
=> 5x =? ((xit)<Xi+ 1) +?)(Xi -> <X: - 1)

=? (2(i)(k) + :(t(i)(1 -1

=(ii) +(ii) != ?= -2

Ag F=
ncS=

=> x= (5)

=>
y =(j)= )

= = Ex = (*)

= Ey = (0)
= Pauli Matrices.

53 =5 = (5)
m = (7)

[t.x Ey . Ez) forms a 4D space that spans all

2x2 Hermitian matrices .



Obj . #2 . Quantum Dynamics.

1
. Time evolution &Schrocinger Equation.
2.Schrodinger US . Heisenberg Picture .

3. Harmonic Oscillator (review)

4. Time- dependent Wave Equations.

5. Feynman Path Integrals .

6. Gange Transformation.

1
. Time evolution &Schrocinger Equation.

1
. Time - evolution operator.

1) > Initially at to
> (x ; to > ( - 1x))

later at + -> 1x , toit

-> tim IX, to it) = 19, to : to) = 19 : to) ( - 1x))
+-> 0

S

Analogy : T(ΔX)(x) = 1x+&x
&

It, to) /Xi to) = 19, to it)

↓

Time Evolution Operater.



* Properties of in (t
, to)

11xito)=a)alx ,to
↓

↑ la -> Baisis set.
" Ca· (to)

=>Ix , toit) = ZCa(t) (a)

typically : Calt) + (a) (to)

However: Calto)=alt)R

i . e. if <@ : tola : to) = 1 => <X, titla , to it) = 1
1

<(t,to)Xito l@ (t, to) a : to

<Citolutulxi to>
a

= => n+ Y =1
*

↓

unitary.

- . %x
-

2) Recall --> ↑ (0x1) ↑ (0X.)= ↑ (0X , +OX2)
A XX, +OX2 B

likewise , to stt
*

u (tz , to)= (tz,ti)E (t,,to

to It , 3 to



3) limT(Ox) = 1 likewise
,
tim i (to*t , to) = I

X-0
Xt-> 0

#

4
&

19: to) > 1x , to it) > 1x , to : to >
X M

in It, to
A

E (to ,t)
F B

=> (t, to) E (to,+) =1 = u+ (t, to) (t, to)

=> itt. to) = E(to ,+)

likewise => u(to .+) (t, to) =1.

E A

=>i (to ,+) = *" It , to)
*

A
.

=> i(to .+) = Y+ (t,to) = Y
"

It, to)

> reversing time .

=> recall F(dX) = 1 - iRdX
↓

+= Y (Proof Based F +F =1 .

↑( dx)Y(dX)= 1)

Analogonsty => (totdt . to) = 1 - iedt
-= = Herm.



for example : =>
+ Y =1.

(totdt
, to) @ (totdt . to) =(+i

+

dt) (1-i *dt)El

& in T is related ↑

↑ = 1-iRdX => in [CM+]

in [J . S . cm+] I =>=↓

h [J . S] or [J : He"]

=> F = 1- dx [S]
↑

likewise. (to +dt . to) = 1- iedt
↓

[S-]

E = tw = hr Plank - Einstein Relation .

↓-

=
Herm .

↑

- tod ,to
↓

Frequency


