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ABSTRACT

This paper presents new experimental evidence of the PeTa effect—infrared characteristic radiation under first order
phase transitions, especially the crystallization of melts and the deposition and condensation of vapours/gases. The PeTa
effect describes the transient radiation that a particle (i.e., atom, molecule or/and cluster) emits transient radiation during
a transition from a meta-stable higher energetic level (in a super-cooled melt or a super-saturated vapour) to the stable con-
densed lower level (in a crystal or a liquid). The radiation removes latent heat with photons of characteristic frequencies
that are generated under this transition. The abbreviation “PeTa effect” means Perel’man-Tatartchenko’s effect.

Keywords: Peta Effect; First Order Phase Transitions; Vapour Condensation; Vapour Deposition; Melt Crystallization;

Infrared Radiation; Atmospheric Phenomena

1. Introduction

This paper, presents experimental evidence for a new
physical phenomenon—infrared characteristic radiation
(IRCR)' under first order phase transitions, especially the
crystallization of melts and the deposition and condensa-
tion of vapours/gases. The effect was theoretically pre-
dicted by M. PereI’man [1] and was investigated by V.
Tatartchenko for several alkali halides [2,3] and for sap-
phire [4]. In 2010, M. Perel’man deceased. In memory of
Prof. Perel’man and to simplify the title “IRCR under
first order phase transitions”, the term “PeTa (Perel’man-
Tatartchenko’s) effect” is used in this paper as it has
been used previously [5,6].

The basis of the PeTa effect is that a particle (i.e.,
atom, molecule or/and cluster) emits transient radiation
during the transition from a meta-stable higher energetic
level (in a super-cooled melt or a super-saturated vapour)
to a stable and condensed lower level (in a crystal or a
melt). The radiation removes the latent heat by photons
with characteristic frequencies that are generated under
this transition. The previous papers [1-16] present ex-
perimental and theoretical evidence for the PeTa effect,
but as underscored in the discussion in [5], additional
investigations concerning atmospheric phenomena are
needed. In this paper, another striking demonstration of
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the PeTa effect is presented—infrared radiation during
the deposition and condensation of air components at the
temperature of liquid nitrogen. The experiments consist
of a very simple scheme of deep cooling atmospheric air
while recording the emissive spectra using an IR Fourier
Spectrometer with a very sensitive MCT detector. The
experiments allow estimation of both the range and the
order of intensity of the PeTa radiation. The results can
be used for crystal growth regulation [9], optics [11] and
atmospheric sciences [12-16].

2. Experiment
2.1. Equipment

For the experiments, we used a PerkinElmer Frontier
MIR spectrometer with a DynaScan interferometer, cooled
with a liquid nitrogen MCT detector, and sealed and des-
iccated Ge-coated KBr optics, which enabled a scan
range of Al = (1.2 - 28) um while delivering AS = 0.4
cm' resolution and 15,000/1 pk-pk noise for 5 s scan.
The regimes of function sb and cont are possible. For
comparison, our similar experiments [2-4] with alkali
halides and sapphire were carried out 35 years ago for
the range AL = (1.2 - 7.0) um under 3 different conditions:
“low-resolution” spectra (Spectrometer IKS-21, optical
resolution AS = 210 cm '), “medium-resolution” spectra
(Spectrometer IKS-21, AS = 90 cm™"), and “high-resolu-
tion” spectra (Spectrometer Specord-75 IR, AS =5 cm ™).
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The scanning time for the range 1.2 - 7.0 pm was ap-
proximately 30 s. Thus, the resolution of our new device
exceeds the highest resolution of our previous model by a
factor of ten, and 2 - 3 s (an order of magnitude im-
provement over our previous experiments) is sufficient
for the accumulation of data for one spectrum.

An irradiative object, a 200 ml aluminium cup, was
placed approximately 4 cm from the input window of the
spectrometer (Figure 1).

