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DATA AND METHODS BACKGROUND: Spin-1/2 and Nested Phasor Diagrams (NPDs) INTRODUCTION
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» 1St semester upper-division QM course
« Spin-first approach’ with spin as example of Hilbert

Quantum mechanics is regarded by most who encounter it as extremely abstract and
difficult to understand. It is also traditionally presented mostly in algebraic form with
expressions that are difficult to interpret in geometric or physical terms. Studies on student
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: / any spin-1/2 state can be laboratory” space and the 2-d complex Hilbert space of spin quantum states. The
diagrammed like this. instructional tools and findings presented in this article may contribute to solving this
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Method of video analysis NPDs for states A, B, and E from the “Distinguishable states” problem
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C L+1 L+1 Does the other finger match the phase Students have shown their ability to make productive use of a graphic tool, the NPD, to represent two complex coefficients
2 2 angle of the other component? for spin-1/2 quantum states, which are traditionally not conceived graphically or geometrically. Increased geometrization of
1 1 If so, the relative phase of the two canoqical p_hysic§ conten’F can be_ _of some ad_vantqge to studeqts. We ha\_/e also shown t_hat students made prqc_luctive use
D — — states is the same of their bodies (via CRP) in cognitive interaction with the graphic. Instruction should provide as many opportunities as
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. . : g relative phases by visual examination of the NPDs seems too difficult in the case of the A/B/E task, while
Match index flnge.rs to Rotate both tingers through t.he performing a coordinated rotation of different fingers at different angles is apparently more manageable. Considering this
the phase angles in the same angle and match one finger to fact together with students’ facility with NPDs, in which some differences between quantum states are conceived as rotation,
These five states A-E vary only in relative phase and NPD for one state the phase angle of one of the makes us wonder what fundamental importance rigid-body rotation might have in cognition; in terms of both enacted
absolute phase, not in relative magnitude of the components rotation as an aid to imagined rotation, and imagined rotation as a metaphorical aid for understanding change in general.
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