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Violation of Heisenberg’s Measurement-Disturbance Relationship by Weak Measurements Lee A. Rozema, Ardavan Darabi, Dylan H. Mahler, Alex Hayat, Yasaman Soudagar, and Aephraim M. Steinberg Centre for Quantum Information & Quantum Control and Institute for Optical Sciences, Department of Physics, 60 St. George Street, University of Toronto, Toronto, Ontario, Canada M5S 1A7 (Received 4 July 2012; published 6 September 2012) While there is a rigorously proven relationship about uncertainties intrinsic to any quantum system, often referred to as ‘‘Heisenberg’s uncertainty principle,’’ Heisenberg originally formulated his ideas in terms of a relationship between the precision of a measurement and the disturbance it must create. Although this latter relationship is not rigorously proven, it is commonly believed (and taught) as an aspect of the broader uncertainty principle. Here, we experimentally observe a violation of Heisenberg’s ‘‘measurement-disturbance relationship’’, using weak measurements to characterize a quantum system before and after it interacts with a measurement apparatus. Our experiment implements a 2010 proposal of Lund and Wiseman to confirm a revised measurement-disturbance relationship derived by Ozawa in 2003. Its results have broad implications for the foundations of quantum mechanics and for practical issues in quantum measurement. DOI: 10.1103/PhysRevLett.109.100404



PACS numbers: 03.65.Ta, 03.67.Ac, 42.50.Xa



The Heisenberg uncertainty principle is one of the cornerstones of quantum mechanics. In his original paper on the subject, Heisenberg wrote, ‘‘At the instant of time when the position is determined, that is, at the instant when the photon is scattered by the electron, the electron undergoes a discontinuous change in momentum. This change is the greater the smaller the wavelength of the light employed, i.e., the more exact the determination of the position’’ [1]. Here, Heisenberg was following Einstein’s example and attempting to base a new physical theory only on observable quantities, that is, on the results of measurements. The modern version of the uncertainty principle proved in our textbooks today, however, deals not with the precision of a measurement and the disturbance it introduces, but with the intrinsic uncertainty any quantum state must possess, regardless of what measurement (if any) is performed [2–4]. These two readings of the uncertainty principle are typically taught side-by-side, although only the modern one is given rigorous proof. It has been shown that the original formulation is not only less general than the modern one—it is in fact mathematically incorrect [5]. Recently, Ozawa proved a revised, universally valid, relationship between precision and disturbance [6], which was indirectly validated in [7]. Here, using tools developed for linear-optical quantum computing to implement a proposal due to Lund and Wiseman [8], we provide the first direct experimental characterization of the precision and disturbance arising from a measurement, violating Heisenberg’s original relationship. In general, measuring one observable (such as position, q) will, according to quantum mechanics, induce a random disturbance in the complementary observable (in this case momentum, p). Heisenberg proposed, and it is widely believed, that the product of the measurement precision, ðqÞ, and the magnitude of the induced disturbance, ðpÞ, 0031-9007=12=109(10)=100404(5)



must satisfy ðqÞðpÞ  h, where h is Planck’s constant. This idea was at the crux of the Bohr-Einstein debate [9], and the role of momentum disturbance in destroying interference has remained a subject of heated discussion [10–12]. Recently, the study of uncertainty relations in general has been a topic of growing interest, specifically in the setting of quantum information and quantum cryptography, where it is fundamental to the security of certain protocols [13,14]. The relationship commonly referred to as the Heisenberg uncertainty principle (HUP)—in fact proved later by Weyl [4], Kennard [3], and Robertson [2]—refers not to the precision and disturbance of a measurement, but to the uncertainties intrinsic in the quantum state. The latter can be quantified by the standard deviation qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ ^ 2 , which is independent of any specific A^ ¼ hA^ 2 i  hAi measurement. This relationship, generalized for arbitrary ^ reads observables A^ and B, ^ Bij: ^ B^  1jh½A; ^ A 2



(1)



This form has been experimentally verified in many settings [15], and is uncontroversial. The corresponding generalization of Heisenberg’s original measurementdisturbance relationship (MDR) would read ^ BÞ ^ Bij: ^  1jh½A; ^ ðAÞð 2



