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Répondre (8) Afficher toute la discussion The concept of quantum superposition (or superposition for short) is very counterintuitive, as Schr##\ddot{\text{o} } ##dinger noted in 1935 writing [1], “One can even set up quite ridiculous cases.” To make his point, he assumed a cat was closed out of sight in a box with a radioactive material that would
decay with 50% probability within an hour. If a radioactive decay occurred, a deadly gas would be released in the box killing the cat. Since the decay was represented by a quantum wavefunction in a superposition of 50% “yes” and 50% “no” regarding the decay after one hour, the cat was also represented by a quantum wavefunction in a
superposition of 50% “alive” and 50% “dead” (Figure 1). Schr##\ddot{\text{o} }##dinger wrote [1]:The wavefunction of the entire system would express this by having in it the living and dead cat (pardon the expression) mixed or smeared out in equal parts.This has become known as Schr##\ddot{\text{o} }##dinger’s Cat.Figure 1 (taken from
[2])This is usually where the introduction of superposition via Schr##\ddot{\text{o} } ##dinger’s Cat ends, but it doesn’t fully capture the weirdness of superposition. What’s the difference between superposition and simple ignorance about the state of the cat hidden from sight inside the box? What if my cat-killing trigger was classical instead of
quantum, would that somehow change the situation from superposition to simple ignorance about the state of the cat? Suppose I give you a ride home and watch you until you disappear into your house. At that instant there is some non-zero probability that you will drop dead of a stroke while out of my sight. Does that mean you’re in a superposition
of “alive” and “dead” like Schr##\ddot{\text{o} } ##dinger’s Cat?Let me answer this as a quantum information theorist might [2]. The smallest piece or bit of information is obtained from a measurement with a binary outcome. Therefore, measuring the cat and finding it is either “alive” or “dead” constitutes a bit of information. If the cat is definitely
in one state or the other inside the box and we’re just opening the box to find out which it is, then we have a classical bit of information (Cbit). If, on the other hand, the cat is truly in a superposition of “alive” and “dead”, then we have a quantum bit of information (qubit or Qbit). Let explain the difference between a Cbit and a Qbit and let you
decide.In the lingo of quantum information theory, you can get from a pure state to another pure state continuously through other pure states for a Qbit, while you are only passing through mixed states between pure states for the Cbhit. As Hardy pointed out in Quantum Theory From Five Reasonable Axioms:Axiom 5 (which requires that there exists
continuous reversible transformations between pure states) rules out classical probability theory. If Axiom 5 (or even just the word “continuous” from Axiom 5) is dropped then we obtain classical probability theory instead.Now let me explain what that means.Suppose your Cbit is a box and a measurement of the box (opening it) reveals one of two
outcomes: a ball (yes) or no ball (no). The probability space has two axes, one represents “yes” and the other “no”. Those are pure states, i.e., they represent actual measurement outcomes of a single trial of the experiment. Any state between those pure states, e.g., 80% yes and 20% no, does not represent the outcome of some new measurement, it
represents a distribution of the yes-no outcomes of the original measurement, i.e., it’s a mixed state. But, if the ball-box combo was a Qbit, then that 80-20 state would have to correspond to the outcome of some other measurement with 100% probability.For example, consider the Qbit for electron spin. When you send electrons through a North-South
magnetic field the electrons are deflected an equal degree towards the North pole (called spin “up”) or the South pole (called spin “down”). Suppose your N-S magnetic field is vertically oriented (along the z axis) and 50% of your electrons are deflected up (“up” towards the North pole) and 50% are deflected down (“down” towards the South pole)
(Figure 2).Figure 2 (taken from [2])The corresponding quantum z-spin state is $$|\psi\rangle = \frac{|\text{z+}\rangle + |[\text{z-}\rangle} {\sqrt{2}}$$ It means you will get 50% “up” results and 50% “down” results when you make a z-spin measurement of electrons in this state. Since this is a Qbit, your electron state must also be a pure state for
some measurement corresponding to an outcome with 100% probability. What is that measurement and its outcome in this case? An x-spin “up” state works. In other words, if you first pass electrons through horizontally oriented magnets (rotate North pole ##90™\circ## to x direction in Figure 2) and let those electrons that are deflected right (“up”
