
=>jth component of 19)

-> <il) = [dijli>=diSji
Sjj #

Cij
*
DG . subspace : For a rector space V. asubset

-> Dimension

that forms avector space , denoted as Vi
e. g. Viz (IR) & subspace

V

*DT sum of subspace : VV =V

contains& inT
③ linear combinations of lis & (i)

e.g. VIEVj = Vis

3) Operator (in function space e.g.. F = <x)
#

* observables that can act on Ket

produce another ket rector

& (a) = 1x)

> (**)(b) = (a) = a(Y) +b()



① addition .

* commutative *+y = Y+ X
* associative (*+Y) + 2 = X+ (Y +2)

② multiplication

* non-commutative : ***** (typically)
*associative : (*Y) = * (Y)

* Power : (*)"(X)m = (X)n+m

⑤ Linearity :

* (Calx)+ (p18)) = Ca * In) + CX19)

#BIX1 K

1x']

⑤ XY1a) = X1YX)
2. 71.

⑥ commutation : [X . Y] = XY- x

[ *2 = X[Y , [] + [x , 2]Y
*
* order

E
* chain rule [x . YI] = YEX,J + EX ,Y]



Projection operator.

(a) = [dili) =EE-w

&ilx>
-

scalar
closure/completeness .

*i(x) = (i)(i)a) =dili)
↓

Projection Projection.

operator.

</1i = <1: 4) = (aii)= asi)

xi1j = (i) (i(j)< j) = [0Sij 1;
Ajoint 19) =

PC
, <al

alx) = (ax) +
P
<ax) = a*(x)

* (9)
PC
,

II

|*>P < XX1# < /X
↓

44/ **

def . <x/X+= (*x)

<*B(x) = (B(X+1) =<B'(x) = ((x(B))
*

Bi
M

= (x/ * Bx)
*



=> <BIX+12)= (x/* /B)
* = (a)x(B))

*

↑

<ilx+1j) = ( < j/X(i))
* X+: transpose .

(ij = (*ji)
#

complex conjugate of
*

=> (Y)+ = Y+ X+

(Proven by<*** 1)

matrix element matrix element it row jth col-
-

*= (i) * (j)<jl
#

Hermitian ( & Anti-Hermitian) operator.
*
D8 Hermitian : Y+ = Y =PXi = X

S => diag must be real.
=>② Xij = X*D9 · Anti-Hermitian:

complex conjugate symmetry
Y+ =-

e.g. Any X-X=+ + ***
I ↓

2

Herm- Anti-Hermi-



* T2 : 2-I

eigenvalue of H is real

2-2.

eigenket of XH corresponding to different

eigenvalues are orthogonal .

unitary operator.

* D10 unitary :+Y=+ =I

> 2x2 rotation matrix

= (99)+ = La( in 2D complex space .

SU(2)

=>=esteinTen)
if P=% = 0 rotation around

=> Y = /COSOSinSo z-axis w/Y

*. T3. For orthonormal complete basis set.

[19:)] (lbi)] that span the same rector space.

that exists an .
S .
t. 1bi) = Ylai) ti

it (1 . 2 ...n]



Transformation matrix can transform the rector

representation in one basis set into another.


