“Great Quantum Debate”

ACT 2. Quantum Physics Jam Session
5 Robot actors in order of their appearance are:

1. Professor Marie Sklodowska-Curie
2. Schrödinger’s Cat
3. Sir Isaac Newton
4. Professor Niels Bohr 
5. Professor Albert Einstein
6. Countess Quanta

Act 2. Curie’s Salon. The walls are decorated with 1930’s European furniture and paintings on walls. German, Austrian, Danish and British style lamps and lights. See slides. This place is a hybrid of Paris salon from the thirties of twenty century, and a Physicists’ Heaven where there is no time, no space, and only mathematics around. Some oriental, especially Chinese paintings and items that were fashionable at this time. Some ikebana and flowers. Portraits of Pierre Curie and family of Marie in Poland.
	
	Slides
	Sounds
	Lights 

	A young girl comes, curties and shifts the courtain to make even more space. She rotates the BackProp and does some other space arrangements. In this musical humans only move and gesture. They do not speak. They are completely silent. The emphasis is on robots.
	
	
	

	Interaction 2.1. 
Clocks speeds up and goes from 1921 to 1932

Somebody knocks the door

Marie Curie. Here they are, I waited for them, 11 years. This is the accuracy of theoretical physicists.

Einstein and Bohr. We are sorry, we just had some little conversation and we forgot about your invitation.

Einstein, Bohr and Marie take their instruments and positions.
Bohr. Let’s start.

Marie plays various musical instruments with her hands and plays percussion instruments with her both legs. Marie switches from one percussion instrument to another. Plays piano after rotating her whole body.

Einstein plays violin.

Bohr plays piano.
Cat is the central figure. Dances and sings. 

Bohr is afraid of the cat that attacks him from time to time, he keeps distance from the cat. 

If not occupied with eating, he follows any close robot. Bohr keeps constant distance from cat but explores around. 

Bohr follows random robot. Omits when too close.  They all seem to dance together.
Einstein (to Curie). Where is the restroom?
Curie (points with hand). 

Einstein (leaves).
	Slide 2.12:

Another picture of Schrödinger cat.
	
	

	Schrödinger’s Cat sings:
A lively little quantum 7

went darting through the air, 6
Just as happy quanta 6

go speeding everywhere. 6
He traveled far – this quantum 7

-- urged as if by a call, 6
When he saw a lonely atom 8

with no signs of pep at all, 7
And he started for that atom 9

 in the highest of elation, 8
Said he: “Here’s where I show 6

the trick of transmutation. 7
I’m going to hit that atom 6

 such an awful, awful whack, 8
That I’ll knock out its electrons 8

so far they can’t get back.” 6
So he gave that peaceful atom 8

such an energetic shove, 7
That its outermost electrons 8

soared to levels far above. 7
	Slide 2.13: Atoms. Ions, electrons and quantum effects

	Found on internet, no melody known
	

	Marie Curie and Schrödinger’s Cat: (sing together and dance):
Then the atom got excited, 
and held the quantum fast,
Until the last electron 
came tumbling back at last.
Then the quantum was released, 
and fled in degradation,
While the atom got the credit
 for a lot of radiation.
(Marie plays drums).
	Slide 1.14:

Atoms and radiation.

 
	
	

	Bohr: 

(to cat, mockingly) Thank you.

Newton. (arrives in a hurry, breathes heavily)

Newton. I am sorry that I am late.
Curie: Did you have some interesting conversation for 12 years,…, as well?
Newton. No, I was just learning this new science. I had no time to look at the clock.
Bohr: 

 (to Newton):
As I was saying, at this level, your laws don’t seem to work that well. 
This requires a different branch of physics to explain, and that is why I am sitting here, because I, and some others like Schrödinger and Heisenberg discovered a set of laws, dubbed quantum mechanics, which applies to how particles behave at the subatomic level. Atoms can change into other atoms, and the behavior of particles is probabilistic…

Einstein: (just enters the room and hears this)

(Angrily, jumping up and down) I beg to differ! God does not play dice!
	Slide 1.15:

Heisenberg Uncertainty Principle or Quantum Measurement and probability.
	
