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Abstract: This paper gives a hypothesis about state and a formulation about quantum system. This formulation 

has no inside conflict, needn’t any abstract boundary and can connect state with reality. Its calculation consists 

with orthodox theory (OQM). It is used to explain double slits experiment and Stern-Gerlach experiment. Paper 

also shows a case, in which, this formulation and OQM give different result. 

I. Introduction 

Year 1926, mathematical formulation of quantum mechanics was completed. 

This formulation was exalted by N. Bohr and W. Heisenberg. They considered this 

formulation as a complete theory of microscopic world [1]. Year 1932, J. V. 

Neumann complemented projection postulate to make orthodox quantum 

mechanics (OQM) [2]. 

OQM very consists with experiment. But it contains serious difficulty. From 

analysis of N. Bohr [3], W. Heisenberg [4], J. V. Neumann [2], A. Einstein [1, 5], 

Margenau [1] and many other physicists showed key difficulty of OQM: 

Discrete values require wave function collapse. The collapse requires an wave 

function 𝜓 = ∑ 𝐶𝑛. 𝜙𝑛𝑛  as a combination of vector system which are orthogonal, 

normalization, completeness. But this wave function never appears in experiment 

so it is only an abstract wave function (AWF). It obeys Schrodinger’s equation. But 

this equation contrasts with the wave function collapse. So, OQM contains inside 

conflict. On other hand, there are both spontaneous and measurement processes 

in OQM make some difficult in metaphysical aspect. First is the meaning of wave 

function. OQM only describes ability, not reality. So, OQM is only theory about 

epistemology, not about reality. The second, to use the projection postulate, we 

need an abstract boundary (AB) between quantum and classical, object and 

apparatus, matter and consciousness… Experiment and theory can’t determine 

this boundary. 

Disentanglement the difficulties of OQM is very important. Because, an exact 

solution reveals deeply properties of the world. To solve conflict between 

spontaneous process and measure process, it is one of three ways: 

Remove one of two processes then use other in all case. 

Modify one or both processes so that one become a consequence of other. 

Modify one process and reject other. 

Marengau wanted to reject measure process [1] but only spontaneous process 

is not fully to describe phenomena of atom. Many world theory [6], and consistent 

history theory reject the collapse but they are couldn’t test. 

Ensemble theory [8] is driven by second way, it modified the meaning of wave 

function. But this theory got not many successes. Objective collapse theories [9, 

10, 11, 12, 13] modify the Schrodinger’s equation to contain the collapse. 

Decoherence theory [14, 15] is also belong this way. On this way, we must mention 

hidden variable theory [16, 17], relational theory [18], transactional theory [19, 20], 

time-symmetric theory [21, 22]. However, every of them is also restricted. Some 
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theories are until theory about epistemology, not about reality. Some are not valid 

with basic symmetry principles. All of them are couldn’t test. 

This paper gives a way to modify OQM. By analyzing OQM, we will see that in 

frame of OQM, there is no way to test the validity of the Schrodinger’s equation. 

So this paper’s approximation belongs third way. It rejects the abstract wave 

function (AWF), of course, it rejects spontaneous process. State of system is 

determined by eigenvectors Hamilton operator. However, the state is couldn’t 

predict. 

Formulation which is built in this paper consists with calculations by OQM. But 

it has no inside conflict. This formulation also connects the state vector to reality. 

Other result, in this formulation, we needn’t any AB to get value of observable 

quantity. 

Apply this formulation we can explain natural double slits experiment and Stern-

Gerlach experiment. At the end of this paper, we give a supposed experiment. With 

this experiment, viewpoint of OQM and the formulation in this paper give difference 

results. 

 

II. Hypothesis 

Because OQM fits very good with experiment, so, we should start our analysis 

by OQM. We consider 6 cases: 

First, we measure energy of system in stationary state. From OQM, after 

measurement, state of system is an eigenvector of Hamilton operator. 

Second, we measure energy in time-dependent state. From principle about 

observable quantities of OQM, at moment t, we get an eigenvalue of Hamilton 

operator H(t). From projection postulate of OQM, after measurement, state of 

system is an eigenvector of operator H(t). 

Third, measure quantity A which it commutes with Hamilton operator H. From 

projection postulate, after measure, state of system is an eigenvector of operator 

A. Because operator A commutes with operator H, state of system is also 

eigenvector of H. 