(2)



This equation has been proven to be formally incorrect [5]. Recently, Ozawa proved that the correct form of the MDR in fact reads [6] ^ BÞ ^ B^ þ ðBÞ ^ Bij: ^ þ ðAÞ ^ A^  1jh½A; ^ ðAÞð 2



(3)



Because of the two additional terms on the left-hand side, this inequality may be satisfied even when Heisenberg’s MDR is violated.
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Experimentally observing a violation of Heisenberg’s original MDR requires measuring the disturbance and precision of a measurement apparatus (MA). While classically measuring the disturbance is straightforward—it ^ simply requires knowing the value of an observable, B, before and after the MA—quantum mechanically it seems impossible. Quantum mechanics dictates that any attempt to measure B^ before the MA must disturb B^ (unless the ^ as we shall discuss system is already in an eigenstate of B); later, it may also change the state in such a way that the right-hand side (RHS) of Heisenberg’s inequality is modified as well. Because of these difficulties the disturbance, as described here, has been claimed to be experimentally inaccessible [16]. A recent experiment has indirectly tested Ozawa’s new MDR [7], using a method also proposed by Ozawa [17]. Rather than directly characterizing the effects of an individual measurement, this work checked the consistency of Ozawa’s theory by carrying out a set of measurements from which the disturbance could be inferred through tomographic means [18]; there has been some discussion on the arXiv site as to the validity of this approach [18–21]. In contrast, Lund and Wiseman showed that if the system is weakly measured [22,23] before the MA [Fig. 1(a)] the precision and disturbance can be directly observed in the resulting weak values [8]. Here we present an experimental realization of this proposal, directly measuring the precision of an MA and its resulting disturbance, and demonstrate a clear violation of Heisenberg’s MDR. To understand the definitions of the precision and disturbance we first describe our implementation of a variablestrength measurement. A variable-strength measurement can be realized as an interaction between the system and a probe followed by a strong measurement of the probe [24] [shaded area of Fig. 1(a)]. The system and probe become entangled through the interaction, disturbing the system, such that measuring the probe will yield information about



FIG. 1 (color online). The weak measurement proposal of Lund and Wiseman [8]. (a) A general method for measuring the precision and disturbance of any system. The system is weakly measured before the measurement apparatus and then strongly measured afterwards. (b) A quantum circuit which can be used to measure the precision and disturbance of X^ and Z^ for a qubit system.
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the state of system. We define the disturbance as the root mean squared (rms) difference between the value of B^ on the system before and after the MA, while the precision is the RMS difference between the value of A^ on the system before the interaction and the value of A^ read out on the probe. Lund and Wiseman showed these rms differences can be directly obtained from a weak measurement on the system before the MA, post-selected on a projective measurement on either the probe or system afterwards [8]. Specifically, they showed that the precision and disturbance for discrete variables is simply related to the weak^ and valued probabilities of A^ and B^ changing, PWV ðAÞ ^ via PWV ðBÞ, ^ 2 PWV ðAÞ; ^ ^ 2 ¼  ^ ðAÞ ðAÞ A



(4)



^ 2 PWV ðBÞ: ^ ^ 2 ¼ B^ ðBÞ ðBÞ



(5)