	

	Schrödinger’s Cat: (Sighing theatrically) Einstein, Einstein, stop telling God what to do!

Bohr: (Impatiently, to Einstein and Schrödinger’s cat) 
Yes, yes, we get it. 
But this is not the time for contradictions. 
We must first explain to Mister Newton why we are trying to educate him. 
(To Newton) Anyways, quantum mechanics explains how subatomic particles behave. 
	Slide 1.16:

God playing Dice
	
	


	Interaction 2.2. 

Cat is occupied with himself. Dances and sings, but not in center. 

Newton communicates with Bohr. 

They both keep distance. 

Never bounce, come close and go apart again. 

Einstein turns or drives always to the person who talks but keeps distance.
	Slide 1.17:

Einstein, Newton, Bohr, SchrÖdinger or some other famous physicists
	
	

	Bohr (continuing) Also, Einstein here-

Newton: What, this idiot?

Einstein: (opens mouth in anger) Ehh.!

Schrödinger’ Cat: Yes, yes, Professor Albert Einstein (points to Einstein) here has discovered laws that govern very large objects, such as stars. 
	Slide 1.18:

Einstein with tongue out, famous photo.
	
	

	Newton: What? Doesn’t gravity-

Einstein: (patronizingly to Newton). Yes, it does. In fact, gravity does  more at the cosmological level than even you had predicted. 
However, according to Professor Schrödinger,  her owner (points to Schrödinger’s cat), it does not have as big a role at the subatomic level. 
	Slide 1.19:

Newton gravity and relativistic gravity
	
	


	Interaction 2.3. 
Cat and Einstein in intense communication.  Newton tries to break in. They all keep distances. Never bounce, come close and go apart again. The robot vision software prevents the robots from any collisions, despite fast and chaotic motion of all of them.
	Slide 1.20.
Einstein and Schrodinger Cat
	
	

	Schrödinger’s Cat (meows and bows with deep satisfaction of being mentioned). 
	
	
	

	Einstein (not paying any attention to the cat or anybody else, continues) 
However, contradictory to what you might have been expecting, the universe is expanding, as in, all the galaxies are moving apart so rapidly that you can see it on a telescope. 
Another force, dark energy by name, pulls the galaxies apart more rapidly than gravity can pull them together. 
I have discovered that space and time together form a four dimensional space. I have called this spacetime. Think of spacetime as a rubber sheet. When you place a large object, such as a star, on spacetime, it is like putting a large ball on a rubber sheet. 
	Slide 1.21. Dark Energy, 
Space time

	
	

	Schrodinger’s Cat: (frightened) I hope he does not want to make me this large object. I remember when Professor Schrödinger last time put me to a box…
	Slide 1.22.
Some new cruel experiment with a cat.
	
	

	Einstein:  (to the cat) You are not a star. Thus…, wait, what did I say?. Aha. (thinks to remind himself) The object makes a dent in the rubber sheet, and the paths of passing objects, such as planets, will change because of the dent. This is a basic model for gravity, and it is why the earth revolves around the sun. Now, because of gravity’s influence on spacetime, gravity can actually slow time around a large cosmological object such as a star. Evidence also shows that light will bend when passing through a gravitational field.
	Slide 1.23. Gravity and spacetime

	
	

	Interaction 2.4.

 Newton and Bohr come close. 

They seem to dance forward and backward, coming close and dancing around. 

