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Abstract: This papers introduces axioms for von Neumann’s theory of quantum measurement 

in a differential geometric  framework. Our visual perception places us (observers) at the origin 

of a 3-dimensional cartesian coordinate system. So the first axiom is that Observers can be 

regarded as point objects/particles. Our second axiom is that perceptual experiences can be 

regarded as occurring on a tangent space at the point where the Observer is located. Due to our 

psychological experience of time asymmetry, we have the third axiom  that, the observer  is 

traversing irreversibly along  the future time-like direction, on the (3+1) dimensional space-

time manifold. We develop a quantum mechanical model of how the information from the 

object of measurement propagates through the environment; onto the human senses and therein 

to the brain. Interaction between Observers is discussed at classical and quantum mechanical 

levels. Quantum mechanical experiments such as those of Schrodinger’s Cat, and the Quantum 

Zeno Effect, are examined; keeping in view, the information processing and flicker rate, with 

in the brain. It is anticipated that as the spatial and temporal resolution, of real time brain 

investigation techniques, such as the functional Magnetic Resonance Imaging (fMRI), 

Superconducting Quantum Interference Device (SQUID), Magneto-Encephalo-Gram (MEG), 

Electro-Encephalo-Gram (EEG), reach a critical level – the Quantum Measurement Processes 

within the brain, would be open to study experimentally.  

 

Keywords: Differential Geometry, Quantum Measurement, von Neumann’s Interpretation, 

Many Worlds Interpretation, Quantum Zeno Effect, Neuroscience, Axiom of Choice, Flicker 

rate, fMRI, SQUID, MEG, EEG 

 

 

 

1. Introduction. 

Here in, we introduce axioms for a differential geometric frame work for von Neumann’s 

Theory of Quantum Measurement [1]. In his seminal work, von Neumann emphasized that 

collapse of the wave function occurs in the brain, at the level of Observer. This point of view 
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has also been advocated by Wigner [2]. In this paper,  we present the axioms, which localize 

the Observer, on the space-time manifold - and introduce the Observer’s Perceptual Tangent 

Spaces. We investigate how the information from the object of measurement propagates 

through the environment; onto the human senses and therein to the brain. We consider quantum 

wave functions for this classical description and examine von Neumann’s concept of wave 

function collapsing at the level of the observer, within the brain.  

Differential Geometry [3] has been used successfully in modeling objects such as Black 

Holes [4], and Universes with various metrics and matter distributions [5,6]. In recent years, 

Differential Geometry has also made inroads in Quantum Mechanics. Ciaglia, Ibort and Marmo 

[7] have developed Differential Geometry of Quantum States, Observables and Evolution. 

They suggest, that this approach could lead to a unification of General Relativity and Quantum 

Mechanics, i.e., a new theory of Quantum Gravity. Kycia [8] has developed Cartan Connection 

for Schrodinger equation. Martini and Santamato [9] have investigated Nonlocality, No-

Signalling and Bell’s Theorem in Weyl’s Conformal Geometry [10]. Interestingly, differential 

geometric methods have also been developed for visual and audio, processeing - both with in 

the brain, as well as in computers. Role of neuroscience [11] in this framework comes to fore. 

Hoffman [12] showed that Visual Cortex (brain area of visual processing), is a contact bundle. 

Subsequently, a number of applications of differential geometry to neuro-vision were made – 

see for instance Petitot [13], Dmitri, Alekseevsky and Andrea [14]. Montobbio, Sarti and Citti 

[15], developed a metric model for visual cortex. Boscain et. al. [16] adapted Hoffman’s model 

to computer Audio processing. Zucker [17] has used differential geometry in vision processing. 

Another example of Neurogeometrically inspired computer vision is that given by Baspinar 

[18]. 

It is anticipated that as the spatial and temporal resolution, of real time brain imaging 

techniques, such as the functional Magnetic Resonance Imaging (fMRI) [19], Superconducting 

Quantum Interference Device (SQUID) [21], Magneto-Encephalo-Gram (MEG), Electro-

Encephalo-Gram (EEG), reach a critical point – the Quantum Measurement Processes within 

the brain, would be open to study experimentally. 

 

2. The Axioms. 

We introduce the axioms below -  

 Our visual perception places us at the origin of a 3-dimensional cartesian coordinate 

system. On a cosmological scale, we can indeed be  considered as points. So, Our 

first axiom is that the Observer, denoted as 𝑂, is considered to be localized on to a 

point p.  

