APPENDIX |

NOTATIONSAND SYMBOLS

This appendix contains a summary of notations used in this book. Definitions of the quantities encountered here can be found
either in the following Appendix, or in the proper parts of the text where they are first introduced.
= |.1 Summation Convention

Einstein convention:

(1.1-1) Z AB =AB

but A; B; indicates no summation.

m |.2 Vectorsand Vector Indices

@ Vectorsin Euclidean spaces are denoted by boldface single Latin letters, e.g. X, V,... €tc.
Unit vectors are denoted by an overhead caret. eg. €, 0, Z.. etc.

Orthonormal basis vectors are denoted by (& ,i =1, 2, ..., n} sothat
(1.2-1) X=X
(b For spaces with 'metric tensors, say g; j, the covariant x; and contravariant xI components of the same vector is
related by
(|.2-2) Xi =0 xJ

such that x; y' is an invariant. The metric tensor for Euclidean spaces is the Kronecker delta function: g; j = 0i j. Hence, for
Euclidean spaces, x; = X.

(© Vectorsin general linear vector spaces are denoted by kets
[ X)), [&), -
or bras
(P Cul,
Whenever confusion is not a danger, we shall omit the bra and ket signs, and use bold |etters to denote the correspond-
ing (genera) vectors, as for ordinary vectors.

(d) Multiplication of avector | X ) by anumber o can be written in three equivalent ways:
(1.2-3) |ax)y=a|x)=|X)a

(e Lower indices are used to label 'ket' basis vectors, e.g.
{le),i=1 ..n}
Upper indices are used to label components of ket-vectors.
Consequently, if x' are componentsof | x ) with respectto{ | g )}, then

(1.2-4) | x)=> le)x=]e)x
i=1

()] Upper indices are used to label basis-vectors of the dual space, e.g.
{(€];i=1, ..n}
Lower indices are used to label components of bra-vectors, i.e.
n

(1.2-5) (X |= in(ei|:xi(ei|

i=1
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If (x|and( €| areduato|x), | e )respectively, thenx’ = x'* where * indicates complex-conjugation.
The raising and lowering of the index in this way is a desirable convention, since the scalar product can be written as

(1. 2-6) (x|y)= z‘XiTyi=XiTyi

i=1

= |.3 Matrix Indices

As usua, elements of a matrix will be labelled by arow index followed by a column index. (In rare occasions, each
index may consist of more than one symbols.) The transpose of a matrix, indicated by the superscript T, implies the inter-
change of the row and column indices. We write,

(1.3-2) AT = Ajj AT = AlL

Note that superscripts (subscripts) remain as superscripts (subscripts): they are not affected by transposition.
Because of the Einstein summation convention adopted above, both upper and lower indices are used to label matrix
elements. The normal notation for matrix multiplicationis
(1.3-2) (ABC)'; = Aly B, C™|
which naturally followsfrom the convention adopted above for vectors--asis shownin Sec. 11.3.

Just as in the case of vector components, it is desirable to switch upper and lower indices of a matrix when its
complex conjugate is taken. As hermitian conlugation also implies taking the transpose, it is natura to incorporate also
(1.3-1), and arrive at the convention:

(1.3-3) Allj = A = (A )
If A carries any other indices (such as a representation label), we shall raise or lower them according to the same convention.

Asindices may also be raised or lowered by contraction with a metric tensor, as mentioned in Sec. |.2, variants of Eq.
(1.3-2) may look like:

(1.3-4) (A BC)'; = A'™*BnC™;
= AgBMCpj
All these forms are equivalent if the raising and lowering of indices are carried out consistently.
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