towards the North magnetic pole) be the Source for the vertically oriented magnets in Figure 2, then 50% will be deflected “up” (literally up for the magnets in Figure 2) and 50% will be deflected “down” (literally down). That is what it means to say your 50-50 z-spin electrons are 100-0 x-spin electrons. In quantum mechanics we write $$|\psi\rangle
=|\text{x+}\rangle = \frac{|\text{z+ }\rangle + |\text{z-}\rangle} {\sqrt{2}}$$ So, if you measure ##|\psi\rangle## in the z direction, you get 50% “up” and 50% “down” electrons (half of the electrons are deflected up and half are deflected down), but if you measure that same ##|\psi\rangle## in the x direction (Figure 3), you get 100% “up”
electrons (all of the electrons are deflected to the right, so ignore the beam going to the left in Figure 3). Now you understand the physical difference between a Cbit and a Qbit.Figure 3 (taken from [3])The problem with the way most people present Schr##\ddot{\text{o} } ##dinger’s Cat is that they only talk about a measurement with outcomes of
Live Cat (LC) and Dead Cat (DC). Given only that information we could have a Cbhit, i.e., no superposition. The problem Schr##\ddot{\text{o} }##dinger was pointing out is that quantum mechanics is supposedly applicable to anything. Therefore, it should be possible to render the Cat-Box system a Qbit rather than a Cbhit in which case the state
$$[\psi\rangle = \frac{|\text{LC}\rangle + |\text{DC}\rangle}{\sqrt{2}}$$ must represent the outcome of some measurement with 100% certainty. What is that measurement? And, what does its outcome mean physically? Is the Cat-Box system a Qbit simply because of its quantum trigger mechanism for the deadly gas? Does that help answer the
questions we need answered to understand the Cat-Box system as a Qbit? We could answer those questions for the spin of an electron, but his point was we have no answers for the Cat-Box system. So, is quantum mechanics really applicable to any thing? Is Schr##\ddot{\text{o} }##dinger’s Cat a Qbit or a Cbit?E. SCHRODINGER, The present
situation in quantum mechanics, Naturwissenschaften, 23 (1935), p. 807-812.W.M. Stuckey, Michael Silberstein, and Timothy McDevitt, “Einstein’s Entanglement: Bell Inequalities, Relativity, and the Qubit” (Oxford UP, 2024).W.M. Stuckey, “Quantum information theorists are shedding light on entanglement, one of the spooky mysteries of quantum
mechanics,” The Conversation, 30 July 2024. Choice of method[1] is to some extent a matter of taste. If the network is particularly simple or only a specific current or voltage is required then ad-hoc application of some simple equivalent circuits may yield the answer without recourse to the more systematic methods. * Superposition is possibly the
most conceptually simple method but rapidly leads to a large number of equations and messy impedance combinations as the network becomes larger. * Nodal analysis: The number of voltage variables, and hence simultaneous equations to solve, equals the number of nodes minus one. Every voltage source connected to the reference node reduces
the number of unknowns (and equations) by one. Nodal analysis is thus best for voltage sources. * Mesh analysis: The number of current variables, and hence simultaneous equations to solve, equals the number of meshes. Every current source in a mesh reduces the number of unknowns by one. Mesh analysis is thus best for current sources. Mesh
analysis, however, cannot be used with networks which cannot be drawn as a planar network, that is, with no crossing components.[2] Last edited by a moderator: Apr 23, 2017 Superposition is a fundamental concept in physics and mathematics, particularly in the fields of wave theory and quantum mechanics. It describes how multiple wave-like
phenomena can combine or interact with each other.In physics, superposition can be summarized as follows:Wave Superposition: When two or more waves overlap in space and time, the resulting wave is the algebraic sum of the individual waves’ amplitudes at each point in space and time. This principle applies to various types of waves, including
electromagnetic waves (such as light), sound waves, and water waves.Quantum Mechanics: In quantum mechanics, superposition refers to the ability of quantum systems (such as particles) to exist in multiple states simultaneously. According to the principle of superposition, a quantum system can exist in a linear combination of its possible states
until observed or measured. This concept is often exemplified by the famous Schrodinger’s cat thought experiment, where a cat can be considered both alive and dead until observed.The key idea behind superposition is that the combined effect of multiple wave-like entities is not simply the sum of their effects taken individually. Instead, the waves
