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Abstract: The hummingbird’s significant asymmetry hovering flight with energy conservation pattern is 
remarkable among all vertebrates. However, little is known to human’s neuronal network circuitry current flow 
pattern for whether or not has this privilege during slow wave sleeping (SWS). What is the advantage in order to 
avoid diseases if we have this network pattern? A memory device was developed with nanostructured 
biomimetic acetylcholinesterase (ACHE) gorge membrane on gold chips as memcapacitor 1, served as a normal 
brain network prosthesis, compared with a mutated ACHE prosthesis as device 2, for evaluation of neuronal 
network circuitry integrity in the presence of Amyloid-beta (Aβ) under the conditions of free from tracers and 
antibodies in spiked NIST SRM 965A human serum. Three categories of Reentrant Energy-Sensory images are 
presented based on infused brain pulse energies in a matrix of “Sensory Biomarkers” having frequencies over 
0.25-333 Hz at free and fixed Aβ levels, respectively. Early non-symptomatic epilepsy was indentified and 
predicted by device 2 due to Pathological High Frequency Oscillation (pHFO) and large areas of 38 µM Aβ re-
depositions. Device 1 sensitively “feels” Aβ damage because of its Frequency Oscillation (HFO) enhanced the 
hummingbird-like hovering pattern with higher reentrant energy sensitivity of 0.12 pj/bit/s/µm3 without Aβ 
compared with Aβ, 13 aj/bit/s/µm3/nM over 3.8-471 nM range over 0.003-4s. Device 1 reliably detected early 
CR dysfunction privileged to avoid epilepsy. Copyright © 2015 IFSA Publishing, S. L. 
 
Keywords: Hummingbird Hovering Flight Pattern, Nanobiomimetic Neuronal Memcapacitor, Circadian 
Rhythm, Spatial-Temporal Orientation, Energy-Sensory Reentrant Image, Dysfunction of Memory, Epilepsy.  
 
 
 
1. Introduction 

 

Hummingbirds suffer from low thermal inertia 
and high heat loss. Flapping flight is energetically 

expensive, and convective cooling due to wing and 
air movements could further draining the energy  
[1-3]. Energy conservation during flight is thus 
profoundly important for hummingbirds. Researchers 
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have been interested and fascinated on the unique  
8- shape hovering flight pattern and the bird’s body at 
about a 45 degree angle to the ground that 
hummingbirds have possessed for energy 
conservation. The capability of the hummingbirds 
using its smallest body size with the highest wingbeat 
frequencies among all flying vertebrates has been 
reported [1-3]. The hummingbird’s significant 
asymmetry lifting the body within a stroke cycle with 
a ratio of 75/25 between downstroke vs. the upstroke 
has enabled them to hovering-feeding in the air with 
energy conservation by forcing the resonant system of 
the wings and thorax to oscillate at different 
frequencies with an elastic restoring force [3]. 
However, if it’s visual background is moving, then 
the hovering and lifting can fail [4]. Electrical 
synapse in thalamus is known to regulate SWS for 
declarative memory consolidation [5-7]. However, 
little is known for humans about the neuronal 
network circuitry current flow for whether or not 
having the privilege of hummingbird’s 8-shepe 
hovering-flight pattern during slow wave sleeping 
(SWS). We are wondering: if the healthy people 
indeed have such a pattern synapse circuitry flow as 
the hummingbird hovering, then what is the 
advantage to avoid illness? How different patterns are 
for peoples who have diseases?  

Many diseases are rooted in circadian rhythm 
(CR) dysfunction. Severe CR dysfunction leads to 
memory loss and worsens the quality of life. There 
are 40 millions American reported to have chronic 
long-term sleep dysfunction [8]. Researchers reported 
that Amyloid-β (Aβ) overturns the acetylcholine 
(ACH) and melatonin release from a normal CR 
function to a dysfunctional CR [9-10]. Our group 
developed a sensor that mimics acetylcholinesterase 
(ACHE) active sites in the ACHE gorge and is able 
to detect ACH in fM level compared with a “mutated 
ACHE neuronal gorge” sensor, whose 14 
hydrophobic residue groups were knocked out [11]. 
Aβ’s accumulation and neurofibrillary tangle are 
identified as major pathological biomarkers linked to 
Alzheimer’s disease (AD) [12-15]. Obviously, it is 
desirable that the ACH sensor is able to detect sub 
pM Aβ, and the literature reported our latest results 
[16]. 

SWS is closely associated with declarative 
memory consolidation, and the signal is stronger in 
SWS than in wakeful time [17-19]. One of the 
neuronal safe guards to this cognitive function is the 
bidirectional invariant reentry neuronal network 
circuitry [20-22]. Many models proposed to simulate 
the closed-loop circuitry’s reentry functions, 
however, very few, if any, to really develop a 
neuronal device which can correlate the reentrant 
characteristics of “memory” and the influence of 
neuronal toxins and to visualize its function in an 
image. We thought a memristor/memcapacitor with 
biomimetic ACHE neuronal gorge functions might be 
able to face this challenge [23-24]. A review by 
Cabaret for organic memristors’ capability as 
artificial neural networks was published [25-26].  

Researchers discovered Alzheimer’s disease (AD) 
patients have lost the sense of smell due to Aβ 
inhibition of olfactory bulb activity [27-29]. Here, we 
further propose a hypothesis that memories of an 
artificial, intelligent neural network are not only 
associated with the “Sensory Biomarkers”, but also 
correlated with the primary neural network’s energy 
density in a frequency domain that could be well 
implemented by the memristor/memcapacitor’s rules 
under the inspiration of a reported work [17].  