Cat tries to be involved in their interaction. 
	Slide 1.24.
Atom inside
	
	

	Newton: (To Bohr) Interesting. And why do my laws not work for the very small, mister…
	
	
	

	Bohr: (to Newton) And, when we say small, we mean extremely small. 
Objects far smaller than the ones you have ever tested. 
You see, with our new advances in technology, we have created probes and microscopes so powerful that we can see the individual atom itself. What we have seen confirms theories made long after your time. Firstly, unlike the first atomic theories, we have discovered that the atom is not, in fact, indestructible. The atom is made of three elementary particles: the electron, the proton, and the neutron. 
Now, the proton has a charge of positive one, and the electron has a charge of negative one, and the neutron has no charge at all. 
We have created large particle accelerators that can break apart protons and neutrons-
	Slide 1.25.
Atom and microscope or something similar.
	
	

	Newton: (Astounded, to the audience at large) 

You don’t mean to tell me that even protons and neutrons are-
	Slide 1.26.
Grand Particle Accelerator from CERN
	
	

	Schrödinger’s Cat: Yes, we do mean to tell you.
	
	
	


	Interaction 2.5. Newton remains still in the middle of the stage. Einstein and Bohr come close. They seem to dance forward and backward, coming close and dancing around. Cat tries to be involved in their interaction. 
	Slide 1.27.

Painting of Newton looking like idiot
	
	

	Einstein:  Newton, you are the stupidest physics professor I have ever met! 
I have even to explain you what a Non-Euclidean geometry is. 
I think that you ought to replace your head.
	
	
	

	Newton: (repeats in a frightened voice, uses arms and hands to protect himself from Einstein’s aggression.) I am clever, I am an  Oxford professor. I am a Master Warden of the Mint of His Majesty the King of England, I am… How can you even think about violating a single axiom of Euclides.??!!
	
	
	

	While Newton multiplies his royal titles and achievements, a very young live student, a little girl, walks in and curtsies theatrically to the audience.
	
	
	

	She goes to Newton and tries to reach his head. It is too high.
	Slide 1.28.

Painting of a man changing head of a robot or another man.
	
	

	She bows low to the public in an Asian style
	
	
	

	She comes back with a little ladder and puts it near Newton.
	
	
	

	She goes back and comes back with a big hat on her head. She removes new Newton head from the hat and puts it on the body of Newton.
	
	
	

	She curtsies theatrically last time and leaves the stage.
	
	
	

	Newton: 

(for a while he does nothing. 

Then shakes body enthusiastically.

Then he shouts in a youthful energetic voice)

Now I understand everything, even the Non-Euclidean Geometry. 
I am clever now.
	Slide 1.29.

Young Newton and Young Turing with Turing Machine
	In another variants Newton has two faces on head and rotates from old to young
	


	Interaction 2.6.

Newton stands still in the middle. Einstein and Bohr come close. They seem to dance forward and backward, coming close and dancing around. Cat tries to be involved in their interaction. 
	
	
	

	Bohr: (continues).

So, what was I saying? Ah, yes. When we died, some physicists theorized - 
	
	
	

	Newton: How do you know it if this happened after your death?

 Cat: (together) The Internet.  I will teach you how to use it. If you do not understand Internet, Newton, think about God. Internet sees everything, knows everything about you, is benevolent and does you always good.
(Newton is amazed).
Bohr: (continues).

The protons and neutrons are clumped into a tiny ball at the center of the atom, called the nucleus. Now, you might wonder, how are two positively charged protons clumped together so tightly in the nucleus?

Newton:  I know that! Now stop treating me like I am five years old, and asking me stupid questions! I am a physics professor, you know, and I know very well that strong nuclear force holds protons together! 

Bohr: (affronted, mocking) Well, excuse me.
	Slide 1.30.

The Internet

Slide 1.31.

Protons and Nuclear Forces
	
	

	Einstein: (Muttering): Hm. It seems as if he really has changed his head!

Newton: (Snottily): Don’t be silly! How could I have changed  my head? You know, in order to change your head, you have to either remove your head and put on another one, which is impossible because you would die first, or you would have to have on two heads at once, and let’s face it, no one can have two heads at once- however, and electron could be in two places at once-
	Slide 1.32.