By taking our system to be the polarization of a single photon we can demonstrate a violation of Heisenberg’s precision limit by measuring one polarization component, ^ and observing the resulting disturbance imparted to Z, ^ Here, X, ^ Y^ and Z^ are the different polarization another, X. components of the photon; we use the convention that their eigenvalues are 1. For these observables, the bound [RHS of Eqs. (2) and (3)] of both Heisenberg and Ozawa’s ^ To facilitate the demonstration of precision limits is jhYij. a violation of Heisenberg’s MDR, we make this bound as large as possible pﬃﬃﬃ by preparing the system in the state ^ ¼ 1. In this state, the unðjHi þ ijViÞ= 2, so that jhYij certainties are X^ ¼ Z^ ¼ 1, which satisfy Heisenberg’s uncertainty principle [Eq. (1)], as they must. On the other hand, a measurement of Z^ can be made arbitrarily pre^ approaches zero cise. Now, even if the Z precision, ðZÞ, pﬃﬃﬃ ^ ^ the X disturbance, ðXÞ, to X can only be as large as 2, so that their product can fall below 1, violating Heisenberg’s MDR. Note that attempting the same violation with the Heisenberg uncertainty principle, by setting Z^ to zero, requires that the system is prepared in either jHi or jVi, in ^ must also go to zero, so that which case the bound, jhYij, Eq. (1) is trivially satisfied. We can measure Z^ of a single photon, by coupling it to a probe system with a quantum logic gate [25] [shaded region of Fig. 1(b)], implemented in additional path degrees of freedom of the photon [26]. We use this technique to implement both the weak measurement and the MA. Current linear-optical quantum gates are reliant on postselection, which makes them prone to error [27]. We circumvent this problem, making use of ideas from the one-way model of quantum computing to implement the quantum circuit of Fig. 1(b) [28]. To enable successive CNOT gates between the system and the two probes we first make a ‘‘2-qubit line cluster’’ in the polarization of two photons.
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Experimentally, we generate entangled 2-photon states of the form jHHi þ jVVi, using a spontaneous parametric down-conversion source in the ‘‘sandwichconfiguration’’ [29]. Each crystal is 1 mm of BBO, cut for type-I phase matching. We can set  and  by setting the pump polarization with quarter- and half-wave plates. The pump beam is centered at 404 nm, with a power of 500 mW, generating down-converted photons at 808 nm. The pump is generated by frequency doubling a femtosecond Ti:sapphire laser, which is centered at 808 nm, using a 2 mm long crystal of BBO. The down-converted photons are coupled into single-mode fiber before being sent to the rest of the experiment. We observe approximately 15 000 entangled pairs a second, with 12% coupling efficiency, directly in the fiber. When coupling the light into multimode fiber after the interferometers, we measure about 1000 coincidence counts a second, spread among all the detector pairs. For each data point we acquire coincidence counts for 30 sec using a homebuilt coincidence counter based on an FPGA. We are able to make the desired entangled state with a fidelity of 95.9%, which we measure by performing quantum state tomography (QST) on the photons directly after the single-mode fiber [30]. A modified quantum circuit which implements Lund and Wiseman’s proposal [8] and includes the line cluster creation is drawn in Fig. 2(a), with the corresponding optical implementation below in Fig. 2(b). A single logical polarization qubit, jHi þ jVi, is encoded in two physical polarization qubits, forming the line cluster jH1 H2 i þ jV1 V2 i. Using a line cluster allows the first photon’s polarization to control a CNOT gate with an additional path degree of freedom, realized using a polarizing beam splitter (PBS), to implement the weak measurement. After



