections around the time of birth destabi-

lize this tense standoff. Scribbled onto the 

marker board in Yolken’s of� ce is a list of 

infections that are now known to awaken 

HERV-W—including herpes, toxoplasma,  

cytomegalovirus, and a dozen others. The 

HERV-W viruses that pour into the new-

born’s blood and brain � uid during these 

62  |  DISCOVERMAGAZINE.COM

DV0610INSANITY6A_WC   62 4/5/10   7:20:46 PM

worldmagsworldmags

worldmags

http://DISCOVERMAGAZINE.COM


In the 60 years since their dramatic discov-
ery, excavation, reassembly, and transla-
tion, the Dead Sea Scrolls have provided 

us with fascinating insights including: 
our oldest biblical manuscripts; •	
unprecedented windows into Jewish his-•	
tory and culture, as well as the growth 
of early Christianity; and
an enhanced knowledge of how the •	
Bible was transmitted across the ages.

Whether complete or only fragmentary, 
the 930 extant Dead Sea Scrolls irrevocably 
altered our understanding of the foundations 
of faith and religious practice. Now you can 
get a comprehensive introduction to this 
unique series of archaeological documents, 
and to scholars’ evolving understanding of 
their authorship and significance, with The 
Dead Sea Scrolls. 

Taught by Professor Gary A. Rendsburg, 
a dedicated Dead Sea Scrolls scholar who 
has spent decades immersed in the study of 
this amazing find, these 24 lectures reveal 
what the scrolls are, what they contain, and 
how the insights they offer into religious and 
ancient history emerged. In following the 
extraordinary story of how the scrolls were 
acquired and ultimately published, you’ll also 
gain a fascinating peak behind the scholarly 
curtain to see the drama surrounding that 
process.

Organizing his lectures both chronolog-
ically and topically, Professor Rendsburg 
draws on history, religion, archaeology, close 
textual readings, linguistics, and other key 
disciplines to help you share in the excite-
ment of the Dead Sea Scrolls. And at the 
heart of this course are the documents them-
selves; you spend a wealth of time reading 
parts of the actual scrolls in translation, 
uncovering the salient theological practices 
and ideas they express.

By the conclusion of The Dead Sea 
Scrolls, you’ll have developed a newfound 
grasp of an unprecedented historical find and 
its enduring influence on the way we think 

about—and talk about—ancient Judaism 
and Christianity.

About Your Professor
Professor Gary A. Rendsburg holds the 

Blanche and Irving Laurie Chair in Jewish 
History in the Department of Jewish Studies 
at Rutgers University. He received his Ph.D. 
from New York University. He has written or 
coauthored more than 120 scholarly articles 
and 6 books, including The Bible and the 
Ancient Near East.

About The Teaching Company
We review hundreds of top-rated profes-

sors from America’s best colleges and uni-
versities each year. From this extraordinary 
group, we choose only those rated highest by 
panels of our customers. Fewer than 10% of 
these world-class scholar-teachers are selected 
to make The Great Courses®. 

We’ve been doing this since 1990, pro-
ducing more than 2,000 hours of material 
in modern and ancient history, philosophy, 
literature, fine arts, the sciences, and math-
ematics for intelligent, engaged, adult life-
long learners. If a course is ever less than 
completely satisfying, you may exchange it 

for another or we will refund your money 
promptly.

Lecture Titles
1. The Discoveries and Their Significance
2. The First Seven Scrolls
3. Opening and Reading the First Scroll
4. The Historical Backdrop of Ancient 

Judaism
5. The Rise of the Jewish Sects
6. The Dead Sea Site of the Qumran Sect
7. The Emergence of the Rabbinic System
8. A Dead Sea Scroll from Medieval Cairo
9. Pesher Interpretation—Prophecy Read 

Anew
10. The War Scroll and Other Apocalyptic 

Texts
11. Biblical Manuscripts at Qumran
12. Alternative Views of Qumran and the 

Scrolls
13. Stops and Starts En Route to 

Publication
14. The Qumran Vision for a New Temple
15. Daily Life at Qumran
16. The Halakhic Letter—Rituals Define 

the Sect
17. The Qumran Biblical Canon
18. The Qumran Calendar
19. Jewish Scholars and Qumran Ritual 

Practices
20. Prayers, Hymns, and the Synagogue
21. Qumran Hebrew as an Anti-Language
22. The Enigma of the Copper Scroll
23. Connections to Christianity
24. Scroll Fragments and a New View of 

Judaism

About Our Sale Price Policy
Why is the sale price for this course so 

much lower than its standard price? Every 
course we make goes on sale at least once a 
year. Producing large quantities of only the 
sale courses keeps costs down and allows 
us to pass the savings on to you. This also 
enables us to fill your order immediately:  
99% of all orders placed by 2 pm eastern 
time ship that same day. Order before  
July 9, 2010, to receive these savings.

Unlock the Secrets of the Dead Sea Scrolls 
Discover the fascinating insights these ancient documents reveal about Jewish 

history, early Christianity, and more in this illuminating 24-lecture course.
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   TheGreat Courses®

The Teaching company
®

4151 Lafayette Center Drive, Suite 100
Chantilly, VA  20151-1232

Priority Code 42842

Please send me The Dead Sea Scrolls, which consists of 
24 half-hour lectures and Course Guidebooks. 

n DVD $69.95 (std. price $254.95) SAVE $185!
 plus $10 shipping, processing, and Lifetime Satisfaction Guarantee

n Audio CD $49.95 (std. price $179.95) SAVE $130!
 plus $10 shipping, processing, and Lifetime Satisfaction Guarantee

n Check or Money Order Enclosed

* Non-U.S. Orders: Additional shipping charges apply. 
 For more details, call us or visit the FAQ page on our website.
** Virginia residents please add 5% sales tax.