A normal neural network circuitry constantly fires 
high frequency oscillation (HFO) (150-200 Hz) 
producing synchronization within the connection 
between hippocampus and neocortex for long term 
memory storage during Slow-Wave Sleeping (SWS), 
and where pathological high frequency oscillation 
(pHFO) (200-600 Hz) fires randomly leading to 
seizures and epilepsy [30-32]. The biggest problem in 
epilepsy research, as the Editor Noebels explained in 
the book, is that researchers are “not clear how 
abnormal synchrony is generated during pHFO. 
Clearly there is a need for additional studies that will 
differentiate normal from pathologic HFO in vitro 
and in vivo.”[30]. In this project, we attempted to 
find a method to differentiate and predict the 
presence of pHFO and HFO based on the 
memcapacitor/memristor neural network circuitry 
and use the energy-sensory mapping approaches. 
 
 
2. Experimental 

 
2.1. Fabrication and Characterization  

of the Nanostructure Self-Assembling 
Membrane (SAM) Gold 
Memristor/Memcapacitor Chip  

 
The nanostructured biomimetic “Normal ACHE 
Gorge” memcapacitor 1 and the “Mutated” 
memcapacitor 2, with the flat bridged 
conformation/nanopore and the vertical 
bridged/nanopore membranes, were freshly prepared 
and fabricated on gold chips, respectively. The 
preparations for the mixtures of solutions of dimethyl 
ß-cyclodextrin (mM-ß-DMCD), triacetyl-ß-
cyclodextrin (T-CD), polyethylene glycol diglycidyl 
ether (PEG) and poly(4-vinylpyridine) (PVP) with 
and without o-nitrophenyl acetate (o-NPA) were 
described in the literature [11, 23]. The morphology 
of the AU/SAM was characterized using an Atomic 
Force Microscope (AFM) (model Multimode 8 
ScanAsyst, Bruker, PA). Data collected in PeakForce 
Tapping Mode. Probes used were ScanAsyst-air 
probes (Bruker, PA) [11, 23]. Fig. 1(a) and Fig. 1(b) 
are the AFM flat bridge/nanopore conformational  
images.  Fig. 1 (c) illustrates the art model used for 
the 3D artificial neocortex-hippocampus 
memcapacitor 1 design. Fig. 2 (a) and Fig. 2(b) 
depict the AFM images with vertical bridge/nanopore 
and Fig. 2 (c) depicts an art model for  
memcapacitor 2.  
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 (a) (b) (c) 
 

Fig. 1. (a) and (b) Images of the AFM nanostructures, (c) Art model of the memcapacitor 1. 
 
 

     
 

 (a) (b) (c) 
 

Fig. 2. (a) and (b) AFM images in vertical bridge/pore structure, 9 (c) Art model of the mutated neuron model for device 2. 
 
 
 
2.2. The Data Acquisitions  
 

Data Acquisitions were conducted by connecting 
the memcapacitor sensor chips with an 
electrochemical station (Epsilon, BASi, IN) with the 
BASi software package in the computer. The double 
step chronopotentiometry (DSCPO) method 
measurements were under ±10 nA with data rate 
0.001 s at 0.25 Hz and 2 × 10-5 s data rate over the 
frequency range of 40 Hz -1 kHz. The cyclic 
voltammetry (CV) method measurements were taken 
at room temperature with the scan rate changing from 
1 to 1000 Hz over four levels of Aβ final 
concentrations ranging from 3.8 to 417 nM for 
memcapacitor 1 and the spiked final concentration of 
Aβ at 0, 3.8 and 76 nM were used for the energy-
sensory image study for device 1. Because the 
memcapacitor 2 is not sensitive to energy change 
caused by the Aβ concentration change over a wide 
band frequency in the energy-sensory map study, 
herein we used 38 µM Aβ concentration as a fixed 
concentration and focused on the factors of sensory, 
i.e., changes of number of cross-point and number of 
DET peak field locations along with the changes of 
frequency, especially at SWS, and find how it 
impacts on the network circuitry integrity.  
 

2.3. Mapping Aβ’s Energy-Sensory Image 
 

The Energy-Sensory Matrix. From the CV 
profiles, we constructed a Hippocampal-neocortical 
(HPC-NECOR) Biomimetic neural sensory 
prosthesis matrix as a control. The “Sensory 
Biomarkers” components were defined: locations of 
Direct Electron Transfer (DET) [17] peaks in mV 
(Y-axis), the Hysteresis switch point location in mV 
(X-axis) and Frequency in Hz (Z-axis) from  
0.25-333 Hz for the clinically useful range. The real-
time data obtained from the DSCPO method was 
converted to volumetric energy density,  
E = Cs·(ΔV)2/2 ×3600, where Cs is the specific 
volumetric capacitance, Cs= [-i·Δt/ΔV]/L, Cs is in 
F/cm3 [33-34], Δt is the time in second, ΔV is the 
voltage in V, i is the current in Amps, and L is the 
volume in cm3. The energy density data were infused 
into the sensory matrix sheet before Aβ and 
compared with that of after Aβ was spiked, and each 
matrix sheet has a fixed Aβ concentration. Origin 9.0 
software was used for statistic analysis, mapping and 
imaging.  

Because the mutated neural device is unable to 
sense the energy change caused by a change in Aβ 
concentration as shown in following section, hence 
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the four stages of epilepsy or AD progresses 
conditions were designed as followings.  