2.2. Experimental Procedure

A time of 0.58 s was chosen for the accumulation of data
for one spectrum, and an average of 4 spectra were used.
Thus, we could have a new spectrum every 2.32 s with a
resolution of 4 cm™'. The temperature of the laboratory
was 24°C (297 K), the relative humidity supported at
32% (corresponding to 279 K for the water vapour dew
point). Under these conditions, the integral radiation in-
tensity U, within the range of 1.2 - 22.5 pm was con-
tinuously recorded (Figure 2) from the wall of the ir-
radiative cup (Figure 1). The first (background) Plank’s
radiation spectrum, corresponding to room temperature
(the time 289.6 s, i.e., point al of Figure 2), from the
wall of the empty cup is presented in Figure 3 (curve al).
The spectrum has several absorption bands. It is well
known that spectral peculiarities near 15 um are associ-
ated with atmospheric CO,. The 7 - 14 pm range is the
window for the atmospheric transparency; it generally
does not contain any bands. In our case, the nature of the
recorded absorption bands depended on the cup material
and the air purity, but the bands did not influence the
experimental results.

Several seconds after beginning our measurements, a
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similar cup with liquid nitrogen was placed inside of the
first cup (Figure 2, point al). The integral intensity of
the radiation immediately decreased (Figure 2, the time
between points al and bl) as a result of the temperature
decreasing to 77 K. Ice (evidently H,O and most likely
CO0,) appeared on the cup wall and the integral inten-
sity of the radiation increased (Figure 2, the range be-
tween points b1 and d1). The 6 consecutive spectra cor-
responding to the indicated time points (Figure 4) show
a transformation of the irradiative spectra during this
period (approximately 11 minutes) as the surface density
of ice grains on the cup wall visibly increased. We ex-
plain the intensive IR radiation in this range as the
PeTa effect during deposition of H,O and CO, as well
as the condensation of Ar and O, (of the air compo-
nents) on the cup wall. We hypothesize that the con-
tinuous augmentation of the integral intensity of the

Figure 1. Experimental facility.
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Figure 2. Integral intensity of the IR radiation U, a.u. (arbitrary units) between 1.2 and 22.5 pm from the Al cup vs. experi-

ment time.
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Figure 3. The four radiation spectra U’ corresponding to room temperature at four time points of the experiment and their

average.
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Figure 4. The six radiation spectra U* as the integral radiation intensity increases between times b1 and d1.

radiation during this time is connected with the increas-
ing speed of deposition as well as the condensation of
gases and water vapour on the cup wall because of the
visibly increasing density of nucleation centres. Indeed,
the polished surface of an aluminium cup is non-wetted
by the water, thus it is difficult for nucleation centres to
appear on it.

To verify this hypothesis, the following experiments
were carried out. At point d1 (Figure 2), the internal cup
containing liquid nitrogen (77 K) was replaced by a simi-
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lar cup containing room temperature water (297 K). The

intensity of radiation immediately decreased (el range on

the Figure 2) to the level corresponding to the Plank’s

radiation for the temperature of ice melting 273 K (point
f1). We observed that after the ice thawed, the cup sur-
face was covered with liquid drops. The radiation inten-
sity began to increase up to point a2, which corresponds
to the Plank’s intensity at a room temperature of 297 K
(the a2 spectrum of the Figure 3). During this time, the
water from the cup wall was partially evaporated. At
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4 V. A. TATARTCHENKO ET AL.

point a2, the cup containing water was replaced by the
cup containing liquid nitrogen (77 K). Here, the system
repeated its behaviour at point al, but the intensity level
corresponding to point c2 was achieved much more rap-
idly because of the presence of the nucleation centres.

We repeated the procedure at point d2, but the dura-
tion of time for the water to heat the cup was shorter. In
this case, the ice only thawed without water evaporation
and the high radiation intensity of point ¢3 was achieved
more quickly. At point d3, we removed the internal cup
containing liquid nitrogen for a short time to allow the
ice to melt. The high radiation intensity at point c4 was
quickly achieved. We repeated the last procedure 10
times up to point al2 without waiting for the ice to melt
completely. At point d6, the entire surface of the cup was
covered with ice, after which we observed neither the
formation of new nucleation centres nor increases in ra-
diation intensity. The small decrease in the radiation in-
tensity is most likely explained by the thickening of the
ice layer and the decreasing of thermo-conductivity with
respect to the classical Stephan’s problem. Thus, we can
see the first confirmation of our hypothesis: in these
conditions, the radiation intensity depends on the den-
sity and the sizes of the nucleation centres. To confirm
that the spectrometer worked well, we periodically com-
pared the background spectra. These four spectra and
their average are presented in Figure 3 for the beginning
(point al from the Figure 2), middle (point a2) and end
(points al2 and al3) of the experiment.