Fourth, we measure quantity B which it doesn’t commute with Hamilton 

operator. Call 𝑉𝑚𝑒𝑎𝑟 is interaction potential operator between system and 

apparatus. Operator 𝐻𝑚𝑒𝑎𝑟 = 𝐻 + 𝑉𝑚𝑒𝑎𝑟 is Hamilton operator of system during 

measurement. From OQM, after measurement, state of system is an eigenvector 

of operator B. If we measure B second time, serial after first time, we get the same 

result as first time. Because we do serially two measurement, so after first 

measurement, Hamilton operator of system is 𝐻𝑚𝑒𝑎𝑟. Because the second 

measurement give a sure result,  so operator B commutes with operator 𝐻𝑚𝑒𝑎𝑟. 

So, after first measurement, state of system is an eigenvector of operator Hamilton 

during measurement 𝐻𝑚𝑒𝑎𝑟. 

Fifth, system in stationary state and there is no any measurement. In this case, 

from OQM, state of system is found from Schrodinger’s equation. Of course, state 

of system is an eigenvector of Hamilton operator. 

Sixth, system is time-dependent and there is no any measurement. State of 

system is also found from Schrodinger equation.  Call 𝜙𝑛 is an eigenvector of 

Hamilton operator H(t) at moment t. State of system can be present as a 

combination 𝜓 = ∑ 𝐶𝑛. 𝜙𝑛𝑛 .  This combination is not eigenvector of operator H(t). 

However, we note that: “there is no any way to test directly the validity of 

Schrodinger’s equation in time-dependent state”. Because there is no any 

observable operator which it takes combination 𝜓 = ∑ 𝐶𝑛. 𝜙𝑛𝑛  as an eigenvector. 



So, in frame of OQM, there is no any measurement to get combination 𝜓 =
∑ 𝐶𝑛. 𝜙𝑛𝑛 . It means that we can’t test state of system in time-dependent state. 

From these analysis, we suggest that: “in time-dependent state, system doesn’t 

obey the Schrodinger’s equation”. But how is about state of system? From above 

analysis again, we suggest “at a moment, state of system is an eigenvector of 

Hamilton operator”. This hypothesis rejects the existence of AWF and spontaneous 

process. We can present this hypothesis in a more elegant way. This way based 

on symmetry property. That: “state of system is always invariant with action of 

Hamilton operator”. 

We must note that this hypothesis is applied for all case, include degenerate 

states. At moment t, Hamilton operator H(t) with eigenvectors 𝜙𝑛𝑠. In which, 𝑠 =
1,2…𝑔𝑛 and 𝑔𝑛 is degenerate degree of energy level 𝐸𝑛. A combination of 𝜙𝑛𝑠 is 

also an eigenvector of Hamilton operator. Of course, that combination can be a 

state of system. So, at a moment, state of system can be present as: 𝜓 =
∑ 𝐶𝑛𝑠. 𝜙𝑛𝑠𝑠 . 

To describe statistics property of quantum systems, we need admit that: “every 

eigenvector of Hamilton operator has corresponding probability to be state of 

system”. Now we show the way to find this probability. To do this, again, we start 

from OQM. Follow OQM, state of system is ruled by Schrodinger’s equation: 

𝑖ℏ
𝜕

𝜕𝑡
Ψ = 𝐻.Ψ                                     (1) 

Solution of (1) can be presented in form: 

Ψ = ∑ ∑ 𝐶𝑛𝑠. |𝜙𝑛𝑠⟩𝑠𝑛                                      (2) 

In which, vectors 𝜙𝑛𝑠 are eigenvectors of Hamilton operator H. Of course, they 

are orthogonal, normalization and completeness: 

𝐻(𝑡). |𝜙𝑛𝑠⟩ = 𝐸𝑛(𝑡). |𝜙𝑛𝑠⟩        (3) 

⟨𝜙𝑚𝑝|𝜙𝑛𝑠⟩ = 𝛿𝑚𝑛. 𝛿𝑠𝑝              (4) 

And: 

∑ |𝜙𝑛𝑠⟩. ⟨𝜙𝑛𝑠|𝑛𝑠 = 1                                                (5) 

Probability that |𝜙𝑛𝑠⟩ to be state of system as: 

𝑤𝑛𝑠 = |𝐶𝑛𝑠|
2                                                  (6) 

