
SPUN 202 Lecture 5 .
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Wave fntbn ( position) -

{1×7}
. ✗^l✗'>=X .

↑
'

eigenkets.ci/u-lkgoncbuwf .

< ✗
' IX " > = JCM - X

") .
.

a> ÷ fdx'#×>1*71.
we defter

4×1×4=-5×11×7 .

this formalism , origin
'd by Dirac

, says .

the vine fmtion in position space looks like
tie expansion coefficient of 127 respect to

the continuous spectrum of I. ({1×7} ? .
< ✗

' IN = /DX' { ×' / X '

> < ✗ ' 147
.

=.

= 4×1×11 ' = fdx ' SCH - I ') ✗✗ ( ✗
' 1

.

= ✗✗ ( ✗ I /
fdkkx-a.lu/acxy.
= ✗✗ (ao ) .



How to define the inner pnedmt of two
'

physical states? ta> , IP>) .

< PK > = fdx'¥ ? ? -

= fdx ' 4pÉiy 4inch . -☆
This can be tkinked as the overlap between

states K? and I f) . or
,

the punability ampliate
as I P>.

for la> to
be fund in Ip> .

#ii
If Ñ generate a set

basis . { la > I <play .

<Ma > =¥×ia5caiÑ
'

⇒ < ✗
' k> = § ,

< ✗
' la

'
> <a

' 1×7 .

cry the language
in ware mechanics .

LHS =
'

1
.

KHS =I Cai Kai CHI .
-
-

- a-

wine . Alai (✗ "⇒ ex ' /a ' >
,

Cai = <all & > .



⇒ 4✗ Cx't = %, Cai Ua ' Ck '/ r

EX ,

~ Pecosa) i
↳ associated Legendre pity

This derivation . tells us -

MaᵗÉ¥ ⇔ wavemaecaam .

Dirac.
.

↓
quantum

mechanics
.

* matrix . element . (A)
.

81%1×7 ± fdñfdx"PMÑl✗">a

=fd*fd✗
" #cnet.IE?4scxY-

Especially . if = text
.

⇒ < ✗
' I /AH- ACH < ×? I ✗

" > :

= ACXY 81×1 - ✗
"D

which redone the formula of matrix ehunf .
<MATH IN = fdx ' 4,7×4 A CHECK) .

- ① .



- Momturn opentor in position apace
:

f- ( dx) → F
'

,

P' = ?
.

Starting from the infinitesmh
translation operator .

-1^(1*1)=-1
.

- ¥4! a- ✗ is small)-

acting on 1×7
'

⇒ 1^-0*419> ⇐ FCAXYIX ' > 9×11×7 .

= fdx ' / ✗'tax '> <idk> .

↓ refer latme 4 .

= fdx ' IX
'> :

whee 4×4N= . tack-a- ✗ 'I

= #⇔- "¥÷¥÷É¥
= < ✗

'IN - A-✗' Ex
'kÉᵈ

pig it
back to our ehaatrbn .

We get .

Fatah>=fdx? - a-*⇒ <✗'KY) .



[ 1- ¥
"
) /a> = 1×7 - ' 1×75*444

⇒ fplm-fdx.li/YC-ih-Fx)ex'k#
÷
< ✗

' IPK> = - th# <✗
' 127 .

That means the muwtm opinion in, positron spare

is ↑ = * it# , f- it #t .

Reply K ) by IX"> in eq ,

② .

<✗
'
1 PM

"

> = - it¥ , < ✗
' 14
"?

= -it# 8C#
'
- ✗
"l .

The matrix ehmt of p is . I "y D) .

<MPH> = fdx ' SPIX '> C- it#KKK >.
= fdx' Xp c- it# 14inch.



and .

<PIMM -=/did 4,7×4 C- ih-JF.in/aaY.
'

Momentum space
mare font 'm .

Similar to
the position space

.

-
znometum spare _

position spare
.

{ IP > } .

basis { 1×71 .

Refik : PIP
'

? =p
'

/ P
'

> .

continuous spectrum .