Charge my credit card:

n  n n n  

Account Number  Exp. Date

Signature

Name (please print)

Mailing Address

City/State/ZIP

Phone (If we have questions regarding your order— required for international orders)

n FREE CATALOG. Please send me a free copy of your 
current catalog (no purchase necessary).

Special offer is available online at www.TEACH12.com/6dscy
Offer Good Through: July 9, 2010

1-800-TEACH-12 (1-800-832-2412)
Fax: 703-378-3819

Special offer is available online at
www.TEACH12.com/6dscy
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Better prenatal care or vaccinations could prevent the 

infections that put people on a path to schizophrenia, 

and early treatment might prevent 

psychosis from developing two 

decades later.

infections contain proteins that may enrage 

the infant immune system. White blood 

cells vomit forth in� ammatory molecules 

called cytokines, attracting more immune 

cells like riot police to a prison break. The 

scene turns toxic.

In one experiment, Perron isolated HERV-

W virus from people with MS and injected 

it into mice. The mice became clumsy, 

then paralyzed, then died of brain hemor-

rhages. But if Perron depleted the mice of 

immune cells known as T cells, the animals 

survived their encounter with HERV-W. It 

was an extreme experiment, but to Perron 

it made an important point. Whether people 

develop MS or schizophrenia may depend 

on how their immune system responds to 

HERV-W, he says. In MS the immune sys-

tem directly attacks and kills brain cells, 

causing paralysis. In schizophrenia it may 

be that inflammation damages neurons 

indirectly by overstimulating them. “The 

neuron is discharging neurotransmitters, 

being excited by these in� ammatory sig-

nals,” Perron says. “This is when you devel-

op hallucinations, delusions, paranoia, and 

hyper-suicidal tendencies.”

The � rst, pivotal infection by toxoplas-

mosis or in� uenza (and subsequent � aring 

up of HERV-W) might happen shortly before 

or after birth. That would explain the birth- 

month effect: Flu infections happen more 

often in winter. The initial infection could 

then set off a lifelong pattern in which later 

infections reawaken HERV-W, causing more 

inflammation and eventually symptoms. 

This process explains why schizophrenics 

gradually lose brain tissue. It explains why 

the disease waxes and wanes like a chronic 

infection. And it could explain why some 

schizophrenics suffer their � rst psychosis 

after a mysterious, monolike illness.

The infection theory could also explain 

what little we know of the genetics of schizo-

phrenia. One might expect that the disease 

would be associated with genes controlling 

our synapses or neurotransmitters. Three 

major studies published last year in the 

journal Nature tell a different story. They 

instead implicate immune genes called 

human leukocyte antigens (HLAs), which 

are central to our body’s ability to detect 

invading pathogens. “That makes a lot of 

sense,” Yolken says. “The response to an 

infectious agent may be why person A gets 

schizophrenia and person B doesn’t.”

Gene studies have failed to provide 

simple explanations for ailments like 

schizophrenia and MS. Torrey’s theory may 

explain why. Genes may come into play 

only in conjunction with certain environ-

mental kicks. Our genome’s thousands of 

parasites might provide part of that kick.

“The ‘genes’ that can respond to envi-

ronmental triggers or toxic pathogens are 

the dark side of the genome,” Perron says. 

Retroviruses, including HIV, are known to 

be awakened by in� ammation—possibly 

the result of infection, cigarette smoke, or 

pollutants in drinking water. (This stress 

response may be written into these para-

sites’ basic evolutionary strategy, since 

stressed hosts may be more likely to spread 

or contract infections.) The era of writing off 

endogenous retroviruses and other seem-

ingly inert parts of the genome as genetic 

fossils is drawing to an end, Perron says. 

“It’s not completely junk DNA, it’s not dead 

DNA,” he asserts. “It’s an incredible source 

of interaction with the environment.” Those 

interactions may trigger disease in ways 

that we are only just beginning to imagine.

T
orrey’s sister has had a tough go 

of it. Schizophrenia treatments 

were limited when she fell ill. Early 

on she received electroshock 

therapy and insulin shock therapy, in which 

doctors induced a coma by lowering her 

blood sugar level. Rhoda Torrey has spent 

40 years in state hospitals. The disease has 

left only one part of her untouched: Her 

memory of her brief life before becoming  

ill—of school dances and sleepovers half a 

century ago—remains as clear as ever.

Steven Elmore was more fortunate. Drug 

therapy was widely available when he fell ill, 

and although he still hears voices from time 

to time, he has done well. Now 50 years 

old, he is married, cares for an adopted 

son and stepson, and works full time. He 

has avoided common drug side effects like 

diabetes, although his medications initially 

caused him to gain 40 pounds.

Torrey and Yolken hope to add a new, 

more hopeful chapter to this story. Yolken’s 

wife, Faith Dickerson, is a clinical psychol-

ogist at Sheppard Pratt Health System in 

Baltimore. She is running a clinical trial to 

examine whether adding an anti-infective 

agent called artemisinin to the drugs that 

patients are already taking can lessen the 

symptoms of schizophrenia. The drug 

would hit HERV-W indirectly by tamping 

down the infections that awaken it. “If we 

can treat the toxoplasmosis,” Torrey says, 

“presumably we can get a better outcome 

than by treating [neurotransmitter] abnor-

malities that have occurred 14 steps down 

the line, which is what we’re doing now.”

Looking ahead, better prenatal care or 

vaccinations could prevent the � rst, early 

infections that put some people on a path 

to schizophrenia. For high-risk babies who 

do get sick, early treatment might prevent 

psychosis from developing two decades 

later.  Recent work by Urs Meyer, the neu-

roimmunologist, and his colleague Joram 

Feldon at the Swiss Federal Institute of 

Technology drives this point home. When 

they injected pregnant mice with RNA 

molecules mimicking viral infections, the 

pups grew up to resemble schizophrenic 

adults. The animals’ memory and learning 

were impaired, they overreacted to startling 

noises, and their brain atrophied. But this 

March, Meyer and Feldon reported that 

treating the baby mice with antipsychotic 

drugs prevented them from developing 

some of these abnormalities as adults. 

