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ABSTRACT 

The increase in polarizability of water vapour molecules in the nucleation of water vapour condensation and 

ice glaciations, result in increase of Gibbs free energy and hence the increase in nucleation rate, but at the 

same time decrease in relaxation time, the  effective polarizability varies nearly inversely as the absolute 

temperature. 
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1. Introduction 

The electric field exists in the clouds. The 

maximum electric field produced near the 

lightning channel affects the rate of condensation 

of water. 

Evans
1
 experimentally demonstrated the effect of 

electric field on the production of ice crystals in 

cloud chambers and argued that the accelerated 

charged water molecules move to the crystals tips, 

thereby increasing the nucleation rate. 

Marino
2
 studied theoretically the effect of an 

electric field on the condensation of water vapour 

and concluded that under similar temperature. 

Condition a bigger size of drop can be produced in 

a given time than the one obtained n the absence 

of an electric field. He discussed the polarization 

of water vapour molecules in the electric field of 

the control dipole – the embryo of water alone. 

Singh et al.
3
considered the resultant effect due to 

an external electric field and the field due to the 

control dipole. The theoretical considerations 

applied to nucleation process in water vapour 

condensation and ice glaciations to estimate he 

critical size of the nucleus show that the critical 

size is attained in a time less than that in electric 

field free nucleation. In the presence of an electric 
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field the nucleation rate is increasing 

considerably. 

The polarizability of water vapour molecules in 

presence of external electric field plays an 

important role in the nucleation rate of water 

vapour condensation and ice glaciation. The 

increase in polarizability results in the increase in 

Gibbs’s free energy and hence the increase in 

nucleation rate, but at the same time decrease in 

relaxation time
4, 5

. 

The formulation of relaxation time required for 

the attainment of the steady state concentration of 

embryos of the critical size has been discussed 

previously
6-9

. Collins
9
 inferred that the relaxation 

time is independent of the free energy of 

formation of the nucleus, but it varies as the 

square of the radius of critical size. 

The effect of an electric field on the relaxation 

time via the calculation of critical size of nucleus 

in homogeneous nucleation is discussed. The 

comparison with homogeneous nucleation for 

relaxation times and the rate of nucleation reveals 

that the field even in electrically active clouds is 

insufficient to make the homogeneous processes 

as effective as the heterogeneous process. Singh
10

 

applied external electric field to suppress the hail 

formation. 

2. Theoretical Consideration: 

2.1   In absence of electric field: 

The fundamental quantity of importance in the 

nucleation process of water condensation ice 

glaciation is the Gibbs free energy of germ 

formation. But relaxation time is found to be 

independent of Gibbs free energy. Therefore, we 

consider only relaxation time of germ formation 

and hereby study the effect of an electric field on 

the process of self nucleation and we also 

investigate the heterogeneous case for 

comparison. 

The relaxation time is the characteristic time to 

achieve the quasi steady state (germ concentration 

equilibrium). In the absence of an electric field 

Collins
9
 evaluated the relaxation time 

τ0 = 9πkT (nw*)
2/3

 / µ’
2
wβwσw/v 

……………………………….(1) 

Where k, the Boltzmann constant; T, the 

temperature of the system; nw*, the number of 

water molecules in a critical nucleus; βw, the 

frequency of collision of single molecule per unit 

area; σw/v, the surface tension of water vapour 

interface and µ’w is a constant given by 

µ’w = 4π 

(3mw/4πρw)
2/3

……………………………..                

(2) 

 Where, mw, is the molecular mass and ρw, the 

density of water. The number of water molecules 

in a critical nucleus is given by 

nw* = (rw*/1.958*10
-8

)
3
…………………….                         

(3) 

where, rw is the radius of critical nucleus with 

 

              rw* = 2σw/v Mw / ρw RT ln 

S…………………………                    (4) 

In this expression Sv.w is the supersaturation ratio 

of water vapour over the plane  water surface; 
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Mw, the molecules weight of water; R, the 

universal gas constant. 

