
  
 
Follow 4.11's notes. We mainly give some definitions.

Definition 1  
A unit vector is a vector with length 1. We write a unit vector as .v
 

Definition 2 (Kronecker delta)

𝛿 = .ij
1 i = j
0 i j=

  We have

= = I.

𝛿11 𝛿12 𝛿13

𝛿21 𝛿22 𝛿23

𝛿31 𝛿32 𝛿33

1 0 0
0 1 0
0 0 1

  So the Kronecker delta represents an identity matrix.

 

Definition 3 (Einstein's summation convention)

Consider a sum . The summation convention says that we can drop x ⋅ y = x y∑ i i

the  symbol and simply write . If suffixes are repeated once, summation ∑ x ⋅ y = x yi i
is understood.
Note that  is a dummy suffix and doesn't matter what it's called, i.e. i

 etc.x y = x y = x yi i j j k k

 
The rules of this convention are:
    Suffix appears once in a term: free suffix(i)
    Suffix appears twice in a term: dummy suffix and is summed over(ii)
    Suffix appears three times or more: WRONG!(iii)

 

Definition 4 (rank)
定义矩阵的列秩（column rank）等于其线性无关的列数，行秩（row rank）等于线性无
关的行数．由于任意的矩阵的行秩和列秩相等，可以直接称为矩阵的秩（rank）． 

 
要确定任意矩阵秩的大小，我们可以先用高斯消元法将矩阵变换为梯形矩阵．矩阵的秩数就

是梯形矩阵中不为零的行数．这是因为行变换不会改变矩阵的秩． 
这里我们还是认真看看4.9笔记一笔带过的高斯消元法
 

Definition 5  

Linear Algebra (continued)



 

Corollary 1 解的数量

 

Corollary 2 解的结构

综上所述，对于任意有解的非齐次（inhomogeneous）方程组 Ax=y，我们可以将通解从
形式上理解为齐次方程组 Ax=0 的通解与非齐次方程组的任一特解相加． 

 

Definition 6 (Transpose of matrix)
 If  is an  matrix, the transpose  is an  matrix defined by A m×n AT n×m

.(A ) = AT
ij ji

 

Definition 7 (Hermitian conjugate)
Define . Similarly, .A = (A )† T * (AB) = B A† † †

 

Definition 8 (Symmetric matrix)
 A matrix is symmetric if A = AT

 



Definition 9 (Skew-Hermitian matrix)
 A matrix is skew-Hermitian if .  The diagonals are pure imaginary.A = -A†

 

Definition 10 (Trace)
The trace of an  matrix  is the sum of the diagonal. .n×n A ) = Atr(A ii

 

 