Perron has founded a biotech start-up 

—GeNeuro, in Geneva, Switzerland —to 

develop treatments targeting HERV-W. 

The company has created an antibody that 

neutralizes a primary viral protein, and it 

works in lab mice with MS. “We have ter-

ri� c effects,” Perron says. “In animals that 

have demyelinating brain lesions induced 

by these HERV envelope proteins, we see 

a dramatic stop to this process when we 

inject this antibody.” He is scheduled to 

begin a Phase  1 clinical trial in people with 

MS near the end of this year. A clinical trial 

with schizophrenics might follow in 2011.

Even after all that, many medical experts 

still question how much human disease can 

be traced to viral invasions that took place 

millions of years ago. If the upcoming human 

trials work as well as the animal experi-

ments, the questions may be silenced—and 

so may the voices of schizophrenia. 
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ADVERTISEMENT

Does anyone read “how to” books to learn 
to walk, run, or ride a bicycle? Is anyone 
taught that it is by conforming to natural laws 
that one learns to perform those feats? No, 
of course not! Whoever or whatever created 
natural laws had to wait centuries on end for 
people to identify natural laws by studying 
the environment and nature’s phenomena.

There is a natural law of behavior that was not 
identified until the past century. It was identified 
by Richard W. Wetherill and requires mankind’s 
behavior to be rational and honest, according to 
natural law—not according to man-made law. 

Wetherill spent decades trying to explain that the 
social, health, and economic woes of mankind were be-
ing caused by everybody’s ignorance of nature’s behav-
ioral law: a law he called the law of absolute right.

His talks and writings were rejected by leaders of 
the educational, religious, and scientific communities, 
although one psychologist built a wide reputation on 
Wetherill’s command phrase technique for releasing 
wrong, unconscious thoughts.

In general, people resent being told what they can 
and cannot think, say, and do. Their reason seems 
to be that it is “their business”: a mistake made by 
those who overlook where the gift of life originates. 
Whoever or whatever is the creator arranged all the 
details, thereby enabling people to procreate.

Introduction to the law of absolute right and its 
influence on behavior is vital information desperately 
needed by every member of society.

Strange as it might seem, it could be said that the 
only choice people have is whether they will live in 
accord with the requirements of natural laws or die 
for ignoring them. People willingly adhere to the laws 
of physics, telling them what to think, say, and do. 
Scientific researchers eagerly seek to understand how 
natural laws function and the penalties for ignoring 
them. But to date, their failure to acknowledge nature’s 
law of absolute right and its impact on human affairs 
is perpetuating countless human miseries.

The behavioral law is nature’s way to create a 
community of survivors that having resolved their 
formerly unsolved problems and trouble are enjoy-
ing a new life. A common comment of those persons 
is, “It works.”

For example, one person reported that he had made 
friendly overtures to a long-time estranged, close rel-
ative and introduced him to the law of absolute right. 
Later this person reported a phone call from his for-
merly estranged relative who said, “It works.”

We invite readers to face all future situations with 
sincere intent to respond rationally and honestly, no 
matter what past reactions might have been. In that 
moment you will have yielded to yet another natural 
law created by whoever or whatever is the creator, 
and you will discover that it works.

By conforming to the behavioral law, you join oth-
ers who are already benefiting from adhering to it 
with rational and honest thoughts, words, and action.

Visit our colorful Website www.alphapub.com 
where essays and books describe the changes called 
for by whoever or whatever created nature’s law of 
absolute right. The material can be read, down-
loaded, and/or printed free. Also press a button to 
listen to each Website page being read aloud with 
the exception of the texts of the seven books.
This public-service message is from a self-financed, 
nonprofit group of former students of the late Richard 
W. Wetherill. We are putting this information where 
it is available worldwide, and we invite your help 
to direct others to our Website so that they, too, can 
learn that conforming to this natural law creates a 
life that truly is well worth living.

Richard W. Wetherill
1906-1989
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SHING-TUNG YAU is a force of nature. He is best known for 

conceiving the math behind string theory—which holds that, at the 

deepest level of reality, our universe is built out of 10-dimensional, 

subatomic vibrating strings. But Yau’s genius runs much deeper and 

wider: He has also spawned the modern synergy between geometry 

and physics, championed unprecedented teamwork in mathemat-

ics, and helped foster an intellectual rebirth in China.

Despite growing up in grinding poverty on a Hong Kong farm, Yau 

made his way to the University of California at Berkeley, where he 

studied with Chinese geometer Shiing-Shen Chern and the master of 

nonlinear equations, Charles Morrey. Then at age 29 Yau proved the 

Calabi conjecture, which posits that six-dimensional spaces lie hid-

den beneath the reality we perceive. These unseen dimensions lend 

rigor to string theory by supplementing the four dimensions—three of 

space and one of time—described in Einstein’s general relativity.

Since then Yau has held positions at the Institute for Advanced 

Study, Stanford University, and Harvard (where he currently chairs 

the math department), training two generations of grad students and 

embarking on far-� ung collaborations that address topics ranging 

from the nature of dark matter to the formation of black holes. He has 

won the Fields Medal, a MacArthur Fellowship, and the Wolf Prize.

Through it all, Yau has remained bluntly outspoken. In China he has 

called for the resignation of academia’s old guard so new talent can 

rise. In the United States he has critiqued what he sees as rampant 

errors in mathematical proofs by young academics. Yau has also 

strived to speak directly to the public; his book The Shape of Inner 

Space, coauthored with Steve Nadis, is scheduled for publication this 

fall. He re� ected on his life and work with DISCOVER senior editor 

Pamela Weintraub at his Harvard of� ce over four days in February.

You’ve described your father as an enormous intellectual infl u-

ence on you. Can you tell me about him?