2.2  In presence of electric field: 

 The increase in radius with respect to time 

drw / dt = (ρ / ρw) (9αλE
2
 / mw 

rw)
1/2

……………..                (5) 

where, ρ being density of water vapour molecules 

; α, polarizability (5 * 10
-23

 cm
3
) ; λ, the mean free 

-5
 cm ) ; E, the external inducing 

electric field. 

Integrating eqn (5) within the limits rw = 0 to rw* 

(critical radius of the nucleus) and t = 0 to t = τN 

(relaxation time) , we get 

rw* = [ 3ρ ( 9αλE
2 
/ mw )

1/2
 τN / 2ρw 

]
2/3

…………                  (6) 

Putting 
-5

 cm, α = 5 * 10
-23

 cm3, mw = 

3.0* 10
-23

 gm, ρw = 1 , ρ = 10
-5

 (at ~10ºC) we get 

rw* = ( 3.18 * 10
-7

 EτN 

)
2/3

……………………                       (7) 

From Eqn. (7), the relaxation time in presence of 

electric field is 

τn = rw*
3/2

 / 3.18 * 10
-7

 

E……………………                          (8) 

Thus, the relaxation time for the growth of a 

nucleus in the presence of an electric field varies 

inversely with the applied electric field. Under the 

combined effect of an electric field and diffusion, 

the reduced relaxation time τon is given by 

1 / τon = 1 / τo + 1 / τn 

  τon = τoτn / τo+ τn  

……………………………………(9) 

Murino
2
 obtained an expression for the drop 

growth in presence of electric field without 

considering the dipole contribution. By taking the 

growth time as relaxation time, his expression can 

be written as  

τM =  rw*
3/2

 / 1.8 * 10
-7

 

E…………………                             

(10) 

2.3 Equivalence between electric field and 

supersaturation ratio:- 

If the same size of nucleus is obtained in two 

cases: in absence and presence of electric field
11

, 

we get 

(rw*) in absence of electric field = (rw´*) 

in presence of electric field 

which reduces to  

Eeq ln Sv.w = k´ / Tτ……………………..                                   

(11) 

Where Eeq is the equivalent electric field and k´ is 

a constant given by  

k´ = 4 Mw σw/v / 3R ρv (mw / 9αλ)
1/2

  

For a given value of temperature and relaxation 

time, Eqn (10) becomes 

Eeq ln Sv.w = k”……………………………                                           

(12) 

Where, k
”
=k’/Tτ 

From Eqn. (11) we have 

Sv.w= exp 

[K
”
/Eeq]…………………………………………

……………(13) 
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which shows that the supersaturation ratio Sv.w 

varies exponentially with equivalent electric field 

Eeq. .Awasthi and Pathak
12

 have also shown that 

in presence of pollutants and electric field 

nucleation is sensitive to supersaturation ratio. 

 

2.4    Polarizability of water vapour 

molecules 

The polarizability of water vapour molecules in 

presence of external electric field plays an 

important role in the nucleation rate of water 

vapour condensation and ice glaciations. The 

polarizability decreases with increase in the 

temperature and hence there is decrease in Gibbs’ 

free energy and hence nucleation rate is 

decreased. 

The moment induced on water embryo is  

       M= Erw
3
 

Where, rw is the radius of water embryo and E is 

the inducing electric field. 

The moment induced on a water vapour molecule 

(following Kittel
13

) is given by 

M1=α E 

where, α (=5x10
-23

cm
3
 ) is the polarizability 

neglecting the vibrational motion. 

Recently, the value of polarizability α has been 

modified
4
 by as introducing vibration motion,  

      αeff = α +ρ0
2
/3kT                

………………………………………..     (14) 

where, ρ0 is the dipole moment of water 

molecule; k,  the Boltzmann constant and T, the 

temperature. 