interact with each other in a way that can lead to interference patterns, amplification, or cancellation of certain characteristics.Superposition plays a crucial role in various areas of physics, including optics, quantum computing, and quantum cryptography, and it is a fundamental concept for understanding the behavior of wave phenomena and
quantum systems.IntroductionOne should first and foremost understand that superposition has both a mathematical and physical meaning, or rather it originates as a mathematical property of the system description which will have implications in physics. The mathematical concepts are fairly straightforward aspects of linear algebra which will be
briefly reviewed first.To understand the physical implications of mathematics we need to understand how representations in mathematics get translated to operationally meaningful statements of the physical phenomena we observe. So the next step is to consider if where and how mathematical aspects of superposition connect to the logical structure
of our empirically verifiable statements about physical systems. When this is understood, one has a solid foundation to stand upon while contemplating the physical and philosophical meaning of this idea of superposition.Vectors and LinearitySo, what is mathematical superposition? It is simply the linearity of the system description which is to say
some abstract form of vector describes the system in a vector space. Specifically, vectors are mathematical objects which may be added together and multiplied by scalars (numbers) to form other vectors. When taken together addition and scalar multiplication resolves as the action of taking linear combinations. Given [itex]X[/itex] and [itex]Y[/itex]
we also have as defined the object [itex]W = aX+bY[/itex] for real (or complex) numbers [itex]a[/itex] and [itex]b[/itex].A linear combination of two vectors is what we mean by referring to a superposition of them. That vector [itex]W[/itex] is a superposition of vectors [itex]X[/itex] and [itex]Y[/itex] says simply that [itex]W[/itex] is a linear combination
of [itex]X[/itex] and [itex]Y[/itex]. And note that where this is true and the multipliers are not zero we can likewise solve this linear equation for [itex]X[/itex] or for [itex]Y[/itex] so the more balanced statement is that each of the three is a superposition of the other two. For example: If [itex]W=aX+bY[/itex] and [itex]ae O[/itex] then [itex]X = 1/a W -
b/a Y[/itex].Classical SuperpositionNow in pure mathematics, we typically do not use the term “superposition”. This term is more aptly applied to physical phenomena that lend themselves to a linear mathematical description, i.e. vectors. As an example when considering classical fields (such as electromagnetism) which have a linear set of dynamic
equations (Maxwell’s equations) then linear combinations of solutions will also be a solution. We thus express general solutions as linear combinations of or superpositions of certain standard solutions. We see this in the physical phenomena where the effect on a hypothetical test charge by the fields of many other charges can be determined by
adding the effect due to each of the other charges as it would occur acting alone. We then describe the immediate effect on a unit test charge as the electromagnetic field at its position and we can describe the fields of any multitude of moving charges simply by adding the fields of each charge.Even if the underlying dynamics are not linear if we
consider small perturbations from a stationary state we tend to see approximately linear behavior. For example, if you apply pressure changes to say the air, it will compress or expand, change temperature, and possibly components like water vapor will condense out. Very complex non-linear behavior. But small short-lived perturbations of pressure
will behave and propagate linearly as sound. And you hear the superpositions of sounds constantly. The hum of your computer fan sounds the same when you also hear someone’s voice out your window. Your ear hears the sum of the two sounds.Now, waves have another interesting behavior due to superposition namely interference. You can hear
interference over time in the beat frequency as you tune one guitar string relative to another fretted at the desired note. As their frequencies grow close, the adding of their pressure waves in your ear (which oscillate between positive and negative pressure differences) will vary between lining up positive plus positive to reinforce and lining up
positive to negative to cancel. The result is an undulation of the volume of the joint note you hear. If you don’t have a stringed instrument handy download one of the free function generator apps onto your mobile device and play, say a 200Hz tone out of the right channel and a 201Hz tone out of the left. You should hear a wobbling of the sound
