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“If you think you understand quantum mechanics, you don’t understand quantum mechanics.”

Richard Feynman


Preface 

Writing a convincing preface is always a difficult task. In this case, however, I assure you that it was only right to sketch one out. At least this will set the scene for a text that I shamelessly consider to be truly valuable.

I have tried to make friends, relatives, parents and cats read some of the content, and I assure you that this has been frenzied, (especially in the case of the cat).

Many of these people eventually began to develop a passion for the subject. Others, having fallen prey to mysticism, greedily began to pad out their own bookcases with more detailed books. Yet others sheepishly meowed. One person snorted unashamedly. 

But, believe me, each one of them managed to grasp something more about a topic that has a tangible impact on our everyday lives; you can let me know what you think later.

So before I start I would just like to write a few words about the structure of the book, which I would describe as a nice, not too challenging, simplified but not shallow, brief introduction to Quantum Physics.

Obviously, the text is not an essay, but it will help many of you to gain some enthusiasm for a subject with striking and increasingly profound implications.  

Let me start by saying that I have tried to avoid using formulae wherever possible. They would have bored you needlessly (and moreover would have been out of place in a text that is intended for informative but light reading). 

Instead I have inserted “find out more” boxes wherever necessary. 

One piece of advice: the boxes are stand-alone and can be read separately to the text.  In fact, this is probably the right approach to take when confronted with material like this, which should be fluent in itself.  This also goes for those who, if they're honest, rank themselves among the “uninitiated”.  

As for the “sketches” in this book, please be lenient. They are my own work.  Even now, when I look at them critically, they still seem pretty good:  they’re suitable for a text that is fairly informal, after all. 

For the more savvy and inquisitive readers I have also tried to insert some mystical, religious and spiritual inspiration, and so on and so forth. 

Bear in mind, however, that I would never dream of churning out some nonsense that had no scientific basis.  

Hence, out of the numerous half-baked theories available, I have tried to choose the most “reasonable”, if we can call them that.

Moreover, I have added a helpful glossary at the back of the book. This will help to clarify concepts that might have been a bit of a hindrance during the narrative, but which, I felt, were sufficiently important to be included. 

But enough for now. I wish you happy reading; we have already spent too much time chatting.  Science awaits us. I’ll see you on the other side of the mirror. 


Why my cat hates Schrödinger 

You are the only person I like to discuss things with.  Almost everyone goes from the facts to the theory, and not from theory to facts. People are incapable of thinking outside the accepted concepts and they continue to beat about the bush in a grotesque manner.

Albert Einstein on Erwin Schrödinger 

––––––––

––––––––


My cat hates Schrödinger. And if you are patient enough to listen to me you will understand why.

More and more often I find that many of you see Physics, especially Quantum Physics, as a topic to be confined to the laboratory, or at least to the most academic universities.  The stuff of hardcore NERDS; the stuff of stuffy old scientists. 
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Hardcore NERD prototype

––––––––

Nothing could be further from the truth. 

Physics, and especially Quantum Physics, can really make you reassess your view of the world.  If we look closely, modern Physics has, among other things, countless things in common with various eastern religions. Is this merely coincidence? 

Actually, if well-explained, I believe that this is not only fascinating, but also quite understandable (at least in its key concepts). Have faith in your listening skills and let yourself be blown away. 

Ok, ok.  I know that I haven’t yet convinced you, so this is what we’ll do: First of all, I’ll start by illustrating one of the paradoxes that worries the fat family feline the most (though not so much, however, as the “attentions” of my son, if we are really honest).

Its name is:  “The paradox of Schrödinger’s cat”.

A paradox that provides those observing reality with an ESSENTIAL role to play.

The saying that “each is the architect of his own destiny”, could, after reading this, take on a much broader, even mystical, significance.  

Listen to me. Read what I have to say carefully, and try to grasp its most profound implications. You are about to go down the rabbit hole. Lower your head and watch your step.

But first of all, who was Schrödinger? 

Erwin Schrödinger, as well as having a name that I find unpronounceable, was a great mathematician and physicist, famous for his contribution to quantum mechanics. 

Schrödinger’s cat was a thought experiment intended to highlight the theoretical difficulties associated with the measuring process in quantum mechanics.

I’ll explain this a little more clearly, for the sake of the majority.

In classical Physics (the Physics that seems familiar during everyday activities), there are no limitations in the measurement of the features of a physical system. 