At the first stage of our experiments, a scanning range
of 1.2 - 22.5 um was used, but we found that beyond the
4 - 22 pm range, there are no signals that exceed the
noise. Figure 5 demonstrates this point within the 1.2 -
3.2 um range. Thus, using the 4 - 22 pm range is suffi-

0.015

cient for our experiments.

There are additional peculiarities of the obtained spec-
tra that warrant further analysis. Figure 6 demonstrates
four consecutive spectra between points c¢2 and d6 as the
PeTa radiation intensity increased (bear in mind that the
deposition in this range was interrupted several times
with the removal of the cooling cup containing liquid
nitrogen). We observed that between 1500 and 1650 s,
after the ice first began to melt and without the additional
heat provided by the room temperature water, the peak at
12.2 pm moved to 13 pm and the peak at 9.2 um began
to grow. In Figure 6, red lines represent the peak before
the change and black lines represent the peak after the
change. During the relatively stable stages of the radia-
tion (points c¢7 - cl2), the spectra were virtually un-
changed.

The second confirmation of our hypothesis concerning
the nature of the recorded IR radiation was obtained with
the following experiment. The aluminium cup was re-
placed by a plastic cup. The cup was wetted with water,
which formed a thin film across the entire external sur-
face of the cup, and we repeated the previous procedure
of inserting and removing the second cup containing lig-
uid nitrogen. The growing ice layer covered the entire
cup surface immediately after the first cooling. The inte-
gral intensity of the IR radiation achieved its maximum
value and did not change during the experiment (Figure
7).

3. Previous Research

Data from the literature concerning the appearance of IR
radiation during water phase transitions may be summa-
rised as follows:
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Figure 5. The four average radiation spectra U in the range 1.2 - 4.0 pm. Variables are labelled on the figure.
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Figure 6. The four radiation spectra U* corresponding to maximum amplitudes as intensity increases between ¢2 and d6.
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Figure 7. Integral intensity of the IR radiation U, between 4.0 and 22 pm from the plastic cup vs. the time.

Nichols and Lamar [17] developed an infrared line
scan photo camera that scans an object simultaneously
with three separate spectral ranges and produces an im-
age of the object as a colour photograph. The three spec-
tral regions are 0.5 - 1.0 um, 3.0 - 5.5 um, and 8 - 14 pm.
Each of the infrared spectral ranges is rendered in one of
the colours: blue, green and red, respectively. As a result,
the colour of the objects in the picture indicates their
temperature as well as their reflective and emissive
properties. The pictures presented by the authors lead to
the conclusion that they have indeed found atmospheric
sources of infrared radiation that are within the range of
8 - 14 um and cannot be associated with temperature or
reflective radiation. These sources correspond to the un-
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derside of cumulus clouds with a temperature of —5°C
(Figures 8(a) and (b)) and to the rising warm air satu-
rated with water vapour. We believe that the PeTa effect
is the only plausible explanation for this radiation.

Two of Bordonskiy’s papers [18,19] describe the de-
tection of infrared radiation in the range of 7 - 14 um
with a wide-band radiometer. On July 14, 1987, in the
village of Preobrajenka in the Chita region of Russia, the
device recorded pulses of radiation at value exceeding
those possible from atmospheric noise at 1 km above sea
level and in the presence of weak thunderstorm clouds.
The recorded pulses corresponded to a radiation tem-
perature of 340 K with a background temperature of 260
K [18]. On December 14, 2006, a similar occurrence was
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(2)

(b)

Figure 8. (from [17]). Photographs of the same cumulus cloud in different wavelength ranges: (a) Visible range; (b) Infrared

8 - 14 pm range.

reported at the same location [19]. Bordonskiy [20] does
not exclude the possibility of PeTa radiation in his ex-
periments.

There are many infrared images of the Earth taken
from space. As a rule, a range of 6.9 - 6.7 um of IR ra-
diation has been particularly useful for recording water
vapour in the Earth’s atmosphere [21].

In the case of the water vapour discharge laser, the
main emission bands are 119 pm and 220 um [22], but a
few non-identified complementary bands have been re-
corded in its emission spectrum. One of these, which
occurs at 11.83 pm, could be explained as a result of
the PeTa effect during the water phase transition.