Table 1 drafted a blue print to step-by-step 
gradually reveal the factors that may induce the 
pHFO and lead to AD or epilepsy on the mutated 
ACHE device. The main factors are of sensory 
(cross-point, DET) locations, brain discharge pulse 
energy, Aβ and frequency. By this plan we attempted 
to study how the Aβ influences the numbers of pHFO 
either increase or decrease vs. frequency change and 

eventually it may lead epilepsy centers to occur in 
hippocampus.  

Table 2 drafted a blue print of the “normal ACHE 
gorge neuron” memcapacitor’s network circuitry 
transformation under the influence of Aβ 
concentration change. It may be functioning 
differently in sensing the energy change caused by 
the presence of very low concentration of Aβ in 
different frequencies, therefore our design of the 
protocols was different from that of in Table 1. 

 
 

Table 1. The Flow Chart of Hunting for pHFO at the Mutated ACHE Gorge Memcapacitor With or w/o Aβ. 
 

No 
CP* 

SWS 

CP* 
10- 

300Hz 

D* 
SWS 

D* 
10-300 Hz 

Sensory with Aβ 
Pulse 

0.25-300 Hz 
Pulse 

with Aβ* 

Y No Y No Y No 

0 1 1 1 1  X  x  N/A 

1 1 1 1 1  x X   x 
2 1 1 1 1 1 Hz 40-300 Hz x  SWS 40, 300 Hz 

3 2 
2 (10Hz) 

1 (40-300) Hz 
2 

2 (10 Hz) 
1 (40-300) Hz 

1 Hz  
10 Hz 

40-300 x  SWS   40, 300 Hz 

4 1 
2 (10, 40, 

200, 300) Hz 
1 (100) Hz 

2 
2 (10, 200,  

300) Hz 
1 (40, 100) Hz 

1-300 
Hz 

 X  SWS 40, 300 Hz 

 * Refers to 38 µM Aβ concentration.   
CP* refers to number of cross-point; D* refers to number of DETred at each of the five frequencies from 10 to 300 Hz.  

 
Table 2. The Flow Chart of Hunting for pHFO at the Normal ACHE Gorge Memcapacitor With or w/o Aβ. 

 

Case 
Number Cross-

point at SWS Each 
10-300 Hz 

Number DETred 

SWS Each 
10-300 Hz 

Sensory with Aβ 
1-300 Hz 

Pulse 0.25-300 Hz 
 

Pulse with Aβ 
 

     Yes No Yes No Yes No 

0 1 1 1 1  X  x   

1 2 1 1 1  x X   x 
*1A 2 1 2 1   x   X 

*2 1 1 1 1 X  x  SWS 40, 300 Hz 

*3 1 1 1 1 X  X  X  

*1A refers to conditions of using multiple cross-points and DETs for verify the HFO stability.*2 refers to the sensory data from the CV 
method under 3.8 nM Aβ. *3 refers to the sensory data from the CV method under 76 nM Aβ. 
 

 
2.4. Accessing Memory and Predicting of 

“Epilepsy” 
 

Evaluation of the memory devices is two-fold: 
First is the energy-sensory mapping through the HFO 
or the pHFO. Forming HFO indicates good memory 
because it promotes a flat 8-shape circuitry flow and 
network circuitry conformation, and forming pHFO 
indicates loss of memory because of the mischief 
circuitry flow direction and conformation, especially 
through the CR abnormality in the SWS; second is to 
calculate the sensitivity of the energy density per 
second using the linear regression model at a fixed 
Aβ concentration against that without Aβ. Prediction 
of “epilepsy” was accessed by identifying the 
presence of the pHFO center through the energy-
sensory map. All energy infusions for pulse 
discharged at each of different frequencies run for 
triplicates and entered the averaged data into the 
matrix sheet. 

 

3. Results and Discussions 
 

3.1. Hummingbird’s Hovering Flight Pattern  
 

Hummingbirds are the only birds smaller in size 
and hang in the air helicopter like to feed themselves 
and to hovering flight with wing motion supination 
about the long axis of the wing during upstroke, 
which is associated with a ‘figure-8’ path of the 
wingtip in lateral projection [1-3] as shown in Fig. 3. 
Significant asymmetry for lifting within a stroke 
cycle with a ratio of 75/25 between downstroke vs. 
the upstroke are observed [1-3]. 

 
 

3.2. Circadian Rhythm Profiles 
 

The CR profiles are presented in Fig. 4. Without 
spiking Aβ, Device 1’s original signal intensity at 
SWS is a hundred times stronger than the “mutated 
ACHE” neural device 2’s signal over three 
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replications. That indicates device 2, with a  
broken internal ACHE lining HPC-NECOR neuron 
network, has a pool memory during SWS and a 
dysfunctional CR. 

 
 

 
 

Fig. 3. Depicts the hummingbird hovering helicopter like 
flight in 8-shape pattern. 

 
 

3.3. The Synapse Energy Profiles  
 

Device 1: Aβ concentrations of 3.8 nM and  
76 nM had significantly reduced signal intensity at 
frequencies over 0.25 up to 1000 Hz in device 1, as 
shown in Fig. 5, when compared to results without 

spiking Aβ on the left. Profiles of 151 and 471 nM 
Aβ have similar trends (data not shown).  

Device 2: Device 2 has very small energy 
discharge magnitude compared with device 1, 
regardless of whether device 2 is with or without Aβ 
over 0.25, 40 to 250Hz, as shown in Fig. 5. Device 1 
has a several magnitude higher intensity at SWS than 
device 2.  
 