He went to Japan to study economics, but he came back to help the 

Chinese defend themselves before the Japanese invaded in 1937. 

By the end of the war he was distributing food and clothes to the 

poor for the U.N. After the revolution in 1949, he worried about get-

ting in trouble with the Communists, so he brought the whole family 

to Hong Kong. We were very poor—at � rst we were almost starving 

—but my father had a large group of students constantly at home 

to talk about philosophy and literature. I was 10, 11, 12 years old, 

and I grew accustomed to abstract reasoning. My father made us 

memorize long essays and poems. At the time I didn’t understand 

what they meant, but I remembered them and later made use of it.

Did part of you ever rebel?

I read most of the Kung Fu novels in secret. I quit school for more 

than half a year. I’d wake up and say I was going, but I’d spend the 

whole day exploring the mountains and then come back—but I did 

the homework that my father assigned to me at home.

I heard you led a gang at one point.

I had a group of friends under me. I’d go around, and sometimes 

we ended up in � st� ghts with some other groups. So?

How did you go from that rough-and-tumble young man to the 

focused person you are now?

In the early 1960s my father was chairman of the department of 

literature and philosophy at Hong Kong College. The college presi-

dent wanted to make a deal with the Taiwanese government to 

SHING-TUNG YAU

THE 
DISCOVER

The renowned mathematician explains how he 
charted the geometry of the universe and discovered 
the hidden dimensions of string theory.
BY PAMELA WEINTRAUB PHOTOGRAPHY BY SHANNON TAGGART
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send in spies. My father refused to go along and resigned. That 

created a big money problem because he had eight children by 

then. My father had to run around among different, distant col-

leges to support the family. Back in China he’d lent a friend some 

money, and after the Communists took over, the friend moved to 

Macau, a city near Hong Kong, and ran his own schools. So he 

told my father, “I cannot return your money, but your daughter can 

come to my school, and I’ll give her free room and board and free 

tuition.” So my older sister went to Macau to study and got some 

� u, some funny disease, we never knew exactly what. She came 

back and she was treated, but she died in 1962. Then my elder 

brother got a brain disease; at the time we didn’t know what it 

was. My father had all kinds of burdens on his shoulders and then 

he got a disease, which I believe was cancer, but we didn’t know 

much in those days. My mother was running around trying to get 

funding to help my father. Finally we raised some money, but it 

was too late. He died after two months in the hospital in 1963, in 

the middle of my studies in the ninth grade. We could no longer 

afford our apartment, so we were kicked out. That’s when I realized 

I would have to make decisions for myself.

What did you do then?

After a while the government leased us some land, and we built a 

small house thanks to money from friends, but it was in a village far 

from school. The other kids looked down on us for being poor, and 

I had to ask the school president to allow me to pay tuition at the 

end of the year, when my government fellowship came through. It 

was humiliating. But I studied hard and did very well, especially in 

math. Then a former student of my father started a primary school 

in a town closer to school. He said I could help teach math and 

stay there at night. I had to take care of myself, I had to wash things 

and all of that, but I learned how to survive.

What happened once you made your way to college?

I had fallen in love with math early on, but at the Chinese University 

of Hong Kong I realized that mathematics was built on standard 

actions and logic. Soon I had arranged to take tests for the required 

math courses without actually attending while sitting in on more 

advanced classes, and no one seemed to mind. In my second year, 

Stephen Salaff, a young mathematician from U.C. Berkeley, came 

to teach in Hong Kong. He liked to talk to the students in the Ameri-

can way: He gave lectures and then he asked students questions. 

In many cases it turned out I could help him more than he helped 

me, because there were problems he couldn’t solve during class. 

Salaff suggested I apply to graduate school early. I was admitted to 

Berkeley and even got a fellowship. I borrowed some money from 

friends and � ew to San Francisco in September 1969.

What did you think of California when you arrived?

The � rst thing that impressed me was the air. In Hong Kong it’s 

humid, hot, but in California it was cool and clear. I thought it was 

like heaven. A friend of Salaff’s came to the airport to pick me up 

and took me to the YMCA, where I shared a big room with four or 

� ve people. I noticed that everybody was watching baseball on 

TV. We didn’t have a TV at home. My neighbor who was sleep-

ing there was a huge black man. He was talking in a language I 

had never heard before. He said, “Man, where the hell you come 

from?” It was fun, but I had to look for an apartment. I was walking 

around the street when I met another Chinese student from Hong 

Kong and we decided to share, but we couldn’t afford a place. We 

looked around and found another Chinese student, from Taiwan, 

so there’s three of us and it’s still not enough. Then we found an 

Alaskan also studying math, also on the street. So four of us went 

in together and the rent for each was $60 a month. My fellowship 

gave me $300 a month, and I sent half of it home.

What about your math studies?

There were many holes in my knowledge so I’d wake up early and start 

class at 8 a.m. I took three classes for credit, and the rest I audited. I 

brought my own lunch so even at lunchtime I was in class. I was espe-

cially excited about topology because I thought it could help reveal the 

structure of space. Einstein used geometry in his equation to give us 

the local picture: how space curved around our solar system or a gal-

axy. But the Einstein equation didn’t give the overall picture, the global 

structure of the whole universe. That’s where topology came in.

What is topology? Is it like geometry?

Geometry is speci� c and topology is general. Topologists study 

larger patterns and categories of shapes. For example, in geom-

etry, a cube and a sphere are distinct. But in topology they are the 

same because you can deform one into the other without cutting 

through the surface. The torus, a sphere with a hole in the middle, 

is a different form. It is clearly distinct from the sphere because you 

cannot deform a torus into a sphere no matter how you twist it.

Does that mean geometry and topology are really two per-

spectives on the same thing?

