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E l
e c t ri 方eation P ro eesses
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‘

尔
‘s i o n a n

d
s e l e c t i v e c a

P t u
re m e c h a n is m s

of
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u e t o e o s
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s u r
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a e e r a
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o n

,

t
h

e r e e x

i

s
t

a
g
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t

n u
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d d
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i
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e
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n e
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i
v e

i
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P

e n
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n
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i

n a
t
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h

e r e

.

T h

e

h
y

d

r o

m

e
t

e o r s e a n

b

e e

h

a r
g

e

d

p
o

l

a r

i
t y

b
y

a
t t

a e

h
i

n
g p

o s
i

t
i
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b

e
i

n
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o

l

a r
i

z e
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n
p

r e e x
i

s
t

i
n

g
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o

l

a r
i

t
y

e

h

a r
g

e s o n
t

h

e
i

r u
p p
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o r n e
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t

l v e

e

l

e e
t
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i

e
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i

e

l d
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i
o n s

d

r
i
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b
y

h
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i
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i

o n
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h
y

d
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e
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t

u r e

d
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o e a r r
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d l

o
w

e r s u r

f

a e e s
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f d
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f f
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f h
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d
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e
t

e o r s a n
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o

h
y

d
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m

e
t

e o r s
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N

o r

m

a

l l
y

i
n

i
o n

m

o

b
i

l
i

t
y

,

i

o n s a r e o

p
t

i

o n a

l l

y
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t t
r a e
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e
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o
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e

t

h

e s e
t

w

o e

h

a r
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i

n

g p

r o e e s s e s

a r e

s

i m

u

l

t
a n e o u s

l
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i

n e
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e e
t
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i f
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o
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l
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e v a r
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n n u
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e r e o n e e n
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i

o n

e a n

b

e

w

r

i

t t
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e r e
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一 F {J n + )
一 八

,

曰

一
J

一 匕、 J t /

/ 日n 、
{

工

]

十 }二一
二

} !

\ d t , 配
二

( 1 8 )

w h
e r e s u

p
e r s e r

i p t x r e
p

r e s e n t s
h y d

r o
m

e t e o r s
i
n e

l
u

d i
n

g
e

l
o u

d

,
r a

i
n

,

i
e e

,
s n o

w

,

g
r a u

p
e

l

,

a n
d h

a
i l

,
r e s

p
e e t i

v e
l y

.

S
u

b
s e r

i p
t s

D
a n

d E C d
e n o t e

i
o n

d i f f
u s

i
o n a n

d i
o n s e

l
e e t

i
v e e a

p t u r e

m
e e

h
a n

i
s

m
s

.

凡
二

i弓the av eraged n um ber eon een tration of h yd rom eteors.

B ased on the id ea fro m G u nn (1954 )
,

t
h

e n u
m b

e r e o n e e n t r a t
i
o n o

f i
o n a t t a e

h
e

d
t o a

l l
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N
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p
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t
e r

m
i

n a

l

v e

l

o e

i

t
y

a n

d

n u

m b

e r e o n e e n
t

r a
t

i

o n o

f

h
y

d

r o

m

e
t

e o r s

,

r e s
p

e e
t

i
v e

l
y
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D
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d 产士 a r e
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u s
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o n e o e
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n e g a t i v e i o n s
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e e o r

d i
n g t o t h

e
i d

e a o
f C h i u ( 1 9 7 8 )
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e n u
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e r e o n e e n
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r a
t

i

o n o
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o n a
t t

a e

h

e

d
t
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h
y
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r o
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e
t
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u e
t

o s e

l

e e
t
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v e

i

o n e a
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u r e e
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i

n
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e e
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a n
i
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e a n
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u
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l l

o
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o n o
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e e
t

r
i

e

f
i

e

l d
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W
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￡
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m b
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d
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f
o
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o
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{
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e e

