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1. Introduction

Let M cR?® a space where we want to detect and
measure the humidity and temperature considering the
humidity micro-particles in the air of an environment
bounded to the boundary conditions of an electromagnetic
field of managing and geometrical design of the proper
sensor to optimizing and measuring of sensed with several
research and application goals:

i) Measurement and detection in a region, at least of

*Corresponding Author:
Francisco Bulnes,

The electric field created in a curvature energy sensor on air microparticles
is used to obtain a temperature-humidity map G:M — SO(2) U F, by stereo-
radially of the sensor design to detect and measure the temperature and
humidity of certain local region of the environment space. Likewise,
considering the curvature energy as the deviation of any field interaction,
even the obstruction to its proper flow, is designed and created a humidity-
resistor sensor to the control and optimization of humidity in a space
with different gradients of humidity, pressure and temperature in a radial
detection and measuring. Then the sensing problem is a problem of free
boundary conditions where is satisfied an energy functional of norm |¢|,.
to curvature functions x, that satisfy in the temperature and humidity
function &, the change limit conditioné|.<2#(r). This carries to that
the temperature-humidity sensor must be designed on a length gauge to
measure the changes of humidity and temperature in the space.

certain kilometers of radius, of the humidity and temper-
ature to realize a distribution map of these characteristics.
This will come considering the humidity micro-particles
in the air of the environment, directly.

i1) The managing of water microparticles to their
storage and use.

iii) The obtaining of energy through curvature energy
to diverse uses and applications. For example, to energy
transducer through humidity microparticles.

The goal iii) will be realized in the second part of this
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research although will be given the bases to its development.
Likewise, is necessary consider the general thermic-
pressure-humidity process described under the framework

of differential equations "

%:—aVP—Vgo+F—Zva, 1
%’; =-Ve(pv), @
Pa =RT, (©)
0-¢, 0o, @
%‘1 =V e(pvg)+ p(E-C), )

where the humidity phenomena depends on the tempera-
ture and pressure of the system of interest.

Likewise from (1)-(5), v =(v,,v,,v.), is the velocity
field of the gas, ¢=T(¢), and p=P(), is the temperature
and pressure functions depending of time, p =, (with
a=V/nR )(D is the gas density, O, is a heat. “

In this case, the gas will be the air.

We consider a mass constant of sensing, thus from (2)

we have

op

P _o, Vo=0,

o e ©
and the general law gas is reduced to the law P/ T = cte,

where volume of the air sensor sample is constant ),
The humidity is a function of two gas state variables,
the temperature and pressure, which are time functions.

Likewise, the humidity is the 2-dimensional surface:

¢ =¢(T (), PQ)), (7

The function (7) will be used in the spectral study of
the humidity through humidity sensor outputs whose
frequency variation will be useful to conform a stereo
radial mapping of the environment to a scale factor
captured through humidity, temperature and pressure
signals, which combining will obtain a energy spectra of
humidity.

Under certain constant volume of air with high content
of water steam,® we have the following criteria to
behavior of the function &,

i) If T — o, then P — 0, and the humidity & —> oo,
thus the clime is humid.

i) If 7— 0, then P — o0, and the humidity & — 0,

(D Likewise, the general gas law is PV =nRT.If p=cte,then we have

. PV .
the classical general gas law form: o =dte. Here R,is the Boltzmann

constant (1.381x10-23 J-K™"), n, is the number of gas molecules.
(2 The volumen of humidity
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thus the clime is dry.
Likewise, we consider the sensor chip to obtain directly
pressure and temperature through humidity gradient with:

X, =—grad&(T, P), ®)

We obtain inside an isochoric semi-spherical region
that:

divVE =V?E = 27p = cte, 9)

with the corresponding spherical coordinates system,
because has been chosen a semi-sphere as region where
will be located the humidity sensor in its center (see the
Figure 1). Here must be satisfied the Poisson equation
to constant distribution of air. Then the sensing will be
using the curvature energy, and the radial detection of the
airflow to measure their humidity and temperature. This
optimizes the sensoring and detection of humidity and
temperature.

flow conservation Sensor

region

Figure 1. Flow conservation-detection region.