Yes. It is like Chinese literature. A poem might describe a farewell 

between lovers. But in the language of the poem, instead of a man 

and woman, there is a willow tree, where the leaves are soft and 

hanging down. The way the branch is hanging down is like the 

feeling of the man and the woman wanting to be together. Geom-

etry gives us a structure of that willow tree that is solid and exten-

sive. Topology describes the overall shape of the tree without the 

details—but without the tree to start with, we would have nothing.

It has always amazed me to observe how different groups of 

people look at the same subject. My friends in physics look at 

space-time purely from the perspective of real physics, yet the gen-

eral theory of relativity describes space-time in terms of geometry, 

because that’s how Einstein looked at the problem.

When you looked at the world through the lens of geometry 

and topology, what did you learn?

That nonlinear equations were fundamental because in nature, 

curves abound. Climate isn’t linear. If the wind blows stronger that 

way, it may cause more trouble over there; it may even depend 

on the geometry of the earth. Usually you see the stock market 

described by linear equations and straight lines, but that is not 

really correct. The stock market � uctuates up and down in a non-

linear way. The Einstein equation described the curvature of the 

universe, and it was nonlinear. I ended up learning nonlinear equa-

tions from a master, although I didn’t know he was a master at 

the time. His name was Charles Morrey, and he was a classical 

gentleman. He always dressed in suits in class. He was a very nice 

There were many holes in my knowledge so I’d wake early and start class at 8 a.m. I was 
especially excited about topology; I thought it could help reveal the structure of space.
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Eighty-six years ago, a watchmaker 
in Paris famous for building the 

magnificent clocks at Versailles created a
legendary timepiece. He invented the first
watch with an automatic mechanical
drive. These innovative movements
required no batteries and never needed 
to be manually wound. Only seven of
these ultra-rare watches were ever made
and we’ve studied the one surviving 
masterpiece in a watch history museum.
Inspired by history, classic design and
technology, our Stauer Meisterzeit II has
been painstakingly handcrafted to meet
the demanding standards of vintage
watch collectors. 
Why the new “antique” is better
than the original. The original time-
piece was truly innovative, but, as we stud-
ied it closely, we realized that we could
engineer ours with a much higher level of
precision. The 27-ruby-jewel movement
utilizes an automatic self-winding mecha-
nism inspired by a patent from 1923, but
built on $31 million in state-of-the-art
Swiss-made machinery. With an exhibi-
tion back, you can see into the heart of the
engineering and view the rotor spin—it’s
powered by the movement of your body.

This limited edition Stauer Meisterzeit II
allows you to wear a watch far more 
exclusive than most new “upscale” models.
Here is your chance to claim a piece of
watchmaking history in a rare design that
is priced to wear everyday.
Elegant and accurate. This refined
beauty has a fastidious side. Each move-
ment and engine-turned rotor is tested for
15 days and then certified before it leaves
the factory. 
The best part is
that with our
special price, you
can wear a
superb classic
historical repro-
duction watch
and laugh all the
way to the bank.
Stauer specializes
in classic time-
less watches and
jewelry that are
made for the mil-
lionaires who want to keep their 
millions. This watch will quickly move 
to heirloom status in your household. 

Try it for 30 days and if you are not
thrilled with the beauty and construction
of the Meisterzeit II, simply return it for
a refund of the purchase price. 
Only 4,999 available. Since it takes
about 6 months to build each watch, the
release is a limited edition, so please be
sure to order yours soon.  

A rare chance to claim a unique piece of watchmaking history for under $100!

Smar t  Luxur ies—Surpr i s ing  Pr ices

Exclusively Through Stauer
Stauer Meisterzeit II Watch—$395
Now only $95 +S&P  Save $300!
Call now to take advantage of this limited offer.

1-888-324-4351
Promotional Code MZW256-01
Please mention this code when you call.

14101 Southcross Drive W.,
Dept. MZW256-01
Burnsville, Minnesota 55337

www.stauer.com 

WATCH SPECS:
- 18K Gold-clad case and bezel
- Precision 27-jeweled movement
- Interior dials display day and month
- Croc-embossed leather strap 
- Fits 6 3/4"–8 1/4" wrist

View the precision
movement of the

Meisterzeit through the
rear exhibition port.

We Can Only Find One

“As the master craftsman who opened
the famous Lincoln Pocket Watch at the

Smithsonian, I recently reviewed the 
the Stauer Meisterzeit timepiece. 

The assembly and the precision 
of the mechanical movement 

ranks with the best.”

—George Thomas
Towson Watch Company

80% 
OFF
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man. Even if I was the only one there, he would lecture to me, just 

as if he were lecturing to the whole class.

Wait—you were sometimes the only one in his class?

Why should people care about ancient days? Morrey didn’t use 

modern notations. His book was hard to read. Kent State had just 

happened. The students and the faculty were all on strike, but Morrey 

still gave lectures. Soon everyone had dropped the class but me.

What happened next in your mathematical explorations?

It was Christmas break and I couldn’t go home, so I spent my time 

at the library reading all the journals and looking at rare books. 

That was the � rst time I met my wife, although only much later were 

we formally introduced. Through all this reading about topology I 

came across a theorem that talked about loops where curvature is 

everywhere negative—where the curve goes in like a saddle. The 

theorem says that when we have two such loops with vertices at 

the same point, they can’t deform into each other by bending or 

twisting unless they are equal to or multiples of each other. I came 

up with a related theorem: If the curvature is either negative or zero 

and if the loops conform, then there must be a lower-dimensional 

surface—speci� cally a torus—sitting somewhere inside.

How can a lower dimension sit inside a higher one?

Imagine attaching a rubber band to the handle of a coffee cup. 

The cup has three dimensions, but the rubber band, which is just 

a curved line, effectively has only one.

Why should anyone other than a mathematician care about a 

torus or a string hidden within higher dimensions?