 Our second axiom is that the space of  the perception of an Observer, can be 

regarded as existing on a tangent space whose origin is located at the point 𝑝. We 

will denote this Tangent space as 𝑇𝑝
𝑂.  

 Due to our psychological experience of time asymmetry [22], we have the third 

axiom that, 𝑂 is traversing irreversibly along  the future time-like direction – on the 

(3+1) dimensional space-time manifold 𝑀3,1 with the metric 𝑔𝜇𝜈. For irreversible 

future evolution of  𝑂  we can specify its “temporal displacement rate”, as 𝑁 Planck 

Time units per second. ‘N’ can vary due to special relativistic or gravitational time 

dilation. The space-time manifold, can have a non-trivial topology. We note that a 

number of physical phenomena, including collapse of wave function in quantum 

mechanics - also show time asymmetry [23,24,25]. 
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In general, multiple Observers – 

𝑂1, 𝑂2, …, 𝑂𝑘      (1) 

can be regarded as located on a series of points – 

𝑝1, 𝑝2, …, 𝑝𝑘      (2) 

on 𝑀3,1. 

 

3. The Perceptual Tangent Space. 

Our approach of perceptual tangent space of an Observer, has some similarity with dualistic 

view of Sir Ecclles [26] – the dual entities being –  

(1) Objects made up of the Energy-matter existing on 𝑀3,1, and  

(2) The 𝑇𝑝𝑖

𝐶𝑖, -  perceptual tangent spaces of the Observers. 

The point 𝑝𝑖 is the common point of tangency between 𝑀3,1 and 𝑇𝑝𝑖

𝑂𝑖. We define a map 𝑓𝑖 

which takes points on 𝑀3,1 to points on 𝑇𝑝𝑖

𝑂𝑖. Under this mapping, a neighborhood 𝑁𝑝𝑖

𝑀3,1 of 𝑝𝑖 , 

on 𝑀3,1 can be mapped on to a neighborhood of  𝑝𝑖 on 𝑇𝑝𝑖

𝑂𝑖   – 

𝑓𝑖: 𝑁𝑝𝑖

𝑀3,1 →   𝑁𝑝𝑖

𝑇𝑂𝑖      (3) 

The physical body associated with 𝑂𝑖  on 𝑀3,1  will be referred to as ℑ3
𝑂𝑖  – where the 

subscript 3 indicates the dimensions. The geometrical (spatial) extent of ℑ3
𝑂𝑖 would be referred 

to as 𝐺3
𝑂𝑖, whose 2 dimensional surface is  𝜕𝐺3

𝑂𝑖. Their mapping onto the Tangent space is 

𝑓𝑖(𝐺3
𝑂𝑖 ) and  𝑓𝑖(𝜕𝐺3

𝑂𝑖 ). Due to  - (1) Our motor abilities, and (2) Irreversible passage of time; 

these objects are time dependent and may be written as ℑ3
𝑂𝑖(𝑡), 𝐺3

𝑂𝑖(𝑡), 𝜕𝐺3
𝑂𝑖(𝑡), 𝑓𝑖(𝐺3

𝑂𝑖 (𝑡))  

𝑓𝑖(𝜕𝐺3
𝑂𝑖(𝑡)) ;  where 𝑡  is the time. As the Observer 𝑂𝑖  moves around in the space-time 

continuum 𝑀3,1 , 𝐺3
𝑂𝑖 , 𝑇𝑝𝑖

𝑂𝑖(𝑡)  also move accordingly. We can associate a world line 𝑙𝑂𝑖 , 

parameterized by 𝑡 , for temporal evolution of Observer 𝑂𝑖. Thus, we have the fiber bundle [27] 

– 

ℱ𝑖 = 𝑇𝑝𝑖

𝑂𝑖  × 𝑙𝑂𝑖     (4) 

In the above equation, the  subscript i identifies the observer, and the point 𝑝𝑖 is co-moving 

with the observer 𝑂𝑖. 

On 𝑇𝑝
𝑂 we define a special class of  cartesian coordinate systems, whose origin is the 

point of tangency, i.e. – the origin is touching 𝑝 .  

In general, we have five senses, namely – sight, sound, taste, smell and touch [28]. Each 

of them differs in –  

(1) The physics of the interface between external world and the body, and  

(2) Processing of the input by the brain, and its extension – the nervous system.  

