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Abstract 
 
In response to Orion and Laitman’s [1] explanation of the classic double-slit experiment of quantum me-
chanics, we propose an alternate explanation of that experiment by treating physical degrees of freedom as a 
conserved physical quantity, instead of referring to “vague terms” used in previous explanations, [1], that are 
not broadly applicable. Explanation in [1] refers to properties of groups of particles, even though the dou-
ble-slit experiment’s results should address only to a single particle. By using physical degrees of freedom 
and the application of Hamilton’s principle, we obtain a single particle explanation of the double-slit ex-
periment in terms of properties and via methods which apply equally in a quantum and a classical regime. 
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1. Introduction 
 
The famous double-slit experiment involves either the 
observation or non-observation of an interference pattern 
in two physical situations which differ only by whether a 
certain measurement is not or is taken respectively [2,3]. 
An electron source projects electrons onto a screen with 
a double slit, through which an electron is then projected 
onto a second screen. When no measurement is taken to 
determine through which slit the electron passes, an in-
terference pattern is observed on the second screen. 
When such a measurement is taken however, no inter-
ference pattern is observed. Various explanations have 
been proposed, but many of these explanations still re-
gard this result as mysterious to varying degrees [4]. 
Perhaps the most recent such explanation is that pro-
posed by Orion and Laitman [1] to which the current 
discussion serves as a specific response. The discussion 
in [1] proposes a Kevutsa or group interpretation of the 
double-slit experiment intended as an improvement on 
previous explanations which are claimed to have used 
“unclear terms”.  

Further, in [1] the interpretation depends on two pro-
posed principles, an “equivalence of form” and “the par-
ticles connection to other particles, effectively function-
ing as a group.” The two most noticeable problems with 
the proposed explanation provided in [1] are as follows: 

1) A group-based and hence effectively multi-particle 
explanation is difficult to justify for a physical phe-

nomenon which can be observed in a single particle 
situation as can the self-interference characteristic of the 
double slit experiment [2,3]. 

2) The proposed explanation simply replaces what are 
considered as ill defined terms with new terms namely a 
principle of form and the notion of Kevutsa. 

For the sake of argument, one accepts the point of 
view that reference to a wave particle duality [2,3] is not 
especially useful in understanding the results of the dou-
ble-slit experiment. After all, such a duality merely gives 
a name to the underlying observation that electrons and 
similar quantum particles have properties both of a wave 
and of a particle and that those properties will manifest 
themselves in different types of interactions; that is the 
definition of a wave particle duality. If then the wave 
particle duality is not useful in and of itself for under-
standing the results of the double-slit experiment, at least 
by assumption (again for the sake of argument), one 
needs a system by which to explain the results in terms 
which are well defined and without needing to worry 
about how an electron can be a wave, a particle or si-
multaneously both. 

The physical degrees of freedom, namely the charac-
teristic minimum number of variables needed to fully 
describe the physical situation, provide such an explana-
tion. If one sends a single electron in a known physical 
state toward the screen with the two slits, by definition of 
a state that electron has no physical degrees of freedom 
before it reaches the slit-screen, In other words, the state 
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of the electron is a known quantity initially. Then it en-
counters the slit-screen. If no measurement is taken to 
determine which slit the electron went through, a degree 
of freedom is introduced at that point. If such a meas-
urement is taken, no such degree of freedom is intro-
duced, because the measurement removes the ambiguity 
of which slit the electron could have passed through. 
When the electron reaches the final screen (i.e., the pro-
jection screen), then if a degree of freedom was intro-
duced, some physical manifestation of that degree of 
freedom must occur (hence one sees an interference pat-
tern), but if no such degree of freedom was introduced 
the electron remains in a known state and so no interfer-
ence pattern is seen. Admittedly, the two physical events, 
namely the electron at the slit-screen and the electron at 
the projection screen, are not occurring at exactly the 
same moment in time, but a nearly trivial application of 
Hamilton’s principle [5] surmounts that difficulty easily. 
Nothing anthropocentric is needed in this explanation, 
and all terms are clear. Moreover this same term, i.e., 
physical degrees of freedom, is applicable to any arbi-
trary physical situation, not just the double-slit experi-
ment and similar self-interference phenomena. 