FIG. 2 (color online). (a) The logical quantum circuit that we implement. We use ideas from cluster state quantum computing, namely, single-qubit teleportation, to implement successive quantum gates. The first shaded area represents the creation of the entangled resource. After a 2-qubit cluster is created, the first qubit controls the controlled not gate used as our weak interaction. After this it is measured and its state is teleported to qubit 2. Qubit 2 then interacts with a second probe, which we use for our von Neumann measurement. (b) The optical setup we use to implement the quantum circuit in (a). We use two entangled photons generated from spontaneous parametric downconversion as the first two qubits of the circuit. Path qubits are added to each photon with 50=50 beam splitters, and their state is initialized using variable attenuators.
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this step the state is jH1 H2 ijA1 i þ jV1 V2 ijB1 i, where jA1 i and jB1 i denote two different states of the path degrees  1 i and jB1 i ¼ jP  0i þ of freedom,jA1 i ¼ jP0 i þ jP jP1 i. Now, measuring the first polarization in the X^ basis and finding X^ ¼ þ1 teleports the state of the system to the ﬃﬃ 1 jðjH1 H2 ijA1 i þ polarization of the second photon, hH1pþV 2 jV1 V2 ijB1 iÞ ¼ jH2 ijA1 i þ jV2 ijB1 i. (If instead, the measurement result is X^ ¼ 1 the teleported state will be unitarily rotated to jH2 ijA1 i  jV2 ijB1 i; in principle, one could correct this using feed-forward [31], but for simplicity we discard these events.) We characterize the teleportation by performing QST on the teleported single photon polarization. To do this we insert quarter- and halfwave plates, Q4 and H4, and remove the path qubit of photon 2. We find the teleported state has a fidelity of 93.4% with the expected state, mainly due to the reduced visibility of the interferometers. The polarization of the second photon is now free to be measured by the MA, which is implemented using a PBS and additional path degrees of freedom of photon 2, in the same way that photon 1 was weakly measured. In order to clearly demonstrate a violation of Heisenberg’s MDR we first experimentally characterize the bound of Eqs. (2) and (3). Lund and Wiseman discuss the limiting case of using perfectly weak measurements to characterize the system before the action of the MA [8]. However, in order to extract any information from this initial measurement, it cannot of course be infinitely weak. Although for our system, both the precision and the disturbance are independent of the weak measurement strength, the bound of Eqs. (2) and (3) is not. For instance, if we replaced the weak measurement of Z^ with a strong ^ all one, this would project the system onto eigenstates of Z, ^ ¼ 0; the inequality would automatiof which have jhYij cally be satisfied in this case. The weaker the measurement, ^ is reduced, and the stronger the inequality. We the less jhYij measured this experimentally, and Fig. 3 presents our data ^ of the state just after the weak measurement, as a for jhYij function of measurement strength, along with theory. It is important to note that these experimental difficulties can only lower the LHS of Eq. (2), and therefore cannot lead to a false violation. To show a violation of Heisenberg’s MDR we measure the precision and the disturbance of the MA. To measure the X disturbance we weakly measure X^ on the system before the MA post-selected on a strong measurement of X^ afterwards. Similarly, the Z precision of the MA is obtained by weakly measuring Z^ and then postselecting on a strong measurement of Z^ on the probe. From the results of these weak measurements the X disturbance and Z precision can be acquired. As an example, consider ^ as defined in Eq. (5). We need the X disturbance, ðXÞ, ^ for all X. ^ Since we to measure the quantities PWV ðXÞ are dealing with the polarization of a single photon, X^
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FIG. 3 (color online). A plot of the RHS of Eqs. (1) and (3) versus the strength of the weak probing measurement. The dashed line includes only the effect of the nonzero weak measurement strength. In addition to this effect, the solid line takes into account the imperfect teleportation.



can only equal 0 or 2. PWV ðX^ ¼ 2Þ is the weak probability that the system initially had X^ ¼ 1 and we found it in in X^ ¼ 1. These probabilities can be expressed ^ postselected on in terms of weak expectation values of X, ^ X^ , as ^ finding the system after the MA with X f ¼ 1, hXi f ^ X^ ¼1 ÞPðX^ f ¼1Þ. In our [8]: PWV ðX^ ¼2Þ¼ 1 ð1hXi 2



f



experiment, PðX^ f ¼ þ1Þ corresponds to the probability of finding photon 2 diagonally polarized, given that the teleportation on the first photon’s polarization succeeds, which is signalled by photon 1 being diagonally polarized. As shown in Fig. 2(b), both PBS’s are set to measure in the diagonal basis, so this measurement amounts to counting two-photon events between the transmitted ports of PBS1 (detectors D1 or D2) and PBS 2 (detectors D5 or D6). The weak expectation value can be expressed in terms of the weak probe observable Z^ p , since X^ of the system couples to Z^ of the probe, as [25]: ^ X^ ¼ hXi f



PðZ^ p ¼ þ1jX^ f Þ  PðZ^ p ¼ 1jX^ f Þ : 2jj2  1



(6)