 

For the sensory aspects of the Observer, we can define a sensory tangent space for each of the 

sense, namely – 

𝑇𝑝𝑖

𝑉𝑖𝑠𝑖𝑜𝑛, 𝑇𝑝𝑖

𝐴𝑢𝑑𝑖𝑜, 𝑇𝑝𝑖

𝑇𝑜𝑢𝑐ℎ, 𝑇𝑝𝑖

𝑇𝑎𝑠𝑡𝑒, 𝑇𝑝𝑖

𝑆𝑚𝑒𝑙𝑙            (5) 

Then, there exists the reverse interaction – actions by a person through the motor system – 

modifying the external world. Accordingly, we define a tangent space for motor actions and 

propioception – 

𝑇𝑝𝑖

𝑀𝑜𝑡𝑜𝑟       (6) 

Various structures  need to be defined on these spaces – according to the corresponding 

functions of brain, nerves and sensors. The total Perceptual  Tangent Space (PTS), can be 

written as their tensor product, i.e., - 
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𝑇𝑝𝑖

𝑂𝑖(𝑡) = 𝑇𝑝𝑖

𝑉𝑖𝑠𝑖𝑜𝑛(𝑡)⨂𝑇𝑝𝑖

𝐴𝑢𝑑𝑖𝑜(𝑡)⨂𝑇𝑝𝑖

𝑇𝑜𝑢𝑐ℎ(𝑡)⨂ 𝑇𝑝𝑖

𝑇𝑎𝑠𝑡𝑒(𝑡)⨂𝑇𝑝𝑖

𝑆𝑚𝑒𝑙𝑙(𝑡)⨂𝑇𝑝𝑖

𝑀𝑜𝑡𝑜𝑟(𝑡)          (8) 

In the rest of this paper, we will use the following abbreviations for the superscript identifying 

the Tangent Space - 

Vision   V 

Audio  A 

Touch  To 

Taste  Ta 

Smell  S 

Motor and Propioception  M        (9) 

 

Accordingly, the perceptual  tangent space, can be re-written as – 

𝑇𝑝𝑖

𝑂𝑖(𝑡) = 𝑇𝑝𝑖

𝑉⨂𝑇𝑝𝑖

𝐴(𝑡)⨂𝑇𝑝𝑖

𝑇𝑜(𝑡)⨂ 𝑇𝑝𝑖

𝑇𝑎(𝑡)⨂𝑇𝑝𝑖

𝑆 (𝑡)⨂𝑇𝑝𝑖

𝑀(𝑡)                (10) 

 

4. Properties of the Perceptual Tangent Spaces. 

Here, we discuss the properties of the Visual and Audio Perceptual Tangent Spaces. 

4.1 The Visual Tangent Space 𝑻𝒑𝒊
𝑽  

Let 𝑉𝑝𝑖

+ and 𝑉𝑝𝑖

− be the future and the past light cones at 𝑝𝑖  respectively. Our visual, 

perceptual experience is limited to absorption of light emitted in the past – and subjected to the 

processing by the eyes and the brain. Further, it is a subset of the solid angle of 4 𝜋 Sr. What 

is coming into eyes is a stream of photons. Thus, if 𝒜𝑉is our visual experience, of an object 

𝑄𝑖
𝑉located at 𝑝𝑖 on 𝑀3,1, we have – 

𝒜𝑉 ⊂ 𝑇𝑝𝑖

𝑉 ⊂ 𝑓𝑖
𝑉(𝑉𝑝𝑖

−)                                                            (11) 

i.e., Visual perception 𝒜𝑉of an object, is a subset of the Visual Perceptual Tangent Space 𝑇𝑝𝑖

𝑉 , 

which is a subset of the mapping of the past light cone 𝑉𝑝𝑖

−. 