 
3.4. The Sensing Profiles 
 

Device 1: The memcapacitor 1’s hysteresis CV 
profiles are presented in Fig. 6. The intensity of the 
DET peak was reduced by a hundred times, and the 
cross-point locations were moved nonlinearly toward 
to negative field as frequency increased in the 
presence of Aβ compared to without Aβ. Various 
concentrations of Aβ reduced the DET peak intensity 
by 94-99 % in SWS frequency more than any other 
frequencies.  

Device 2: The memcapacitor 2’s hysteresis CV 
profiles are presented in Fig. 7 (left) without spiking 
Aβ over frequencies 1 Hz - 1 kHz as shown in Fig. 7 
(left) compared with Aβ in Fig. 8 (right). 
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Fig. 4. DSCPO profiles in 0.25, 40 and 250 Hz from a normal neural device 1 (blue) compared with the “mutated” neural 
sensor 2 (red) in NIST serum without Aβ. Curves are averaged for three runs. 
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Fig. 5 (a). Device 1’s DSCPO voltage profiles over 0.25 to 1000 Hz without spiking Aβ (L);  
3.8 nM Aβ (middle) and 76 nM Aβ (right). 



Sensors & Transducers, Vol. 191, Issue 8, August 2015, pp. 84-99 

 89

0 2 4 6 8
-0.2

-0.1

0.0

0.1

0.2

0.3 250 Hz40 Hz

Time (s)Time (s)

V
ol

ta
ge

 (
V

)

T ime (s)

a

b

A
___  NIST sera w/o  Aβ
_____ with 38 μM Aβ

0.25 Hz

0.000 0.025 0.050
-0.2

-0.1

0.0

0.1

0.2

0.3

___  NIST sera w/o  Aβ
_____ with 38 μM Aβ

CB

b

a

0.000 0.002 0.004 0.006 0.008
-0.2

-0.1

0.0

0.1

0.2

0.3

___  NIST sera w/o  Aβ
_____ with 38 μM Aβ

b

a

 

 

Au/"Mutated ACHE Neuron" memcapacitor 

 
 

Fig. 5(b). Device 2’s voltage profiles using sera with 38 µM Aβ (red line) and without Aβ spiking (black line)  
at 0.25, 40 and 250 Hz, for the left, middle and right, respectively.  

 
 

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8

0

1

Au/"Normal ACHE Neuron" Sensor 
in NIST serum level 2 only 

1 Hz

AppE (V)

C
u

rr
e

nt
 D

en
si

ty

 J
 (

m
A

/c
m

2
)

cross-point DET

-10

0

10
10 Hz

 

 

0
3
6 20 Hz

 

 

0.00

0.15
60 Hz

 

 

0.00

0.01

100 Hz

 

 

-0.006

0.000

0.006

 

 

-0.006

0.000

0.006

200 Hz

 

 

300 Hz

  

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8
-1

0

1

Au/"Normal ACHE Neuron" sensor in  3.8 nM
 Aβ  in NIST sera

 C
u

rr
en

t 
D

en
si

ty
 J

(μ
A

/c
m

2 )

AppE (V)

1 Hz

-4000

0

4000

8000
10 Hz

 

 

-60

0

60

120

 

 

100 Hz

-0.02

-0.01

0.00

0.01

 

 

200 Hz

-20

0

20

 

 

300 Hz

  

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8
-2
-1
0
1
2
3

 C
ur

re
nt

 D
en

si
ty

 (
μA

/c
m

2 )

AppE (V)

1 Hz

-16000-12000-8000-40000
4000800012000

40 Hz

10 Hz

 

 

Au/"Normal ACHE Neuron" sensor in  76 nM
 Aβ  in NIST sera

-10
0

10
20

 

 

-10
0

10
20 100 Hz

 

-10
0

10
20

300 Hz

200 Hz

 

 

-10
0

10
20

 

 

 

 
 (a) (b) (c) 
 

Fig. 6. (a) Sensor 1’s CV profiles without spiking Aβ, (b) CV profiles in 3.8 nM Aβ,   
(c) CV profiles with 76 nM Aβ in NIST serum over frequency 1-300. 
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Fig. 7. Sensor 2’s CV profiles without spiking Aβ over scan 
frequencies 1 to 1 kHz. Fig. 8. CV profiles with 38 µM Aβ in NIST serum. 
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At low Aβ concentrations, sensor 2 had no 
response until there was a very high concentration of 
38 µM, when it increased the DET peak intensity 
nonlinearly, and the peak moved toward negative 
potential drastically as frequency increased thus 
indicating a significant circular current exists driven 
by the toroid forces due to the broken ACHE gorge 
linen [24]; multiple cross-points occurred over the 
whole frequency range. 
 
 

3.5. Energy-Sensory Images for AD and 
Epilepsy 

 