which cycles once per second. Play with different frequencies and see what happens.So, that is classical superposition. In quantum superposition, we work within an abstract vector space, the Hilbert space, from the very beginning. To understand the meaning of quantum superposition and what it implies we must first have a relatively clear
understanding of the operational meaning of the Hilbert space vectors.Quantum vs Classical LogicClassical logic is concretely expressed using the algebra of sets. Our ontological model of classical reality is a set of states of reality. Prepositions about outcomes of deterministic experiments may then be reduced to sets of states of realities that cause
the respective outcomes. Measurements reduce our set of possible states to a subset of those states consistent with the observations. The operations on sets mirror our Boolean algebra of logical operations generated by “and“ing, “or“ing and negating our events. But the most important algebraic element, for now, is the subset relation which
expresses the operation of logical implication.If you had, say, a three-state system (say you have a chamber partitioned into three parts and you are asking where’s the particle) with states a, b, or c then our “state space” is the set {a, b, c} and all the definite statements we can make about the system resolve as subsets. The most specific statements
(which are not a contradiction) are the singleton sets {a}, {b}, {c} but you could also consider e.g. the set {a, b} which indicates either component state or equivalently “not {c}” in this example. At the very top of the lattice is the entire state space which translates to the logical tautology (always true) since it is always true by definition of our
system that it is in one of these states. Likewise at the very bottom is the empty set expressing the never true statement or contradiction.This is the structure of the predicate logic for all classical physics, but also for almost all of your everyday experience when you speak and think about definite states of reality. But of course, we are not always so
certain about things.Stochastic DescriptionsWe may further extend our descriptions of physical systems by introducing probabilistic statements. When we account for uncertainties in our measurements, or of our knowledge of the future evolution of the system we quantify that uncertainty with probabilities. In the classical setting, we assign a
probability distribution over the lattice of events which we insist obey certain “natural” properties, namely the additive property:[tex] P(A\cup B) =P(A)+P(B)+ P(A\cap B)[/tex]In “English” The probability of A or B equals the probability of A plus the probability of B minus the probability of A and B. This additivity rule may not be intuitively obvious at
first sight but it helps to consider the special cases. Since the probability of A or not A is necessarily 1, and of A and not A is necessarily zero we have via letting B = not A in the above [itex]P(A)+P(not A)=1[/itex]. Similarly, we can chop case B into sub-cases of (B and A) vs (B and not A) whose probabilities must add to P(B). Do that the other way
around and you get:[tex]P(A)+P(B)=P(A\cap not B) + P(A\cap B) + P(B\cap A)+P(B\cap not A)[/tex][INSERT Venn Diagram]Similarly, we can break up the union (or) case into parts: [itex]P(A\cup B) = P(A\cap not B)+P(A\cap B)+P(not A \cap B)[/itex] and we see in the earlier sum we have this plus an extra intersection/and recovering our original
additivity formula.Now, this was a circular derivation and it is only intended to show the inner workings of this additivity rule. It is in the end simply book-keeping on the probabilities. But, importantly, it is the bookkeeping on probabilities based on the assumption that the likelihood of a deterministic measurement of any system can be calculated by
summing (or integrating) a distribution function over the space of implied states. In short, probabilities form a measure of the state space.However, an important change of paradigm has occurred in this extension to probabilistic descriptions. When we present a specific probability distribution as our system description we are no longer pointing out
a specific state of reality. If I give you a probability density for the position and momentum of a classical particle over a given range, the particle isn’t “spread out over space”. It is rather in some exact state. So the probabilistic description can’t be referring to just that one particle. It rather refers to a class of possible particles, or rather a mode of
production of such particles such that, over many repeated instances we should see the probabilities manifest as predicted proportions in the limit of large samples.However, we note that this stochastic description envelopes the prior logical description. We recover the usual logical structure by restricting our descriptions to statements of absolute