Let,  

𝑄1
𝑉, 𝑄2

𝑉, … , 𝑄𝑁𝑉

𝑉                 (12) 

be objects lying in 𝑉𝑝𝑖

−.  Here, 𝑁𝑉 stands for number of visual object in the field of vision of the 

Observer 𝑂𝑖.  Let, 𝒫𝑉
𝑙
𝑖be the set of photons streaming from 𝑄𝑙

𝑉 into the eyes of the Observer 

𝑂𝑖. Let ℬ𝑖
𝑉 , be the processing by eyes and brain – leading to a sensed object in the Visual 

Tangent Space.  Alternatively, ℬ𝑖
𝑉stands for processing which starts in retina; then information 

going via optic nerves to Optic Chiasm; splitting into left half and right half of the visual field; 

then optic radiation going into occipital cortex via lateral geniculate nuclei; on to visual 

Brodmann areas; then coming forward and finally coming into the conscious awareness.  Then 

for each 𝑄𝑙
𝑉 we have – 

                                                          ℬ𝑖
𝑉 ( 𝒫𝑉

𝑙
𝑖(𝑄𝑙

𝑉)) ⊂ 𝑇𝑝𝑖

𝑉                                                   (13) 

And reciprocally the Observer’s Perceptual Tangent Space is the union of all such images of 

the objects  – 

                                                         𝑇𝑝𝑖

𝑉 =  ⋃ ℬ𝑖
𝑉 ( 𝒫𝑉

𝑙
𝑖(𝑄𝑙

𝑉))
𝑁𝑉
𝑙=1                                       (14) 

i.e., the Perceptual Visual Tangent Space of observer 𝑂𝑖, is union of perception of all the Visual 

Objects 𝑄𝑙
𝑉, which is obtained through the brain processing ℬ𝑖

𝑉, whose information is carried 

by the light waves or alternatively, the set of photons. 𝒫𝑙
𝑖 𝑉 , from point of origin 𝑝𝑙, to the point 

of location of observer 𝑂𝑖. ℬ𝑖
𝑉 is akin to, visual differential geometric processing described, by 

Hoffman [12]. 

Note has to be made of the visual perception of the written words – which is processed 

in association areas of visual and lingual areas.   
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4.2 The Audio Tangent Space 𝑻𝒑𝒊
𝑨  

Audio and Visual perception have a certain similarity, in the sense that both are based 

upon incoming physical waves – electromagnetic waves in case of vision, and air pressure 

waves in case of Audio. Just as vision has association areas for reading and writing (motor 

areas) similarly, audio has association areas for listening and speaking (motor areas again).  

Consider a rock band playing. The summed air pressure waves are impinging onto the 

ear of the listener. Then the processing starts at ear drums, then Cochlea, Auditory Nerve, and 

finally audio cortex, and its association areas. This processing will be represented as ℬ𝑖
𝐴. The 

hairs in Cochlea perform a Fourier Transform of the incoming air pressure waves. An inverse 

Fourier Transform is done with in  the brain, and an audio-scape of the Rock band is re-created 

 Analogous to light cones 𝑉𝑝𝑖

±, we define  past and future “Audio Cones” – 

𝑉𝐴
𝑝𝑖

−, and 𝑉𝐴
𝑝𝑖

+       (15) 

We have – 

𝒜𝐴 ⊂ 𝑇𝑝𝑖

𝐴 ⊂ 𝑓𝑖
𝐴( 𝑉𝐴

𝑝𝑖

−)      (16) 

i.e., Audio perception 𝒜𝐴of an audio object, is a subset of the Audio Perceptual Tangent 

Space 𝑇𝑝𝑖

𝐴, which is a subset of past Audio-cone 𝑉𝑝𝑖

−𝐴 , located at 𝑝𝑖. 

 

Let the audio source objects be – 

𝑄1
𝐴, 𝑄2

𝐴, … , 𝑄𝑁𝐴

𝐴        (17) 

Analogous to Visual Tangent Space, we have – 

ℬ𝑙
𝑖𝐴 ( 𝒫𝐴

𝑙
𝑖(𝑄𝑝𝑙

𝐴 )) ⊂ 𝑇𝑝𝑖

𝐴       (18) 

where, 𝒫𝐴
𝑙
𝑖 stands for air pressure Waves, originating at point 𝑝𝑙 and reaching the ears of the 

Observer located at 𝑝𝑖. ℬ𝑙
𝑖𝐴  stands for Audio processing within the brain. And then, 

𝑇𝑝𝑖

𝐴 =  ⋃ ℬ𝐴
𝑖
𝑖 ( 𝒫𝐴

𝑙
𝑖(𝑄𝑙

𝐴))
𝑁𝐴
𝑙=1      (19) 

i.e., the Perceptual Audio Tangent Space of observer 𝑂𝑖, is union of perception of all the Audio 

Objects 𝑄𝑙
𝐴, which is obtained through the brain processing ℬ𝐴

𝑖
𝑖, whose information is carried 

by air pressure waves 𝒫𝐴
𝑙
𝑖, from point of origin 𝑝𝑙 to point 𝑝𝑖, where the observer is located. 

