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Kochen-Specker Theorem

® Measurements of the squared spin
of a spin 1 particle in three
orthogonal directions always give
the answers 1,0,1 in some order.

® Kochen-Specker Theorem: It is not
possible to paint a sphere so that
every orthogonal base consists of
one white vector and two black
vectors.

® Kochen-Specker Theorem can be
extended to higher dimensions.

« Sphere is painted in white and black
» Every three vectors that make up an

orthogonal basis are colored as one
white and two black.
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The Free Will Theorem (Conway & Kochen)

® The axioms SPIN, TWIN and MIN imply that the response
of a spin 1 particle to a triple experiment is free—that is
to say, is not a function of properties of that part of the
universe that is earlier than this response with respect to
any given inertial frame.
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Peres Configuration

Figure la Figure 1b

Figure 1. The three colared cubes in Figure l1a are ebtained by rotating the white cube through
45° about its coordinate axes. The 33 directions are the symmetry axes of the colored cubes and
pass through the spots in Figure 1a. Figure 1b shows where these directions meet the white cube.

Conway, John H., and Simon Kochen. "The strong free will theorem." Notices of the AMS 56.2 (2009): 226-232.
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Higher Dimensional Kochen-Specker Set

e S,:=1{(1,0,0,0),(0,0,1,0), (0,0,0,1), (1,1,0,0),(0,1,1,0),(0,0,1,1), (1,—1,0,0),
(01—10)(1010) 0,1,0,1), (0,1,0,—1), (1,0,0,1), (1,—1,1,— 1),
11.-1-1).1,-1-11),(111,-1), (11,—-11), (-1,1.1.1)}

e S.:={(0),0,a:a<5S,} - {0,1,0,0,0), (0,0,1,0,0)}

e S, :=1{(a0,0),(0,0,a):a<5S,} v {0,1,0,0,0,0), (1,0,—1,0,0,0),
(111100)}—{(001000) (0,0,0,1,0,0), (1,1,0,0,0,0),
(0.01.-1,0,0),(1,—-1.—-1,1,0.0). (0.1.0.1,0.0)}

e S :=1{(a,00,0),00,0,0,a):a<S,}-10,00,1,0,0,0)}
e S;:=1{(,0,0,0,0), (0,0,0,0,a):a€S,}

Cabello, Adan, José M. Estebaranz, and Guillermo Garcia-Alcaine. "Recursive proof of the Bell-Kochen—Specker theorem in any
dimension n> 3." Physics Letters A 339.6 (2005): 425-429.
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Kochen-Specker Theorem for any finite dimension

® Cabello, Adan, and Guillermo Garcia-Alcaine. "Bell-Kochen-

Specker theorem for any finite dimension." Journal of Physics
A: Mathematical and General 29.5 (1996): 1025.
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