The resulting understanding of the double-slit experi-
ment can then be summarized as follows. Quantum me-
chanics postulates that any particle such as an electron 
can also be described as a wave characterized by its de 
Broglie wavelength [1-3]. If so, then one should be able 
to create an interference pattern from an electron using a 
screen with a double-slit in it. That is in fact observed. 
The initially surprising aspect is the effect of a measure-
ment taken at the slit-screen: namely, that such a meas-
urement causes the interference pattern to disappear. 
That phenomenon can be understood by treating the 
number of physical degrees of freedom as a conserved 
quantity in the sense that the number of independent va-
riables needed to describe any given physical situation is 
characteristic of that physical situation just like energy or 
momentum would be in collisions [5,6]. 
 
2. Re-Examination of the Double-Slit  

Experiment 
 
The famous double-slit experiment [2,3] traditionally 
exemplifies the wave-particle duality of quantum me-
chanical systems. The double-slit experiment has been 
termed the fundamental quantum mechanical mystery 
[4,7]. The implications for the understanding of quantum 
mechanical systems makes it a topic of on-going re-
search [8-11], albeit in varying forms, to this day, and by 
the same token it is used as a toy model for understand-
ing more complex systems [12,13], similar to the manner 
in which one often uses the simple harmonic oscillator 

[2,3]. In short, the double-slit experiment continues to 
both perplex and intrigue [14,15], encapsulating what is 
and is not understood about the quantum mechanical 
world.  

The present discussion attempts to understand the 
usual double slit experiment in a novel manner. Namely, 
in any physical system, the number of degrees of free-
dom remains characteristic of the system [5]. For exam-
ple, when describing a classical particle moving through 
space x, one is able to define a set of coordinate axes x’ 
so that the linear momentum  becomes a vector  p x

 ip x   parallel to one of the major axes ix

E

 thus effec-
tively eliminating the need for the two other components 
of the position in space. Nevertheless, the particle retains 
three degrees of freedom so that the energy  and total 
linear momentum  become effectively parameters of 
the system rather than derivable quantities, in order that 
along with uniaxial position the system retains three de-
grees of freedom [5,6]. One has in this example trans-
formed from generalized coordinates 3

P

 2, ,1x x x  to 
generalized coordinates  , ,x E P . Conventional usage 
does not term the number of degrees of freedom a con-
served quantity because it is not a directly measurable 
quantity itself, but in a sense the number of degrees of 
freedom is indeed a conserved quantity, albeit at a level 
of abstraction removed in that one does not have a de-
grees of freedom-meter with which to directly measure 
the total degrees of freedom. One may think of the num-
ber of degrees of freedom as a constraint upon the phys-
ical system, because this number is always constant. In 
the example already cited of the classical particle, the 
number of total degrees of freedom acts as a constraint in 
that it sets the number of input parameters from which 
other quantities may be derived. Similarly, in a quantum 
mechanical system, one may choose among alternate sets 
of what are termed “good” quantum numbers ,  s, , ,n l m
 ,Zj s, ,n j , etc. (meaning quantum numbers which 
refer to simultaneously measurable quantities) [2,3], but 
the total number of quantum numbers needed to describe 
a system remains the same. 

