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Positronic Brains baffled!
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Of Time and the river
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block universe

The plane of 
the present

Earth

Moon
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Relativity vs The quantum
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Twin paradox
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http://www.youtube.com/watch?v=f0VOn9r4dq8

Time seriously twisted
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Black Holes Should 
Generate Ring of Light
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How wonderful that we have met 
with a paradox. Now we have 

some hope of making progress. 
– Niels Bohr
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“…there are known knowns; there are things 
we know we know. We also know there are 
known unknowns; that is to say we know 

there are some things we do not know. But 
there are also unknown unknowns – the ones 

we don't know we don't know.” 
— Donald of Rumsfeld
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Three topics

•Delayed choice quantum eraser

•Time symmetric quantum mechanics

•The inflationary vs the endless universe
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Delayed choice 
quantum eraser

•Double slit experiment

•Single slit

•No peeking

•Quantum eraser

•Delayed choice quantum eraser

•Great smoky dragon
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Double slit experiment
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Double slit experiment
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Double slit, in motion
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Single slit, in motion
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If you look, you destroy 
the interference
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Quantum eraser setup
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Quantum eraser, act I

http://grad.physics.sunysb.edu/~amarch/
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Quantum eraser, act II

P S S after slit 1 S after slit 2
X Y R L
Y X L R
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Quantum eraser, act III

Double slit quantum eraser -  Walborn, Cunha, Pádua, Monken
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 θ = 45

 θ = −45
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Great smoky dragon
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Time symmetric 
quantum mechanics

•Reasoning backwards

•Two state formalism

•Weak measurements

•Two experiments

•Backwards in time?
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In solving a problem of this sort, the grand thing is 
to be able to reason backward. 
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transactionAL interpretation

John Cramer’s
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Time symmetry in the 
quantum process of 

measurement
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Aharonov, bergman, lebowitz
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Two-state formalism

•Represent wave 
function by a state 
from past & a state 
from the future

•Looks a lot like the 
usual rules, just from a 
different angle
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x

τ
in a bit

too late

now!
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Weak measurements
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x

τ
pick only those that finish with B

start at value A

now!

use lots of weak measurements
to avoid disturbing the system
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Ultrasensitive Beam Deflection 
Measurement via Interferometric Weak 
Value Amplification

Dixon, Starling, Jordan, & Howell

This mirror moves,
a step at a time
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Backwards in time?
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x

τ
If you measure B or C, 
will the results of the 
weak measurement
change?

start at value A

now!

use lots of weak measurements
to avoid disturbing the system

B

C
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Inflation vs the 
endless universe

•Inflation

•From Eternity to Here, Carroll

•Problems

•Endless universe, Steinhardt & Turok

•Stuff they agree on

•And how to disambiguate!
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Inflate, then slow down
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A universe is born
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Time
Symmetric

Births
Of 

universes
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Very rapid inflation
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Flaws of inflation

•Source of inflationary energy?

•How did space & time begin?

•Why did big bang lead to inflation?

•Why don’t we see runaway inflation?
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Endless universe
Steinhardt & turok
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When branes collide
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Entropy in the endless 
universe
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Five tests survived

•Nearly scale invariant background

•Space flat, not curved

•Matter, dark matter, & radiation have same 
distribution

•Distribution is random in right way

•Slight tilt towards red end of spectrum

44… By inflationary & cyclic!
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Gravitational radiation
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When Ideas have sex
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In other words, our 
ancestors had sex with 
people they knew, but 
their ideas had sex with 
strangers, and this form 
of trade led to trust and 
prosperity.
– Michael Shermer, June 
2010 Scientific 
American
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www.timeandquantummechanics.com

What does that mean? Huh? 
"Time & quantum 

mechanics." 
I don't even know what the 

hell that means. 
– Old Jack Burton, on a dark 

& stormy night
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