Here, 2jj2  1 is the strength of the initial weak measurement, which we know and set through the state of the probe. The remaining quantities, PðZ^ p ¼ þ1jX^ f ¼ 1Þ and PðZ^ p ¼ 1jX^ f ¼ 1Þ, are directly measurable. For example, PðZ^ p ¼ þ1jX^ f ¼ 1Þ is the probability of finding the first photon in path 1 given that the second photon was found vertically polarized in either path. It is measured by two-photon events between detector D1 (for the teleportation to succeed and for Z^ p ¼ þ1) and the transmitted port of PBS 2 (detectors D5 or D6), to postselect on X^ f ¼ þ1. A similar analysis can be done for the Z precision, but now rather than postselecting on the polarization of photon 2, X^ f , one has to postselect on the Z^ value of the MA probe, which is the path of the second photon. The precision and disturbance were measured for several measurement apparatus strengths and are plotted in Fig. 4(a). The dashed lines are predictions for an ideal implementation of the quantum circuit in Fig. 2(a), while the solid lines, which fit our data well, take into account the



FIG. 4 (color online). Experimental results. (a) The precision of the measurement apparatus (MA) and disturbance it imparts to the system plotted against its strength. (b) A plot of the left-hand side of Heisenberg and Ozawa’s relations versus the strength of ^ XÞ, ^ and the MA. For X^ and Z^ Heisenberg’s quantity is ðZÞð ^ XÞ ^ þ ðZÞ ^ X^ þ ðXÞ ^ Z. ^ The preOzawa’s quantity is ðZÞð sumed bound on these quantities is given by the RHS of the ^ ¼ 0:80  0:02. Heisenberg’s relations, measured to be jhYij MDR is clearly violated, with his quantity falling below the bound, while Ozawa’s MDR remains valid for all experimentally accessible parameters.



imperfect entangled state preparation. The imperfect state preparation leads to errors in the single-qubit teleportation, increasing the rms difference between the measurements on the weak probe before the MA and the final verification measurements, on the system and probe, after the MA. Again, these errors can only increase disturbance and precision, and thus the LHS of Eq. (2), and cannot lead to a false violation. From the measured precision and disturbance the LHS of Heisenberg and Ozawa’s precision limits can be constructed. We set the strength of the initial weak measurement such that the RHS of Eq. (2) is large enough that Heisenberg’s MDR violated for all settings of the MA. We ^ ¼ 0:80  0:02, which gives the forbidden measure jhYij region in Fig. 4(b). Heisenberg’s quantity, which can be reconstructed simply from the measurements of the precision and the disturbance, is plotted in red. Ozawa’s quantity, for which additional measurements of X^ and Z^ were made on the state, using quarter- and half-wave plates Q4 and H4, after the weak measurement, is plotted in orange. The error bars are due to Poissonian counting statistics. As seen in Fig. 4(b), Ozawa’s MDR remains
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valid for all the experimentally tested parameters, while we find that the simple product of the precision and the disturbance—Heisenberg’s MDR—always falls below the experimentally measured bound. In conclusion, using weak measurements to experimentally characterize a system before and after it interacts with a measurement apparatus, we have directly measured its precision and the disturbance. This has allowed us to measure a violation of Heisenberg’s hypothesized MDR. Our work conclusively shows that, although correct for uncertainties in states, the form of Heisenberg’s precision limit is incorrect if naively applied to measurement. Our work highlights an important fundamental difference between uncertainties in states and the limitations of measurement in quantum mechanics. We thank NSERC and CIFAR for financial support.



[1] W. Heisenberg, Z. Phys. 43, 172 (1927); English translation in Quantum Theory and Measurement, edited by J. A. Wheeler and W. H. Zurek (Princeton Univ. Press, Princeton, NJ, 1984), p. 62. [2] H. P. Robertson, Phys. Rev. 34, 163 (1929). [3] E. H. Kennard, Z. Phys. 44, 326 (1927). [4] H. Weyl, Gruppentheorie Und Quantenmechanik (Hirzel, Leipzig, 1928). [5] L. E. Ballentine, Rev. Mod. Phys. 42, 358 (1970). [6] M. Ozawa, Phys. Rev. A 67, 042105 (2003). [7] J. Erhart, S. Sponar, G. Sulyok, G. Badurek, M. Ozawa, and Y. Hasegawa, Nature Phys. 8, 185 (2012). [8] A. P. Lund and H. M. Wiseman, New J. Phys. 12, 093011 (2010). [9] N. Bohr and A. Einstein, Quantum Theory and Measurement, edited by J. A. Wheeler and W. H. Zurek (Princeton Univ. Press, Princeton, NJ, 1984), p. 3, . [10] M. O. Scully, B. G. Englert, and H. Walther, Nature (London) 351, 111 (1991).