3.5.1. The “Normal Neural Circuitry” Has a 
Hummingbird-like Hovering Synapse 
Pattern 

 
The goals of using Energy-Sensory image map 

are to predict and monitor early signs of neuronal 
related diseases, here we use AD, epilepsy and 
dysfunction CR as examples. Device 1’s energy-
sensory images without Aβ are presented in Fig. 9A 
and 9B. For the initial “neural network prosthesis” 
before the device discharges a pulse, the circuitry 
synapse networking flow is in a hummingbird-like 
hovering flight “8” shape pattern on a flat 45° surface 
without forming a HFO in Fig. 9A. The contour map 
is Fig. 9B and the optical image in Fig. 9C, that has 
strong light intensity indicating the healthiness of the 
neocortex-hyppocampus after contacted with the 
human serum. After the neural network discharged 
pulses, the HFO was formed as shown in Fig. 10A. 
The HFO is located at the “Sensory Origin” (SO) 
(cross-point 0.0 mV, DET 0.0 mV) over 60-140 Hz. 
The bright star-like image in Fig. 10C image was 
reflected at the exact spatiotemporal location as in 
Fig. 10A and 10 B and they indicate the HFO is a 
good reentrant center; not only it has the same 
circuitry flow direction as in the Fig. 9A, but it also 
enhances the brain energy and memory evidenced by 
the HFO’s appearance has no darkness created, and a 
new light synchronized with the original brain 
prosthesis light. The two light centers formed as a 
new stronger entity. It was initiated by a pulse 
discharged at SWS in the yellow circle located at the 
neocortex overlapping with the SO as shown in  
Fig. 10A from neocortical to hippocampus network 
through entorhinal cortex (EC)-subiculum-CA1-
CA3-DG flowing in a hummingbird-like hovering 
pattern with a 45° flat surface angle is seen. It has an 
agreement with the observation in Fig. 5 (top left) 
that the normal neuron device 1 has a better CR 
function than device 2 in voltage discharge intensity 
at SWS using the DSCPO method. Our next study 
was to verify whether or not the HFO center is stable 
when the numbers of DETs are changed from 1 to 2, 
while other conditions are kept same as in Fig. 10 
without Aβ. The evidence shown in Figs. 11A, 11B 
and 11C that the HFO center is stable with a 
hummingbird-like 8-shape synapse reentrant circuitry 
in a flat surface and has the similar flow 

spatiotemporal trajectory as in the original. The HFO 
was initiated by the brain network discharge pulses at 
SWS, and the memory reentrant point is at 60 Hz. 
We also produced another set of images that have the 
trajectory of the HFO as same as the reported results 
when we infused the capacitance into the matrix 
rather than energy density (data not shown). 
Therefore we have observed the true fact: the healthy 
brain ACHE gorge linen (either in the blood brain 
barrier or in the gut blood barrier) is critical to 
promote brain network circuitry bidirectional 
communication in a well defined hummingbird-like 
hovering synapse pattern in an energy conservative 
manner. The root comes from the strong bidirectional 
SWS synapse that correlates well with the occurrence 
of HFO, a “health inductive” center.  

It was well document that Aβ can be produced in 
the central neural system (CNS) and in the enteric 
nerve system (ENS), and it also can be synthesized in 
the bacteria found in the human gut microbiota, such 
as E. coli and S. typhimurium reportedly produced 
extracellular amyloid proteins [35-37]. However, we 
consider the neocortex-hyppocampal neural network 
axis is more dominate at SWS, because all motor and 
sensory related to chemical synapse are at a resting 
stage including the brain-gut-microbiota axis. The 
electrical synapse is dominated locally in the brain 
for declarative memory consolidation [17, 19, 30]. 

Figures shown from Fig. 12 to Fig. 13 
demonstrate Aβ acted not only as a biomaterial, but 
also as an agent that kills the good HFO by altering 
the network circuitry conformation from a flat 8-
shape to a vertical stereo structure; changing the 
circuitry direction by close to DET’s 0 mV; and re 
depositing Aβ in multiple areas at neocortex through 
mutated-reentrant to bend surfaces as the 
concentration increase in the order of Fig. 12 < Fig. 
13 due to the heavy damages through Aβ that has 
significantly reduced the strength of network 
discharge pulses at SWS. The memcapacitor device 1 
demonstrated its function to monitor the early CR 
dysfunction by using the energy-sensory image 
technology. As the concentration increases from 3.8 
to 76 nM Aβ, the light intensity in the images were 
greatly darkened and reduced from 60 % at 3.8 nM, a 
clinical useful concentration level, to 96 % at 76 nM. 
It indicates a brain volume loss by the 
correspondence percentage of light intensity 
diminish. For the “normal ACHE gorge neuron 
network” device 1, at 76 nM level, the brain faces 
“life-threatening” danger and yet without any 
symptom of epilepsy, because there is no pHFO 
center observed from the figures. However, the 
darkness of the images demonstrated (1) the neurons 
have significant shrinkage from both of the neocortex 
and the hippocampus in the degree of Fig. 12<  
Fig. 13, because the Fig. 13 has discharged pulses 
over the whole frequency range affected by Aβ, 
where Fig. 12 Aβ only affected the brain pulses 
discharge at SWS, that is understandable that  
Fig. 12’s situation is better than Fig. 13. The brain 
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size and volume reduce has matched with the late 
stage AD’s clinical fMRI evidences provided in 
literature [38-40]. Schuff’s group reported a multiple- 
center clinical study for AD, it discovered the 
hippocampus volume loss is proportional to the 
severity of AD progress [38]. Vijayakumar’s study 
revealed AD patients’ hippocampus volumes reduced 
by 25 % compared with the control group and led to a 
same conclusion as drawn from Schuff [38-40]. (2) 
The Aβ completely destroyed the integrity of the 
brain neuronal network circuitry in the manners of in 
the synapse flow direction, in the surface 
conformation and in the reentrant center as shown in 
Fig. 12A and Fig. 12B and Fig. 13A and Fig. 13B. 
The hummingbird-like hovering pattern was 
completely destroyed, because the Aβ caused a 3D 
vertical paramount trajectory orientation of the 
circuitry between neocortecx and hippocampus is 
seen in Fig. 12A and a vertical reentrant circuitry is 
seen in Fig. 13A too indicating Aβ fast repeat 
depositions in the neocortex is the major factor over 
the factor for developing an epilepsy. 
 