l
e e t r ie a

l p e r
m i t t i v i t y o

f
a i r

,

S

u

b

s e r

i
p

t
E

C d

e n o
t

e s

i

o n

s e

l

e e
t

i
v e e a

p
t

u r e

m

e e

h

a n
i

s
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S

u
P

e r s e r
i p

t x
i

n e

l

u

d

e s e

l

o u

d

,

r a

i

n

,

i

e e s n o

w

,

g
r a u

p
e

l

,

a n

d

h

a
i
l

r e s
P

e e
t

i

v e

l
y
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i
v e

c

h
a r

g
i

n
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e c
h

a n
i

s 阴

In th e p re s en ee o f a p re
一

e x
i

s t
i

n
g

e
l

e e t r
i

e
f i

e
l d i

n s
i d

e t
h

u n
d

e r s t o r
m

s
,

e

l

o u

d

a n

d

p

r e e

i
p i

t
a

t
i

o n

p

a r
t

i

e

l

e s

b

e e o

m

e e

h

a r

g

e

d i

n

d
i

f f

e r e n
t

p

o

l

a r

i
t

y i

n

l

o

w

e r a n

d

u

p p

e r s u r

f

a e e s
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m

a

l l

e r

p

a r
t

i

e

l

e e o

l l i d

e s

w
i

t

h

a

l

a r

g

e r o n e a n

d

r e

b

o u n

d
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,

t

h

e e

h

a r

g

e
t
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f

e r

b

e
t

w

e e n
t

w

o

p

a r
t

i

e

l

e s o e e u r s a n

d

t

h

e

m

a

g

n

i

t
u

d

e a n

d

s

i
g
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f
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f
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h
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e a
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e
l d
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b
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( 2 9 )

( 3 0 )

Lr
/

/

产
A 一

B 一
1
/ z \ 2 (3 1 )

1 + 尸
2
}
rs

/
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r “ 15 th e v ee to r a lo n g th e lin e j
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p a rtie les a t th e tim e o f im p a et
.

g : ( 叮s ) 15 th e eh a rg e alrea d y ex istin g o n th e la rg er

(sm a lle r ) P a rtiele
.

A sin g l亡 lar g e r h y d ro m e teo r m a y in tera e t w ith m a n y s m a lle r p a rtie le s ,
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e
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o r
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p
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p
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w h ere E f 15 th e eo llisio n e ffieie n e y b e tw e e n th e tw o p a rtie le s
,

}

V 二 } 15 th e re lativ e im p a et
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,

N

s

1
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t
h

e n u

m b

e r e o n e e n
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o n o

f
t

h

e s

m
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l l

e r
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i
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1
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t
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e
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p
e n

d
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i
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i
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d
e a n

b
e

f
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u

l
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l l
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p
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S u bseriP t P

d enotes ind uetive m eehan ism
.

S u perseript L 一 5 represen ts tw o k ind s of h ydrom eteors
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,

a n

d i

n e

l

u
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i
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p
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i
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p
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i
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p
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.
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t
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p
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5 s t
i
l l

t
e

m
p

o r a r
i

l
y

a s s u

m

e

d

a e o n s
t

a n
t

o r t e

m
p

e r a
t

u r e
-

d

e
P

e n

d

e n
t

v a r
i

a

b l

e a s s

h

o

w

n
i

n

T

a

b l

e
l

,

T
a

b l
e

1

.

P

a r a

m

e
t

e r s

A

s s o e
i
a

t
e

d
w i

t
h I

n
d

u e
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I
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r o
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。
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e

d
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o u n r

F

r o z e n

A m

o u n
t

A

e e r e
t

e
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一
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L
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.
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G

r a u
P

e

l

a n
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a
i

l
/
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i
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a

l l

s

h

e

d

o r

l
i

m
i

t
e

d

a e e r e
t

i
o n

)

0

.

0

i
f l

i
m

i
t

e

d

a e e r e
t

i
o n

( 3 )
N

o n
一

i
n

d
u c t i

v e c
h

a

rg
i

n
g 阴ech a n ism

5 0 fa r rn an y n u m er iea l in v es tig a tio n s (e
.
9
.