week ending 7 SEPTEMBER 2012



[11] P. Storey, S. Tan, M. Collett, and D. Walls, Nature (London) 367, 626 (1994). [12] R. Mir, J. Lundeen, M. Mitchell, A. Steinberg, H. Wiseman, and J. Garretson, New J. Phys. 9, 287 (2007). [13] R. Prevedel, D. R. Hamel, R. Colbeck, K. Fisher, and K. J. Resch, Nature Phys. 7, 757 (2011). [14] M. Berta, M. Christandl, R. Colbeck, J. Renes, and R. Renner, Nature Phys. 6, 659 (2010). [15] O. Nairz, M. Arndt, and A. Zeilinger, Phys. Rev. A 65, 032109 (2002), and references therein. [16] R. F. Werner, Quantum Inform. Comput. 4, 546 (2004). [17] M. Ozawa, Ann. Phys. (Leipzig) 311, 350 (2004). [18] H. Hofmann, arXiv:1205.0073. [19] Y. Kurihara, arXiv:1201.5151. [20] J. Erhart, S. Sponar, G. Sulyok, G. Badurek, M. Ozawa, and Y. Hasegawa, arXiv:1203.0927. [21] Y. Kurihara, arXiv:1206.0421. [22] Y. Aharonov, D. Z. Albert, and L. Vaidman, Phys. Rev. Lett. 60, 1351 (1988). [23] S. Kocsis, B. Braverman, S. Ravets, M. Stevens, R. Mirin, L. Shalm, and A. Steinberg, Science 332, 1170 (2011). [24] J. von Neumann, Mathematical Foundations of Quantum Mechanics (Princeton Univ. Press, Princeton, NJ, 1955), originally published in 1932 as ‘‘Mathematische Grundlagen der Quantenmechanik.’’ [25] G. J. Pryde, J. L. O’Brien, A. G. White, T. C. Ralph, and H. M. Wiseman, Phys. Rev. Lett. 94, 220405 (2005). [26] M. Iinuma, Y. Suzuki, G. Taguchi, Y. Kadoya, and H. F. Hofmann, New J. Phys. 13, 033041 (2011). [27] J. L. O’Brien, G. J. Pryde, A. G. White, T. C. Ralph, and D. Branning, Nature (London) 426, 264 (2003). [28] R. Raussendorf and H. Briegel, Phys. Rev. Lett. 86, 5188 (2001). [29] P. G. Kwiat, E. Waks, A. G. White, I. Appelbaum, and P. H. Eberhard, Phys. Rev. A 60, R773 (1999). [30] D. F. V. James, P. G. Kwiat, W. J. Munro, and A. G. White, Phys. Rev. A 64, 052312 (2001). [31] R. Prevedel, P. Walther, F. Tiefenbacher, P. Bhi, R. Kaltenbaek, T. Jennewein, and A. Zeilinger, Nature (London) 445, 65 (2007).



100404-5



























[image: Human Rights Violation - Outlook Afghanistan]
Human Rights Violation - Outlook Afghanistan












[image: Violation of Continuous-Variable Einstein ... - Semantic Scholar]
Violation of Continuous-Variable Einstein ... - Semantic Scholar












[image: Ordinance-Violation-Complaint.pdf]
Ordinance-Violation-Complaint.pdf












[image: Cadence Lux violation]
Cadence Lux violation












[image: Experimental Violation of a Spin-1 Bell Inequality ... - UCSB Physics]
Experimental Violation of a Spin-1 Bell Inequality ... - UCSB Physics












[image: Distinct brain signatures of content and structure violation during ...]
Distinct brain signatures of content and structure violation during ...












[image: 352200 Anheuser-Busch Violation Records.pdf]
352200 Anheuser-Busch Violation Records.pdf












[image: text watermarking against ownership rights violation]
text watermarking against ownership rights violation












[image: Form COL. Violation Warning. Denial of Rights Under Color of Law ...]
Form COL. Violation Warning. Denial of Rights Under Color of Law ...