Highly professional experiments were carried out by
Carlon et al. between 1970 and 1979 in the Chemical
System Laboratory of the USA Army Armament Re-
search and Development Command [23-28]. The results
of these experiments appear to support the existence of
the PeTa effect despite other Carlon’s interpretation of
these findings.

Unusual results during an investigation of infrared ra-
diation from saturated water vapour were announced for
the first time in [23]. One year later, the experimental
infrared emission spectra of steam in the 7 - 13 pm wave-
length range were presented and analysed [24]. The ex-
perimental setup included a recorder instrument fitted
with a helium-cooled Ge:Hg detector for these measure-
ments. A circular-variable filter permitted spectral scan-
ning of wavelengths 4 in the 7 - 15 pm range. Both 30-s
and 60-s scans were used for the trials. Measurements
were carried out in a horizontal galvanised sheet-metal
pipe that was 175 cm long and 17.5 cm in diameter. The
ends of the pipe were partially capped using dough-
nut-shaped pieces of 6 pm Teflon sheeting with 5 cm
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holes to maintain steam concentrations within the pipe
and to allow optical alignment. The radiometer was
aligned at one end of the pipe and was focused on the
midpoint of the cavity. A rubber tube entered the pipe
tangentially and carried the air to maintain a spiralling,
uniform flow of steam within the cavity. The water was
boiled from calibrated flasks beneath the pipe at a known
rate. Thermistor probes along the pipe gave a tempera-
ture profile within the cavity, just above the line-of-sight.

In a typical experiment, steam was introduced into the
pipe gradually and its temperature 6 was raised to 61°C.
Radiation intensity spectra U(/) were photographed from
the oscilloscope as steam generation progressed at maxi-
mum concentrations and during the interesting cool-
down periods, which is when the most pronounced
aerosol effects were observed. Although there was no
adequate explanation of the increase in emittance during
cooling, in this and subsequent experiments, the author
has recorded such events. These findings are very im-
portant, and as a prelude to the main discussion, we
would like to underscore that the experiments appear to
prove the PeTa effect. Indeed, PeTa radiation is emitted
when water vapour and water droplets are in equilib-
rium; however, during vapour cooling, the PeTa radia-
tion intensity has to be much higher because of con-
densation.

The steam spectra U(4) were highly reproducible. As
the temperatures of the pipe decreased, there was con-
siderable activity because of water aerosol. Values of
the relative emissivity were calculated with the formula ¢
= U(A)/Upp(4), where Uyp(4) is the radiation intensity of a
black body at the same & temperature. At § = 61°C, rep-
resentative &(1) were 0.965 (7.3 um), 0.800 (9.0 pum),
0.775 (10.0 um), and 0.800 (11.1 pm), and these values
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increased continuously with 4 above 11.1 um, reaching
nearly 1.000 for 14.0 um. The author concluded that the
observed emissivities were much larger than those pre-
dicted when considering only the contribution of vapour.
The predicted values were 0.029 (10.6 um) and 0.003
(11.1 pum) by Elsasser’s wing model [29] or for other
empirical data for water vapour that have been reported
in the literature [30]. The author attributed the anoma-
lous emission to tiny water droplets that were too small
to produce noticeable optical scattering in the visible
wavelengths. Because adequate instrumentation was not
available, it was impossible to characterise the aerosols
present in those trials.

New instrumentation was developed five years later
[25], and it has been used for all of the follow-up ex-
periments [26,27]. We describe these experiments in de-
tail to reinforce our confidence in their experimental de-
sign. The equipment used in these measurements in-
cluded an insulated, cylindrical steel test chamber that
was 3 m in diameter and 3 m high. In some trials, the 15
cm diameter viewports were windowless; in other trials,
infrared-transmitting polyethylene film windows were
used. Because precautions were taken to prevent steam
condensation on the windows when they were used,
identical results were obtained in either case. The infra-
red radiometer described above was placed at one view-
port. From the ratio of the emittences of the cloud and
blackbody at that temperature, the above mentioned
unit-less emissivity ¢ of the cloud could be determined
and related to the concentrations of droplets and water
vapour present in the chamber at that temperature. The
He:Ne laser (wavelength A = 0.63 pm) and a power meter
detector were aligned along an optical axis parallel to
that of the radiometer and the target blackbody. The laser
and radiometer could thus be used when steam was in the
chamber to determine the mean droplet size and mass
(volume) concentration; in addition, gravimetric sam-
plers determined the droplet size distributions using
sampling probes located along the optical axes.