certainty. We equate “[itex]A[/itex] is True” with [itex]P(A)=1[/itex] and “[itex]A[/itex] is False” with [itex]P(A)=0[/itex], and play the same games of logical operations... but behind the scenes, we are still working with classes of systems and their modes of production.Quantum LogicIn quantum theory, we replace this set of states with a complex
vector space called a Hilbert space. In our three-state example, we would then have a three-dimensional complex space. The lattice structure for quantum logic is the lattice of subspaces. The most specific (non-contradictory) statements about the system would then correspond to the one-dimensional subspaces we identified with these axes. We
may “or” such logical statements by taking the minimal subspace containing these. We can specify such a subspace with a set of vectors for which that subspace is the span. This is the role of the Hilbert-space vector. It projectively represents the state of (our sharp knowledge about) the system. At the top of our lattice, we again have the whole
space and at the bottom, we again have the “empty” zero-dimensional space containing only the zero vector.The logic of implication which classically is modeled by the subset inclusion operation is now modeled by the subspace inclusion operation. That “A (definitely) implies B” is expressed by the parallel relationship that the space associated with A
is a subspace of the one associated with B. We can also “and” statements by taking, as with sets, the intersection. The origin point a.k.a. zero vector then corresponds to the contradictory statement, the logical equivalent to “2=3".This alone defines projective quantum mechanics however the operation of logical negation is problematic since, for
example, in the three-dimensional case, there are an infinite number of two-dimensional subspaces that only intersect a given axis at the origin (and thus whose “and” results in a null statement). The resolution of this is why we use a Hilbert space with its metric structure defined by the inner product rather than a simple linear space. The metric
defines which pairs of vectors are orthogonal and thence which subspaces are orthogonal. The negation of the event associated with a given subspace is the orthogonal subspace.The result is that for a pair of one-dimensional subspaces if they are orthogonal they are mutually exclusive both positively and negatively. A implies not B and B implies not
A. If on the other hand, they are parallel then “they” are a single subspace, and equivalent A implies B, and B implies A.But there are in-between cases where they are neither parallel nor perpendicular. For systems where A is assured and not-A is forbidden, the event B may or may not occur, and the probability of this will be determined by the angle
between the two cases. [itex]P(B| A \text{ is assured}) = cos”™2(\theta)[/itex]. So to interpret these in-between relationships we again must extend from a language of certainty to a stochastic description. We must recognize that these descriptions are not of the system as it is but of our knowledge of how the system will or might behave when
measured.Now classical logic is embedded in the quantum case in that orthogonal vectors (or rather subspaces) correspond to mutually exclusive sharp outcomes and so an ortho-nomal basis, say {[itex]\lvert a \rangle, \Ivert b \rangle, \lvert c \rangle[/itex]} corresponds to a complete measurement with three corresponding outcomes. The system has
three “states” when we consider the classical logic of the three possible outcomes of this measurement. You can think of this as a classical frame and so long as we’re only talking about these three possibilities and their combinations we can safely apply classical logic just as if it were a set of states.But the weirdness of quantum theory comes in when
we arbitrarily rotate our basis and have a wholly distinct classical frame, {[itex]\lvert a’ \rangle, \lvert b’ \rangle, \Ivert c’ \rangle[/itex]}. Any action determining one such frame precludes our simultaneously making an exact determination in the other frame. Making distinct measurements in succession will yield different behaviors depending on the
causal sequence. The acts of observation do not commute and we can’t make legitimate statements about circumstances in both frames at the same time.We can however relate one frame to the other. Definite statements in one frame will resolve as probabilistic statements in the other. In the vector space representation, the representative vectors
on one basis will be linear combinations of or superpositions of the vectors on the other basis. To pin this down let us consider a concrete example.Note also that this means, as some statements are necessarily probabilistic we are at all times in the more abstract mode of describing classes of systems. Our Hilbert space vectors are not system states,