[image: BHS Ethics Violation Report Form Rev.12-31-2015.pdf]
BHS Ethics Violation Report Form Rev.12-31-2015.pdf












[image: COMMONWEALTH OF PENNSYLVANIA DEPARTMENT OF ...]
COMMONWEALTH OF PENNSYLVANIA DEPARTMENT OF ...












[image: DH_anesthesia_VERIFICATION OF COMPLETION OF TRAINING.pdf ...]
DH_anesthesia_VERIFICATION OF COMPLETION OF TRAINING.pdf ...












[image: Adoption of revision of pay of employees.PDF]
Adoption of revision of pay of employees.PDF












[image: Submission of Copies of Ownership Titles of Public Elementary ...]
Submission of Copies of Ownership Titles of Public Elementary ...












[image: Declaration of Primary State of Residence / States of Practice Form.pdf ...]
Declaration of Primary State of Residence / States of Practice Form.pdf ...












[image: Origins of Consumer Credit - Board of Governors of the Federal ...]
Origins of Consumer Credit - Board of Governors of the Federal ...












[image: Survey of Consumer Finances - Board of Governors of the Federal ...]
Survey of Consumer Finances - Board of Governors of the Federal ...












[image: Survey of Consumer Finances - Board of Governors of the Federal ...]
Survey of Consumer Finances - Board of Governors of the Federal ...












[image: Conduct of the Regional Evaluation of the Application Projects of ...]
Conduct of the Regional Evaluation of the Application Projects of ...












[image: MODEL FORM OF DECLARATION OF INCOME IN THE FORM OF ...]
MODEL FORM OF DECLARATION OF INCOME IN THE FORM OF ...












[image: Hundreds of thousands of Californians face loss of federal ... - EDD]
Hundreds of thousands of Californians face loss of federal ... - EDD















Violation of Heisenberg's Measurement-Disturbance ...






Sep 6, 2012 - While there is a rigorously proven relationship about uncertainties intrinsic to any quantum system, ... ''measurement-disturbance relationship'', using weak measurements to characterize a quantum system before and after it ..... [24] J. von Neumann, Mathematical Foundations of Quantum. Mechanics ... 






 Download PDF 



















 789KB Sizes
 1 Downloads
 189 Views








 Report























Recommend Documents







[image: alt]





Human Rights Violation - Outlook Afghanistan 

Jul 17, 2016 - producing the cloud-like smokes. On the other hand, .... in their attacks and in certain cases they have even targeted the civil- ians intentionally ...














[image: alt]





Violation of Continuous-Variable Einstein ... - Semantic Scholar 

3Rochester Theory Center, University of Rochester, Rochester, New York 14627, USA. (Received 13 ... local realism in the EPR paradox [2], a task whose diffi- culty grows .... of entanglement (which we call symmetric EPR steering) sufficient to ...














[image: alt]





Ordinance-Violation-Complaint.pdf 

Ordinance-Violation-Complaint.pdf. Ordinance-Violation-Complaint.pdf. Open. Extract. Open with. Sign In. Main menu. Displaying ...














[image: alt]





Cadence Lux violation 

Page 1 of 16. Star wars yify a newhope.Hund katt is_safe:1.68650096979 - Download Cadence Lux violation.Partymusic newyearseve.Hrothgar wants to. makeit knownCadence Lux violation the world that which forevermoreshall be Beowulfis thestrongestman ali














[image: alt]





Experimental Violation of a Spin-1 Bell Inequality ... - UCSB Physics 

Jan 21, 2002 - pulsed, type-II, stimulated parametric down-conversion. This is a violation of the ..... Combining all these data we arrive at a single value, S.














[image: alt]





Distinct brain signatures of content and structure violation during ... 

May 22, 2015 - in front of a 17-in. computer screen (distance 70 cm). ... (Brainard, 1997), running in Matlab (Mathworks, Inc.). 2.4. ..... To take an apple.














[image: alt]





352200 Anheuser-Busch Violation Records.pdf 

Page 3 of 29. Page 3 of 29. 352200 Anheuser-Busch Violation Records.pdf. 352200 Anheuser-Busch Violation Records.pdf. Open. Extract. Open with. Sign In.