First, experiments were carried out at a single wave-
length of A = 10 pm to describe the dependency of the
emission on the water concentration in the vapour, C, the
length of the chamber, L, and the temperature, 8, before
introducing further complication due to the spectral de-
pendencies. The data from a typical steam trial (11 ex-
perimental points, 74 measurements) are shown in Fig-
ure 9. The ordinate is the effective cloud emissivity, &,
discussed previously. The abscissa is a logarithmic scale
of cloud droplets CL, g/mz. Cloud temperatures, 6, cor-
responding to experimental CL values are also shown at
the three points of the abscissa. In the original paper, the
errors of the temperature and concentration measure-
ments are indicated for every experimental point on the
figure. The lower curve allows the comparison of the
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Figure 9. (from [26]). Experimental data for effective emis-
sivity, &, of a typical steam cloud at 10 pm wavelength vs.
cloud temperature, 6, and droplet “CL,” g/m2 (the product
of droplet mass concentration C g/m’, and the optical path
length, L. = 3 m). For comparison, the lower curve (labelled
D) shows emissivity as calculated for the cloud from a sim-
ple model, Equation (1) vs. CL.

observed ¢ values with those predicted from simple mod-
els that disclose the magnitude of the anomaly between
the actual and theoretical infrared cloud emissions. The
curve was calculated using the simple theoretical equa-
tion for emissivity of a partially transparent body or
volume acting as a distributed radiator [31]:

E:I—exp(—aCL) )

where o is the absorption component of the droplet’s
mass extinction coefficient, which can be calculated.

The effective (mean) droplet diameter of steam-gen-
erated water fogs was known [25], and the author previ-
ously performed extensive Mie [31] calculations of the
scattering and absorption components of fog droplets at
this wavelength. Thus, the author was able to determine,
with a high degree of confidence, the contribution to the
total observed emission at the 10 pm wavelength as pre-
dicted from simple droplet models. It was then possible
to subtract the level of anomalous emission because wa-
ter vapour is not a significant contributor in the 7 - 14 pm
atmospheric window region. Above, we mentioned that
the unusual emissivity of a vapour/droplet mixture was
explained by the author as being caused by the presence
of very small droplets (24). However, their improved
instrumentation |25] did not support their hypotheses.
Subsequently, Carlon supported the Potter and Hoff-
man hypotheses [32] regarding the existence of large
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8 V. A. TATARTCHENKO ET AL.

clusters (11 and 17 molecules) in the water vapour.

Potter and Hoffman [32] carried out experiments in a
glass vessel with boiling water and used a sensitive re-
cording system for infrared radiation. An anomalous in-
crease in infrared radiation intensity from the boundary
between the glass surface and the condensed vapour was
observed. This intensity increased with the increasing
condensation rate. The integrated intensity was four
times higher than the Plank’s radiation in the range of 1 -
4 pm. Two main emission bands were recorded in the
vicinity of 2.10 um and 1.54 pm. The intensity of the
first band exceeded the background radiation by two or-
ders of magnitude. The authors explained the results by
the appearance of very specific clusters (7 and 11
molecules) as the water boiled. 1t is strange that Potter
had prepared the special quartz optics for a microscope
recording the radiation but boiled the water in a glass
vessel [33]. The possibility of recording 4 um IR radia-
tion through ordinary glass is doubtful. In any case, we
decided to verify whether there are some peculiarities of
the spectra in the range 1 - 4 um for our experiments. As
we mentioned above, we did not find these spectral pecu-
liarities (Figure 5).

As for Carlon, his logic was as follows: if none of the
existing models could explain the experimental results, a
water species other than vapour (a monomer) and drop-
lets must exist. In the paper [28], the author insists that
the measurements produced three lines of evidence that
clusters are present in warm water fogs:

1) The experimental points below the ordinate value of
1.0 in Figure 9 would not seem unusual if they were
plotted alone. One would simply assume that enough
droplets and vapour were present at a given CL and 6 to
account for the observed steam cloud emissivity, €, at 4 =
10 pm. However, when one uses actual water vapour and
droplet mass concentration data from the chamber in-
strumentation with simple vapour/droplet models, the
expected values of droplet and vapour emissivity are far
smaller than the observed values.

