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How weird is Quantum Mechanics?

• Everything is “both a particle and a wave”.
• “Uncertainty principle” says we can’t know some things about a

system.
• Indeterminism: QM makes predictions that are probabilities, not

definite predictions.
• “Entanglement”: measurements on one thing seem to affect other

things instantaneously.

“I think it is safe to say that no one understands quantum
mechanics.” (Richard Feynman)

“Anyone who is not shocked by quantum theory has not
understood a single word.” (Niels Bohr)
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Why does QM have to be so weird?

Is it because

I Physicists tend to be strange people with weird ideas.
QM could be replaced by a non-weird theory that works equally well.

I Nature itself is weird.
Any theory that accurately describes nature will have to be weird.

Is there an experiment that could shed light on this?



Einstein-Podolsky-Rosen(-Bohm) experiments



Top-level Executive summary

• What do the experiments show?

EPRB experiments show that nature is “weird” in some way.

• Weird in what way?

The results can only be explained by
influences that travel faster than light.

• But I thought nothing could go faster than light!

As far as we know, no signal can go faster than light.
But the EPRB results can be explained by superluminal influences
that are of a type that can’t be used to send a signal.



Einstein-Podolsky-Rosen-Bohm (EPRB) expt
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The detectors are so far apart that there is no time for influences that
travel slower than light to tell one detector what the other did.
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Testing twins for superluminal abilities

Start with a large crowd of twins.

Each pair of twins is tested once:

I Take the twins far apart.

I Each twin is asked one
randomly-chosen Yes-or-No
question.

I There are three possible
questions, e.g.

A Do you like Avocado?
B Do you like Beef?
C Do you like Cheese?

Avocado? Avocado?

A: A: 

21



(fake) EPRB experimental data

+ = ,, − = /

twin 1 twin 2

Beef: − Cheese:+
Cheese:+ Cheese:+ ⇐

Beef:+ Avocado:−
Avocado:+ Avocado:+ ⇐

Cheese:− Avocado:− ←
Beef:− Beef:− ⇐
Beef:− Avocado:+

Avocado:+ Cheese:−
Beef:+ Avocado:+ ←

Avocado:− Beef:+
Beef:+ Beef:+ ⇐

Cheese:+ Beef:−
...

...

Whenever both twins get asked
the same question, their answers
always agree .

The rest of the time,
when both twins get asked
different questions, their answers

only agree 1/4 of the time .

What does this tell us about twins?



EPRB data: what are the twins doing?

How do the twins manage to always agree when asked
the same question?

(1) When questioned they interact using a faster-than-light influence

(2) They follow a pre-arranged plan

If we can show that they aren’t following a plan,
that means they are using some faster-than-light influence.
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Could the twins be following a plan?

The fact that
{ when asked different questions

they only agree 1/4 of the time

}
says No.

How does that follow?

Bell’s theorem:
If twins are following a plan then, when each twin in a pair is
asked a different randomly chosen question, then on average
their answers will be the same at least 1/3 of the time.

But in the data: when they are asked different questions
they only agree 1/4 of the time.

This can’t happen if you are following a plan!

So there must be a faster-than-light influence that connects them!
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Bell inequality
1) Make a plan for answering three predefined Yes/No questions.
e.g.: A? Yes. B? No. C? Yes.

2) Suppose you are asked two (different) random questions.

If you follow your plan when giving your answers, how likely is it
that you will end up giving the same answer to both questions?

Answer: at least 1/3 of the time

No No
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Yes

Yes

Yes

Yes Yes No No No

always always
the time 
1/3 of

the time 
1/3 of

If your answers don’t obey the Bell inequality, then you cannot be following a
plan. You must be “making up some answers on the spot”. Indeterminism!
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Summary: Nature contains superluminal
influences

• EPR-type experiments show phenomena that can only be explained if

there are superluminal influences in nature.

• Einstein’s theory of relativity is not (noticeably) violated:

The superluminal influences can be of a kind
that can’t be used to send signals.

How can there be a superluminal influence
that can’t be used to send superluminal signals?

In Quantum Mechanics, the superluminal influence operates between
uncontrollably random events.
Sending a signal requires a controllable influence.



What next?

I Do EPRB experiments say anything about determinism?

I QM uses indeterminism to avoid superluminal signalling.
I Is there a deterministic theory that can do the same thing?
I Or do EPRB experiments also tell us that there is

indeterminism in Nature?

I Perform better experiments that close some remaining loopholes,
e.g. the “random choices” loophole: ensure that each experimenter
uses an independent random choice generator. e.g.
http://arxiv.org/abs/1611.06985

http://arxiv.org/abs/1611.06985