 

3.5.2. Mutated Neuronal Network Circuitry 
Has Severely Distorted Hovering Flow 
Pattern 

 

“Mutated Neural Network”. Hummingbird’s 
hovering with a “8”, such as a symbol of infinity, ∞ 
shape flight pattern would be destroyed if its visual 
background is moving [4]. Could this phenomena 
also inspires us to understand human neural network 
not only in the blood brain barrier (BBB) neocortex-
hyppocampus circuitry, but also in brain-gut-
microbiota axis circuitry? A review article revealed 
the blood gut barrier (BGB) in the brain-gut-
microbiota axis circuitry is the primary barrier to 
protect the injected food from containing toxins and 
virus into the gut blood vessels, where the BBB is the 
secondary barrier to protect the neural toxins enters 
the brain tissue [41]. M. Carabotti’s group reviewed 
the bidirectional communication network includes the 
central nervous system (CNS), both brain and spinal 
cord, the autonomic nervous system (ANS), the 
enteric nervous system (ENS) and the hypothalamic 
pituitary adrenal (HPA) axis [42]. P. Forsythe et al., 
reported the ratio between afferent neuron cells in the 
brain-gut-microbiota is 9-fold more than the efferent 
neuron cells from brain-Vagus to the gut [43], that 
includes the motor cells and the sensory cells. 
Nevertheless, at the critical SWS stage, the brain-gut-
microbiota axis is at resting and the electrical synapse 
does its work at the best for memory consolidation as 
we mentioned at the beginning, herein the neocortex-
hyppocampus axis played an important role in human 
health at SWS. How the Aβ produced from the nerve 
system impact the dynamics of pHFO in the network 
circuitry to cause neurodegeneration has not been 
explored. Following we discuss the experimental 
results based on the simple model using Aβ spiked in 
the NIST human sera onto the mutated memcapacitor 

compared without Aβ. In Fig. 9D, 9E and 9F, there 
was no pHFO exists under conditions of no Aβ 
before a brain pulse was discharged. The results 
revealed that the pHFO formed after discharged 
pulses with a more bended surface in the second row 
images as shown in Fig. 10D, 10E and 10F. One 
possible reason comes from the inner ACHE linen 
broken in device 2. The pHFO had a dark spot image 
at 250 Hz initiated by the pulse discharge at SWS, 
and the direction of signaling pattern was against the 
original network synapse flow. The contour map 
indicating an “Energy Sinking Hole” exists, that has 
an agreement with the literature [32]; From our 
results, it implied that the AD’s initiation can be as 
early as the first synapse communication between the 
brain discharge pulse upon the damaged neural 
ACHE gorge inner linen. The potential epilepsy 
center created can be seen at the (0, 0) mV sensory 
origin (SO) in the optical image. The epilepsy center 
in 200 Hz was showed up at the SO, and it explains 
the reason for AD patients losing the sense of smell; 
hence the pHFO as a “mutated reentrant center” was 
indentified. Fig. 11D, 11E and 11F are presented and 
detailed conditions see in Table 1. It was found there 
is an epilepsy center at the DET peak located at 0 mV 
and the cross-point 0 mV, and it was clearly self-
synchronized with the brain network at the sensory 
location of the cross-point at 420 mV and the DET 
location at 0 mV at 250 Hz with a small amount of 
Aβ deposited, as shown in Fig. 11 for the 
symptomatic AD or epilepsy with short-term memory 
loss, and led to dysfunctional sensory. The circuitry 
current flow surface was more bended and the 
direction was anti origin compared in Fig. 9D;  
Fig. 12D, 12E and 12F depict Aβ has more damage 
on the network circuitry than at Fig. 11D, 11E and 
11F, because the pHFO centers increased from 1 to 2 
caused the significant hippocampus neuron volume 
and size reduction as shown in Fig. 12F with the 
image light diminished by more than 90%. At this 
stage, Aβ deposition in the neocortex is dominate 
than the epilepsy. The hummingbird has been long 
gone due to the spinning of the sensory field [4], and 
our former work had proofed the vertex toroid force 
existed in the mutated ACHE gorge cavity, herein the 
bad reentrant circuitry forming perpendicular 
conformational surfaces [17]. Fig. 13D, 13E and 13 F 
depict the Aβ’s heavy impact in destroy of the 
network circuitry by introduce more pHFOs and 
more epilepsy centers. One dark spot in the contour 
map clearly shows the Aβ deposited through the 
cliff of the broken nerve neuron membrane in  
Fig. 13E. The dark spot image was in Fig. 13F. The 
number of epilepsy centers increased to 4-5 centers 
due to multiple cross-points and DETs that 
synchronized from 40-300 Hz in the hippocampus. 

A “tornado” forming force was in place bearing 
destruction capability, as a fire vertex that is 
spontaneous and difficult to put off [44-45]. It may 
be caused by the inflammations occurred inside of 
the brain neuron –gut-microbiota axis [46-47] and 
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reflected as the damaged ACHE gorge linen 
happened either in the blood brain barrier (BBB) or 
in the gut nerve blood barrier [42, 48]. More 

experiments are needed to confirm which membrane 
linen is first broken. This is the evidence of late stage 
“Epilepsy”. 

 
 

 

 

 
  

  

  
 

   

 
Fig. 9-13 (a-c). Normal Neuron” device 1: energy-sensory maps and images at appropriate stages.  
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Fig. 9-13 (d-f). The “Mutated Neuron” device 2: energy-sensory maps and images at appropriate stages. 