< p
' IP"> = FCP

'
- P ") .

1×7=-1dp ' IP
'
> < P' 1*7

The mire ffbn
in momentum see

is defend as

Lcp ') = < P' 1×7
.

-

Norm
Hatton

,

<✗ IN =/dp 'KIP ' >xp'M
= fdp' / 4×4

"'t

= \ .

Recall fun . equation ② -in ✗- space .



< 8 ' / PK > = - it# < $1k > .

if we repeal K> my IP
'>
,
it becomes

<✗
'lP .

=
_ it¥,

< ✗ ' IP
'> .

LHS = P'tix ' IP
' ) .

.

⇒ - it⇒ <✗ ' IP ' > = P' <✗' IP
'> .

First order , homogenous partial d.Ytwtial eq _

The Serkin
is quite simple .

<✗
' II"> = N exp 1

'

=
'

I
normalization constant ^

If we fix ×
'
.

the recount implies the mueftion

of a momentum eigenstate is a plane were .

exp
C- ikxt .

How to determine N . ?

starting from < ✗
' IX"> in P- space .

11×47=5×1 /I / ✗"7.=/dp' '1144" Ix"?
-③

-

.



LHS = fCX
'
- ✗

' 'I

< ×'M>=He×pi
'

) . 445
">=N*expf ) .

Big it
into eq ,@

.

⇒ Ex - ✗
"

1--1*4
'

ftp.expf ]!⇔ .

This integral is a Former integral .
Recall

F[8cm]:-[+58 e-
""✗dx .

I -

= C) .
F-

'(1--13*1)=3*17
= fie

" '
"dk

⇒ 31×1 = ⇒ fei
'"
dk .

If we rephe
' k by %s ; we get .

8*=¥+fei"¥dp.
that gives us the find mutts .

.



⇒ fdpiexpki-P-M-f-2-ah-HX-x.it.
-

- .

*) becomes ,

ZCX
'-7

") = 2k£ WHICH- X") .

-④

ME ÷,
.

take N c-Rt :

⇒ N
-

-¥

⇒ <* hi > = _¥*e×p(iE
This futon has a name . Called •

"

transformation.

fruition
' '
'

between X - space and p- space .

< ✗
' IN =4ac×Y=fdP'Ñ4?" >.

=fdp¥ze×p(¥")%cpy .
= ¥• ftp.kcmexpl"£



4"

.IN#P')--fdxkp'Ix4cXK7r--fdxi-.-*expC-¥ taxi .
%¥fd✗'¥aHe✗pf¥H.

x-ppaieF-T-p-space.it .
¥t

- zp_ Case
.

three -1T

reply,zc¥%É% → 8k¥- ¥ ") .

lgcp ' -*") → 33 (pi- p ") .

wine 34×1-7 ") = 891-7"/ 317
'
- y
"
)3G

'
-z
' ')
.

☒115 = - it# → - it -4 '

( in DX ' → .dk"

dl" → dsp ' -



⇒
pipp > =fdÉ ' 4,7*11

-
it

'74inch.

*✗
' Ii> =

.

-exp 7
.

*it
taxi)=⇔¥%fd3p¥cpYe×p("É
%*4=¥dH 42×4 ept

- EX . Guassian War packet .

Yam = <✗
' k > =[ / exp like 1

.

=[Eid] expcik"/ oxpl-¥1 .

,Ém% Eye .

exit÷:/ is syntonic .

along x=o .

↓
⇒ <✗7=0 '

↓



4×4=-42
.

*"x .

⇒
< (AXP ) = (x2 ) - Cx>

2 '

d2 -

=
-2

For Moman . ! '

= -
it¥ ,

<P > = fdx ' <✗ 17
'
> f- it ¥./ <* K>

= b- K .

4 '? > = Édz-£2k '
'

⇐pi > = ¥2 .

*""" " ' ≈ #
The unwary principle .

the mn-hn.tn me fmt 'on looks like .

&cH=FÉap[É¥d:]


