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7) Absiract Tensor Systems

® The aim of this section is to intfroduce a way of dealing
with systems with complicated tensor products using
diagrams.

® This can be used to visualize or simplify various proofs in
the next section.

® As an application, we will discuss quantum teleportation.

® For much more on this approach, see Bob Coecke and
Aleks Kissenger, “Picturing Quantum Processes”,
Cambridge University Press (2017) in Supplemetal
Reading.



7.11) Absiract Index Notation
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Absiract Index Notation
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7.1il) Diagrammatic Notation

® Even abstract tensors get tedious after a while, so it is useful to
develop a way of representing them with diagrams.

® A tensoris represented by a box.

® A vectorindexis represented by an upward directed line with Hilbert space
label.

® A dual vectorindex is represented by a downward directed line with a Hilbert
space label.

@ Contraction (taking inner products) is represented by joining lines.
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Diagrammatic Notation

® Note: The shape of a box does not matter. Only the direction of the
ines coming out of it matters, e.g.
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7.lv) More Interesting Tensor Products
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More Interesting Tensor Products
O ﬁ\n OL):)(ZCIT Hw, Zk|l7U; \\S‘}A@n(k\ XY !\e.‘l'Lu' i~ kel' Nar o« 19\‘0\,,

O Howeves Ha @9'(22 is skl Jest w Hol Lot space like any ofbhes
O Somebimes b wll be ugeful to thnh oF Ha @9{@+ 6S o Space of “labs
ond e dual AT 0Us ac a spece of “bras”
O Whea (Xofnﬁ so, | will use rted brakekbs aad Ted a!‘ajravv‘s
. ]A
V2, =2 P Ly @ g1 \A& —

R

I



More Interesting Tensor Products
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Partial Inner Products
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7.v) The Space of Linear Operators
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The Space of Linear Operators
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The Space of Linear Operators
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Duperators
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Inner Products of Operators
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7.vi) Raising and Lowering Indices
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Raising and Lowering Indices
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The Identity Operator
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The Yanking Axioms
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7.vil) Transpose, Conjugate, Duals, and
Trace
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A Bit of Diagrammatic Trickery
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Fun With Diagrams
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Conjugate
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Dual/Adjoint
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7.viil) Trace and Partial Trace
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Partial Trace
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Vector Operator Coirespondence
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Geliing Rid of Awkward Boxes
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