Normalization condition: 

∑ ∑ 𝑤𝑛𝑠𝑠𝑛 = 1                                  (7) 

Probability that combination 𝜓 = ∑ 𝐶𝑛𝑠. 𝜙𝑛𝑠𝑠  to be state of system as 

𝑤𝜓 = ∑ |𝐶𝑛𝑠|
2

𝑠                                  (8) 

Take (2) into (1) we have: 

𝑖ℏ∑ ∑ 𝐶𝑛𝑠.
𝜕

𝜕𝑡
|𝜙𝑛𝑠⟩𝑠𝑛 + 𝑖ℏ∑ ∑ |𝜙𝑛𝑠⟩.

𝜕

𝜕𝑡
𝐶𝑛𝑠𝑠𝑛 = ∑ ∑ 𝐸𝑛𝐶𝑛𝑠. |𝜙𝑛𝑠⟩𝑠𝑛            (9) 

Multiple ⟨𝜙𝑚𝑝| with (9) and note to (3) (4) we get the equation of 𝐶𝑛𝑠: 

𝑖ℏ∑ ∑ 𝐶𝑛𝑠. ⟨𝜙𝑚𝑝|
𝜕

𝜕𝑡
𝜙𝑛𝑠⟩𝑠𝑛 + 𝑖ℏ.

𝜕

𝜕𝑡
𝐶𝑚𝑝 = 𝐸𝑚. 𝐶𝑚𝑝               (10) 

Use equations (10) (6) and initial condition we can determine probability that 

eigenvector |𝜙𝑛𝑠⟩ of Hamilton operator to be state of system. Now we consider two 

special case. 

We consider system in stationary state. Note that, in stationary, energy of 

system doesn’t depend on time. And, the vector |𝜙𝑛𝑠⟩ depent on time in form: 

𝑒𝑥𝑝(−
𝑖

ℏ
. 𝐸𝑛 . 𝑡). So product ⟨𝜙𝑚𝑝|

𝜕

𝜕𝑡
𝜙𝑛𝑠⟩ =

𝑖

ℏ
. 𝐸𝑛. ⟨𝜙𝑚𝑝|

𝜕

𝜕𝑡
𝜙𝑛𝑠⟩. 

Equation (10) give result 𝐶𝑚𝑝 = 𝑐𝑜𝑛𝑠𝑡, dosen’t depent on time. So, at moment 

t, vector |𝜙𝑛𝑠⟩ is state of system, it is state of system forever. 

The second case, we consider system in two serial amounts of time T1=[t0,t1] 

and T2=[t1,t2]. Hamilton Operator in T1 is H1, and in T2 is H2. These operators do 



not depend explicitly on time. From above analysis, 𝐶𝑛𝑠 dosen’t vary in amount T1 

and T2. Now, we consider the affect of continue properties on this case. We call 

solution of Schrodinger’s equation in T1 and T2 are: 𝜓1 = ∑ ∑ 𝐶𝑛𝑠. |𝜙𝑛𝑠⟩𝑠𝑛  and 𝜓2 =
∑ ∑ 𝐶𝑛𝑠. |𝜑𝑛𝑠⟩𝑠𝑛 . The continue propertiy in time meaning that: 

∑ ∑ 𝐶𝑛𝑠. |𝜙𝑛𝑠⟩𝑠𝑛 |𝑡1 = 𝜓1|𝑡1 = 𝜓2|𝑡1 = ∑ ∑ 𝐶𝑛𝑠. |𝜑𝑛𝑠⟩𝑠𝑛 |𝑡1 (11) 

Combine (11) with (10), (6) and initial condition, we can find 𝐶𝑛𝑠 and probability 

to be system state of eigenvector |𝜙𝑛𝑠⟩ of Hamilton operator. 

Not that (10) (6) and (11) are driven from OQM. It ensures that calculations 

from above hypothesis consist with OQM. Special, (11) is driven from continue 

property of AWF but it doesn’t mean that eigenvectors of Hamilton operator to be 

continue. In other word, in frame of above hypothesis, state is not surely 

continuous. 

 

III. Discussion 

1. Difficulties of OQM 

Hypothesis about state of system with equations (10) (6) (11) can be 

considered as a formulation. With this formulation, as show above, it consists 

with calculation from OQM. But it has no difficulties as OQM. 