Because topology can affect and constrain geometry in the physical 

world. If water � ows around a sphere, for example, there must be 

two points where the water is totally still. On a planet covered with an 

ocean, the water can’t all � ow in the same direction, say east to west, 

everywhere, without hitting a snag. In the case of another topology, 

the torus, water can � ow around and around and there’s no point at 

which the � ow stops because the hole eliminates the impasse. For 

each � xed topology, the geometry follows different laws.

In other words, you realized that topology sets the basic rules 

for geometry, which in turn affects the world around us. But 

then you went further, asking whether the underlying structure 

of space might explain the laws of physics. How so?

I started to look into complex manifolds. A manifold is just a space, 

with each point immediately around you looking like Euclidean 

space—the familiar kind of space that we see around us. Imagine the 

earth is covered with a checkerboard or a grid, like latitude and longi-

tude. This is the kind of coordinate system that Descartes introduced 

to geometry in the 17th century. At each point on the grid the space 

appears � at and � nite, but it’s actually curved, a sphere. Instead of 

being measured with real numbers, though, we measure complex 

manifolds with complex numbers, in which one of the coordinates 

includes a real number multiplied by the square root of negative 1

—an imaginary number that we call i. [Since the product of two nega-

tive numbers is positive, ordinary math suggests the square root of 

negative 1 cannot exist—hence the moniker “imaginary.”]

How can complex manifolds and complex numbers help us 

understand the structure of space? 

Space is not necessarily something you see in day-to-day life. You 

can de� ne geometry locally, but globally you cannot visualize the 

big picture, you can only imagine it and represent it through coor-

dinates. We draw lines of latitude and longitude in a coordinate 

system for the continents. But that system doesn’t work well at 

the north or south poles, where all the lines converge. In order to 

get a more complete picture in those regions, we need another, 

more localized coordinate system for more detail. In the end, we 

need several such coordinate systems patched together to get a 

detailed picture of the entire globe.

More generally, in describing any space, we are not restricted to 

the three dimensions we experience in our lives. Mathematically, we 

can suggest any number of dimensions: two, three, four, � ve, ten, just 

by drawing additional coordinates on a grid. In complex space, every 

number in a coordinate system describes not just one dimension but 

two. Most important, complex numbers make it simpler to move from 

one coordinate system to another, a necessary step when working in 

the higher dimensions necessary for string theory.

You are best known for your work on the Calabi conjecture, 

which at the time was a major unsolved problem in higher-

dimensional mathematics. What attracted you to it?

I was drawn to important problems that gave insight into geometry 

and space-time. Sometimes solving a problem creates a new kind 

of thinking, sometimes the math itself is beautiful. The problem I 

went with, the Calabi conjecture, is a very elegant statement about 

the curvature of complex manifolds.

What does “curvature” mean in this context, since you aren’t 

talking about the kind of curves we normally experience?

Curvature is second-order information—for instance, suppose I am 

driving a car around a curved freeway. The car’s velocity will change as 
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you go, so you can measure the curve in terms of changes in velocity 

along that one-dimensional line. Then there is Gauss curvature, which 

gives you the curvature of a two-dimensional surface by multiplying 

the largest and smallest curvature of the family of all curves tangential 

to the surface at a given point. For higher-dimensional space, such as 

the three-dimensional space around us, we calculate the curvature 

of all the two-dimensional surfaces passing through the point where 

curvature is in question. Finally there is Ricci curvature, which we 

measure by averaging the curvature of all two-dimensional surfaces 

tangential to each other along a common direction. In essence, Ricci 

curvature is an average of part of the total curvature of a space. It is 

an abstract geometric concept, but it is fundamental.

Why is Ricci curvature fundamental?

In physics, Ricci curvature is analogous to matter. Space with zero 

Ricci curvature is space without matter—a vacuum. 

And how does all this relate to the Calabi conjecture?

Calabi said that certain topological conditions call for the existence 

of non� at, closed, complex spaces without Ricci curvature any-

where. Such spaces would enjoy many beautiful properties. You 

might � nd the sub-dimensional loops or the torus I described in 

that very � rst paper I wrote—or you might � nd intersecting branes 

[short for “membrane,” another topological shape]. I was 100 per-

cent sure that the spaces Calabi called for could not exist. No 

mathematician or physicist had ever found an example of one, and 

most geometers considered them too good to be true.

So what did you do next?

I spent a lot of time thinking about how to disprove Calabi. By 1973 

I was teaching at SUNY–Stony Brook and planning to move to 

Stanford. That May I put my belongings into this little Volkswagen 

and drove across the country on Highway 80. I thought America 

was a country where everyone traveled around, but to my amaze-

ment, a lot of the people I met told me they had never driven more 

than 10 miles from their town. I crossed the Rocky Mountains. The 

car broke down at one point. By the time I was at Stanford for a 

few months, I thought I had � nally proven Calabi wrong.

Disproving the Calabi conjecture would have been a major 

achievement; how did you announce it?

In August there was a big conference at Stanford with the top geom-

eters in the world, including Calabi. I talked to Calabi and told him 

my idea. He said, “That sounds great. Why don’t you give a discus-

sion about it to me?” It was scheduled for 7 p.m. Calabi brought a 

few colleagues from the University of Pennsylvania, and then a few 

others heard about it, and a few others. There was a little crowd. I 

talked for about an hour, and Calabi was excited. “I’ve been wait-

ing for this for a long time, and I hope it’s right,” he said. All the 

other people said, “Great, � nally we can stop the wishful thinking 

that Calabi is true.” Then Calabi wrote to me in October. He said, 

“I’m trying to reconstruct your argument, and I’m having some dif-

� culty. Could you explain the detail?” I started to reconstruct it and 

I found a problem too. I got totally embarrassed. I did not respond 

to Calabi at that moment and instead tried extremely hard to patch 

up the proof. I couldn’t, so I looked around to � nd other examples 

where Calabi was wrong. I didn’t sleep for two weeks. But every 

time I found an example that was close, the proof fell apart at the 

last minute. Finally I said, gee, this cannot be such a delicate matter. 

