
WIN =Wow
be anywhere T-X, X]

↓

continuous spectra
g(x)=
v-0 - S(X)
↓ N

↑ (a) = ala) - > discrete spectra .#
·(x) : Diracdelta function

-Analogy : => o anywhere , except "at" X=0
Discrete .

continuous spectra .

<ald") = Said " <ww") = - (w'=W')

2 (a)sal= Jdw'ln's<Wi =1 .

(x)==(a)<alx) 1x) = (dw'w'Wix)

[ (ax>k=] Jdw · k <Wix> = 1

<a"I * (a) = aSaax <W"/WIw) = ·S (w'- w")

ala) it afa"-=0 ifwW"== 0

S it a=a"-0 [ if w=W"->*0

3-2. Position eigenket & measurement.

* (x) = X(x)
> dimension of length e.g. [cm)·



a)=xixx
↳
-2= XL0/2

i
*

-> A

& Detector

locate particle in (x -0/2 ,

X"+/2)x+4/2

a)=xix)<x)) measurea Jdx"xxyA
X/2

abrupt change.

i <X"19) = const· in(x-012 , X+6/2)

> P = KX1x>kdx > Probability density.
(small

x
*
=(a) =2/2

Ptotal=Y(*) =1 (if (d(x) = 1)

↓

Tax <x(x)<x()
- Es

#

For 3D case : Ket IX) = /X' , y ,z'
↓ simultaneous eigenket ofcapital

X , y,



* (X) = x(X) , y(x) = y (X) , =(x) =z(X)
I I↓I I I

↓

Capital X
=> [i,j]=0 Xi,2 , Is stand for Y , Y,

-> (x) = JdxIX')<X(x)

3-3 . Translation operator.

↑ (dx)(x) = |X+dx)

↑ (dX) (x) = F(dx)(dx(x)(X,12)
&

- (ax(x(dx)(x1x)
II X X=dX

~
= (dx(x))(X-dx(x)

Properties of F(PX) : E
① if <</x)= 1 we require </ ↑+(**) F(x)=1

[x1(x)
=It(dx)↑(dX)=1 .

(i..e., probability is reserved)

Unitary.

& (dX") ↑(dx)= (dx+dXx)

rector sum. *



③ if dx-> 0 tim ↑(d) =1
.

dX-0

-> F
+ (dX)

# F(dx) = F+ (dX) (F(dx) .T(dx)

= F(dx+dx)) = F(0) =1)

To have- satisfied :

= (dX) = I- idx,
> Generator

Herm. Ex · Ky , Kz

Validity:

① *+F = (1+ iRdx) (1-iYdX)

=1- i(m-Y)dX - ( - - -)(dX))
=00 order.

= I

② ↑(dX") F(dX) =. - . (Practice after class)

= I- iB(dX+&xi)

③ dx-> 0 = F(dX) =1 . (Trivial)

↑ Y(-dX) . Y(dX)= (-dX+dx)) =1

↑ (dx)F(-dx) = F(... ) =1

=> inverse exists for



=> F(dX) = Y
+ (dx)

Fundamental properties of X , & E

*F(dX)(X) = X(X+dx) = (X+dx)(x+dx)

↑ (dx) X (x) = ↑(dx)X(x) = X(x+dX)
(X)

=> [* , F(dX)] = AdX'
· ·i

=>X (1- iYdx) - (a -i(dx)x = - iYx+ iYx

=
=> EX , R] = 1: :

=> [Yi,j] =#-
·Sij

3-4· momentum (as translation generator)

How ?

17 For spatial translation F(dx) · f(x) = f(x+dx)

= f(x-dX)
2) Expansion for infinitesimal shift

:

f(x-dx) = f(x) + df(x) (dx) + O(dxz)
dX

S

Ef(x) - df(x) .dxyF(dx)= 1-Xdx
S

↑ (dx)f(x) =
=



3) General form of unitary operator :

(1) = e-
i


