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All	true.	But	this	is	not	
what	mo/vates	me.



Why	theore/cal	physics?

Why	is	there	something	rather	than	nothing?	
Where	do	we	come	from,	and	where	do	we	go?	
What	is	the	nature	of	reality	and	our	place	in	it?

Science:	quest	for	answers,	but	without	fooling	ourselves.



An EPR apparatus. The experimental setup consists of two detectors, A and B, and a source of something ("particles"
or whatever) C. To start a run, the experimenter pushes the button on C; something passes from C to both detectors.
Shortly after the button is pushed each detector flashes one of its lights. Putting a brick between the source and one of
the detectors prevents that detector from flashing, and moving the detectors farther away from the source increases the
delay between when the button is pushed and when the lights flash. The switch settings on the detectors vary randomly
from one run to another. Note that there are no connections between the three parts of the apparatus, other than via
whatever it is that passes from C to A and B. The photo below shows a realization of such an experiment in the
laboratory of Alain Aspect in Orsay, France. In the center of the lab is a vacuum chamber where individual calcium
atoms are excited by the two lasers visible in the picture. The re-emitted photons travel 6 meters through the pipes to
be detected by a two-channel polarizer. Figure 1
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Attitudes toward this particular 50-
year sequence of intellectual history
and scientific discovery vary widely.9
From the very start Bohr certainly took
it seriously. Leon Rosenfeld describes10

the impact of the EPR argument:
This onslaught came down upon us
as a bolt from the blue. Its effect
on Bohr was remarkable. . . . A
new worry could not have come at
a less propitious time. Yet, as soon
as Bohr had heard my report of
Einstein's argument, everything
else was abandoned.
Bell's contribution has become cele-

brated in what might be called semi-
popular culture. We read, for example,
in The Dancing Wu Li Masters that11

Some physicists are convinced that
[Bell's theorem] is the most impor-
tant single work, perhaps, in the
history of physics.

And indeed, Henry Stapp, a particle
theorist at Berkeley, writes that12

Bell's theorem is the most pro-
found discovery of science.
At the other end of the spectrum,

Abraham Pais, in his recent biography
of Einstein, writes13 of the EPR arti-
cle—that "bolt from the blue," the
basis for "the most profound discovery
of science":

The only part of this article which
will ultimately survive, I believe,
is . . . a phrase ["No reasonable de-
finition of reality could be expected
to permit this"] which so poignant-
ly summarizes Einstein's views on
quantum mechanics in his later
years.
I think it is fair to say that more

physicists would side with Pais than
with Stapp, but between the majority
position of near indifference and the
minority position of wild extravagance
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Data produced by the apparatus of figure
1. This is a fragment of an enormous set
of data generated by many, many runs:
Each entry shows the switch settings and
the colors of the lights that flashed for a
run. The switch settings are changed
randomly from run to run. Figure 3

is an attitude I would characterize as
balanced. This was expressed to me
most succinctly by a distinguished
Princeton physicist on the occasion of
my asking how he thought Einstein
would have reacted to Bell's theorem.
He said that Einstein would have gone
home and thought about it hard for
several weeks—that he couldn't guess
what he would then have said, except
that it would have been extremely
interesting. He was sure that Einstein
would have been very bothered by
Bell's theorem. Then he added,

Anybody who's not bothered by
Bell's theorem has to have rocks in
his head.
To this moderate point of view I

would only add the observation that
contemporary physicists come in two
varieties. Type 1 physicists are both-
ered by EPR and Bell's theorem. Type
2 (the majority) are not, but one has to
distinguish two subvarieties. Type 2a
physicists explain why they are not
bothered. Their explanations tend ei-
ther to miss the point entirely (like
Bom's to Einstein) or to contain phys-
ical assertions that can be shown to be
false. Type 2b are not bothered and
refuse to explain why. Their position is
unassailable. (There is a variant of
type 2b who say that Bohr straightened
out14 the whole business, but refuse to
explain how.)

A gedanken demonstration
To enable you to test which category

you belong to, I shall describe, in black-
box terms, a very simple version of
Bell's gedanken experiment, deferring
to the very end any reference whatever
either to the underlying mechanism
that makes the gadget work or to the
quantum-theoretic analysis that ac-
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1:	if	it’s	the	le]	shoe:	G;	right	shoe:	R.	
2:	if	the	shoe	is	dirty:	R;	if	the	shoe	is	clean:	G.	
3:	…

Example:
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is an attitude I would characterize as
balanced. This was expressed to me
most succinctly by a distinguished
Princeton physicist on the occasion of
my asking how he thought Einstein
would have reacted to Bell's theorem.
He said that Einstein would have gone
home and thought about it hard for
several weeks—that he couldn't guess
what he would then have said, except
that it would have been extremely
interesting. He was sure that Einstein
would have been very bothered by
Bell's theorem. Then he added,

Anybody who's not bothered by
Bell's theorem has to have rocks in
his head.
To this moderate point of view I

would only add the observation that
contemporary physicists come in two
varieties. Type 1 physicists are both-
ered by EPR and Bell's theorem. Type
2 (the majority) are not, but one has to
distinguish two subvarieties. Type 2a
physicists explain why they are not
bothered. Their explanations tend ei-
ther to miss the point entirely (like
Bom's to Einstein) or to contain phys-
ical assertions that can be shown to be
false. Type 2b are not bothered and
refuse to explain why. Their position is
unassailable. (There is a variant of
type 2b who say that Bohr straightened
out14 the whole business, but refuse to
explain how.)