Photo of very surprised Einstein
	
	


	Interaction 2.7. 
Newton dances quickly in the middle. Einstein and Bohr dance around him. Cat dances forward and backward, coming close and dancing around. Cat and Newton try to be involved in Einstein/Bohr interaction. 
	Slide 1.33.

Schrödinger Cat State – superposition
	
	

	Bohr: slaps his forehead with his hand

Einstein: (losing control) SHUT UP!
Schrödinger’s Cat:  I not only can be in two places at once, but I can be even dead and alive at the same time.
	
	
	

	Newton: (laughs) but that’s impossible!

Bohr (continues).  Well, you know, according to the principle of indeterminancy, anything is possible, and nothing can be predicted by the laws of physics.

(Schrödinger’s cat starts to get bored)

Newton: Well, you have a point, but that only predicts the position of atoms or electrons- 

(Schrödinger’s cat falls asleep and snores loudly every once in a while)
	Slide 1.34.

Heisenberg Principle picture
	
	


	Interaction 2.8. 
Einstein dances in circles in the middle. Cat, Newton and Bohr dance in line around him. Cat however dances forward and backward, coming close and dancing around. Cat and Newton try to be involved in Einstein/Bohr interaction by random motions from time to time towards Einstein. Cat falls to sleep and is awaken from time to time.
	Slide 1.35.

Measurement of Cat State together with God playing dice.
	
	

	Einstein: (Angrily, pointing at Bohr) Here’s where I don’t believe you two. It cannot be that there are absolutely no laws governing the electron, that it can be anywhere. There must be something systematic! God does not play dice!

Bohr: (to Einstein, with bored expression) Yeah, yeah. (to Newton): Professor Einstein’s frustration is understandable. The idea behind quantum mechanics is extremely strange, certainly-
	
	
	

	Einstein: Strange, ugh. (to the audience), let me give you an example of the full picture of quantum mechanics. (he is truly mad). You see, the atom consists of the nucleus and the electron cloud. Now, if the nucleus of an atom were the size of a poppy seed, the rest of the atom would be larger than a palace. 

Newton: I know that!

Bohr: (irritated) He wasn’t talking to you, he was talking to the audience.

Einstein: As I was saying, the atom is mostly empty space. Now, according to quantum theory, the nucleus could be anywhere inside the atom. Just think about it. This means that an atom can pass right through another one, because the empty spaces can line up. So, according to quantum theory, it is possible for us to walk straight through a wall. Although the chances are miniscule, it is possible that the nuclei of the wall and the nuclei of our body never touched if we walked at the wall. So, how can you simply call this ‘strange’? Quantum mechanics is like gluing an elephant, a gorilla, a snake, and a horse and calling it the finest creation of evolution.
	Slide 1.36.

Nucleus and the electron cloud.
	
	


	Interaction 2.9.

Bohr stands in the middle. Cat sleeps and snores. Newton and Einstein dance in line around him, forward and backward, coming closer and further apart. Newton tries  to be involved in Einstein/Bohr interaction by random motions from time to time towards Einstein. Bohr is angry and excited.
	Slide 2.37.

Offended cat.
	
	

	(Schrödinger’s cat wakes up suddenly)

Schrödinger’s cat: (Looks at Einstein in a comically offended expression, points at himself) I am insulted!

Bohr:  (complex, weird) though the idea undoubtedly is, it has been proven several times. We even have a picture of the electron in two places at once!
	
	
	

	Newton: (raises a finger) Well, technically-

Bohr: SHUT UP!

Einstein: (Angry) So what? How do you know that that other electron wasn’t just an escaped piece of beta radiation? According to you-

Bohr: (Also angry) Do you know how small the chances of that are?
	Slide 2.38.

Bohr, Einstein and Newton arguing.
	
	


	Interaction 2.10.