2) For higher cloud densities, values of ¢ > 1.0 were
observed similar to those of the “phase transition lumi-
nescence” described in the paper [32] and were attributed
to water clusters containing ¢ = 11 and ¢ = 17 molecules
per cluster.

3) In the emission spectra, features such as “bumps”
were observed which were similar to earlier observations
in measurements of the infrared continuum absorption
[34]; the researchers concluded on other grounds that
their results were consistent with the idea that hydrogen
bonding contributes to the infrared absorption coefficient
of water vapour.

Carlon used the cluster idea but insisted that his ob-
servations revealed at least three aspects of investigated
phenomena that had not been reported in [32]. They are
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listed below.

a) Boiling was not necessary for the unusual emission
and apparent luminescence of water; cooling water fog
clouds well below the boiling point could also produce it.

b) This activity was observed in the 7 - 14 pm range,
as well as at 1.5 - 2.1 pum, over a wide range of wave-
lengths.

c) The observed spectra changed shape with cloud
concentration and temperature, abruptly falling to much
weaker intensities when saturation humidity was lost.

Additional experiments by Carlon also bear reanalysis
[27]. Figure 10 presents a dependence ¢ (1) for different
6 values and C (368 measurements). As in the experi-
ments at the 10 pm wavelength, the vapour/aerosol emis-
sivity for the full 7 - 14 um range exceeded the one cal-
culated from the simple emissive model. The author in-
sists that this is evidence of giant clusters: “The existence
of anomalous emission investigated at a fixed wavelength
such as 10 um and plotted on the coordinates of Figure
9 requires that consideration be given to the presence of
water species other than water vapor or water droplets
in cooling steam and water fogs. Additional evidence for
clusters in the vapor phase of water is found in our spec-
tral observations, reported here for 7 wavelengths in the
7 - 13 um infrared window region”.

In Figure 10, every curve corresponds to emissivity
for a constant # and C. For analysis, the author divided
all 8 curves into several groups with respect to the influ-
ence of various parameters on emissivity. We placed all
curves in the same Figure 10, as this offers a more

14
1O} 3
08}
0.6+
04k 7

02}

0.0 L L 1 1 L 1
7 8 9 10 11 12 13

A, um

Figure 10. (from [27]). Experimental data showing the ef-
fective emissivity, ¢, of a typical steam cloud vs. wave-length
. The curves (1 - 8) correspond to the following droplet
mass concentrations, C g/m3, and cloud temperatures, §°C:
122<C<4.0;60=30°C);2(43<C;0=52°C);3(4.0<C;
60=353C); 4(20<C<43;0=56'C); 5(0.5<C<14;0=
29.9°C); 6 (0.6 <C<1.5;0=52°C); 7(C<0.4; 0=29.5C);
and 8 (C<0.3; §=52°C).
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V. A. TATARTCHENKO ET AL. 9

objective analysis of the results. For instance, the author
confirms that as the cloud cools slightly, the emission
spectrum retains a similar shape but increases in intensity.
However, Figure 10 shows that it is not correct to inves-
tigate the influence of temperature alone. Indeed, spectra
2, 6, and 8 are obtained for the same temperature (i.e.,
52°C). Their shapes are similar, but the ratio of ampli-
tudes is approximately 1:3:6. It could be suggested that C
is only a parameter, as shown for Figure 9. Indeed, for
spectra 8, 7, 6, 4, 3, and 2, the amplitude ratio is ap-
proximately 1:2:3:4:5:6, and it corresponds to the ratio of
concentration values: 1.0:1.3:3.5:10.5:>13.3:>14.3, but
spectra 1 and 5 démodé from this set.