More formally, any local coordinate transformation 
of generalized coordinates h  (defined as variables on 
which a specific Lagrangian depends) to another local 
mapping of generalized coordinates k  (defined as an 
alternate set of variables in terms of which that same 
Lagrangian can also be represented) takes the form 
[5,6]. 

q

q

k

h
k h

h

q
q q

q

 
   (1) 

Yet at the same time one's choice of coordinates h  
or coordinates 

q

kq  remains arbitrary, and so similarly 
one has 
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k k
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q q
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   (2) 

Both (1) or (2) can be written as matrix equations, and 
so matrix k h  must be the inverse matrix of matrix q q 

h kq q  . The existence of this pair of inverse matrices 
is only possible if the range of index  is identically 
the same as the range of index . For unitary transfor-
mations, this common range becomes the trace 

h
k

   k h h k  the value is terms the 
number of degrees of freedom. In the arbitrary case, the 
total number of degrees of freedom 

Tr q q Tr q q     

f  tells one how 
many independent and simultaneously measurable vari-
ables h  or k  are needed to describe the given 
physical situation. Algebraically, one then needs a simi-
lar number of equations to solve the system generally. 

q q

A classical example [5,6] is the orbital motion of a 
planet about the sun. To specify the location of the planet 
within the plane of its orbit at any time, one may use, 
respectively, a radial distance and an angle  ,r   or 
one may use Cartesian planar coordinates  ,x y


. One 

may also use energy and momentum , but one 
always will need two variables in this example. 

 ,E P

Where the application becomes more interesting is in 
those cases where the Lagrangian describes both initial 
and final states. If one considers as an example a bucket 
of sand with a hole in the bottom, the physical situation 
takes the same number of variables to describe both just 
before the first sand begins to fall out of the bucket and 
throughout the process. In this example, using energy 

 as a single variable is simplest, but in principle one 
could for example also use the center of mass of the 
sand. 

 E

Yet, the total number of degrees of freedom has more 
profound implications than as a sort of bookkeeping de-
vice used to make sure one has the right number of equa-
tions. The notion that the total number of degrees of 
freedom remains constant and characteristic of any 
physical systems constrains that physical system to ex-
press all the degrees of freedom [5,6]. For example, a 
particle in its proper frame of reference defines the origin 
of the coordinate system and thus has a fixed position. 
Nevertheless, if in some other reference frame the mo-
tion of the particle is described by four independent equ-
ations, its motion must also be characterized by four eq-
uations in its proper frame of reference [5,6,16]. This is 
the aspect relevant to the double-slit experiment. At-
tempts to understand the connection between measure-
ment and observation have spawned bizarre physical 
models such as the “many worlds” interpretation of 
quantum mechanics [4] and seemingly endless philoso-
phical debate [7]. Yet, treatment of the total degrees of  
freedom as a conserved physical quantity, where meas-

urement is viewed as extraction of a particular degree of 
freedom, i.e., removal of that degree of freedom from the 
system being considered, allows a physical interpretation 
of the results of the double-slit experiment which re-
mains thoroughly physical and does not venture into 
speculative areas of discussion. This non-speculative 
interpretation of the double-slit experiment and of similar 
quantum mechanical phenomena which involve “self- 
interference” [2,3] is the viewpoint on the double-slit 
experiment expounded in this discussion. 

The classic double-slit experiment consists of a source 
emitting single electrons (or photons), a screen with two 
narrow slits (to be termed the “slit-screen”) and a screen 
onto which each electron is projected (to be termed the 
“projection-screen”). The three objects are placed so that 
each electron must pass through the slit-screen in order 
to be projected onto the projection-screen. Electrons may 
only pass through the two narrow slits in the slit-screen, 
but the width of the electrons (as defined by their de 
Broglie wavelength [1-3]) is still negligible compared to 
that of the slits, at least in the classic experiment [14]. 
The relative positions of the two screens determines the 
specific geometry of the interference pattern observed, as 
per the usual interference law [2] 

sind m    (3) 

(in terms of separation  between the two slits, angle d
  measured with respect to the central axis between the 
two screens, de Broglie wavelength   and integer  
which counts peaks of intensity from the center of the 
projection screen) but this level of detail can be ignored 
for the purposes of the present discussion. The key points 
of the present discussion are that when a single electron 
leaves the source in some known state, two possible re-
sults may be seen on the projection-screen, depending on 
whether or not a measurement is taken at the slit-screen 
(the nature of measurement as a physical interaction has 
been thoroughly discussed, [4,7], elsewhere in the litera-
ture). When no measurement is taken at the slit-screen, 
an interference pattern is observed on the projec-
tion-screen. Yet, when a measurement of which slit the 
electron passes through is taken at the slit-screen, no 
interference pattern is observed on the projection-screen. 
These relatively qualitative results are all that are needed 
to frame the present discussion; they imply an effectively 
static, i.e., time-independent, one dimensional physical 
system. At any two positions 1

m

x  and 2x  along the path 
of the electron, the number of degrees of freedom f  
must be the same so that degrees of freedom in the two 
positions 1x  and 2x  are identical as    1 2f x f x . 
Here one is only demanding continuity. 