they are states of our knowledge about the system, namely that it is an instance of the indicated class.The Double-Slit ExperimentNow picture in your mind the classic double-slit experiment where an electron is emitted from some source passes through (somehow) a barrier containing two narrow slits, and is then detected somewhere past on a
florescent screen where we will see a point flash of light caused by the electron.Let’s call one slit the X slit and the other slit the Y slit. If we think of the electron classically then it must either pass through the X slit or the Y slit on the way to the screen. You can then describe the logical structure in terms of the possible subsets of this set of
possibilities: {X,Y}. Those would be:{X,Y} corresponding to “Either the electron passed through X or through Y.”,{X} corresponding to “The electron passed through X.”,{Y} corresponding to “The electron passed through Y.”, and{} corresponding “The electron passed through neither” (which never happens since we are only considering electrons
we’ve later detected at the screen.)Quantum mechanically we would instead draw an X-axis indicating that “It went through X” and a perpendicular Y-axis indicating “it went through Y” and then the plane containing these two axes is the space they span, the X-Y plane which represents the Either X or Y case. The “Neither” case is expressed by the
zero-dimensional spaced {0}.But, looking at the plain, there’s no particular natural choice for the perpendicular axis. You could choose a slightly or even significantly rotated pair of axes which would be just as meaningful.(It gets a bit more complicated in that we work within a complex space where we can take both real and imaginary
superpositions and where we are considering 1-complex dimensional subspaces.)Every vector in this space defines a 1-dimensional subspace, a line through the origin which likewise represents a sharp system description. Such a system model is a superposition of the X and Y modes. One may observe the particle in a U mode or V mode each as
specific a description as saying either “It went through X” or “It went through Y”. However, in either case, one can neither say “It went through X” nor “It went through Y” although, by being in the spanning plane, it still (sort of) makes sense to say “It either went through X or Y”.Beyond simply stating “It is a superposition of the two cases” it is not
proper given a U or V observation to describe the electron’s behavior in terms of passage through X vs through Y. This is where we realize that we aren’t talking about a particle in the classical sense anymore. And this alternative resolution of the system, say U vs V, is not just a mathematical abstraction. You can build some apparatus with magnets
and charged plates that will separate electrons into beams flowing only into U or V detectors, just as you can create a magnetic lens that will bring the electrons that pass through X to a given detector and those that pass through Y to a second separate detector.There are two different frames of logic about electrons in this situation, each equally
valid and neither more fundamental nor more natural or more real than the other. It is just as correct to say the X and Y outcomes are superpositions of the U and V ones as it is to say that the U and V outcomes are superpositions of the X and Y ones. We have relativity of the classical logic we can embed within the quantum logic.This loss of
absoluteness here is similar to the problem of asking if two separate events happened at the same time in the space-time of special relativity. Unless an observer frame is selected the relationship between space and time for events is relative. Here we are dealing with the relativity of the classical reality of the quantum system.Another ExampleSo let’s
look at another example system (again an electron but in different circumstances) for which we have a clear understanding of the meanings of some of the various quantum superpositions. If we run an electron through a Stern-Gerlach magnet oriented to measure the electron’s spin component in the z-direction we will see the electron deflect along
with one of two paths corresponding to two and only two possible values for its z-component of spin. We, therefore, find that one and only one binary bit of information can be encoded in the electron’s spin. The Hilbert space for this spin system is two-dimensional and we can pick out one direction to correspond to “z-spin +1/2” vs an orthogonal
direction for “z-spin -1/2” (the unit of 1/2 here is basically so that the spacing is 1 unit).Now we could also try to resolve the x-component of spin. But we find that if we previously measure a z-spin value, then measure the x-spin, then subsequent measurement of the z-spin will not correspond to the earlier measurement. The x-measurement destroyed