In this formulation, we have no AWF, have no collapse. Of Course, 

there is no conflict between two processes spontaneous and measurement. 

In this formulation, state of every object can be found from eigenvectors 

of Hamilton operator. This hypothesis is used for all case. Of course, it can be 

used for very large number bodies or very small number bodies. It rejects AB 

between classical and quantum, between microscopic system and 

macroscopic system, between object and apparatus, between matter and 

consciousness… 

In this formulation, it has no AWF, state of system is an eigenvector of 

Hamilton operator at moment. This vector can be measured. So, we can 

connect this vector to reality. 

The reality from this formulation is very difference from classical 

physics. The first, it is discontinuous. The second, it is couldn’t predicted. The 

third, it is couldn’t divided. Totally, this formulation gives a discontinuous, 

indeterminate, nonlocal reality. 

 

2. Double slits experiment 

Now we use above hypothesis to consider the double slits experiment 
[23]. It is one of the most important experiment in physics. In this experiment, 

they radiated photons and then catch them by a screen. These photons are 

radiated in two cases. The first, there is only one slit which photon pass through 

before reaches to screen. The second, there are two slits on the way of 

photons. 

Result of experiment, photons make traces on the screen. With the first 

case, traces make an shape which it is uniform of slit. With the second, traces 

make interference pattern. Note, when intensity of light beam so small that 

there is single photon in a pulse, traces still make interference pattern. 

There was argument that every photon interferes itself or two photons 

interfere each other? This paper gives another way to understand. “Not 

photons, but electromagnetic field makes interference pattern. Both photon and 

atom on screen, their state are always eigenvectors of their operator Hamilton”. 



Before photon reaches to screen, state of electromagnetic field is a free 

wave. If this wave passes through only one slit, it doesn’t make interference 

pattern. If this wave passes two slits, this wave makes interference pattern. 

When photon reaches to atoms on screen, they interact each other. 

This moment, Hamilton operator of electromagnetic field and atom on screen 

change. From above hypothesis, state of both change. There is infinite ability. 

One of them, atom absorbs photon, electromagnetic field changes into ground 

state, photon disappears, trace on screen was made. Here, trace on screen is 

result of change of state of atom, not photon’s wave function collapse as OQM. 

In frame of this formulation, both photon and atom interact as 

ensembles. They are couldn’t divided. So, every photon can be only absorbed 

by only one atom. So every absorbed photon makes only one trace on screen. 

Base interaction quantum field theory [24], at the higher intensity 

position, the absorbed probability of photon is higher. So, At the higher intensity 

position, the higher trace density on screen. From this, with the first case, traces 

make shape as slit’s shape. And with the second, traces make interference 

pattern. 

This explanation can use for not only photon. This can be extended for 

every microscopic particle. 

 

3. Stern-Gerlach experiment 

Stern-Gerlach experiment [25] was performed in 1922. In this 

experiment, an apparatus makes a non-uniform magnetic field. First configuration 

magnetic Bz is oriented on z-axis. One Ag atom beam passes through 

apparatus. Then a screen records atoms. On this screen, there are two beam. 

 
Figure 1: diagram of Stern-Gerlach experiment. 

If we use second apparatus, it also makes non-uniform magnetic field. 

And it is also oriented on z-axis. We stop one beam. Other beam passes 

through the second apparatus. The screen records atoms. On this screen, we 

have only one beam. 

 
Figure 2: Stern-Gerlach experiment with two magnetic fields same 

orientation. 



If the second magnetic field is oriented on x-axis y-axis, on the screen, 

we have two beams. 

 
Figure 3: Stern-Gerlach experiment with two magnetic fields different 

orientation. 

Now we use above hypothesis to explain these result. Before come into 

apparatus, atom is free, its operator Hamilton is: 

𝐻1 =
𝑝2

2𝑚
               (12) 

State of Ag atom can be presented as a wave in form: 

𝜒1 = ∑ 𝐶𝑝1,𝑝2,𝑝3. exp⁡[−
𝑖

ℏ
(𝑝1. 𝑥 + 𝑝2. 𝑦 + 𝑝3. 𝑧)]

𝑝12+𝑝22+𝑝32=𝑐𝑜𝑛𝑠𝑡
𝑝1,𝑝2,𝑝3  (13) 

When atoms are in apparatus, its operator Hamilton is: 

𝐻2 =
𝑝2

2𝑚
+ 𝜇𝑧. 𝐵𝑧(𝑧)   (14) 

In which, 𝜇𝑧 is z-axis magnetic moment spin operator. Magnetics Bz 

varies on z. 