Now I had much deeper insight into the issue and felt there must be 

some truth to the whole thing. I determined that it had to be right.

So after all that work trying to prove that Calabi’s conjecture 

was wrong, you decided it was correct after all?

I began developing the tools to understand it, and by 1975, only one 

part of the proof was left. That year my wife got a job in Los Ange-

les. I moved to UCLA. All in a short time, we got married, bought 

a car, bought a house in the Valley, and had to look for furniture. 

My mother came from Hong Kong for the wedding, and then her 

parents came—they all stayed under one roof and got into � ghts; it 

was complicated and crazy. I was fed up, so I locked myself in the 

study and thought about Calabi instead of the family problems, and 

I solved the whole thing. I went over the proof three times in detail, 

and I went to see Calabi in Pennsylvania. On a snowy Christmas 

Day, he came with me to visit mathematician Louis Nirenberg at New 

York University. We spent all day Christmas going over it, and I spent 

the next month writing up the proof for publication.

The implications were enormous. You were instantly famous.

It solved some major problems in algebraic geometry—about a 

dozen of them. A lot of people offered me jobs.

Some of the higher-dimensional spaces now called Calabi-

Yau spaces proved fundamental to string theory. What is 

the connection?

When Einstein published his general theory of relativity in 1915, 

there was an immediate urge to unify the force of gravity with the 

other forces known at the time, with electricity and magnetism. 

Mathematicians thought they could do this with � ve dimensions, 

four of space and one of time. But then physicists found new par-

ticles and needed extra dimensions for the strong force and the 

weak force. When they worked it all out, they determined they could 

explain the universe with something they called string theory, which 

replaces the pointlike particles in particle physics with tiny, elon-

gated vibrating strings. To be consistent with quantum theory, the 

strings needed 10 dimensions in which to vibrate: three of space, 

one of time, and six dimensions of “compact space.” Dimensions 

in compact space are so small you can’t detect them through any 

conceivable experiment. They amount to pure structure. It so hap-

pens that Calabi-Yau spaces with six dimensions also have speci� c 

topological traits corresponding to the requirements of string theory. 

If these spaces truly modeled the six-dimensional space called for 

in string theory, they would help us deduce the geometry and, by 

extension, the physical laws of the universe.

Some cosmology theories imply the existence of other uni-

verses. Could each Calabi-Yau space describe a different set 

of laws in each of those universes?

Yes, each isolated universe can be modeled by a different Calabi-

Yau space. But some of my colleagues have also studied a beautiful 

concept called mirror symmetry, in which each space has a mirror 

image with the same quantum � eld theory and the same physics.

If these spaces modeled the six-dimensional space called for in string theory,  they 
would help us deduce the geometry and the physical laws of the universe. 

CONTINUED ON PAGE 76
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INTERVIEW
CONTINUED FROM PAGE 72

The Northern Hemisphere is home to about 450 species of oak. 

This micrograph image of an oak leaf’s surface reveals bunches 

of tiny hairs called trichomes, which concentrate light for 

photosynthesis and reduce water loss. Oak leaves also contain 

tannins, which can poison horses that have a taste for foliage.

MAY’S WHAT IS THIS? OAK LEAF

How many Calabi-Yau spaces are there? 

Using a computer program, Philip Can-

delas at the University of Texas at Austin 

found up to 10,000 Calabi-Yau spaces, 

with almost half of them mirror partners 

of each other. Each member of a pair is 

topologically distinct but still conforms 

to the other algebraically and gives rise 

to the same forces, the same particles, 

the same rules. The resulting geometric 

structure can be used to determine physi-

cal quantities associated with each space, 

like particle mass.

String theory is often described as a 

mathematically elegant way to explain 

all of physics. But how can we know 

that it describes the real universe?

We cannot know for sure, but the mathe-

matics inspired by string theory solves some 

old, longtime questions. That part is rigor-

ous and its truth cannot be challenged. If 

the structure of the math is deep, it will solve 

something in nature one way or another; it is 

dif� cult to imagine that such deep structure 

corresponds to nothing. Everything funda-

mental in math has ultimately had a mean-

ing in the physical world.

You’ve long promoted mathematics in 

China. How have academic conditions 

changed there over the years?

I � rst went back in 1979, right after China 

opened up to outsiders. People were poor. 

Times were dif� cult. It was bedlam. I saw 

lots of people who were uneducated, 

and I felt I needed to help. By 1985 I’d 

taught about 15 Chinese grad students 

accepted to programs in the States. At 

� rst it was my adviser and mentor, Shiing-

Shen Chern, who went to China and found-

ed a mathematical institute there. I didn’t 

want to interfere with his work, but he was 

getting old and I started to go visit more 

often. In 1994 I was asked to give a speech. 

I said it’s great that China has an open poli-

cy; now we must start moving forward step 

by step, training young people to establish 

an intellectual base.

Eventually you founded four math insti-

tutes in China. How did that happen?

I met with Jiang Zemin, the future presi-

dent, who wanted me to help build up 

math in China. After that, with the help of a 

donor, I built the Institute of Mathematical 

Sciences at the Chinese University of Hong 

Kong followed by three more institutes 

on the mainland—but China has always 

been run in a collaborative way, and other 

universities began demanding part of the 

funds. Still, the institutes have been able to 

carve out some independence, and today I 

go to China � ve or six times a year.

In the past decade, you’ve been critical 

of science and math in China. Why?

The university system is beset by academic 

politics, and it’s dif� cult for young people to 

move ahead. When China opened up, the 

people running things were in their � fties and 

sixties. The same people are still running 

things. Most do not follow modern develop-

ments because of their age. There are some 

brilliant young people, but it is a struggle for 

them to be recognized. Often that happens 

in China only after they are recognized by the 

outside world. I said, “Give some freedom to 

the young guys,” and people got upset.