A gedanken demonstration
To enable you to test which category

you belong to, I shall describe, in black-
box terms, a very simple version of
Bell's gedanken experiment, deferring
to the very end any reference whatever
either to the underlying mechanism
that makes the gadget work or to the
quantum-theoretic analysis that ac-
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Suppose	that	
same	seIngs	means	
same	flash	colours.
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Data produced by the apparatus of figure
1. This is a fragment of an enormous set
of data generated by many, many runs:
Each entry shows the switch settings and
the colors of the lights that flashed for a
run. The switch settings are changed
randomly from run to run. Figure 3

is an attitude I would characterize as
balanced. This was expressed to me
most succinctly by a distinguished
Princeton physicist on the occasion of
my asking how he thought Einstein
would have reacted to Bell's theorem.
He said that Einstein would have gone
home and thought about it hard for
several weeks—that he couldn't guess
what he would then have said, except
that it would have been extremely
interesting. He was sure that Einstein
would have been very bothered by
Bell's theorem. Then he added,

Anybody who's not bothered by
Bell's theorem has to have rocks in
his head.
To this moderate point of view I

would only add the observation that
contemporary physicists come in two
varieties. Type 1 physicists are both-
ered by EPR and Bell's theorem. Type
2 (the majority) are not, but one has to
distinguish two subvarieties. Type 2a
physicists explain why they are not
bothered. Their explanations tend ei-
ther to miss the point entirely (like
Bom's to Einstein) or to contain phys-
ical assertions that can be shown to be
false. Type 2b are not bothered and
refuse to explain why. Their position is
unassailable. (There is a variant of
type 2b who say that Bohr straightened
out14 the whole business, but refuse to
explain how.)

A gedanken demonstration
To enable you to test which category

you belong to, I shall describe, in black-
box terms, a very simple version of
Bell's gedanken experiment, deferring
to the very end any reference whatever
either to the underlying mechanism
that makes the gadget work or to the
quantum-theoretic analysis that ac-
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Suppose	that	
same	seIngs	means	
same	flash	colours.

Bell’s	Theorem:	If	no	communica/on	between	A	and	B,	and	if	things	sent	
have	actual	proper+es	before	they	arrive	(“realism”)	—	
then	also	different	seIngs	must	give	same	colour	at	least	66%	of	/me.

What	quantum	theory	can	tell	us



An EPR apparatus. The experimental setup consists of two detectors, A and B, and a source of something ("particles"
or whatever) C. To start a run, the experimenter pushes the button on C; something passes from C to both detectors.
Shortly after the button is pushed each detector flashes one of its lights. Putting a brick between the source and one of
the detectors prevents that detector from flashing, and moving the detectors farther away from the source increases the
delay between when the button is pushed and when the lights flash. The switch settings on the detectors vary randomly
from one run to another. Note that there are no connections between the three parts of the apparatus, other than via
whatever it is that passes from C to A and B. The photo below shows a realization of such an experiment in the
laboratory of Alain Aspect in Orsay, France. In the center of the lab is a vacuum chamber where individual calcium
atoms are excited by the two lasers visible in the picture. The re-emitted photons travel 6 meters through the pipes to
be detected by a two-channel polarizer. Figure 1
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Attitudes toward this particular 50-
year sequence of intellectual history
and scientific discovery vary widely.9
From the very start Bohr certainly took
it seriously. Leon Rosenfeld describes10

the impact of the EPR argument:
This onslaught came down upon us
as a bolt from the blue. Its effect
on Bohr was remarkable. . . . A
new worry could not have come at
a less propitious time. Yet, as soon
as Bohr had heard my report of
Einstein's argument, everything
else was abandoned.
Bell's contribution has become cele-

brated in what might be called semi-
popular culture. We read, for example,
in The Dancing Wu Li Masters that11

Some physicists are convinced that
[Bell's theorem] is the most impor-
tant single work, perhaps, in the
history of physics.

And indeed, Henry Stapp, a particle
theorist at Berkeley, writes that12

Bell's theorem is the most pro-
found discovery of science.
At the other end of the spectrum,

Abraham Pais, in his recent biography
of Einstein, writes13 of the EPR arti-
cle—that "bolt from the blue," the
basis for "the most profound discovery
of science":

The only part of this article which
will ultimately survive, I believe,
is . . . a phrase ["No reasonable de-
finition of reality could be expected
to permit this"] which so poignant-
ly summarizes Einstein's views on
quantum mechanics in his later
years.
I think it is fair to say that more

physicists would side with Pais than
with Stapp, but between the majority
position of near indifference and the
minority position of wild extravagance
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1. This is a fragment of an enormous set
of data generated by many, many runs:
Each entry shows the switch settings and
the colors of the lights that flashed for a
run. The switch settings are changed
randomly from run to run. Figure 3

is an attitude I would characterize as
balanced. This was expressed to me
most succinctly by a distinguished
Princeton physicist on the occasion of
my asking how he thought Einstein
would have reacted to Bell's theorem.
He said that Einstein would have gone
home and thought about it hard for
several weeks—that he couldn't guess
what he would then have said, except
that it would have been extremely
interesting. He was sure that Einstein
would have been very bothered by
Bell's theorem. Then he added,