𝜇𝑧 = 𝜇𝐵. 𝑆𝑧 (15) 

Quantity 𝜇𝐵 is Magneton-Bohr constant. 𝑆𝑧 is z-axis spin operator. 

Operator 𝑆𝑧 commutes with Hamilton operator. So, 𝑆𝑧 is conservation. From 

(16) we have state of atoms in apparatus: 

𝜒2 = [
(↑)
0
] . 𝜂𝑛𝑧+    (16) 

Or: 

𝜒3 = [
0
(↓)

]. 𝜂𝑛𝑧− (17) 

Here, 𝜂𝑛𝑧+ are eigenvectors of operator 𝐻𝑧+ =
𝑝2

2𝑚
+ (𝑆𝑧+). 𝐵𝑧(𝑧). And 

𝜂𝑛𝑧− are eigenvector of operator 𝐻𝑧− =
𝑝2

2𝑚
+ (𝑆𝑧−). 𝐵𝑧(𝑧). Constants 𝑆𝑧 + and 

𝑆𝑧 − are two eigenvalues of operator 𝑆𝑧. Every vector 𝜒4 and 𝜒5 has 

corresponding probability to be state of Ag atom. As show above, these 

probability is constant.  

When Ag atoms go out apparatus, it is free. Its operator Hamilton: 

𝐻3 = 𝐻1   (18) 

Eigenvectors 𝜒6 Hamilton operator of Ag atoms in this domain can be 

presented as: 

𝜒6 = {[
(↑)
0
] . ∑ 𝐶𝑝1,𝑝2,𝑝3,𝑧+. exp [−

𝑖

ℏ
(𝑝1. 𝑥 + 𝑝2. 𝑦 +

𝑝12+𝑝22+𝑝32=𝑐𝑜𝑛𝑠𝑡
𝑝1,𝑝2,𝑝3

𝑝3. 𝑧)] + [
0
(↓)

]. ∑ 𝐶𝑝1,𝑝2,𝑝3,𝑧−. exp⁡[−
𝑖

ℏ
(𝑝1. 𝑥 + 𝑝2. 𝑦 + 𝑝3. 𝑧)]

𝑝12+𝑝22+𝑝32=𝑐𝑜𝑛𝑠𝑡
𝑝1,𝑝2,𝑝3 }  

(19) 

The continuous condition (11) in this case: 



{∑ 𝐶𝑛𝑧+. [
(↑)
0
] . 𝜂𝑛𝑧+𝑛 + ∑ 𝐶𝑛𝑧−. [

0
(↓)

]. 𝜂𝑛𝑧−𝑛 }|
𝑡0
=

{[
(↑)
0
] . ∑ 𝐶𝑝1,𝑝2,𝑝3,𝑧+. exp [−

𝑖

ℏ
(𝑝1. 𝑥 + 𝑝2. 𝑦 + 𝑝3. 𝑧)]

𝑝12+𝑝22+𝑝32=𝑐𝑜𝑛𝑠𝑡
𝑝1,𝑝2,𝑝3 +

[
0
(↓)

]. ∑ 𝐶𝑝1,𝑝2,𝑝3,𝑧−. exp⁡[−
𝑖

ℏ
(𝑝1. 𝑥 + 𝑝2. 𝑦 + 𝑝3. 𝑧)]

𝑝12+𝑝22+𝑝32=𝑐𝑜𝑛𝑠𝑡
𝑝1,𝑝2,𝑝3 }|

𝑡0
   (20) 

As show above, with initial we can determine 𝐶𝑧+ và 𝐶𝑧−. From them 

and use (21) we can find 𝐶𝑝1,𝑝2,𝑝3,𝑧+ và 𝐶𝑝1,𝑝2,𝑝3,𝑧−. Without any calculation, we 

see that, there are two large coefficient groups. The first are supported by 𝜂𝑛𝑧+. 

They are fastened by vector [
(↑)
0
]. The second are supported by 𝜂𝑛𝑧−. They are 

fastened by vector [
0
(↓)

]. So, we have two Ag atom beams on screen go out 

apparatus. 