ℬ𝐴
𝑖
𝑖 is akin to, the Audio differential geometric processing described, by Boscain [16]. 

 As in case of vision, in Audio also, we have to note the speaking, reading and writing. 

4.4. An Example of the Interplay between the Tangent Perceptual Spaces. 

Consider an Observer, watching a dance, listening to the music, and keeping the beat 

with his/her feet. This is an interplay between 𝑇𝑝𝑖

𝑉  , 𝑇𝑝𝑖

𝐴 and 𝑇𝑝𝑖

𝑀. Futher, if this Observer is eating 

- the Tangent spaces corresponding to taste 𝑇𝑝𝑖

𝑇𝑎, and aroma 𝑇𝑝𝑖

𝑆  come into play. Holding the 

food in hand allows 𝑇𝑝𝑖

𝑇  to be part of the perceptual process. 

4.5. Interpreting Vectors and Tensors on the Perceptual Tangent Spaces. 

 Our complete sensory experience can be encoded as vectors and tensors defined within 

these Tangent Spaces. They are a result of processing within the brain. These vectors and 

tensors are time dependent. 

 

5. The Classical Interaction Between Observers. 

Here, we examine the classical interaction between two Observers 𝑂𝑖  and 𝑂𝑗  Quantum 

Mechanical Interaction is described in subsection 9.3. 

Let 𝑉𝑝𝑖

− and 𝑉𝑝𝑗

− be the past light cones of 𝑂𝑖 and 𝑂𝑗 respectively. Let both Observers lie on 

the same space-like surface ℱ at time instant 𝑡𝑜. We require – 
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𝑉𝑝𝑖

− ∩ 𝑉𝑝𝑗

− ≠ ∅       (20) 

i.e., the two Observers can be causally connected by light signals – because their past light 

cones intersect. 

Consider the mappings, from the visual object 𝑄𝑙 to observer  𝑂𝑖‘s perceptual visual 

tangent space– 

𝜏𝑖: 𝑄𝑙 → 𝑇𝑝𝑖

𝑂𝑖𝑉      (21) 

and similarly for 𝑂𝑗, 

𝜏𝑗: 𝑄𝑙 → 𝑇𝑝𝑖

𝑂𝑖𝑉      (22) 

The mapping - 

𝜏𝑖𝑗: 𝜏𝑖
−1( 𝑇𝑝𝑖

𝑂𝑖𝑉 ) → 𝜏𝑗 ( 𝑇𝑝𝑗

𝑂𝑗𝑉 )    (23) 

is between the perceptual tangent spaces of the two observers. It is required that on both sides 

of the above equation, the perceived objects are compatible – though there could be differences 

of orientation, brightness etc.. Its required that 𝑝𝑙 lie on the intersection of the past light cones 

of 𝑂𝑖 and 𝑂𝑗, 

𝑝𝑙 = 𝑉𝑝𝑖

− ∩ 𝑉𝑝𝑗

−        (24) 

5.1.1 Physical Touch. 

The condition is –  

𝜕𝐺𝑖 ∩ 𝜕𝐺𝑗 ≠ ∅       (25) 

i.e., body surfaces 𝜕𝐺𝑖 and 𝜕𝐺𝑗, of 𝑂𝑖 and 𝑂𝑗 respectively, touch, and therefore, have a non-

null intersection. 

 

5.1.2. Eye Contact. 

Clearly, it is not possible for 𝑂𝑖 and 𝑂𝑗 to exchange light signals at same time instant. 

For the interaction to happen, one Observer has to lie on past light cone of the other. So what 

is perceived in the eye contact is an image from the past. 

 

5.1.3. Speech and Hearing. 

As in case of eye contact, the speech heard by 𝑂𝑖, and uttered  by 𝑂𝑗, comes from the 

past Audio-cone of the later. 