[image: alt]





text watermarking against ownership rights violation 

previous discourse. This property of integrity and underlying semantic relationships within a text allow us to develop a new robust method of text watermarking based on efficient semantic representations of the text. 2. THEORETICAL BASICS. 2.1. How C














[image: alt]





Form COL. Violation Warning. Denial of Rights Under Color of Law ... 

(Nilai Limit Rp. 815.000.000,- / Jaminan Rp. 203.750.000,-) -. Pelaksanaan Lelang: - Cara Penawaran: Melalui Aplikasi Lelang Internet cara. tertutup (Closed ...














[image: alt]





BHS Ethics Violation Report Form Rev.12-31-2015.pdf 

Page 1 of 1. Ethics Violation Report Form. Send completed form and other documentation to: Barbershop Harmony Society. C/O Ethics Committee Chair (please forward). 110 7th Avenue North, Nashville, TN 37203. This form shall be used to state facts rega














[image: alt]





COMMONWEALTH OF PENNSYLVANIA DEPARTMENT OF ... 

Oct 13, 2015 - DEPARTMENT OF COMMUNITY 8; ECONOMIC DEVELOPMENT. October 13 ... Thank you for your continued interest in and support of these.














[image: alt]





DH_anesthesia_VERIFICATION OF COMPLETION OF TRAINING.pdf ... 

Management Branch. Office of Licensing. Page 1 of 1. DH_anesthesia_VERIFICATION OF COMPLETION OF TRAINING.pdf. DH_anesthesia_VERIFICATION ...














[image: alt]





Adoption of revision of pay of employees.PDF 

qg:-",lyloh.dbeen.stasniting-"f thl?;il;;;;ir;ffi ;. fl1,9j:* L"v,:l_r:3t" in the pre-revised pa! struc"ture;f 61''di;i;;, ;;;; ##:j; by Ministry of Finance. annliaahla applicable tl^.














[image: alt]





Submission of Copies of Ownership Titles of Public Elementary ... 

c)tt\er !i|niltr docuftents. Page 3 of 4. Submission of Copies of Ownership Titles of Public Elementary & Secondary Schools.pdf. Submission of Copies of ...














[image: alt]





Declaration of Primary State of Residence / States of Practice Form.pdf ... 

Declaration of Primary State of Residence / States of Practice Form.pdf. Declaration of Primary State of Residence / States of Practice Form.pdf. Open. Extract.














[image: alt]





Origins of Consumer Credit - Board of Governors of the Federal ... 

extend credit cards to a growing number of customers with an increasingly wide ...... 1,800. 2,000. 2,200. 2,400. 2,600. 2005. 2000. 1995. 1990. 1985. 1980. 5. .... of potential borrowers before deciding to solicit their business, (2) the review of .














[image: alt]





Survey of Consumer Finances - Board of Governors of the Federal ... 

Sep 1, 2017 - Families at the top of the income distribution saw larger gains in income between 2013 and 2016 than other families, consistent with widening ...














[image: alt]





Survey of Consumer Finances - Board of Governors of the Federal ... 

Sep 1, 2017 - The appendix provides full definitions of â€œfamilyâ€� for the SCF and the ... processing, correction of minor data errors, revisions to the survey ...














[image: alt]





Conduct of the Regional Evaluation of the Application Projects of ... 

Conduct of the Regional Evaluation of the Application Projects of School Heads Development Program.pdf. Conduct of the Regional Evaluation of the ...














[image: alt]





MODEL FORM OF DECLARATION OF INCOME IN THE FORM OF ... 

MODEL FORM OF DECLARATION OF INCOME IN THE FORM OF AFFIDAVIT.PDF. MODEL FORM OF DECLARATION OF INCOME IN THE FORM OF ...














[image: alt]





Hundreds of thousands of Californians face loss of federal ... - EDD 

Dec 17, 2013 - EDD updates its website and social media sites with the ... The CDSS administers or oversees programs that help nearly 3 million California.


























×
Report Violation of Heisenberg's Measurement-Disturbance ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