Cat is extremely excited. Dances and makes gestures towards other robots. Bohr in circles in the middle. Newton and Einstein dance in line around him, forward and backward, coming closer and further apart. Newton tries to be involved in Einstein/Bohr interaction by random motions from time to time towards Einstein. Bohr is angry and excited.
	Slide 2.39.

Some funny photo of a cat
	EPR experiment and entanglement
	

	Schrödinger’s Cat: (wearily, asks for silence with his gestures) Now, now,  don’t fight professors.  (to audience) I tell you. I truly love these physics professors, although they do mistreat me. (talks to teenagers in the audience) … and you? I love physics. And you? (to audience). Do you like to take classes? (sings and dances)
	
	
	Depending on the answer of the audience “yes” or”no” the cat can add some didactic talk about physics

	Schrödinger’s Cat: (to professors). And now, I will tell you about the Einstein-Podolsky-Rosen experiment.
	Slide 2.40.

Einstein, Podolsky, Rosen paper and Entanglement
	
	

	(Sings)

Two photons, close-coupled at start,

Flew several parsecs apart.

Said one, in distress,
“What you’re forced to express
Removes any choice on my part.”
Bohr: 

“Electrons all jumbled like rice?”
Quoth Einstein, “That’s too high a price.”
In reply, answered God
“Well I don’t find it odd.

So shut-up and let me play dice.”
	
	
	


	Interaction 2.11. 
(terrible life of Schrödinger’s Cat): 


	SLIDE 

Slide 2.41.


A terrible life of the Schrödinger’s Cat 
	Narrator’s  Voice


 A terrible life of the Schrödinger’s Cat
	

	Schrödinger’s Cat (turns to audience): 
Well, that’s what the discussion of the three greatest physicists ever to exist would probably be like. 
Clearly (gestures at Einstein and Bohr) there are still issues that remain to be solved in the world of physics. 
You will hear from us soon, and now please ask me questions, for I am the famous Schrödinger’s Cat, about whom have you heard. 
You may also ask questions to these … professors,…, if you wish to. 
But first I will tell you my sad story, about which you will hear more soon.
	
	
	Light on cat

	Schrödinger’s Cat (sings and dances)

You may have read about the Schroedinger’s cat, 

the Schroedinger’s cat
None of the cats in the whole world is like that, is like that.
Schroedinger cat. Cat.
Marie Curie: (dances and plays drums and other instruments)

He is truly unusual scientific cat 
(so it can be said)
He is simultaneously alive and dead! 
Alive and dead. 

Ehh.

Marie Curie: (dances and plays her percussion)
	Slide 2.42.

Schrödinger Cat tortures.
	
	

	Newton: (sings)
What I don’t understand is just why he
Can’t be one or other, unquestionably.
	Slide 2.43.

Eigenstates and Eigenvalues of a matrix
	
	

	Schrödinger’s Cat: (sings)

My future now hangs in between eigenstates.

In one I’m enlightened, the other I ain’t.
	
	
	

	Einstein: (sings and dances)

If you understand, then show him the way
And rescue his psyche from quantum decay.
	
	
	

	Einstein:

If you care about animal rights,
Consider the horrible plights,
Of Schrödinger’s cat,
And others like that,
For many long days and nights.
	
	
	

	Bohr: (sings and gestures with hands rhytmically)

But if this queer thing has perplexed even you,

Then I will and won’t see you in Schrödinger’s zoo.
	
	
	

	
	Slide 2.44.

A computer
	
	

	Marie Curie: plays instruments and sings. Occasionally kicks legs.
	Slide 2.45.

Some stuff of Curie Sklodowska in Poland
	
	Fogg Machine:

All robots disappear in fogg. 

Lights are dimmed.

	Lights go off.
	
	
	

	Interaction 2.12. 
Marie Curie: Gentlemen, I have to spoil your good humor. As scientists, we cannot just enjoy theory and play with it as children…. We have social responsibilities.