 

6. Incorporating Hilbert Space Along Side the Space-Time Formalism. 

 

The particles/objects propagate on 𝑀3,1 and their quantum state is described as rays within a 

Hilbert Space. Therefore, for their representation, we need a larger manifold. This is - 

 

𝑀3,1⨂ℋ∞      (26) 
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where, ℋ∞  is an infinite dimensional Hilbert space, for incorporating wave function of 

particles propagating of the particles on 𝑀3,1 . A quantum mechanical description of the 

quantum measurement chain, perceptual process is as follows - 

Ψ(𝑇𝑝𝑖

𝑉) = Ψ [⋃ ℬ𝑖
𝑉 ( 𝒫𝑉

𝑙
𝑖(𝑄𝑙

𝑉))
𝑁𝑉
𝑙=1 ]      (27) 

= ⋃ 𝜒ℬ(ℬ𝑖
𝑉)⨂ (𝜒𝒫( 𝒫𝑉

𝑙
𝑖)⨂𝜒𝑄(𝑄𝑙

𝑉))
𝑁𝑉
𝑙=1    (28) 

These equations are interpreted as follows –  

(i) Ψ(𝑇𝑝𝑖

𝑉) is the Quantum Mechanical Hilbert Space description of the Visual 

Perceptual Tangent Space of the observer located at 𝑝𝑖. 

(ii) Wave function of the visual objects is 𝜒𝑄(𝑄𝑙
𝑉), 

(iii) Wave function of the photons propagating through space-time and conveying 

information of the object to the eyes, is 𝜒𝒫( 𝒫𝑉
𝑙
𝑖), 

(iv) Finally, wave function describing the processing in the brain, of the visual 

information coming through the eyes is 𝜒ℬ(ℬ𝑖
𝑉), leading to perception. 

In terms of eigenvalues 𝑎𝑙
𝑄

 and eigenvectors 𝜙𝑖
𝑄

  the wave function   𝜒𝑄(𝑄𝑙
𝑉) of the visual 

object 𝑄𝑙
𝑉 is - 

𝜒𝑄(𝑄𝑙
𝑉)=∑ 𝑎𝑙

𝑄𝜙𝑙
𝑄𝑁𝑄

𝑙=1      (28) 

Similarly, we have for the photons propagating from the object to the observer’s eyes – 

𝜒𝒫(𝒫𝑙
𝑉)=∑ 𝑎𝑙

𝒫𝜙𝑙
𝒫𝑁𝒫

𝑙=1      (29) 

And for processing within the brain – 

𝜒ℬ(ℬ𝑖
𝑉)=∑ 𝑎𝑙

ℬ𝜙𝑖
ℬ𝑁ℬ

𝑙=1      (30) 

Corresponding to the collapse of the wave function, we have a Quantum Measurement Chain 

(QMC) of collapse of the above three wave functions, i.e., - 

𝜒𝑄(𝑄𝑙
𝑉) → 𝜙𝐶

𝑄
 

𝜒𝒫(𝒫𝑙
𝑉) → 𝜙𝐶

𝒫 

𝜒ℬ(ℬ𝑙
𝑉) → 𝜙𝐶

ℬ 

where, the subscript ‘C’, (on the right hand side) of the above three expressions identifies the 

state to which the corresponding superposed wave function (on the left hand side), collapses 

to. 

 

7. Observers as Dirac 𝜹 Functions.  
 

In a certain sense, an Observer can be regarded as a Dirac 𝛿 function, due to their properties 

of localization onto a point and singular value at that point. Let ℛ be a space-like region in 

𝑀3,1 parameterized by 𝑥 ≡ (𝑥1, 𝑥2, 𝑥3), and containing 𝑁𝑂 number of Observers – which are 

modelled as Dirac 𝛿 functions located at a set of points 𝜉 = {𝑝1, 𝑝2, … , 𝑝𝑁𝑂
}; all lying within 

ℛ.  

𝑂𝑖 → 𝛿(𝑝𝑖)        (31) 

We define a function 𝑔 on ℛ, which is infinite (i.e., a local Dirac 𝛿) on the elements of 𝜉 and 

zero elsewhere. We have –  

𝑔(𝑥) = ∑ 𝛿(𝑝𝑖)
𝑁𝑂
𝑖=1      (32) 

and, 
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∫ 𝑔 𝑑𝑉
ℛ

=  𝑁𝑂     (33) 

where, 𝑑𝑉 is the volume element - 

𝑑𝑉 = 𝑑𝑥1𝑑𝑥2𝑑𝑥3      (34) 

The integral in eq. (33) gives the number of Observers with in ℛ. Introducing time into this 

picture, we have – 

𝑂𝑖 → 𝛿(𝑡𝑖, 𝑝𝑖)       (35) 