Likewise, from the energy equation (5) we have in
energy-interchange due mass that :

E=C, (10)
Then the energy flow satisfies that:
dpq ~
21—y ,
o0 P (69) (11

which para a local coordinates system, (11) can be re-
write as:
[@@ﬁiﬂﬁi%}
Ox dt Oy dt Oz dt
[@@ﬂ@ﬁlﬂ
Oxdt Oydt Ozdt

_[ou, 9u v,
el harmt i

= (12)

which establish the energy interchange of the flow
conservation-detection region of the sensor in the
3-dimensional space.

Likewise, we consider (7) and we take an isochoric
process with constant pressure given by the atmospheric
(barometric) pressure of the place. Then (7) takes the
form:

¢ =Ps(T(®),1) = PS(TQ)),

Likewise its variation respect to time will be:

(13)
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Pd(f(T(f)) :Pdf(T(t))E’ (14)
dt dr  dt
However, we are interested in the humidity as state
function, thus we consider the variation of humidity
respect to temperature and pressure (but pressure is
constant), proportional to it-self humidity with respect to

pressure and volume constants:
&)

d

—T:kf(T),

with initial condition &, (T)=¢&,(T), where To A |
depending of the increasing or decreasing of temperature

(15)

and measure scale.
Likewise the general law that will govern the physical
process of humidity is:

E(T) = &(T,)e "™, (16)

Here the constant £(7,)© involves the barometric
pressure, the volume of the scale region, the rate of
relative humidity diffusion and other constants relative to
the relative humidity®.

We want to detect the functions &(7), as energy signals
to the sensoring process, inside a region where is satisfied
the Poisson equation (9) to air density or distribution p.

Due to the electronic component of our humidity
sensor only can be installed with its receptor in one
direction, we need consider a surface Z, whose speed of
direction change can be taken in the inner and consigned
by electronic signals of energy accord to its geometrical
invariant . Then we require curvature energy .

However, what curvature energy? This will be from a
normal curvature obtained. Why?

The flow conditions and behavior of the air without
enclosure Z, no reflects an ordered behavior of the air
then cannot be sensed and detected by humidity sensor (see
the Figure 2A), even in disclosure conditions the airflow
cannot be bounded for electronics parameters range. Then
we need an enclosure given by X (see the Figure 2B).

The perfect enclosure X, will be the geometrical
enclosure, which can establish permanent conditions
of the humidity field as has been established in (8) and
whose boundary conditions no vary and have not different
direction in inputs inside the enclosure (Figure 2B).

- V. . .. .
® 5(77,)=n;%1<, where K, is the characteristic function defined to the

enclosure or sensing region which is a semi-sphere.

@The relative humidity of an air-water mixture is defined as the ratio
of the partial pressure of water vapor in the mixture to the equilibrium
vapor pressure of water over a flat surface of pure water ' at a given
temperature.

Plet |

Humedad 2
3%~

Tirme

A. without spherical dome or enclosure with air flow

Poto |

Humedad 2

Time

B. with spherical dome or enclosure with air flow
Figure 2. Temperature and humidity.

Likewise, the air inputs-outputs through of enclosure
must be radials and obey the following boundary
conditions:

| <27E(r), (17

which only has meaning in a spherical symmetry. Thus we
choice a spherical dome where we consider the positive
hemisphere (see the Figure 3).

Figure 3. Air inputs-outputs through of enclosure must
be radials.

Then an interesting conjecture derived directly of the
chosen geometry to the sensor is:

Conjecture 1. 1. The radial humidity signal is 27
units its normal curvature.
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2. Some Simple Experiments of Field of the
Humidity Sensor with Geometrical References

Considering the mentioned in the section 1, we have
the following lemma to analyze from a geometrical
point of view, the reception of signals by sensor, and
geometrical disposition of this.

Lemma 2. 1. The detection and measurement of
humidity will be through the normal curvature of the
surface =, which is its Radon transform *’.

Proof. We consider as characteristic function of

curvature around the semi-sphere Z, as the function:

1
— XY+ <

K(x,p)=17" . (18)
0,4/x +y* +2" >
Then the Radon transform on the polar disk is:
K(r,0)= I K(x, y)ds=ij‘ds=l, (19)
r r

\/xz -+-yZ i< 0
For other side, the normal curvature of the semi-sphere

%, comes given by (consider that in the semi-sphere its
principal curvatures satisfy &k, =k, ), then

k() =k cos® 0+ ksin'0 = = K(7,0),(20)
r

(20)

Furthermore, its normal curvature meets with its mean

curvature
1+1
1% k +k S 21
H=— |k(@)do=| 1—2|=| L L |===_
271"([ © ( 2 j 2 2r r @h

Joining (20) and (21) is proved the lemma.