Implicitly one has used Hamilton’s principle [5] to 
construct an equation of generalized motion of a form 
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0
L f x L f xd

f dx df dx

       
 

   (4) 

which uses a generalized Lagrangian  (linear in de-
grees of freedom 

L
f ) and in which one in principle al-

lows the number of degrees of freedom f  to vary with 
position. Conservation of the number degrees of freedom 
f  simplifies this equation of generalized motion to 

 
0

L f x

f

    


 (5) 

The slit-screen and projection-screen are not immedi-
ately adjacent, but no interaction takes place between 
them. So, one can equivalently simply use 

0df    (6) 

i.e., the number of degrees of freedom f  for an iso-
lated physical system remains invariant, regardless of the 
position or time at which that system is observed. 

In terms of degrees of freedom as a conserved quantity, 
the results of the double-slit experiment mentioned above 
become understandable. The electron leaves the electron 
source in some known state so that one may define its 
initial number of degrees of freedom f  as zero 

; its final number of degrees of freedom 0f  f  will 
be treated as the variable to be determined. The 
slit-screen introduces in principle one degree of freedom 
into the system, i.e., through which slit the electron 
passes, so that one may speak of the slit-screen as having 
one degree of freedom  when no measurement is 
taken. The electron and slit-screen together constitute the 
physical system initially, and the electron and the projec-
tion-screen constitute the final physical system. 

1ssf 

The projection-screen introduces no degrees of free-
dom since the relative geometry here does not matter, 
and so one defines the projection-screen’s degrees of 
freedom as . Conservation of the number of de-
grees of freedom at the position of the slit-screen then 
implies 

1psf 

0 1 0
ss psf f f f

f
 



  
  

 (7) 

so that the electron has a final number of degrees of 
freedom . That degree of freedom must be ex-
pressed somehow. Energy-momentum conservation pre-
cludes variations in frequency 

1f 

  or wavelength   [3] 
because these are respectively proportional directly to 
energy and inversely to momentum by Planck’s normal-
ized constant , 

E    (8) 

2
P k




     (9) 

Only variation in intensity  I x  or some equivalent 
variable is physically permitted because the state of the 
electron takes a general wave-form 

    , expx t I x i t kx     , (10) 

and the phase   is purely arbitrary so that it can have 
no direct physical manifestation. An interference pattern, 
by definition, is a variation in intensity  I x  of the 
electron on the projection screen. Similarly, when a 
measurement is taken at the slit-screen of through which 
slit the electron passes, the slit-screen does not introduce 
any actual degree of freedom. One may think of this al-
ternately as taking a degree of freedom out of the system, 
analogous to the manner in which an unobserved neu-
trino carries energy out of the system, although total en-
ergy is conserved [17]. Here, conservation of the number 
of degrees of freedom at the position of the slit-screen  
leads to ss psf f f f    , namely, 

0 0 0f     (11) 

so that the final number of degrees of freedom for the 
electron remains at zero, namely . The intensity 
cannot vary because this would require another degree of 
freedom which the physical system does not have. Thus, 
no interference pattern is observed. The double-slit ex-
periment, the quintessentially quantum mechanical ex-
periment, can be understood in terms of the number of 
degrees of freedom associated with the physical system 
when this is viewed as a conserved quantity. 