T a k a h a sh i 1 9 7 8 : K u ettn e r e t a l
.

1 9 8 2 )

a sso e ia ted w ith th u n d e rs to rm e lee trifiea tio n w er e p a rtieu la rly fo eu se d o n n o n 一
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n
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u e t
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b
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y

a n
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e
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e x
p

e r
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e n t s
h

a v e
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e x h ib ite d th a t a ee u m u la te d e h a rg e tra n sferre d res u ltin g fro m n o n 一

i
n

d
u e t

i
v e e

h
a r

g i
n

g

m
e e

h
a n

i
s

m
a e e o u n t s e o n s

i d
e r a

b l
y

f
o r t

h
e t o t a

l
s

p
a e e e

h
a r

g
e

i
n t

h
u n

d
e r s t o r

m
s

.

I
n a

d d i t i
o n

,

m

o r e

i
m

p

o r
t

a n
t

l
y

,

i
t

1
5 a

l

s o s

h

o
w

n
i
n

l

a

b

o r a
t

o r
y

s
t

u

d
i
e s

t
h

a
t t

h

e

m

a
g

n
i

t
u

d

e a n

d

s
i g

n o

f

e

h

a r
g

e t r a n s

f

e r r e

d

a r e
g

e n e r a

l l
y

d

e
t

e r

m
i

n e

d b
y

5 0
一

e a
l l

e
d

r e v e r s e
一

t e
m p

e r a t u r e
,

l
i q

u
i
d

w
a

t
e r

e o n
t

e n
t

a n

d
i
m

p
a e

t
s

p
e e

d

.

I
n

t
h i

s

m

o

d

e

l

,

t

h

e e x

p

e r

i
rn

e n
t

r e s u

l

t
o

f
T

a

k

a

h

a s

h
i ( 1 9 7

8
)

f

o r

r e v e r s e

一
t e

m p
e r a t u r e

h
a s

b
e e n a

p p l i
e

d
s

p
e e

i f i
e a

l l y

.

S
a

m
e a s t

h
a t

i
n

i
n

d
u e t i

v e e
h

a r
g i

n
g m

e e
h

a n
i

s
m

,

t
h

e e

h

a r
g

e
t

r a n s

f

e r r e

d d

u e
t

o n o n
-

i

n

d

u e
t

i

v e

m

e e

h

a n
i

s

m b

e
t

w

e e n a s

m

a

l l

e r a n

d

a

l

a r
g

e r
p

a r
t

i
e

l

e

1
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A ll term s in E q
.

(3 9 ) h a v e sa m e m e a n in g a s b e fo re e x e ep t fo r A ‘
w h i

e
h 1

5 e o n s t a n t

a n
d

s
h

o
w

n
i
n

T
a

b l
e

1

.

W
it h

a
id

s o
f E q

s
.

( 3 3 )

,

( 3 4 )

a n

d
( 3 9 )

,

a s s u e
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n t 。
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( 4 0 )

”
P

w h
e r e s u
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s e r

i p t n
P

r e
P

r e s e n t s n o n
一

i
n

d
u e t i

v e
m

e e
h

a n
i

s
m

.

S
u

p
e r s e r

i p
t

L 一5 represen ts tw o

k ind s of hy drom eteors eollid ing w ith eaeh other
,

a n

d
i

n e

l

u

d

e s

h

a
i
l

一

i
e e

,

g
r a u

p
e

l

一

i
e e

,

h

a

i l

-

e

l

o u

d

g
r a u

p

e

l

一
e

l
o u

d

,

g
r a u

p
e

l

一
s n o

w

,

a n

d h

a

i l

一
s n o

w
r e s

p
e e t i

v e
l y

.