Now we consider experiment in configuration as figure 2. After the first 

apparatus, we stop one beam, other beam passes through second apparatus. 

Here, we have a boundary condition. It extinguishes one coefficient group. 

Suppose that is second group. So, state of system can be presented as: 

𝜒6𝑎 = [
(↑)
0
] . ∑ 𝐶𝑝1,𝑝2,𝑝3,𝑧+. exp [−

𝑖

ℏ
(𝑝1. 𝑥 + 𝑝2. 𝑦 +

𝑝12+𝑝22+𝑝32=𝑐𝑜𝑛𝑠𝑡
𝑝1,𝑝2,𝑝3

𝑝3. 𝑧)]    (21) 

Hamilton operator of Ag atom in the second apparatus is: 

𝐻4 = 𝐻2        (22) 

Now, eigenvectors 𝜒7 and 𝜒8 of Hamilton operator of Ag atom are 

similar 𝜒2 and 𝜒3. Call t1 is moment that Ag atoms go in the second apparatus. 

We use again the continuous condition: 

𝜒6𝑎|𝑡1 = {∑ 𝐶𝑛𝑧+. [
(↑)
0
] . 𝜂𝑛𝑧+𝑛 + ∑ 𝐶𝑛𝑧−. [

0
(↓)

]. 𝜂𝑛𝑧−𝑛 }|
𝑡1

  (23)  

Not that state 𝜒6𝑎 correspond with eigenvector [
(↑)
0
] of operator 𝑆𝑧. So 

(23) gives 𝐶𝑛𝑧− = 0. So, in the second apparatus, there is only one Ag atom 

beam. 

Go out second apparatus, Ag atom free, its operator Hamilton: 

𝐻5 = 𝐻1        (24)  

Eigenvectors of Hamilton operator of Ag atom in this domain are 𝜒9 

similar 𝜒6. Use continuous condition and note that there is only one beam Ag 

atom in the second apparatus, then there is one Ag atom beam goes out 

apparatus. Of course, there is only one beam reaches to screen. 

If the second magnetics is oriented x-axis, Hamilton operator of Ag atom 

in this apparatus is: 

𝐻6 =
𝑝2

2𝑚
+ 𝜇𝑥. 𝐵𝑥(𝑥)        (25)  

In which, 𝜇𝑥 is x-axis magnetic moment operator. 

𝜇𝑥 = 𝜇𝐵. 𝑆𝑥        (26) 

With 𝑆𝑥 is x-axis spin operator. And call 𝑆𝑥 + and 𝑆𝑥 − are eigenvalue 

of 𝑆𝑥. And [
←
0
], [

0
→
] are eigenvectors correspond  eigenvalue 𝑆𝑥 + and 𝑆𝑥 − of 

𝑆𝑥. State of Ag atom in the second apparatus are: 

𝜒11 = [
←
0
] . 𝜂𝑛𝑥+       (27) 

Or: 

𝜒12 = [
0
→
]. 𝜂𝑛𝑥−         (28)  



In which, 𝜂𝑛𝑥+ are eigenvectors of operator 𝐻𝑥+ =
𝑝2

2𝑚
+ (𝑆𝑥+). 𝐵𝑥(𝑥). 

And 𝜂𝑛𝑥− are eigenvectors of operator 𝐻𝑥− =
𝑝2

2𝑚
+ (𝑆𝑥−). 𝐵𝑥(𝑥). Call t2 is 

moment that Ag atoms go in the second apparatus. Use continuous condition, 

we have: 

𝜒6𝑎|𝑡2 = {∑ 𝐶𝑛𝑥+. [
←
0
] . 𝜂𝑛𝑥+𝑛 +∑ 𝐶𝑛𝑥−. [

0
→
]. 𝜂𝑛𝑥−𝑛 }|

𝑡2
    (29)  

From (29) we see 𝐶𝑛𝑥+ and 𝐶𝑛𝑥− difference zero. So, in the second 

apparatus, there are two atom beams. They tend to two sides. So, after this 

apparatus and on the screen, we have two atom beams. 

 

4. Supposed experiment 

This section discuss about a supposed experiment. From this 

experiment, the difference from above hypothesis and OQM reveals. 

We consider Stern-Gerlach experiment again with configuration as 

figure 3. But Ag atoms are prepared very special. When they pass the first 

apparatus, Ag’s core loses energy. Then Ag’s core change into state [
0
→
]. This 

makes an inhomogeneous magnetics 𝐵𝑥2 which it oriented on axis x. Then Ag 

atoms pass the second apparatus. 