Einstein: Come on, you again will talk about the war and your Radio-Medicine help to war victims?
Marie Curie: No, the case is even more dangerous than the past Great War. I allowed myself to invite one more guest. This individuum comes from future.

Einstein: Is it a woman?

Marie Curie: I do not know, it does not matter now. It is only important what “it” says.
Countess Quanta (enters).

My name is Countess Quanta.
Newton (sights).

Components of your name sound familiar but how they come together?

Countess Quanta 
I am a master in counting. My brain is quantum. I think in Hilbert Space. I feel in Feynman Diagrams. I operate on Quantum Field Quantum Machine Learning Grover-like Lloyd-like algorithms.

Bohr: What is this thing talking about? (to Quanta) Hey, are you a human?

Countess Quanta 
I am a future quantum-computer-enhanced human. I come from future.

Bohr and Einstein: How this can be?

Countess Quanta 
Based on the theories that you Albert and you Niels started. Based on the way of thinking that comes from you Sir Isaac. I have however no time to explain.

Besides, you would be not able to understand.

Besides. I can be here only for a short moment.

Marie Curie: Countess believes that there are multiple Universes that we can enter and it is up to us which one we bubble in. Now is the moment of Singularity. If we take a bad path, our great civilization will return to point zero.

Countess Quanta 
Hitler is building an atomic bomb. He is very close to the solution with the help of Heisenberg. If he will get it, nobody will ever win wars with him. Together with Hirohito they will control and dominate the whole world. 
Poland, Denmark and Korea will  be entirely anihilated.
Only you can stop it.

Marie Curie: Poland? But if you know the future, it will happen regardless of what we do or not do.

Bohr: Denmark?
Countess Quanta 
I am not predicting one world, I am predicting all Universes in the Multiverse. It is your choice however, in which Universe you want you and your children to live…. Or die.
Bohr and Einstein: What can I do?

Countess Quanta 
Follow your conscience. 

Bohr: I will try to convince Heisenberg not to do this. I do not want to have anything to do with any war or atomic bomb. I am a peaceful theorist.
Einstein: What can I do?

Countess Quanta 
Do not ask me. You know what you should do. And only you can do this. The politicians are stupid and uninformed. They will trust only you.

Einstein: I will have to start working on practical atomic weapons? I am just a theoretician. I am famous as a pacifist. I was always against the war.
Marie Curie: You know American President  Roosevelt. He is the only one who can do something.

Einstein: And what if Americans will build the bomb and do the same as Hitler wanted? I will be responsible for this for all eternity.

Countess Quanta Think what is a lesser evil? 

Newton. I believe Americans are more civilized and they will not use the atomic bomb even building it. 
Countess Quanta 
They have two choices. To use it or not. But if they have it first, Hitler will be restrained.

Einstein: What Americans will do?

Countess Quanta 
You have to make a choice. You have to take responsibility. Regardless.
Einstein: It is a great burden on my soul.

Newton and Curie.  Do something, do not be passive.

The scene ends with the feeling of incoming doom, hopefulness, sense of responsibility of scientists to save the world.


	
	
	

	Marie Curie: And what if this individuum lied?  
Bohr (leaving): or if this guy is crazy?

Einstein (leaving, saying goodbay): this guy is a genius, it was reading my thougths. I have no choice.
Newton (leaving nervously): Scientist’s responsibility. I could have not thought about it. I was not a priest, not a theologian, not a king?

And it said that I started this “new era of responsibility”.

Curie. I started radiation. Responsibility.
Marie Curie sits in amazement. Silent. Cat, silent.

Einstein, Bohr leave to their selected responsible tasks.


	
	
	

	Newton sits and cries.

We hear explosion of bombs of the World  War II and finally two  atomic bomb explosions.

	Slides of  Atomic Bombs Explosions in Hiroshima and Nagasaki
	Hiroshima.

Nagasaki.
	


