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On the equilibrium density of ions in raining clouds
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On the equilibrium density of ions in raining clouds

On e of the debatable issues in meteorology is the source of enhanced ion density in storm clouds. This
source is obviously related in some way to the density of rain drops in the storm cloud. It is also clear that
all charging phenomena should involve free protons which are the highest mobility ions in the problem.
Discussed in the present paper is the approach providing a nite ion density in the system of rain drops.
The corresponding model for the storm cloud can be referenced as a “proton semiconductor” by analogy
with electronic crystal semiconductors where charge is carried by light particles, i.e. electrons and holes.
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M. Ynkuna, B. lUnKnH
O paBHOBECHOW NJIOTHOCTU MOHOB B JOXAEBbIX 061aKax

OaHMM 13 obcyKaaeMbIX BOMPOCOB METEOPOSIOrMu ABASAETCA MCTOYHUK MOBbLILEHHON MIOTHOCTU
MOHOB B rpo30BOM 006aKe. [JaHHbIN MCTOYHUK, OYEBUAHO, OTHOCUTCS B HEKOTOPOW CTEMeHn K MIOTHO-
CTV LOXAEBbIX Kanesb rpo3oBoro obnaka. Takxe fICHO, YTO BO BCe 3apAA0Bble ABNEHUS BOBJIEKAOTCA
cB0OOAHbIE NPOTOHbI, KOTOpble ABAAOTCA Hanbosee NOABUKHLIMU MOHAMK B 3agade. O6cyKaaemblii B
HacTosLweln paboTe NoAX0A NO3BONAET ONPeAe/UTb KOHEUYHYHO MIOTHOCTb MOHOB B CHMCTEME JOXAEBbIX
kanenb. CooTBeTCTBYOWAA MOAeNb PO30BOro 06/1aKa MOXKeT pacCMaTpMBaTLCA KaK «MPOTOHHbIN Noy-
NMPOBOAHMKY MO aHANOMMK C 3NEKTPOHHBIMU KPUCTa/NIMYECKMU MOJTyNPOBOAHMKAMU, B KOTOPbIX 3apAj,
nepeHOCUTCS JIEFKMMWN YacTULLAMK, T.e. 3NIeKTPOHAMU U AblpKaMu.

KnioueBble cioBa: NJI0THOCTb MOHOB, 3apAA0BbIE ABNEHUA, NONYNPOBOLHUK.

M. YmkuHa, B. lUnKnH
¥aHOblp GynTTapbliHAAFbl MOHAAPAbIH GipKanbInNTbl
TbIFbI3AbIKTapbl Typanbl

MeTeoponorvsHbiH Ken TajKbllaHaTblH CypaKTapbiHblH 06ipi Hai3afainbl GYNTTbIH MOHbIHBIH
ThIfbI3AbIFbIHbIH KOFapblaayblHblH Ke3i 60obin Tabbinagbl. byn Kes, 6enrini 6ip fgapeene Han3aranbl
OYNTTbIH )XaHObIp TaMLWbINapbIHbIH ThIFbI3AbIFbIHA 4@ KaTbiCTbl 60/1bIN Tabbnaabl. bapnbiK 3apsAaTanfaH
KyOblnbicTapfa TancblpMagasbl €H KbUDKbIMadbl MoHZap 06obin TabbuiaTblH  epKiH MpoToHAAp
enikTipineTiHi e 6enrini. Ocbl XyMbICTa TaNKbUIaHATbIH TACIN XaHObIp TaMWbINAPbIHbIH XKyleciHaeri
VNOHAAPAbIH COHFbI ThIFbI3AbIFbIH aHbIKTayFa MyMKiHAIK Oepeai. Hali3afaiabiH OyNTbIHbIH Cailkec Mogeni
3apsAA KeHin benlueKTepMeH, AFHU 31EKTPOHAAPMEH XKaHe KeMTIKTepMeH TacbiManAaHaTbiH 3EKTPOHAbI
KpUCTanaplK XapTbinan eTKi3riluTepre yKcac «NpoTOHZbI apTbUlall TKi3riw» peTiHAe KapacTbipblybl
MYMKiH.

TyitiH ce3aep: MoHAapAbIH ThIFbI3AbIfbl, 3apAATbIK KYOblIbICTAp, }KapTblnal eTKi3riw.

On e of the debatable issues in meteorology is
the source of enhanced ion density in storm clouds.
This source is obviously related in some way to
the density of rain drops in the storm cloud. It is
also clear that all charging phenomena should in-

volve free protons which are the highest mobility
ions in the problem. Discussed in the present pa-
per is the approach providing a finite ion density in
the system of rain drops. The corresponding model
for the storm cloud can be referenced as a «proton
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semiconductor» by analogy with electronic crystal
semiconductors where charge is carried by light
particles, i.e. electrons and holes [1].

1. The basic quantity involved in finding prop-
erties of the «proton semiconductor» is the water
molecule ionization energy in the gas phase Evac.
According to available literature [2], this energy is
about

The thermal ionization probability for a mol-
ecule possessing this binding energy is practically
zero, so that water vapor in a clean atmosphere
could not be a source of any noticeable number of
protons. However, the energy (1) proves to be quite
suitable for use as the energy gap of an intrinsic pro-
ton semiconductor.

In the proton semiconductor model, water drops
play the role of shallow donors capable of releas-

ing free protons into the conduction band of doped
semiconductor. A quantitative estimate is as fol-
lows. Just as in a gaseous media, the water molecule
ionization reaction is exothermic requiring absorp-
tion of the energy from the heat bath. By simultane-
ously considering the free proton level positions on
the same energy scale for both gaseous and liquid
phases, one can easily discern all the basic semicon-
ductor principles. This «proton semiconductor» is
characterized by the intrinsic gap (1) donor energy
level (2) within the forbidden band, bulk donor den-
sity nd equal to the rain drops density in the cloud,
and the effective proton mass to be used in the semi-
conductor statistics [1] which has the scale of the
free proton mass in vacuum. The donor ionization
degree is calculated within the standard statistical
methods [1].
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