
March 12, 2018

Dr. Matthew Leifer

leifer@chapman.edu

HSC112

mailto:leifer@chapman.edu


i. Vectors, Dual Vectors, Inner Products, and Tensor Products

ii. Abstract Index Notation

iii. Diagrammatic Notation

iv. More Interesting Tensor Products

v. The Space of Linear Operators

vi. Raising and Lowering Indices

vii. Transpose, Conjugate and Duals

viii. Trace and Partial Trace

ix. Vector -Operator Correspondence

x. Application: Quantum Teleportation



¼The aim of this section is to introduce a way of dealing 
with systems with complicated tensor products using 
diagrams.

¼This can be used to visualize or simplify various proofs in 
the next section.

¼As an application, we will discuss quantum teleportation.

¼For much more on this approach, see Bob Coecke and 
Aleks Kissenger, òPicturing Quantum Processesó, 
Cambridge University Press (2017 ) in Supplemetal
Reading.







¼ Even abstract tensors get tedious after a while, so it is useful to 
develop a way of representing them with diagrams.

¼ A tensor is represented by a box.

¼ A vector index is represented by an upward directed line with Hilbert space 
label.

¼ A dual vector index is represented by a downward directed line with a Hilbert 
space label.

¼ Contraction (taking inner products) is represented by joining lines.







¼ Note: The shape of a box does not matter.  Only the direction of the 
lines coming out of it matters, e.g.