Let 𝑄𝑝𝑗

𝑉  be a visual object located at 𝑝𝑗 in 𝑀3,1. Let its superposed quantum state be described 

by a wave packet – 

Ψ
𝑄𝑝𝑗

𝑉 (x, t) = ∑ 𝑎𝑖𝜓𝑖
𝑛
𝑖=1      (36) 

which is lying in an 𝑛 dimensional Hilbert space ℋ𝑛. We will consider interaction of this wave 

packet with the set of observers lying in ℛ at positions given by 𝜉 . Collapse of the wave 

function is given by the Projection operators – 

𝑃𝑘: ℋ𝑛 ∋ Ψ(x, t) → 𝜓𝑘 ∈ ℋ1    (37) 

What is the physics behind the geometric concept of Projection Operators in Hilbert Space? 

Here, we give an answer in terms of properties of the Dirac 𝛿 function. As Ψ propagates in 

space-time, it need not approach all Observers simultaneously – even though they are lying on 

the same space-like hypersurface. However, for simplicity we will assume that this is indeed 

the case. Let the Fourier components incident onto the observer be 𝜐𝛼, 𝛼 = 1, … 𝑛. Quantum 

Measurement Process may be described as follows. Choose, those Fourier components of the 

Dirac 𝛿 Observer – which which are identical to the incoming components. Then choose a 

phase difference of 𝜋 between these incoming components and the corresponding components 

of  the Observer’s Dirac 𝛿 - except the component which is the result of the measurement, i.e.,  

𝑣𝑖 . Thus, we get the required Quantum Measurement. The Dirac 𝛿 , as shown below, is 

sufficiently robust to carry on doing these measurements indefinitely. 

𝛿𝑁 =
1

𝜋
(∑ cos 𝑛𝑥 +

1

2
𝑁
𝑛=1 )     (38) 

 

𝛿 = lim
𝑁→∞

𝛿𝑁      (39) 

Now – 

𝛿(𝑥) × 𝛿(𝑥) = 𝛿(𝑥)       (40) 

i.e., Dirac 𝛿 can self multiply but still remain unchanged. And - 

𝛿(𝑥) + 𝛿(𝑥) = 𝛿(𝑥)      (41) 

i.e., Dirac 𝛿 can be added to itself, but still remain unchanged. These properties are similar to 

those of infinite cardinals [33]. Its clear that we can have as many copies of the  Dirac 𝛿, which 

are non-zero, on a single point x, of the space-time, as required. So, if certain components of 

Dirac 𝛿 are used to annihilate the incoming frequencies, it does not effect this capability of the  

Dirac 𝛿, to continue to do so, further on. 

 

9. Discussion and unresolved questions. 

9.1 Unconscious steps to conscious perceptions. 

 

We do not have the perception of a superposed state. Nor do we have a firsthand 

information or conscious experience, of how the collapse of the wavefunction occurs, within 

the brain. If there is a physical mechanism causing collapse with in the brain, as described in 

the previous section, then the interaction between the observer and the superposed state must 
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also be unconscious. However, in brain there are important processes in which computation 

precedes conscious perception. For example, a few seconds before we apparently and 

consciously, make a choice, the brain has already computed what choice we will be making 

[34, 35].  

We can pose the following questions – 

 How many neurons in a quantum neural network, are needed, to define quantum state 

of an external object? 

 Is the local neural network of the quantum state, physically isolated (temporarily) from 

other brain areas? 

 How many maximum (and minimum) superposed states can be supported within the 

brain? 

 How long (time wise) can a superposed quantum brain state exist before collapse? 

 

9.2. Information processing in the brain of the Observers, the Schrodinger’s Cat and the 

Quantum Zeno Effect (QZE). 

 

While our perceptual experience shows continuity of vision – however, because of the 

flicker rate, the monitoring is not continuous. There is a delay of about a few  milliseconds 

between the photons entering the eye, subsequent visual processing within the brain – and 

emergence of awareness in the Observer, of the state of the system [34,35]. QZE [31, 32] comes 

into play when an Observer is monitoring a state – such as that of the Schrodinger’s cat. One 

can use a high speed camera, and the observer can, latter on watch the recording; played at a 

much slower pace. Accordingly, QZE state transition parameters would depend upon the 

shutter speed at the time of photo-shooting the cat. Here, again if the  Observer detects a QZE, 

then we have Quantum Measurements effecting events in the past, i.e., -  the transition rate of 

the quantum state of the cat, at the time, when the film is shot. 