Then in our real problem we consider the 2-dimensional
problem. Then for a 2-dimensional surface in a
3-dimensional space, we have

V*E=2mp, E(x) = k(u),Vx € 0Q, (22)

which will be the problem with boundary conditions
depending of the geometrical enclosure of the sensor for
sensing.

Likewise, finally our humidity function considering (9),
(16), (17), the conjecture 1. 1, and the lemma 2. 1 will be:

Voo 1 |6 4| o1
N=———=y—7—-—5¢¢ 23
() nRTrz{r4 r} 23)
From a topological point of view, the humidity is the
action of concentrate the water stem in the air.
We consider the following simple experiment that

collect this concentration on a crystal plane (see Figure 4).

24

C
Figure 4. Experiment that evidences the concentration of
water due humidity action.

Then the maximum condensation of humidity will be
in a geometrical enclosure region, which we can observe
in the figure B, and C, generated by a magnetic sphere on
the crystal plane. This proves that the region of sensing
of maximum sensing will be in this condensation region.
Therefore topologically this has an attribution given by
the smooth embedding given for:
c:To>M’, (24)
where o(Z), is the smooth submanifold embedded
smoothly in the space with humidity (air with water).

Likewise, the sensing field whose humidification flow
that impact in a surface determines a variation of electrical
potential detected by the sensor resistance, which depends
on temperature and pressure, this last considering constant
(see Figure 5).

Figure 5. Humidity sensor radial function.
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Geometrical enclosure of the sensor for sensing. This
surface express the humidity model obtained to curvature
energy sensor and proved by the experiment. The surface
was done in 3D Geogebra program.

However, the boundary on the sensing region is given

by &|.o<27E(r) , with &, =&, Their energy require

a [* - topology " defined by a norm or length |£],.
This norm to measure flow energy will be used to design
several sensors and their components to the sensing the
humidity of a space and solve of wide form the humidity
problem defined.

The radius when » — oo, then & =0. This means that
without the dome, the humidity is not sensed. Also, when
7 — 0, then £ — o, (see the Figure 6). This means that
the sensed is the proper resistive element, which senses
all humidity element in the pole of the stereographic
projection (see Figure 7).

— (Ohms

= Humidity Flow

Figure 6. Humidity versus resistance of sensor.

Figure 7. Semi-spherical dome.

3. Minimal Turbulence and Flow Stability

We want to establish a 3-dimensional geometry that
does possible the stability of the air dynamics in a deter-
mined volume.

The minimal turbulence and air flow stability permits
have a volume of static air, optimal condition to measure
average temperature and air relative humidity more
precise and real (see the Figure 8A, and Figure 8B).

Likewise, and using the curvature energy concept ex-
plained in the before section 2, we consider the following
design conditions of the sensor:

i) Spherical dome which satisfies all boundary
conditions of sensing and permits associate a stereo-radial
representation of the signals "

ii) A minimal hyperboloid permits a coupling of air in
its inner cavity and the general medium (see the Figure 5
of humidity sensing surface).

iii) The geometrical element has a direct relation with
the harmonicas with the sound phenomenology, criteria
based on the musical instruments of air.

The experimental results on the optimality and
stability of measurements realized with the sensor with
semi-spherical dome are confirmed (see the following
experimental sensing graphs (Figures 8A and Figures
8B)). We observe that the sensing with dome coincides or
meets with the humidity sensing surface obtained in the
Figure 5.

Humidity (%)
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Figure 8. Measurements realized with the sensor without/
with semi-spherical dome are confirmed.

4. Dynamical System Analysis of Sensor

The sensor device is a semiconductor device of solid
state which consists of a resistive element whose inter-
action with water molecules in the air realizes electrons
valence interchange that influence in the change of its
electrical resistance (see Figure 9).

Likewise, the alteration of valence internal electrons
of the proper semiconductor is realized when varies the

26

temperature influencing in the electrical resistance.

