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We have used ~④ ie wavefunctions
to represent state of QM system
we have also written 14>
More abstract

&

Also used for spin states / ↑ >
There is also correspondence 4(x)

Nlp) = ¥+134# e- it# dx
position space momentum space
"
change of representation

"



Finite vector space

⑤ = aiei = Eaié
.
= HE;)
~

ii. = aiéi --1¥;)
I a) Abstract way of representing state

" Ket
"

eigenvectors of I In > =n In>
eigenvectors of ↑ Ip > =p I p>

eigenvector of 5%11^72+1=4-1 ↑ >

Inner productof two vectors

lot
,
lb> Lb!



Lb Ia> What is < bl "bra "

I e) is
"

Eet
"

represent a state
Bra is not a vector

One to one correspondence I b) Lb )

Mathematically speaking :
- Ket lives in a vector spacer
- bones . one element of a dual
space of n ✓

linear functionals
Lbl act on la> → number

Cbla) = complex numbers



Operator on Ket → another bet

⑤ la> = Ic >

Functional onket -1 number

Lb /a) = number

+
Finite ✓

le>=/I;) lb> =L!;)
④ <bt-lbE.BA

able> = 1b¥- - bill.ie?)-Lble7=b*iaiLbI--1bD+



t.UTERPRODUCT-l.ie> < bl ? ? ?

finite V

I a) Lbl = ( En ) Cbi - -bn ) = (Mw)
Matrix

/okb) ⇒iseuoperotI_⇐
(to> <b 1) I c) = la> Lbk> a nunbute)
→ - ?mTbu

-

_



Let's denote bones Idi> orthonormal
b-

H7=ciI
<01,147 = Ci <∅

,
/ ∅, > = cioig --g1-

> tf> a <∅iH>1Ñ)
IE

H> - ? Eisen >
operator

H 7-⇐ Lai> coli 1) 143
IFE

710 i> <∅i1=1 Centene



For a cent , nous set / d c :))
f 1$ cis> < local di = 1
i is whatever labels the states

,

lg p or × or - -

- -

É
Had = <✗It>

147=1%1×1 > < ✗ ' 1 It> B-

am> = 1% '
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Late>a [{ Ix '
G- I xD G- ' tis

= FED Imber

Latin =#

4k) = I?dx '

8k¥ ) 4¢)
+

I = expectation value of ×

-5=15×14*12dx ✗ Ace

I = 241 FIX >

I = an×⇔ , µ

×
'
hi > %

I = Jdx ' ×' 241×174×1147 = Jd✗ '× ' I <✗ 'HIP



symmetriesfonseroeton.at
Spatial Translation (ID)

Classically : move particle by a

QM : take state and shift it by a

1h space

it(a) = operator which shifts
state by a

T (a) In> = In+ a>

TO 147=1017

4G) = cult>
dad --Lallo> = In Itta) 147



∅A) = <n Ita) /47

∅G) = Jdx ' <a /to] Ix ' > <× ' IT>

É IE,
011×7=1dx ' 2×1×1+a> 41×1 )

FEF.at
↳÷

101×1=4×-71
o)tu)=In+
41×1 → V1



H> → Hta

UH -14k-e)

/Ñ⇔h"¥⇔
⇒
T
1-(a) 1-(b) = The+b)
That

'

= Tfa)

+ (a)
"

= The)t_
unitary



(41017--1 414)=1

( 4=1-614
'

411%747=1
(411-6)+1%7147=1
⇒

Tho) not hermitian

i¥=éi