Anybody who's not bothered by
Bell's theorem has to have rocks in
his head.
To this moderate point of view I

would only add the observation that
contemporary physicists come in two
varieties. Type 1 physicists are both-
ered by EPR and Bell's theorem. Type
2 (the majority) are not, but one has to
distinguish two subvarieties. Type 2a
physicists explain why they are not
bothered. Their explanations tend ei-
ther to miss the point entirely (like
Bom's to Einstein) or to contain phys-
ical assertions that can be shown to be
false. Type 2b are not bothered and
refuse to explain why. Their position is
unassailable. (There is a variant of
type 2b who say that Bohr straightened
out14 the whole business, but refuse to
explain how.)

A gedanken demonstration
To enable you to test which category

you belong to, I shall describe, in black-
box terms, a very simple version of
Bell's gedanken experiment, deferring
to the very end any reference whatever
either to the underlying mechanism
that makes the gadget work or to the
quantum-theoretic analysis that ac-
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An EPR apparatus. The experimental setup consists of two detectors, A and B, and a source of something ("particles"
or whatever) C. To start a run, the experimenter pushes the button on C; something passes from C to both detectors.
Shortly after the button is pushed each detector flashes one of its lights. Putting a brick between the source and one of
the detectors prevents that detector from flashing, and moving the detectors farther away from the source increases the
delay between when the button is pushed and when the lights flash. The switch settings on the detectors vary randomly
from one run to another. Note that there are no connections between the three parts of the apparatus, other than via
whatever it is that passes from C to A and B. The photo below shows a realization of such an experiment in the
laboratory of Alain Aspect in Orsay, France. In the center of the lab is a vacuum chamber where individual calcium
atoms are excited by the two lasers visible in the picture. The re-emitted photons travel 6 meters through the pipes to
be detected by a two-channel polarizer. Figure 1
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Quantum	predic/on	and	experiment:	
only	50%	of	'me! !

Bell’s	Theorem:	If	no	communica/on	between	A	and	B,	and	if	things	sent	
have	actual	proper+es	before	they	arrive	(“realism”)	—	
then	also	different	seIngs	must	give	same	colour	at	least	66%	of	/me.

What	quantum	theory	can	tell	us



Our	most	naive	version	of	realism	must	be	false:	
	some/mes	“things”	don’t	have	proper/es	before	they	are	“observed”!

“experimental	metaphysics”

What	quantum	theory	can	tell	us



Our	most	naive	version	of	realism	must	be	false:	
	some/mes	“things”	don’t	have	proper/es	before	they	are	“observed”!

“experimental	metaphysics”

Schrödinger’s	cat

Popular	account:	
“The	cat	is	dead	and	alive	at	the	same	/me.”	
Not	quite.	Rather:	Before	we	measure,	the	
proposi/on	“is	the	cat	alive?”	cannot	
consistently	be	ahributed	a	truth	value.

What	quantum	theory	can	tell	us



Our	most	naive	version	of	realism	must	be	false:	
	some/mes	“things”	don’t	have	proper/es	before	they	are	“observed”!

Schrödinger’s	cat

Popular	account:	
“The	cat	is	dead	and	alive	at	the	same	/me.”	
Not	quite.	Rather:	Before	we	measure,	the	
proposi/on	“is	the	cat	alive?”	cannot	
consistently	be	ahributed	a	truth	value.

Fascina/ng	and	awe-inspiring,	but	
no	direct	consequences	at	all	for	every-day	life.	

More	in	discussion.

What	quantum	theory	can	tell	us



My	own	work

Suggested	approach:	fundamentally	there	is	not	“world”	
of	“things”	with	“proper/es”	—	but	“mind”	in	some	sense.
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My	own	work

Suggested	approach:	fundamentally	there	is	not	“world”	
of	“things”	with	“proper/es”	—	but	“mind”	in	some	sense.

• 1994	as	a	teenager:	first	idea	
• 2006:	first	version	of	paper	
• July	20,	2020:	publica/on	(of	295th	version)



Challenges

• Dis/nguish	own	work	from	pseudoscience	

• Communicate	a	very	counterintui've	worldview	

• Actual	content	in	the	math,	but	hard	to	digest	

• Funding	for	work	on	the	boundary	of	physics	and	philosophy	

• Get	heard	at	all	in	an	extremely	noisy	world	
that	rewards	overhype,	not	depth	of	thought



Curious	about

• Connect	more	with	philosophers

• How	to	give	younger(-than-myself)	
researchers	a	voice,	beher	
job	security,	more	diversity	
and	/me	to	think	crea/vely?

• How	to	do	science	communica/on	
without	overhype	and	oversimplifica'on?


