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Aula passada

Espaço de estados (kets) E
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Espaço dual E* de funcionais lineares (bras) em E:
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i aiêi ai = êi ·A
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Aula passada
Associação ket → bra:
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Associação bra → ket:
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Mas há bras cujos kets associados são não normalizáveis (exemplos: ondas 
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Aula passada
Operadores lineares:
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CHAPTER II THE MATHEMATICAL TOOLS OF QUANTUM MECHANICS

A
ψ ψ  A ψ 

ψ  ψ A†
ψ 

A†

Figure 2: Definition of the adjoint operator of an operator using the correspondence
between kets and bras.

Equation (B-41) therefore defines a linear operation on bras. The bra is the
bra which results from the action of the linear operator on the bra .

Commments:

(i) From definition (B-41) of , we see that the place of the parenthesis in
the symbol defining the matrix element of between and is of no im-
portance. Therefore, we shall henceforth designate this matrix element by the
notation :

= ( ) = ( ) (B-45)

(ii) The relative order of and is very important in the notation (cf.
§ 3-b-a above). One must write and not : acting on a ket
gives a number ; is therefore indeed a bra. On the other hand,

, acting on a ket , would give , that is, an operator (the operator
multiplied by the number ). We have not defined any mathematical

object of this sort: therefore has no meaning.

B-4-b. The adjoint operator of a linear operator

We are now going to see that the correspondence between kets and bras, studied
in § B-2-c, enables us to associate with every linear operator another linear operator

, called the adjoint operator (or Hermitian conjugate) of .
Let then be an arbitrary ket of E . The operator associates with it another

ket = of E (Fig. 2).

To the ket corresponds a bra ; in the same way, to corresponds .
This correspondence between kets and bras thus permits us to define the action of the
operator on the bras: the operator associates with the bra corresponding to the
ket , the bra corresponding to the ket = . We write: = .

Let us show that the relation = is linear. We know that, to the bra
1 1 + 2 2 , corresponds the ket 1 1 + 2 2 (the correspondence between a

112
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Bases na notação de Dirac
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C. REPRESENTATIONS IN STATE SPACE

Table (II-7) summarizes the only fundamental formulas required for any calculation
in the or representation.

representation representation

= = ( )

= = = d =

Table (II-7)

C-3. Representation of kets and bras

C-3-a. Representation of kets

In the basis, the ket is represented by the set of its components, that
is, by the set of numbers = . These numbers can be arranged vertically to
form a one-column matrix (with, in general, a countable infinity of rows):

1
2
...

...

(C-16)

In the continuous basis, the ket is represented by a continuous infinity
of numbers, ( ) = , that is, by a function of . It is then possible to draw a
vertical axis, along which are placed the various possible values of . To each of these
values corresponds a number, :

...

...

...

...

(C-17)

C-3-b. Representations of bras

Let be an arbitrary bra. In the basis, we can write:

= = = (C-18)

has a unique expansion on the bras . The components of , , are the
complex conjugates of the components = of the ket associated with .

119

Escolher uma base é chamado de  
“escolher uma representação”

Escolhida uma representação, podemos kets, bras e operadores podem 
ser tratados como conjuntos de números complexos, como veremos.

00



Notação matricial: kets e bras
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realt

Elefantus
OS BRAS LUI eluipcuil bet Uil

bi Cui 97 bi etui E ESCREVEMO co

COMO UM VETOR LINHA bi b b Ulu 241427



Notação matricial: produto escalar
ally btc bite

tbizt

am bit bit bit

I

A 887M O PRODUTO ESCALAR É O PRODUTO

MATRICIAL



Notação matricial: operadores
DADO A A lui Cail A 8147291

Eggs
Minuit

Aip UilAluj
QUE A GENTE REPRESENTA COMO UMA MATRA

d
ALI AZZ 23



Notação matricial: atuação de 
operadores em kets

14 A147 E lui Laila E ly Uj 1 it
11

di lui ifAijhey
lui

ECi lui Ai je lui o c f AajCj
A is A z o

É Lau
an



Notação matricial: elementos de 
matriz

491 A 4 9241 di cuilal up uj 147

TE TE I
E biAigCj

bit bit

f
Az Azz H



Notação matricial: produtos de 
operadores

Cui l AB IUj CUilAl up CarlB IUj

Air Bag

1



Notação matricial: atuação de 
operadores em bras

a A EEffigig
uji Lbj uj l d l

bit betais bit bit

71,1



Notação matricial: o operador adjunto
at

j
oilatlag Eggs

Aja

At i je Aji
Al Alz

se A Lan an at ft ti i

At if AT Jig



Exemplos: espaço E bi-dimensional

3
OPERADOR LINEAR

SEU ADJUNTO E l Ji

4 2 i



Notação matricial: operadores 
hermitianos

A At D A AT At D Air Ati

EM ESPAGOS BI DIMENSIONAL S

697,9 198 8 9 8 8 6

QUALOVER MATRIZ HERMITIANA 2 2 RODE

SER ES RITA COMO

autboxtcoytdoz ftd bigbrie and
albie d ER