 
 
 

Fig. 9A, 9B and 9C depict the “Normal Neuron” 
device 1’s energy-sensory maps without Aβ and 
before the neural network discharge a pulse; Fig. 9A 
depicts the circuitry current flow electrodynamics 

with conformation and direction trajectory.  Number 
1 refers the lowest frequency and the whole range of 
the scale is from 0.25 to 300 Hz. Fig. 9B is the 
contour map in a better visualizing of the interaction 
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of the neural network; Fig. 9C depicts the optical 
image in emphasizing the neural network’s visual 
outcome and trajectory. Fig. 10A, 10B and 10C 
depict the images after the brain discharge pulse, 
without Aβ, under the prosthesis having 1 more 
cross-point location than Figs. 9; Please refer to 
Table 2. Fig. 11A, 11B and 11C depict after the brain 
discharge pulses with 1 more DET peak location than 
that of Fig 10, without Aβ for the purpose to verify 
the stability of HFO. Fig. 12A, 12B and 12C depict 
after the brain discharge pulses with 3.8 nM Aβ. 
Detail conditions, see Table 2. Fig. 13A, 13B and 
13C depict after the brain discharge pulses with 76 
nM Aβ.  For the sensory conditions are held 1 DET 
and 1 cross-point at the entire frequency range being 
influenced by 3.8 nM Aβ, but the discharge pulse 
was only influenced by Aβ at SWS, not other 
frequencies; Fig. 13A, 13B and 13C are under 76 nM 
Aβ influence including to all sensory input and pulse 
discharges compared with Fig 12. 

Fig. 9D, 9E and 9F depict the “Mutated Neuron” 
device 2’s energy-sensory maps without Aβ and 
before the neural network discharge a pulse with 1 
cross-point and 1 DET peak input for sensory;  
Fig. 10D, 10E and 10F depict the images after the 
brain discharge pulse, without Aβ, under the sensory 
have the same cross-point and same DET input as in 
Fig 9.  Fig. 11D, 11E and 11F depict after the brain 
discharge pulses under the 1 DET and 1 cross-point 
over the entire range frequencies, but 38 µM Aβ is 
only be able influence the sensory and discharge 
pulse at SWS, not other frequencies.  The sole 
purpose is to see how the pHFO impact at SWS on 
the integrity of the circuitry.  Fig. 12D, 12E and 12F 
depict after the brain discharge pulses under the 2 
DET and 2 cross-points over the frequencies see 
Table 1 for detail with 38 µM Aβ influence on the 
sensory and pulse at SWS only for the purpose to see 
how more sensory points input on the circuitry, while 
keep other conditions same as Fig. 11. Fig. 13D, 13E 
and 13F depict after the brain discharge pulses under 
the 2 DET and 2 cross-points See detail in Table 1, 
the major difference is the Aβ influenced on all 
sensory frequencies compared with Fig. 12. NIST 
sera were used. The x-axis is the cross-point location 
(mV); the y-axis is the DET peak location (mV) and 
the frequency (Hz) as Z. 

 
 

3.6. Quantitation of Re-entrant 
 

3.6.1. Linear Regression of the Reentrant  
 

Reentrant is self-reference, i.e., self pointed to it 
self [49-51]. One of the neuronal safe guards to the 
cognitive function is the bidirectional invariant 

reentry neuronal network circuitry [49-51]. Without 
Aβ, device 1 has the appropriate reentrant time frame 
to store-retrieve information having 18, 20, 26.6, 
160-fold higher Aβ reentry energy sensitivity 
compared at 3.8, 76, 151 and 471 nM, respectively, 
and the desire for a low energy per bit consumption 
in pJ/bit/µm3 was in a reversed order as shown in 
Table 3. The results were calculated by a linear 
regression model. Support data are shown in Fig. 14. 
All results are less than 0.01 pJ/bit/µm3, that is the 
goal of 2020 [52] for chips in the slope column, 
except without Aβ, which is 0.1186 pJ/bit/µm3, and 
that is a magnitude advance over current reported 
performance [52].  

 
 

Table 3. Information storage and retrieve sensitivity fitting 
by the linear least-squire equation between energy 

density vs. time (s). 
 

Aβ 
nM 

Slope 
Reentry 

Sensitivity 
(pJ/bit/µm

3)/s 

r 
Top range 
Reentry 

pJ/bit/µm3 

Bottom 
range 

Reentry 
pJ/bit/µm3 

0 
3.8 
76 

151 
471 

0.11862 
0.0067 

0.00605 
0.00446 
7.56E-4 

0.9994 
0.9999 
0.9918 
0.9926 
0.9143 

0.4716 
0.02675 
0.02434 
0.01789 
0.00302 

6.84E-6 
1.188E-4 
4.32E-6 
3.6E-6 

6.12E-7 

 
 

3.6.2. First Order Regression of the Reentrant  
 

Neural circuitry’s conductivity time delay is so 
important related to memory plasticity as the Spike 
Timing Dependence Plasticity (STDP) by the model 
of Y= A1e-t/τ when the postsynaptic neuron fires [53]. 
The delay range is in an appropriate range between 
50-140 ms, which is a key function feature for storing 
and retrieving memory information [54-55]. We have 
used a slightly modified first order model as shown in 
Fig. 15 by plotting energy density vs. frequency over 
0.25 to 333 Hz using the normal memcapacitor 1 
with various concentrations of Aβ. For without Aβ, 
the plot presented in Fig. 16. The insert plot shows 
the slow decay rate, that indicates a time delay for 
reentry, herein the long-term memory plasticity has 
demonstrated. The results of the delay time and the 
rate are presented in Table 4. As you can see from 
Table 4, as Aβ concentration increases, the τ values 
are decreased, except the 471 nM Aβ situation, that 
indicates a 2s delay that is far beyond the reasonable 
delay range, which is a “brain apoptosis”. 
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Fig. 14. Linear regression plots of energy density vs. time for with and without Aβ  
from the normal ACHE neural memcapacitor.  
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Fig. 15. First order exponential regression plots of energy density vs. frequency with various levels Aβ. 
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Fig. 16. First order exponential regression plots of energy density vs. frequency without spiking Aβ.  
Insert figure is the enlargement plot.  