In [28], Carlon mentioned that it is impossible to di-
rectly confirm the existence of clusters but that the con-
clusion follows from the experiments described above.
We think this statement to be doubtful. Indeed, if we
suggest that the emissivity of vapour/aerosol mixture is
proportional to the cluster concentration, it would be ex-
pected that the latter must precede changes in emissivity.
Accordingly, we present the following lines of evidence:
1) cluster concentration would be proportional to the
water droplets’ concentration for 10 um radiation (Fig-
ure 9) as well as for the full 7 - 14 um range (curves 8, 7,
6, 4, 3, 2 of Figure 10); 2) cluster concentration would
increase as the vapour/aerosol mixture cooled; 3) all
clusters would periodically disappear for 20-30 sec as is
observed in experiments when the level of humidity was
less than saturated; and 4) as for the opinion of other
specialists, Carlon confirms that his hypotheses of giant
clusters did not find a support from specialists in the field.
Indeed, as is stated in [35]: “Investigation of absorption
spectra of water vapor in the range 5 - 14 um under
temperatures 8 and 110°C and pressure 760 mm Hg have
shown that less than 1% water molecules are associated
(We found in different references 0.3%; 0.16%; 0.08%;
0.004%). An upper boundary of complex is 2.3 molecules,
i.e., they generally are dimers”.

On the other hand, four peculiarities of PeTa radiation
for saturated vapour/aerosol mixtures are notable: a)
PeTa radiation does not exist during heating of the mix-
ture because the droplets evaporate; b) At the thermody-
namic equilibrium of saturated vapour and droplets, ra-
diation exists because of the emittance of the PeTa radia-
tion by water molecules flowing into the droplets; the
intensity of this component increases with the augmenta-
tion of full droplet surfaces and is proportional to C/R,
where C is a concentration of water droplets and 2R is
the diameter of droplets; c¢) During the cooling of the
saturated mixture, radiation appears because of PeTa
radiation emittance during the condensation of vapour;
this component depends on the rate of temperature
change and on the temperature because the absolute hu-
midity of saturated vapour increases with temperature,
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and the same change of the temperature in different tem-
perature ranges corresponds to different quantities of
condensed water; d) With increasing of CL, the absorp-
tion and scattering of PeTa radiation also increases.

Thus, the above-mentioned peculiarities of Carlon’s
experiments (1 - 4) can be qualitatively explained in the
framework of the PeTa model (a - d) without contradic-
tions. To develop a quantitative model, the temperature 6
for every measurement must be recorded precisely, along
with the speed cooling. Several times in his papers,
Carlon has mentioned a rise in emissivity during cool-
ing, but we do not know the rate of cooling. It should be
noted that the large volume of the chamber and the inten-
sive convection made difficult, if not impossible, a ho-
mogeneous temperature distribution. We believe that the
dramatic 20 - 30 s decrease in the emissivity of the va-
pour/droplet mixture was a result of an uncontrolled in-
crease in the temperature of the measured zone which
stopped the PeTa emission.

Mestvirishvili et al. claimed [36] to have recorded in-
tense infrared radiation during water vapour condensa-
tion and water crystallization in a closed chamber. The
temperature was lowered by adiabatic expansion. The
radiation was observed through a Ge window in the
chamber. Systems of filters and mirrors were used to
select desirable IR ranges from the full spectrum. Radia-
tion was detected by a bolometer. This technique allowed
the authors to confirm that they had recorded the charac-
teristic radiation for the condensation in the range of 4 - 8
pum and for the crystallization in the range of 28 - 40 pm.
The radiation intensity greatly exceeded the background
Plank’s intensity. We doubt the possibility of recording
IR radiation in the range 28 - 40 pm through a Ge win-
dow. In the paper, neither the details of the experiments
nor the full experimental data are presented.

4. Discussion of Experimental Data and
Conclusion

Our experiments demonstrate the PeTa effect and allow
estimation of both the range and the order of intensity
of the PeTa radiation. The main objective of the ex-
periments is to eliminate all doubts that the PeTa effect
not only exists but a power PeTa radiation is significant,
and it has to be taken in account in all calculations of
energetic balance for the atmospheres of the Earth and
other planets [5]. Why did we use the temperature of the
liquid nitrogen? In the experiments, we would like to be
sure that Planck’s radiation does not influence on our
results. The deep air cooling allows obtaining of these
conditions. Indeed, if we decrease the temperature from
297 K to 77 K the maximum amplitude of the Planck’s
radiation moves from 9.9 um to 37.6 pm, and the integral
intensity of equilibrium radiation in the range of our
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measurement 1 - 25 pm has to be decreased by the factor
3500. We recorded in our experiments increasing of the
radiation approximately by the factor 3 in compared with
the Planck’s radiation at the room temperature. The four
orders effect is sufficient to be sure that it exists. Now
every student would be able to repeat the experiments
and to investigate the PeTa radiation of this intensity
with a very simple infrared detector.