Figure 9. Sensor DTH11. Temperature and humidity
sensor with a calibrated digital signal output.

Then we have the scheme:

+

Paqmﬂ

e Vout 5)

J

R

Then to the dynamics model of the sensor, we consider
the fundamental equation:

V. =5Volts — £(T, P)R(t), (26) (26)

where R, is the resistance of the sensor. Likewise if we
consider the potential difference constant then we can
have the resistance versus humidity as the curve given by
the hyperbole (Figure 10).

R Resistivity
A

£ Humedity o

Figure 10. Behavior of the electrical resistance
response of the sensor and the humidity variation in the
environment.
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The humidity signal is &(¢) = 60e™* +36. This comes
of the dynamics model of the sensor, and consider the
fundamental equation to the model (26).

The resistive element R, is affected for the humidity
&(T, P), establishing an output voltage, whose difference
with the initial voltage (feeding voltage) is directly
proportional to the variation of the resistivity affected for
the humidity.

The behavior of the electrical resistance response of the
sensor and the humidity variation in the environment we
can see it in the Figure 10.

The equation (26) implies that &(T,P), has units of
electric current or its inverse, the admittance. Likewise,
there are no indications that there is a direct relationship
between ampere [=A] and temperature units [=°C], pres-
sure [=Pa] among others that can affect the phenomenon
of humidity in the air.

A new experiment is carried out that consists of the
producing an almost the humidity of 95%, a stability time
at 95% to the point of going into decline for a time in
order to obtain the humidity drop behavior curve and be
able to characterize the response curve of the sensor by
means of special functions.

Next, the curve that describes the response of humidity
expressed in % in the air in a certain time (see Figure 11).

£ (t) Humidity %
Tf

80
a0
o
&0

50

40

20

10

10 20 30 ¢ minutes

Figure 11. Characterized curve of 95% of humidity until
36% in 9 minutes.

We consider the value of resistance due the humidity
as the function R(&), where we will assume by separable
variables that:

R(S)= 2R,
Then considering the variation with respect to the time,

and considering the humidity as function of the pressure
and temperature, the Equation (25) takes the form:

AR __dV
dt dt’

which takes the form considering the Ohm law in the
second member®:

LS 29
dt e’ (29)

27 (27)

28)

whose general solution is the resistance function:

R(t)=aqe "), (30)

which includes under measurement conditions the
function obtained in laboratory given in the Figure 11. If
we consider as initial condition R(0) = 5volts, then a =5,
then we have the particular law for our sensor:

R(t)=5¢ """, 31)

Now we want to obtain all dynamical process including
the functioning of the sensor in a time interval adding the
initial condition and whose enveloping is the function
R(&), Then we consider the differential equation (29)
with the initial condition R(0)=15. Then to a time
interval of sensor functioning we have the integral
equation of Volterras’s type:

V t
Ry=5- [R@)E(x -y, (32)
0
where &(r), acts as an admittance derived of the proper
characteristic as humidity function interacting with the
resistive elements justified by the Ohm law.

Likewise realizing the transitory analysis of the system,

we have using Laplace transform that:

5LV 60 36
p(p)=—=—| p(p) il (33)
p L pl
2
whose definition field is the space:
D, ={peC|Rep>0,Rep>-1/2} (34)

Then applying L', to (33) we find that:

(®Here has been considered an apparent inductor defined by the
induction effects that could be established for the inner electrical circuit
of the sensor "',
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3
SE5(t) 25e *
9%V 768V °

which corresponds to the behavior hoped (see exper-

(35)

R(t)=

imental graph Figure 12). Here we can consider the
value L =1, since the inducing factor does not exist as
such, however is considered due the effects that could be

established for the inner electrical circuit of the sensor.

100 Humidity (%)
80
60
40J
20
0
PR EERTEEE SR TS
AN <N OO A M TN M~
™ v v e N

Figure 12. Total nebulizing of humidity with water steam
produce the following straight lines and step function.
After start decreasing of the humidity in percentage units.