After the first apparatus, both OQM and formulation in this paper give a 

same result. After the first apparatus, there are two Ag atom beams. We stop 

one beam. And we consider other beam. This beam is acted by magnetics 𝐵𝑥2. 

From two viewpoints, they drive two results. 

From viewpoint of OQM, only apparatus makes the wave function 

collapse, the magnetics 𝐵𝑥2 doesn’t make the collapse. So, the state of Ag 

beam in magnetics 𝐵𝑥2 is 𝜒6𝑏 = 𝑐1. [
←
0
] + 𝑐2. [

0
→
]. They are in only one beam. 

They are not separate into two beams. This beam passes the second 

apparatus. This apparatus separates them into two beams. 

From viewpoint of formulation in this paper, every interaction changes 

Hamilton operator so it changes state of system. So, with magnetics 𝐵𝑥2 

Hamilton operator of Ag atom is: 

𝐻3𝑎 =
𝑝2

2𝑚
+ 𝜇𝑥. 𝐵𝑥2     (30) 

And, Ag atoms are separated into two beam. One beam is in state 

𝑐3. [
←
0
]. Other is in state 𝑐4. [

0
→
]. These beams pass the second apparatus. This 

apparatus separates them. The beam 𝑐3. [
←
0
] is separated into two beams. The 

beam 𝑐4. [
0
→
] is too. So, after the second apparatus, there are 4 beams. Two 

beams are in state 𝑐5. [
(↑)
0
]. And two beams are in state 𝑐6. [

0
(↓)

]. This result is 

not the same with the first viewpoint. 

 

IV. Conclusion 

Paper give a hypothesis about state of system. Then it built a mathematical 

formulation. It consists with OQM. But there is no inside conflict in this formulation. 

It can connect state of system with a reality. It can reject abstract boundary of OQM. 

Apply this formulation, we can explain double slits experiment, Stern-Gerlach 

experiment. Paper also give a supposed experiment that there is difference 

between OQM with this formulation. 



 

Acknowledgements 

I dedicate respectfully this work to my parents, my wife and my unborn 

daughter. 

 

References 

[1] Jammer M. “The Philosophy of Quantum Mechanics”. New York: John Wiley & Sons. 

1974. 

[2] von Neumann J. Mathematical Foundations of Quantum Mechanics. New Jersey: 

Princeton University Press; 1955. 

[3]  Bohr, N. 'The quantum postulate and the recent development of atomic 

theory',Nature, 121: 580–590, doi :10.1038/121580a0; 1928. 

[4] Werner Heisenberg, “Physics and Philosophy”, Harper, 1958. 

[5] Einstein A, Podolsky B, Rosen N. “Can Quantum-Mechanical Description of Physical 

Reality Be Considered Complete?” Physical Review; 47, 777-780; 1935. 

[6] Everett H. “Relative State Formulation of Quantum Mechanics”. Reviews of Modern 

Physics; 29, 454-462; 1957. 

[7] Griffiths, Robert B. "Consistent Histories and the Interpretation of Quantum 

Mechanics". J. Stat. Phys. 35: 219; 1984. 

[8] Ballentine, L.E. 'The statistical interpretation of quantum mechanics', Rev. Mod. 

Phys., 42(4):358–381; 1970. 

[9] Ghirardi, Gian Carlo; Pearle, Philip; Rimini, Alberto. "Markov processes in Hilbert 

space and continuous spontaneous localization of systems of identical particles". Physical 

Review A 42 (1): 78–89. doi:10.1103/PhysRevA.42.78. Retrieved 2013-10-07. 

[10] Penrose, Roger, “The Emperor's New Mind” (New Preface (1999) ed.), Oxford, 

England: Oxford University Press, pp. 475–481, ISBN 0-19-286198-0; 1999. 

[11] Penrose, Roge. "On Gravity's Role in Quantum State Reduction". General Relativity 

and Gravitation 28 (5): 581–

600. Bibcode:1996GReGr..28..581P. doi:10.1007/BF02105068; 1996. 

[12] Penrose, Roger, "Quantum computation, entanglement and state reduction", Phil. 