Following time scales come into consideration –  

1. 𝜏𝐶𝑎𝑡  The half life of the radioactive material in the Schrodinger’s cat experiment.  

2. 𝑇𝐶𝑎𝑚𝑒𝑟𝑎 the shutter speed (reciprocal of the frames per second) of the camera which 

is filming the cat.  

3. 𝑇𝐵𝑟𝑎𝑖𝑛  the postulated time scale, for quantum processes within the brain of the 

observer.  

4. 𝑇𝑁𝑒𝑢𝑟𝑜𝑛 the time scale of firing of the neurons.  

 

9.3 The Quantum Mechanical Interaction. 
 

von Neumann [1], pointed out that, while trying to measure a superposed microscopic 

state, the classical measuring device would also go into a  superposed state. The observing 

human brain would also go into a superposed state.  And collapse of the wave function would 

occur at the level of the Observer. So, we have, a  Quantum Measurement Chain (QMC) 

with the radioactive material in  Schrodinger’s cat experiment, at start and Observers at its end. 

This implies that, for each Observer, we have to postulate a set of Projection operators which 

lead to the collapse of wave function at each measurement. Now what would happen, if two 

Observers 𝑂𝑖 and 𝑂𝑗 are observing the same state, e.g., - that of the Schrodinger’s cat? Clearly 

𝑂𝑖 and 𝑂𝑗, both should see either the cat is dead or alive. We  cannot have the situation, where 

for instance, 𝑂𝑖  sees that the cat is alive and 𝑂𝑗  sees that the cat is dead. But if both the 
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Observers are seeing an identical state, and also causing the collapse of the wave function – 

then the corresponding projection operators of 𝑂𝑖 and 𝑂𝑗 should be compatible. Now, where 

from is this correspondence coming?  

The possibilities for resolving this paradox are– 

(1) One could say that there is only one Observer – present in all living beings, 

and it causes the universal collapse of wave function every where. 

(2) There is of course the Everett’s Many World Interpretation (MWI) [29] – in 

which 𝑂𝑖 sees the cat alive in Universe 1 (say), and 𝑂𝑗 see the cat dead in 

Universe 2 – with the two Observers inhabiting different universes. Let’s 

say that at time 𝑡 = 𝑡0 the Universe 𝑈0  splits into two branches 𝑈1 and 𝑈2 

with the Schrodinger’s cat being alive in 𝑈1 and dead in 𝑈2 . Note that this 

gives a non-Hausdroff topology to the Multiverse. However, in 𝑈1 the body 

ℑ3

𝑂𝑗
 corresponding to 𝑂𝑗 is not associated with any Observer, and  similarly 

in 𝑈2, the body ℑ3
𝑂𝑖 corresponding to 𝑂𝑖  is not associated with any Observer. 

Thus we run into a paradox.     

(3) The first Observer who causes the collapse of the wave function, sends a 

signal (possibly Tachyonic), to all other Observers – and this leads to a 

universal collapse of the wave function. 

(4) Entangled Observers. This possibility suggests that there is a specific 

epoch of space-time, when all the Observers are together and consistent 

Projection operators are recorded within the observers. The Projection 

operators come into play when the corresponding quantum measurement 

arises. 

 

9.3 The Neuro-Biological Quantum Zeno Effect. 

 

In recent years, devices such as fMRI [19] and SQUID [21,22], Magneto-Encephalo-Gram 

(MEG), Electro-Encephalo-Gram (EEG), have come to fore. We anticipate that, as these 

instruments, reach a specific spatial-temporal resolution, light would be shed experimentally, 

on collapse of wavefunction within the brain. Monitoring at these high resolutions, could lead 

to a freezing of quantum mechanical brain state – a Neuro-Biological Quantum Zeno Effect 

(NBQZE) [36]. 

 

10. Conclusions: 

We have introduced the ansatz that an Observer 𝑂  can be considered as a point-like object 

propagating time irreversibly on a space-time manifold. Its Perceptual Spaces are the Tangent 

Spaces at the point of its location on the manifold. Properties of these Perceptual Tangent 

Spaces are discussed. Classical and Quantum Mechanical interaction between Observers, is 

examined. The Schrodinger’s cat experiment and the Quantum Zeno Effect for interaction 

between the Observer and microscopic quantum system is discussed – keeping in view, the 

time scales of the brain processes.  
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