The curvature energy is processed accord to the ge-
ometry of the sensor, and the outputs of resistance sig-
nals in the sensor involved this curvature energy as can
be observed in the solution (35). This only happens in a

bandwidth characterized by the average curvature energy

€], 00 <5, (36)

such and as is established by the Hilbert inequality of the

theorem °”. Then is translated to our spectral problem to
(131,

K, 2 H(w,0,) 2k, 37)

where @,, and w,, are the roots of the polynomial
of the energy spectra of the corresponding Jacobi field.
Likewise, the design of the sensor with the geometrical
enclosure stays finally illustrated in the Figure 13.

The distribution of holes obeys the stereo-radial pro-
jection respect to the sensor, and stereographic projec-
tion respect any tangent plane 7%, to the semi-spherical
surface, which does uniform the inputs of air, because
their direction is constant of all inputs. The 60 holes have
dimensions barely of (0.001984 m) ~ 2 mm of diameter,
and the size of holes has been calibrated according to that

no influence of the external turbulence.

28

Figure 13. Curvature energy sensor device to humidity
obtained.

5. Conclusions

Finally, we can to conclude that we have the possi-
bility to use a conventional sensor to humidity with a
special additional geometry to sense the humidity of a
3-dimensional region considering the average curvature
energy that can to influence in the good signal recep-
tion and sensing process of the humidity under ambient
conditions. For the geometrical design was necessary
consider the searching of the stability of the air dynamics
in a determined volume. The minimal turbulence and
air flow stability permits have a volume of static air,
optimal condition to measure average temperature and air
relative humidity can be more precise and real. Further
also, was necessary to consider their cycles in the space
where happens this, re-interpreting these cycles from a
topological point of view of the current air lines and their
transformation in measurable signals as co-cycles where
the value of certain integrals on said co-cycles result the
sensing data (see the Table 1) useful in the detection and
measurement of humidity. Sorting of these data will be
obtained a humidity map in real time which can be useful
in the study of water and humidity condition in a region
of at most 1 kilometer. On the device surface must to
exist the boundary condition, & | < 27&(r) to use the
curvature energy due the dome geometry whose tangent
space defined inside the device establish the addressing
of humidity signals for be used in the sensing process. We
have the incident humidity flow defined by the tangent

space T,Q, where in p, is located our resistive sensor.
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Table 1. Obtained values during the sensor functioning in
a short time interval described in the integral Equation (32)
to the description of the dynamical analysis of the system

Humidity Voltage Temperat Pressure Altitude(

Time Started Time(s) (%) (V) ure(A°C) (Pa) m)
12:57:10 0.00 26 476 2482 8032417 1916.7
12:57:12 1.00 26 477 2476 803236 1916.76
12:57:14 2.00 26 477 2475 80323.21 1916.8
12:57:16 3.00 26 476 24.74 803225 1916.67
12:57:18 4.00 26 3.78 2473 80321.8  1916.94
12:57:20 5.00 26 37 2473 8032143 1916.97
12:57:22 6.00 26 3T 24.72 803214  1916.97
12:57:24 7.00 26 37 2472 8032136 1916.98
12:57:26 6.00 26 3T 2472 80321.03 1917.1
12:57:28 9.00 26 37 2472 80321.17 1917
12:57:30 10.00 26 3.69 24.76 8032149 1916.97
12:57:32 11.00 26 3.83 241 80320.82 1917.03
12:57:34 12.00 26 3.98 2417 80319.66 1917.15
12:57:36 13.00 26 411 2471 80319.83 1917.13
12:57-38 14.00 26 42 2471 80319.65 1917.15
12:57:40 15.00 26 428 2417 80319.33 1917.18
12:57:42 16.00 26 435 2466 80319.47 1917.17
12:57:44 17.00 26 442 247 803201 1917.11
12:57:46 18.00 26 448 2465 80319.28 1917.19
12:57:48 19.00 26 452 247 80319.75 1917.14
12:57:50 20.00 26 4.85 247 80320.57 1917.06
12:57-52 21.00 26 458 247 80321.06 1917.01
12:57:54 22.00 26 459 247 80321.36 1916.98
12:57:57 23.00 26 4.63 247 80322.02 1916.M1
12:57:59 24.00 26 465 247 8032184 1916.93
12:58:01 25.00 26 4.67 2464 80321.99 1916.92
12:58:03 26.00 26 468 2469 80321.99 1916.92
12:58:05 27.00 26 469 24.69 80321.83 1916.93
12:58:07 28.00 26 4 2469 8032148 1916.97
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