You’ve commented that at the highest 

levels of accomplishment, Chinese math-

ematicians have far to go, and that the 

best of them have left the country. What 

are the prospects for math and science in 

China today?

The economy has been getting better and 

the government wants to invest more in sci-

ence, so in the long run, I think the future 

is bright. Many more Chinese graduate 

students who come to study in the United 

States will be willing to return to China.

How does China’s relationship with the 

United States come into play?

I see a constructive relationship for aca-

demia. The U.S. gets human resources in 

the form of bright, young Chinese kids. The 

students learn well here, because the U.S. 

provides them with the freedom to research 

in their own way, and some of them will 

bring their knowledge back to China. But 

my goal is to train many more young math-

ematicians within China by providing an 

environment that allows them to focus on 

research and be recognized for their work.

You have criticized the academic sys-

tem in the United States as well.

Young people are under too much pressure 

here. As a result, some of the proofs they 

publish are factually wrong. Before I pub-

lished my proof of the Calabi conjecture, I 

checked it three times. Many young math-

ematicians don’t do that.

Most people don’t realize how political 

math can be: In 2006 The New Yorker 

accused you of taking credit from the 

Russian mathematician Grigory Perel-

man after he proved the famed Poincaré 

conjecture. What happened there?

In a process as intricate and daunting 

as proving the Poincaré conjecture, it is 

understandable that Perelman released his 

manuscript with several key steps merely 

sketched or outlined. One of my students 

tried to � ll in some of the details, and I sup-

ported that. I also said that my friend Rich-

ard Hamilton, a geometer at Columbia Uni-

versity, laid much of the groundwork that 

Perelman ultimately relied on to construct 

his proof. For these things The New Yorker 

tried to accuse me of stealing credit, but that 

is ridiculous. What I think of as the Hamilton-

Perelman proof of the Poincaré conjecture 

is a great triumph for mathematics, and I 

fully support the award of the Fields Medal 

to Perelman. Hamilton deserved the Fields 

Medal too, but he was ineligible because of 

the age restriction [you must be under 40]. 

To suggest that my position has ever been 

any different is completely untrue.

Physicists often talk about the beauty of 

math. What does that mean to you?

The � rst time I saw my wife, I thought she 

was charming—more than charming, shock-

ing to me. I had great motivation to know her 

more. When I look at the Calabi conjecture, it 

shocks me too. It’s an elegant, simple con-

struct and explains a great deal. It’s excit-

ing when you go deeper and deeper into a 

complicated structure that you can spend 

most of a lifetime working on. It was shock-

ing when it showed up in physics, and it’s 

beautiful whether it’s true or not.  
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1 The sultry “dog days of summer” get their name 

from ancient astronomers who noticed that those 

days coincide with the period when Sirius, the 

Dog Star, rises at the same time as the sun. 

2 Bad astronomy: Sirius is the brightest star in 

the sky, but it is just one 10-billionth as bright as 

the sun and has no effect on our weather. 

3 Nerd. Fido will touch his nose to a 

computer screen if it has a picture of a dog 

on it but not if it shows a landscape, University 

of Vienna researchers have found.

4 Austrian scientists have also demonstrated 

that a dog seems to feel “inequity aversion” 

when another dog gets a better treat as a 

reward. The envious dog plays hard to get.

5 South Korean scientists cloned four beagle 

puppies with a gene that produces a � uorescent 

protein that glows red under ultraviolet light. In 

normal light the pups’ bellies and nails are red.

6 Maybe they should have offered a Day-

Glo option. BioArts, a California company, 

recently closed its dog-cloning business. 

One reason: The market was too small.

7 Another problem: “unpredictable 

results,” according to BioArts. In one 

case, the clone of a black-and-white dog 

came out looking greenish yellow.

8 The number of dogs worldwide is estimated 

at 400 million, roughly the human population 

of the United States and Mexico combined.

9 They really do look like their owners. In 

a study conducted at England’s Bath Spa 

University, people matching photos of dog 

owners and dogs chose the right breed (out 

of three) more than half the time. 

10 Half of all owners allow their dogs to lick them 

on the face, but only 10 percent share E. coli 

strains with their pets. The real factor in germ 

transmission may be whether an owner 

washes his hands after playing fetch. 
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11 Fighting a hangover by drinking “the hair of 

the dog that bit you” may have originated in an 

ancient belief that ingesting the hair of a dog that 

literally bit you could guard against infection. 

12 A 2006 study showed that household dogs 

with minimal training can smell early- and 

late-stage lung and breast cancers. Swedish 

oncologists also found that dogs can distin-

guish among types of ovarian cancer. 

 

13 A dog’s nose has roughly 220 million olfactory 

receptors, 40 times as many as humans have.

14 Penn State engineers are trying to design 

an arti� cial sniffer based on the � uid mechan-

ics and odorant transport of the canine nose.

15 Dogs can hear frequencies up to 45,000 Hz, 

about twice as high as humans can. But they’re 

not the champs: Porpoises go to 150,000 Hz.

16 A team led by UCLA biologists concluded 

that small dogs descended from Middle East-

ern gray wolves more than 12,000 years ago. 

The connection was traced through a growth-

factor gene mutation not seen in larger dogs.

17 Much older canid remains have been found 

in Germany, Russia, and Belgium, dating as 

far back as 31,000 years.

18 The reference genome for doggie 

DNA studies is the boxer, a breed 

that has an unusually high degree of 

genetic uniformity. 

19 So that’s why schnauzers look 

like Groucho. According to scientists at the 

National Human Genome Research Institute, 

an alteration in one gene, RSPO2, gives 

dogs wiry eyebrows and mustaches.

20 A variant of another gene, FGF5, pro-

duces long, silky coats, and curly hair comes 

from a mutation in KRT71. All three variants 

produce a coat like that of the Portuguese 

water dog adopted by the First Family. 

REBECCA COFFEY
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