In summary, we compare our experimental results
with those from the literature.

The range of the recorded radiation in our experiments
coincides with the data of Nichols and Lamar [17], Bor-
donskiy [18,19], and Carlon [23,24,26,27] that do not
give any preference to a specific 4 from the range of 7 -
14 um. Either the nature of the recorded radiation in the
previous papers was unknown or its interpretation was
questionable.

In our experiments, the radiation occurs during con-
densation or/and the deposition of the air components.
Our results provide the radiation spectra. Apparently,
only the PeTa effect can explain this radiation.

On the basis of our experiments, we can conclude that
the phenomenon of continuous absorption in the atmos-
pheric window of transparency [29,34] is reliably con-
nected with the PeTa effect.

Although the theory [7,8] seemed to give a satisfactory
and, to a certain extent, quantitative explanation of the
phenomenon under investigation, this explanation lacked
a full quantitative basis.

There are two facets of the experiment that could im-
prove the recording of the energetic balance of the at-
mosphere. First is the exact PeTa spectrum of the phase
transitions of water at the actual temperature and pres-
sure values. Second is the value of the PeTa radiation
yield at the same conditions. We hope to be able to pre-
sent these results in the nearest future.
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Definition of Abbreviations and Variables
(In Order of Appearance in the Text and
Figures)

“PeTa effect”: Perel’man-Tatartchenko’s effect.

IRCR under first order phase transitions—infrared
characteristic radiation under first order phase transitions
(PeTa effect).

MCT: Detector based on Mercury Cadmium Telluride
material (abbreviation HgCdTe is either possible).

AZ: Scan range of spectrometer (um).

AS: Resolution of spectrometer (cm ).

Sb: Single beam regime.

Cont: Continuous regime of spectrum recording.

IKS-21: Type of Russian spectrometer of 1970th.

Specord-75 IR: Type of the German spectrometer of
1970th.

U;: Integral intensity of radiation from 1.2 to 22.5 pm.

U,: Integral intensity of radiation from 4.0 to 22.0 um.

U, A): Spectral density of measured radiation for the
specific wave length, depending on 4 (radiation spectrum)
as well as t (experiment time from 200 s to 3500 s); t > t,,
where t; is the time corresponding to the transient proc-
esses of the spectrometer.

a.u.: Arbitrary units.

mk: In Figures 2 and 7, the specific points of time that
correspond to the experimental actions; k corresponds to
the cycle number and changes from 1 to 13 (Figure 2)
and from 1 to 6 (Figure 7); m corresponds to the action
inside the cycle and changes from a to e (Figure 2—alu-
minium cup) and from A to E (Figure 7— plastic cup):
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a (A): Background radiation for room temperature.

b (B): Minimum radiation corresponding to the liquid
nitrogen temperature without deposition.

¢ (C): Point at which stable radiation is achieved.

d (D): Removal of the cup containing liquid nitrogen.

e (E): Period of rapid decrease in radiation after re-
moving the cup containing liquid nitrogen.

f (F): Minimum radiation after the removal of the cup
containing liquid nitrogen.

g (G): Increase in the radiation after f (F) because of
increasing temperature.

<....>: averaging.

<Ux(bl -+ dl)>: Averaging the spectrum during the
time between bl un dl.

< Uy(c7, c8,, cl2)>: Averaging the spectrum at the
discreet points c7, c8, ¢9, c10, cl1, c12

T: Absolute Kelvin temperature.

316.7 s (bl): Example of the spectrum definition
(means: spectrum recorded at experiment time 316.7 s,
which corresponds to point bl at Figure 1).

6: Vapour cloud temperature °C.

& =U(4)/Upy(1): Relative emissivity.

Upb(4): Radiation intensity of a black body.

CL: Optical way, where C is the concentration of wa-
ter in the vapour, L is the length of the chamber.

o: Absorption component of a droplet mass extinction
coefficient.

¢: Quantity of molecules in a cluster.

2R: Droplet diameter.
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