( 4 ) S
e c o n

d
a 卿 ice cha rg ing m eeh an isnZ

O n the basis of exp erim en t resu lts aim ing to ex am ine the role of seeo ndary iee一
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d
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e
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n
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,

H

a

l l

e t
t

( 1 9 7 9 )
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e
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t

h

e

p
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a r

i
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o

f

t
r a n s

f

e r r e

d

e

h

a r

g

e

1

5

I

a r

g

e

l
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r e

l

a
t

e
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o
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i
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e n
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e
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P

e r a t u r e a n
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u

i
d
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a
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.

I

n a e e o r
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a n e e

w i
t

h H

a

l l

e
t t

( 1 9 7 9 )

,

e

h

a r
g

e
t

r a n s

f

e r r e

d
1
5

w
r

i
t t

e n a s

} 势!
乙一 ‘

一 3
PF

·

阿
‘7rr 机

、 口 L 1 5

w h
e r e

F
:

1
5 e o n t e n t o

f
s e e o n

d
a r

y i
e e

.

占9 15 e h arg e tr an sfe rre d d u rin g ea e h e o llisio n b e tw ee n

la rg e r p a rtie le s a n d s ee o n d a ry

S u b seriP t 5 d e n o te s s e eo n d a ry

ICe p a rtiele s
.

P a n d 尸w

eh a rg in g m e e h a n ism

re P res e n t d e n s itie s o f a ir a n d w a te r
.

ICe IC e

p artiele s eo llld in g w ith a n o th e r la
rg er h y d ro m e te o r

eo n s id e re d to b e In v o lv e d in th is m e e h a n is m
.

,
a n

d
s u

P
e r s e r

i P t L 一1 r eP res e n ts

L
.

C u rre n tly h a il a n d g ra u p e l ar e

2
.

D isch a 嗜
e P

roc
ess尸s

D is e
h

a r g e p a r a
m

e t e r i z a t i o n 1 5 r e q u i r e
d f

o r s t o r
m

e
l
e e t r i f i

e a t i
o n s i m

u
l
a t i o n s

b
e y o n

d

i
n

i t i
a

l
e
l
e e t r i f i

e a t i
o n

.

W
i t h

o u t l i g h t n
i
n g d i

s e
h

a r g e s ,
t

h
e e

l
e e t r

i
e

f i
e

l d
e a n r e a e

h
u n r e a

l i
s t

i
e

m
a

g
n

i t u
d

e s
.

A
n u

m b
e r o

f l i g
h

t n
i
n

g P
a r a

m
e t e r

i
z a t i

o n s
h

a v e
b

e e n
d

e v e
l
o

P
e

d P
r e v

i
o u s

l y
a n

d

h
e r e

i
n t

h i
s

m
o

d
e

l
t

h
e

i d
e a o

f H
e

l
s

d
o n e t a

l

.

( 1 9 9 2 ) h
a s

b
e e n a

d
o

P t e
d

t o
h

a n
d l

e t
h i

s

u n r e a
l i

s t i
e

m
a

g
n

i t u
d

e s
p

r o
b l

e
m

.

T h i
s

p
a r a

m
e t e r

i
z a r

i
o n

m
a

k
e s a s

i
n

g l
e

,
u n

b
r a n e

h
e

d

e
h

a n n e
l w h i

e
h

t r a e e s t
h

e e
l

e e t r
i
e

f i
e

l d l i
n e

f
r o

m
a n

i
n

i
t i

a t i
o n

p
o

i
n t

.

I
n a e e o r

d
a n e e

w i t
h

o
b

s e r v a t i
o n a

l
r e s u

l
t s

,
t

h
e

m i
n

i m
u

m
e

l
e e t r

i
e

f i
e

l d f
o r

i
n

i t i
a t i

n
g l i g h

t n
i
n

g d i
s e

h
a r

g
e

1
5 s e t t o

3 0 0 k V m
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.