0f 

Conceptually one can separate understanding of the 
double-slit experiment into two parts. First, this experi-
ment tests whether or not a particle like an electron can 
be treated as a wave with a characteristic de Broglie wa-
velength [1-3]. This discussion takes for granted that the 
result of this part of the experiment is positive because 
the interference pattern is observed and as discussed 
elsewhere [2,3] that interference pattern is exactly what 
one should expect from a wave characterized by the 
electron’s de Broglie wavelength. The second part of 
understanding the double-slit experiment is what this 
discussion addresses, namely why that interference pat-
tern vanishes when a measurement is taken of which slit 
the electron passes through to get to the projec-
tion-screen. All that is needed to understand this phe-
nomenon is the notion of physical degrees of freedom as 
characteristic of any physical system, a notion which 
applies both in quantum and in purely classical situa-
tions. 
 
3. Conclusions 
 
The proposed explanation [1] of the classical double-slit 
experiment [2,3], while perfectly valid in other ways, 

Copyright © 2011 SciRes.                                                                                 JMP 



 
34 M. W. CALLEN  ET  AL. 

does not achieve the goal set forth. Namely, [1] simply 
replaces the mystery of a wave-particle duality with the 
mystery of why one needs to treat a single particle only 
as a member of a group of particles in order to under-
stand a phenomenon that occurs when only the one parti-
cle is involved. Where other particles enter into the 
physical situation is not sufficiently explained. To ad-
dress the latter point, we propose an explanation of the 
results of the double-slit experiment which requires no 
“vague terms” and does not invoke or replace a “quan-
tum mystery” as an explanation [7]. Namely, the number 
of physical degrees of freedom  f f x  at a location 
x  is treated as a conserved quantity, i.e., as a quantity 
characteristic of the physical system at location x. By 
definition, so long as one has a closed system, that quan-
tity will not change. 

To summarize the experiment, an interference pattern 
occurs when a single electron is projected onto a screen, 
termed the projection-screen, if the electron is made to 
pass through a screen with a double-slit in it, termed the 
slit-screen, so long as no measurement is taken of which 
of the two slits in the slit-screen that electron passes 
through. 

One has taken for granted that the electron can be 
treated as a wave characterized by its de Broglie wave-
length [2,3]. The issue under discussion is simply why an 
interference pattern occurs if no measurement is taken at 
the slit-screen to determine which slit the electron passes 
through but no interference pattern is observed if such a 
measurement is taken. 

The physical system first consists of the electron and 
the slit-screen and then consists of the electron and the 
projection-screen. These physical events are not immedi-
ately adjacent of course, but since no interaction occurs 
between them, a nearly trivial application of Hamilton’s 
principle [5] relates the two events directly. One assumes 
the electron leaves its source in a known state because 
any extraneous degrees of freedom the electron might 
have when leaving the source have no bearing on this 
discussion. One then simply demands continuity. The 
physical degrees of freedom (DOF) can be summarized 
in the two cases then as follows, treating the final num-
ber f  of DOF for the electron as a variable. One reads 
off on the two rows in Table 1 so that  
and , for which nm

0 1 0nmf  
0 0 0mf   f  and mf  denote, 

respectively, the final DOE of the electron if no meas-
urement is imposed or when accounting for measure-
ment.  

The value of the variable f  in the two cases is clear. 
The electron has a degree of freedom which must mani-
fest itself at the projection-screen if no measurement was 
taken at the slit-screen, and otherwise it does not. The 
only degree of freedom potentially available to the elec 

Table 1. Physical degrees of freedom (DOE): cases summary. 

DOE 
Electron 
Initially

Slit- 
screen 

Electron 
Finally 

Projection-
screen 

If no measurement 0 1 fnm 0 

If measurement 0 0 fm 0 

 
tron at the projection-screen is its wave intensity because 
its de Broglie wavelength fixes energy and equivalent 
variables while the projection-screen itself is at a fixed 
location. Phase of the wave is arbitrary and so cannot be 
physically manifested. This explanation actually ad-
dresses the notion that physical degrees of freedom are 
well understood and applied equally in arbitrary classical 
and quantum physical situations. 
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