the prior z-spin value. We also note that after repeated examples of these types of z then x then z again experiments, we see, regardless of which z measurement we first saw, a 50-50 split in the x-measurements and then a subsequent 50-50 split in the z measurements with no correlation to the x measurements. Mathematically this works in
conjunction with choosing, in the same 2-dimensional space, the x-spin up direction to be rotated 45 degrees in the z-up z-down plane.[tex] [x= +1/2\rangle = \tfrac{1}{\sqrt{2}} \left|z=+1/2\right\rangle +\tfrac{1} {\sqrt{2} }\left |z= -1/2\right\rangle [/tex][tex] |x= -1/2\rangle = \tfrac{1}{\sqrt{2}} \left|z=+1/2\right\rangle -\tfrac{1} {\sqrt{2} }\left
|z= -1/2\right\rangle [/tex]This means the spin measured as +1/2 in the x-direction is in a superposition of the + and - z-spin values. This does NOT mean we are adding z-spins to get an x-spin. The physical spins are not getting added here, but rather the abstract logical amplitudes represented in the Hilbert space. And it’s not that we are adding
anything per se because the “amounts” of the things we add do not mean anything. It is the directions only that matter here. The “reality” of x-spins is rotated 45 degrees to the “reality” of z-spins for the same electron. Likewise with the y-spins but to get enough independent directions we must work in complex space so we end up with:[tex] |y=
+1/2\rangle = \tfrac{1}{\sqrt{2}} \left|z=+1/2\right\rangle +\tfrac{i} {\sqrt{2} }\left |z= -1/2\right\rangle [/tex][tex] |y= -1/2\rangle = \tfrac{1}{\sqrt{2}} \left|z=+1/2\right\rangle -\tfrac{i} {\sqrt{2} }\left |z= -1/2\right\rangle [/tex]With the symmetry we have the x spins as superpositions of the z-spins but also vice versa, and the y spins are
superpositions of the z-spins et vice versa, and the x spins are superpositions of the y-spins and vice versa.SummaryThe concept of superposition manifests both in classical and quantum physics. These both have their root in the linearity of the abstract vector spaces used in system descriptions. Quantum superposition is a more fundamental and less
intuitive phenomenon as it occurs in the structure of the very logic of the system description rather than (or more aptly, as well) at a higher more dynamic level.To say a system “is in superposition” is meaningless in and of itself. The phenomenon of an electron or other quantum system “being in superposition” is relative to what one has chosen as a
starting basis for the Hilbert space representation. One singular description will manifest as a superposition when expressed in terms of an alternate representation. To resolve the cognitive dissonance one experiences when trying to understand how a physical object can be “in a superposition of two states” one must reflect upon the very semantics
we use and the implicit premises it brings with it. We never observe physical systems in superpositions, rather we observe physical systems with measurements which are in their descriptions and their effects, superpositions of other acts of measurement.Comments hereMS. Applied Mathematics, PhD Physics Bonjour Catwell, Avec la fleche noire, tu
sélectionnes ton bloc texte. CMD+C. Puis tu sélectionnes ta bande bleue (qui doit étre en premier plan). Edition---->Coller dedans. Ensuite, tu sélectionnes le texte dans la bande et tu le passes en blanc. Bonjour Contrariness, J'ai essayé ta méthode. Ca fonctionne, mais le seul souci c'est que tu ne peux le faire que ligne par ligne. D'abord dégrouper et
ensuite sélectionner avec la fleche blanche une ligne et le bandeau et appliquer 1'exclusion du chevauchement. Et répéter 1'opération jusqu'a la ligne voulue. Résolu Bonjour, Je suis sous Excel 2007. J'ai créé un histogramme avec un axe secondaire pour les y. Le probléme, est que les barres se chevauchent, i-e qu'elles sont une par dessus l'autre.
J'aimerais qu'elles soient cote-a-coOte. J'ai essayé de jouer avec les % de superposition, et rien ne fonctionne. La seule solution que j'ai trouvé, c'est de faire un 2e histogramme séparé, sans remplissage, et de venir le coller sur le premier. Visuellement parlant, c'est beau, mais je ne trouve pas cela optimal. Quelqu'un a une meilleure solution ? Merci,
Afficher la suite Répondre (3) Raymond PENTIER Messages postés 71833 Date d'inscription Statut Contributeur Derniére intervention 17381 On peut avoir le fichier ? Merci beaucoup ce tuto est génial :) !! Excel | Inverser axe X et Y dans graphique Summary of the TV series Constellation in which astronauts get into a state of Schrodinger
superposition thus getting into alternative realities, much to their consternation. .Scott I guess it would be all about interfering with your alternates. Sounds like a new version of Sliders? Likes DaveC426913 DEvens I find the format of the video linked very annoying. They narrate over an entire episode. Eh. If I have to sit through a half hour to get
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