
Revisit of Quantum Mechanics Postulates

Last two lectures
,

I was actually following standard
"

textbook
"

way of teaching

postulates

of quantum mechanics
,

and

Apparently , it didn't work
very

well .

I will try my
own style and revisit the

postulates
2 like to fouow what

really happened in history ,

because it

explains why people came
up

with these
postulates .

History
Rouses :

De Broglie proposed electron is wave
,

to solve the

hydrogen atom
spectral problem .
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Summarize two postulate
:

Postulate 2 :
Wave

equation satisfies Schrodinger gratin .

-

postulate 3 : physics attribute ⇒ an
operator .

Now
,

Schor
dinger

needs to do
something to shoo

his
equation is correct .

So he tried to solve the

Schrodinger egaatim for Hydrogen
atom

. His
equation needs

to be tasted by experiment
.
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And
. . . . .

We are not
going

to solve it .
. . Although Schrodinger

did solve it in
history

-
- -

But how
Schrodinger solved it  is

extremely interesting .

The left hand - side
,

t
operator ,

is independent of time
.

The right hand - side
, +ihfz ,

is
independent of position .

So
you

can separate your
solution

yet
,
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separation of variables
.

Noo is the
guessing

around part .
. . .
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The simplest solution
.
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Have
you

notice
something

? This is the definition of
eigenvalue eigenfunction .
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A → It
; ya → THE ) ;

a → Aw
,

or 't
.

So the solution of Schrodinger equation
becomes a

surprising
Mathematical problem .

Solve eigenfunction of that ) = If ⇒
CI

'
3

And the solution to Schrodinger equation
would be :

Yle ,
t ) = fish ) e-¥t

;
E -

- too
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so if you
can solve this eigenfunction problem , yousolved

Schrodinger equation
.

-
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So
Schrodinger solved this eigenfunctions ,

and he found

many
solutions C or

group of solutions )

with En b Rim ;
n is

integer
.

So : En - Em = two # =
Ro

( a's - ¥ )
.

Reproduce the
spectrum of Hydrogen Aton

.



Schrodinger solved the

eigenvalues
of It

cenergy operator )
,

and the

valuesaisne
the same as

experiment
measurement of

energy
.

And in fact ,
all

energy
values extracted from the hydrogen

spectra measurement
, goals to the

eigenvalues of A
.

There's no exception
.

This is a one to one

mapping .

E
measured ⇒ Zeiger value

.

people summarise postulate 4 :

The measurable value of attribute A
,

is the
eigenvalues of

operator A
.

It make sense
. . .

Schrodinger 's contribution stopped
here

.

Continue : from electron Young 's double slit
experiment

:

we know the linear ambition of wave function should still be

a valid wavefunction :

4 -
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Ln . Yn postulate 5 .



The final postulate ( which Einstein never believed )

This one is extremely difficult to understand
,

but let's try .

Still Young 's double Slit
experiment of electrons .

We've seen the movie
,

electron arrives one by one
,

and people measures its position .

So
according

to
postulate

4
,

all possible results are the
eigenvalue

of position operator I
.

And according to postulate 5 : all wavefunction can
be

expressed

as
superposition of eigenstates . 41×1=57

,
Anya

.

So what is the
eigenvalue

and eigenfunction of I ?

eigenfunction is Six - Xo ) ; eigenvalue is txo
. Cary

?

Proof : I Xcx ) =
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Since X is a variable
,

Xo is a number
, X - Xo to unless

X -

- Xo
.

So for Xt Xo
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. xo ) can be
aritary value

.

But since we need
eigenfunction

to be normalized :

f- fit ycxsdx = ycxsdx ;
As e - so

; yup → w
.

So we have : the
eigenfunction of I for eigenvalue of Xo is :

4lb -

- { I' III: and fjwycxidx -

-
I

This is the definition of S - function :  Xcx ) -

- Six - xo 7
.

So I has
eigenvalue Xo

, eigenfunction
84 - xD

,
Xo Can be

any
red number

.

Now let's
try

it on Double slit
experiment

. from that
experiment,

we know individual elections arrives randomly ,
but its probability of

arriving
at

position x.
,

is lycxosl
'

ifycxof-eikri-eikrrrijftxo.IT
;
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Exactly the same as light .

Paco) = lycxolt .
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Now let 's combine with
postulate 4 and 5 .

Xcx ) can be
expressed

as
supposition of eigenstates of

I : 8 Cx - Xo )

to

Xcx ) = tho ) . Scx - Xo ) = fdcxo ) Kx - Xo ) dx
.
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And we
knew!he

probability
of measuring

X
,

and
get

result Xo is :

Nexon
'

We
express ycx , as the

superposition of the eigenfunctions of I
,

then when we measure I
,

the probability of getting
Xo

eigenvalue
is the amplitude square of the

coefficient in front of the
eigenstate.

Extend it to all
operators

.

let I → A
;

fix - xo ) → Ya
,

n
i Xo → an

We have Postulate 6 :

When
measuring

A on state Y -

- Ln 4am ,
when 4am is the

n-th eigenfunction of operator
A

,
then the

probability of getting

eigenvalue An
,

is I dnt
.