3. Results and discussions: 

Typical values of relaxation times τ0, τM, τN and 

τ0N in water vapour condensation at 273k and 

electric field 5 esu as a function of 

supersaturation ratio, are calculated using Eqn. 

(1), (8), (9) and shown in Table 1. 

Table1; Variation of τ0, τM, τN, and τ0N as the 

function of  Sv.w 

Sv.

w 

rw
*
(

A
0
) 

τ0  

(μS) 

τM(μS) τN(μS) τ0N(μ

S) 

1.0

05 

2225

.00 

258

300 

11661

4.50 

66008

.200 

5258

0.00 

1.0

50 

  

227.

50 

  

264

00 

    

3812.

67 

  

2158.

120 

  

1995.

00 

1.5

00 

    

27.3

7 

    

317

7 

      

159.1

0 

      

90.05

6 

      

87.59 

2.0

00 

    

16.0

1 

    

185

9 

        

84.92 

      

40.28

9 

      

39.44

  

 

 Thus, for the homogeneous nucleation in 

the presence of an electric field of 5 esu, our 

 present modification provides a decrease 

of 43.98% in the relaxation time compared to 

 the values estimated following Murino
2
, 

and 98.8% compared to the values in the 

 absence of an electric field. The nucleation 

is achieved more quickly and hence there is a 

 marked enhancement in nucleation rate in 

presence of an electric field. 

 The effective polarizability αeff of water 

varies nearly inversely as the absolute 

 temperature. Using Eqn. (14), the values of 

αeff of water molecules varying with  temperature 

are shown in Table 2. 
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Table2.Calculated values of αeff varying for 

different temperatures using αeff=5x10
-23

cm
3
,  

k=1.38x10
-16

erg k
-1

 and ρ0=1.81x10
-18

 esu. 

  T(k)  αeff ( x10
-

23
cm

3
) 

   243   8.254 

  253   8.125 

  263   8.006 

  273   7.896 

 

Thus, we observe that with increase in 

temperature, the values of effective polarizability 

decreases. 

Conclusios: 

 From above study it is concluded that the 

polarizability decreases with increase in 

temperature and hence there is decrease in Gibbs’ 

free energy and nucleation rate. Also, 

 relaxation time for the growth of nucleus 

in the presence of an external electric field varies 

inversely with the applied electric field. An 

equivalence between supersaturation  ratio and 

external electric field shows that the 

supersaturation ratio decreases 

 exponentially with increase in external 

electric field. 

References; 

1. Evans L. F., J. Atmos. Sci., 30, 1657-1664 

(1973). 

2. Murino, G., Suid. Afrk. Tydskr. Fis., 2, 113-

115 (1979). 

3. Singh, N., Rai, J. and Varshneya, N. C., Ann. 

Geophys., 4(B) 1, 37-44 (1986). 

4. Singh, N. and Singh, D. Ind. J. Radio &Space 

Phys., 33, 43-49 (2004). 

5. Singh, N., Singh, D. Mishra, V. and Mishra, P., 

J. Nat. & Phys. Sci., 18(2), 77-  

    88 (2004).                               

6. Kantrowitz, A.J. Chem. Phys., 19, 1097-1100 

(1951). 

7. Probstein, R. F., J. Chem. Phys. 19, 619-626 

(1951). 

8. Wakeshima, H. J. Chem. Phys., 22, 1614-1615 

(1954). 

9. Collins, F. C., Z. Elektrochemie, 59,404-407 

(1955). 

10. Singh, N., Intl. J. of Scientific Res. and 

Reviews, 2 (1), 42-53 (2013). 

11. Kishore, N., Singh, N. and Rathi, S.K., Acta 

Ciencia Indica, XXXV P, no. 3,  

     579-585 (2009). 

12. Awasthi, S. and Pathak, P. P., J. Pure and 

Appl. Sci. & Technol., 1(2), 1-8 

      (2011. 

13. Kittel, C., Introduction to Solid State Physics, 

John Wiley and Sons, New 

        York, p. 388-412 (1966). 

 