Trans. R. Soc. Lond. A 356 (1743): 1927–

1939, Bibcode:1998RSPTA.356.1927P,doi:10.1098/rsta.1998.0256; 1998. 

[13]  Penrose, Roger, "On the Gravitization of Quantum Mechanics 1: Quantum State 

Reduction", Foundations of Physics 44: 557–

575, Bibcode:2014FoPh...44..557P,doi:10.1007/s10701-013-9770-0; 2014. 

[14] Zurek W. “Decoherence and the Transition from Quantum to Classical”. Physics 

Today 

October; 44, 36-44; 1991. 

[15] Zurek W. “Decoherence, einselection, and the quantum origins of the classical”. Re‐ 
views of Modern Physics; 75(3), 715-775; 2003. 

[16] T. Maudlin, “Why Bohm's Theory Solves the Measurement Problem”. Philosophy of 

Science 62, pp. 479-483; 1995. 

[17] D. Durr, N. Zanghi, and S. Goldstein “Bohmian Mechanics as the Foundation of 

Quantum Mechanics”. Bohmian Mechanics and Quantum Theory: An Appraisal, 

edited by J.T. Cushing, A. Fine, and S. Goldstein, Boston Studies in the Philosophy of 

Science 184, 21-44 ; arXiv:quant-ph/9511016; 1997. 

[18]  Carlo Rovelli. "Relational Quantum Mechanics".International Journal of Theoretical 

Physics 35 (8): 1637. arXiv:quant-

ph/9609002.Bibcode:1996IJTP...35.1637R. doi:10.1007/BF02302261; 1996. 

[19] John Cramer. “The Transactional Interpretation of Quantum Mechanics”. Reviews of 

Modern Physics 58, 647–688; 1986. 

https://en.wikipedia.org/wiki/Niels_Bohr
http://link.aps.org/doi/10.1103/PhysRevA.42.78
http://link.aps.org/doi/10.1103/PhysRevA.42.78
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1103%2FPhysRevA.42.78
https://en.wikipedia.org/wiki/Sir_Roger_Penrose
https://en.wikipedia.org/wiki/The_Emperor%27s_New_Mind
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-19-286198-0
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1996GReGr..28..581P
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1007%2FBF02105068
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1998RSPTA.356.1927P
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1098%2Frsta.1998.0256
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2014FoPh...44..557P
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1007%2Fs10701-013-9770-0
https://en.wikipedia.org/wiki/James_T._Cushing
https://en.wikipedia.org/wiki/ArXiv
http://arxiv.org/abs/quant-ph/9511016
https://en.wikipedia.org/wiki/Carlo_Rovelli
https://en.wikipedia.org/wiki/International_Journal_of_Theoretical_Physics
https://en.wikipedia.org/wiki/International_Journal_of_Theoretical_Physics
https://en.wikipedia.org/wiki/ArXiv
https://arxiv.org/abs/quant-ph/9609002
https://arxiv.org/abs/quant-ph/9609002
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1996IJTP...35.1637R
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1007%2FBF02302261
http://www.npl.washington.edu/npl/int_rep/tiqm/TI_toc.html


[20] John Cramer. “An Overview of the Transactional Interpretation” International Journal 

of Theoretical Physics 27, 227; 1988. 

[21] Watanabe, Satosi. "Symmetry of physical laws. Part III. Prediction and 

retrodiction."Reviews of Modern Physics 27.2; 179; 1955. 

[22] Aharonov, Y. et al., "Time Symmetry in the Quantum Process of Measurement." Phys. 

Rev. 134, B1410–1416; 1964. 

[23] Sir Geoffrey, Ingram Taylor. "Interference Fringes with Feeble Light". Proc. Cam. 

Phil. Soc. 15: 114; 1909. 

[24] Mark Srednicki, “Quantum Field Theory”. University of California, Santa Barbara, 

2006. 

[25] Friedrich, B.; Herschbach, D. "Stern and Gerlach: How a Bad Cigar Helped Reorient 

Atomic Physics". Physics Today 56 (12): 

53. Bibcode:2003PhT....56l..53F.doi:10.1063/1.1650229; 2003. 

http://www.npl.washington.edu/npl/int_rep/ti_over/ti_over.html
https://en.wikipedia.org/wiki/Geoffrey_Ingram_Taylor
https://en.wikipedia.org/wiki/Physics_Today
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2003PhT....56l..53F
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1063%2F1.1650229