For example, there’s nothing to stop us measuring the position, velocity (approximately the same as that of a tortoise), energy etc. of my cat in (slow) motion... The same applies if we are attempting to measure the behaviour of a supersonic jet.  
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Nice, patient tortoise

––––––––
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Supersonic jet

––––––––

What I mean is that, theoretically, nothing could prevent the development of increasingly precise and sophisticated instruments suitable for this purpose.

[image: image]

Instruments inadequate for measuring 

in quantum mechanics

––––––––

However, this is not the case in quantum mechanics. 

Elementary particles (the indivisible particles that are, in a virtual sense, studied in this context), exist in a state that we could call “undefined”. They can only be described by means of mathematical formulae (such as Schrödinger’s “wave function”).

But I assure you that such formulae do not provide a definite result, but rather, to put it simply, a probability that the particle will be found at a particular point, travelling at a particular velocity (Heisenberg's uncertainty principle). 

Only the act of taking a physical measurement will make it possible to obtain a real value; but until such a measurement is carried out, the quantum object will remain in a state that is “objectively indefinite”.   

Disturbances in physical measurements

The German physicist, Heisenberg, undertook to analyse the atomic model of Bohr, who was awarded the Nobel Prize for Physics in 1922, and to point out its limitations. 

For the record, let us not forget that the latter made substantial contributions to the understanding of atomic structure and quantum mechanics.  The Nobel Prize was well-deserved, as anyone would agree. 

Heisenberg made a detailed study, paying particular attention to the orbits made by electrons in the atomic model. 

Effectively, in talking about orbits, it was assumed that both the position and the velocity of the electrons, at any precise moment during their motion, could be known simultaneously.

But that in itself is impossible.

In fact, let’s imagine that we wish to determine the position of an electron by irradiating it with photons (discrete and indivisible amounts of light).  

So that the electron can be detected, it must be hit by a photon that is then deflected towards the observer. 

But obviously this will cause a certain amount of disturbance. In fact, on interacting with the electron, the photon transfers energy to it, thus changing its velocity and direction. 

For the electron to remain observable it must be bombarded by a certain number of photons. Obviously, though, these photons are giving up their energy during these bombardments, which affects and modifies the electron’s state of motion. 

To provide a simpler analogy: it is as though in order to determine the position of a ping pong ball in the dark I was obliged to keep throwing tennis balls at it.

Clearly, I would locate its position sooner or later, but my using this technique would result in its being completely and irrevocably disturbed.  

––––––––

This, therefore, is where the famous feline experiment comes in.  I’ll explain it slowly. 

In front of you there is a box completely isolated from the outside:

- you take a cat (who has consented to this, and who has agreed to sign a special disclaimer)

- a radioactive atom

- a can of radioactive material. 

I recommend that you don’t get these three things mixed up: taking a radioactive cat, a can of atoms of fluorescent cats, or some material written by consenting cats, would not produce the same results.

You close the box and set it aside (praying that the cat doesn’t try to take revenge).  

The point is that we can hypothesise that within one day the atom will decay, and that this will trigger a device that opens the can, which will consequently kill the cat because of the toxic gases that are released (hence the reason for the disclaimer). 

SCIENTIFICALLY: one moment before it opens, the state that describes the total system of the box (atom plus can plus cat) will have a fifty per cent probability of being in the configuration: 

Cat alive - atom intact 

Cat dead - atom decayed

Quite clear so far. Or is it?  

What could, however, throw you off course is that Quantum Physics dictates that the cat will be found in a very strange condition: neither ALIVE nor DEAD.

This is what throws me. It’s fascinating.

The cat is certainly in a state of ANGER, yes, but INDEFINITE. 

Neither ALIVE, nor DEAD.  
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Representation of the famous paradox

To make it clearer, it’s as though nature had taken your two possibilities, and at the very instant you open the box only one is pulled out.

This will be the one you see (to be precise, this corresponds to the Copenhagen Interpretation, the quantum mechanics interpretation most widely shared among scholars).  

Reality is created by the act of observing.

It is you who, in some sense, determine the fate of the cat, which hangs in the balance for the entire time before the opening.

The decay of a radioactive substance (the emission of a particle from part of an atomic nucleus, which transforms it into another element), is a phenomenon that is governed by the principles of quantum mechanics. Until we make a measurement (observe), we cannot know if the decay has taken place.
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