 
 

Table 4. Information storage and retrieve rate by fitting the 
first-order non-linear regression between energy density vs. 

frequency over 0.25 to 333 Hz. 
 

Aβ in NIST 
serum (nM) 

Y0 

Reentry 
rate 
(Hz) 

τ 
(s) 

γ2 

0 1.17 1.72 0.58 0.9998 
3.8 0.033 1.92 0.52 0.9998 
76 0.006 2.84 0.35 0.9999 

151 0.0053 2.77 0.36 0.9999 
471 5.4e-4 0.5 2.04 1.0 

 
 

3.7. The Quantum Electromagnetism  
for the Toroidal Structured 
Memcapacitor 

 

3.7.1. Self-Interference of the Toroidal Bose–
Einstein Condensate  

 
We reported in our prior work that the nature of 

the memcapacitor 1 has an uniform nanogap in the 
biomimetic ACHE gorge membrane between the 
vertical bridge and the horizontal bar as shown in 
Fig. 1 compared with memcapacitor 2 has a various 
nanogap distance several-fold large than the device 1. 
The key structural difference between the two is the 
synapse gap. For electric synapse is one tenth of that 
of chemical synapse [5]. For device 1, the 3D lattice 
between the flat bridge and the top rim of the surface 
of the pores are gaps of 40-56 nm; yet the device 2 
has gaps between 6-121 nm as shown in Fig. 2. The 
ACHE gorge has a dipole hollow cylinder tunnel. Its 
length is about 2.5 nm and the cylinder wall thickness 
is 2.05 nm with the wall consists of 4 layers reported 
in literature [56-57]. We demonstrated our 
memcapacitors not only have the dipole hollow 

cylinder tunnels in a layered toroidals, but have the 
slits in the cylinder walls with device 1 of a fixed 
length of slits, and device 2 with various lengths of 
slits, that device 1 has communication between 
dipolar circular electron-relay in an orderly manner, 
but device 2 has a vertex acceleration [24]. From the 
view point of interference on toroidal Bose–Einstein 
condensate reported in recent literature [58], that 
revealed the self-interference of the circular 
condensate is possible only in the absence of the 
persistent current with rings in various diameters 
expansion freely vs. time for the emergence of 
toroidal matter-wave interference. Memcapacitor 1 
shows no such self-interference and evidenced by no 
epilepsy centers observed, that indicates the toroidal 
wall is not leaking (BBB is not broken); the 
memcapacitor 2 has a perturbed circular current and 
absence of a persistent current, i.e., the BBB is 
broken and leaking, herein we observed the self-
interference as shown from Fig. 11D, 11E and 11F to 
Fig. 13D, 13E and 13F. This might be the first 
experimental demonstration from our work, that a 
leaking linen of a toroidal membrane circular current 
has a self-interference consequence when interacted 
with Aβ. On other hand, even device 1 has no leaking 
current event, but the Aβ accumulated enough to be 
able to block the slits as seen in Fig. 13A, 13B and 
13C, forming total darkened field, that indicates the 
normal status of a healthy network circuitry is 
broken. 

Our prior work [17] and this report both revealed 
that the brain cancer and Aβ are dark matters 
characterized in the images. The Aβ dark matter’s 
character is to drain the host energy by forming the 
pHFO energy sinking hole, for whether or not the 
dark matter shown in the image is solely belong to 
Aβ’s fibril, it needs a further study.  
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4. Conclusion 
 

Early forming a Hummingbird-like hovering 
neural network circuitry pattern with reentrant 
privileged spatiotemporal energy-sensory orientation 
to avoid “epilepsy” based on the normal ACHE 
neuronal memcapacitor prosthesis is demonstrated by 
using the NIST human sera compared with an energy 
draining circuitry from a mutated ACHE neural 
prosthesis memcapacitor. The Hummingbird-like 
hovering pattern can be so easily destroyed by Aβ’s 
depositions and entanglement also explained the 
vulnerability of our nerve system including the brain-
gut-microbiota axis. Early non-symptomatic epilepsy 
was indentified and predicted by device 2 due to 
pHFO formations and large areas of Aβ re-
depositions. Our data shown early CR dysfunction is 
not due to the entrance of Aβ for device 2, but the 
damaged ACHE gorge linen itself along with a 
synapse pulse discharge at SWS, which initiated a 
pHFO spot and synchronized with the nerve neuron’s 
prosthesis. We have identified the weak spot in the 
hippocampus that positively linked to epilepsy. 
Device 1 is more aware of Aβ’s presence in an early 
stage because of its initial formed HFO with higher 
reentrant energy sensitivity of 0.12 pj/bit/s/µm3 

without Aβ compared with 13 aj/bit/s/µm3/nM over 
3.8-471 nM range over 0.003-4s. Device 1 reliably 
detected early CR dysfunction. 

Early prevention from gut leaky and BBB damage 
by protecting the gut blood barrier and BBB integrity 
is very important to promote human health and it is 
also important to promote a Hummingbird-like 
hovering neural network circuitry pattern with the 
HFO reentrant privileged memory advantage for a 
quality of life.  
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