T h
e e

h
a n n e

l
一5 e x t e n

d
e
d

u n t il t h
e a

m b i
e n t fi

e
ld f

a
ll

s
b

e
l
o w a e e r ta i

n

th
r e s

h
o

ld 1 5 0 k V m
‘
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a t

i
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l
y e o
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d
a n a

l
y t

i
e a

l
e x

p
r e s s

i
o n

b
e

l
o

w 1
5 u s e

d
t o
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w h
e r e

Q
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a n
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d ise h a rg e e h a n n el
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中。
1
5 t

h
e e

l
e e t r

i
e a

l p
o t e n t

i
a

l
a t t

h
e

i
n

i t i
a t i

o n
p

o
i
n t

.
a a n

d b
r e

p
r e s e n t t

h
e

r a
d i

u s a n
d h

a
l f

o
f l

e n
g t

h
o

f l i g h
t n

i
n

g
e

h
a n n e

l

,

r e s
p

e e
t

i
v e

l
y

.

P

l

(
x

)
a n

d
P

3

(
x

)
a r e

L
e

g
e n

d

r e

f

u n e
t

i
o n s o

f
t

h

e

f i

r s
t

k
i

n

d

a n

d
x

d

e n o
t

e s
t

h

e r a
t

i
o

b

e
t

w

e e n
t

h

e

l

e n
g

t
h f

r o

m
i

n

i
t

i

a
t

i

o n
t

o
g

r
i

d

p
o

i
n

t
e o n s

i
d

e r e

d

a n

d
w

h

o

l

e

l

e n
g

t
h

o

f

e

h

a n n e

l

.

F

o u r
t

e r

m

s

f

,
(
a

) 九 (a )
,

F

‘ ,
(
a

)
a n

d

F
‘3

(
a

)
a r e r e s

p
e e t i

v e
l y f

o r
m

u
l
a t e

d
a s

f
o

l l
o

w
s :

人(a) =
SR Za

3

3a 2

5
自

。 、_ 翌3
F , l

(
。

) 一 尹
:(。 ) 一

关i华粤。
, 1

(
y

)

,

:
, 3

(
。

) 一 尹
3(。

) 一
关

旦

鉴典Q , 3
(
, )

叹1气y Z 叹3 、少 /

( 4 3 )

w h
e r e R 1

5 th
e r a

d iu s 夕f eq u iv a le n t s p h e ro id
.

Q
l
(夕) an d Q
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e e

h
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h
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i
n n e t e
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a r
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t
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t

e

d
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o v o

l

u
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e

d
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b
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i
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l
u

d
e
d i

n
l i g h t n i n g d i s e

h
a r g e e

h
a n n e

l

.

3
.

P a
ra m

e t e r
i z a t i o n

of
S

c
re

e n i n g 瓦ffe
ct a t C loud T oP

D ue to th e presenee of th un derstorm s in w hieh eo nd uetiv ity 15 a little bit d ifferent

fro m th at in fair enviro nm ent ,

t
h

e r e e x
i

s
t

s a

d
i

s e o n
t

i
n u

i
t y

i
n e

l

e e
t

r
i

e e o n

d

u e
t

i
v

i
t y

i
n s

i
d

e

a n

d

o u
t

s
i

d

e
t

h

e e

l

o u

d
t

o
p

.

T
o n e u

t
r a

l
i

z e
t

h
i

s

d
i

s e o n
t

i
n u

i
t

y

,

n o r

m

a

l l
y

n e
g

a
t

i
v e

i
o n s o u

t
s

i
d

e

t
h

u n

d

e r s
t

o r

m

s a r e
p

r e

f

e r e n
t

i
a

l l
y

a
t t

r a e
t

e

d
t

o
w

a r

d

e

l

o u

d
t

o
P

a n

d

a e e u

m

u

l

a
t

e

d

e v e n
t

u a

l l
y

l

e a

d
i
n

g
t

o

f

o r

m
i
n

g
a n e

g
a

t
i
v e s e r e e n

l

a
y

e r

.

B
a s e

d

o n e

h

a r
g

e

d

e n s
i

t
y

t
h

e v a r
i

a
t

i
o n o

f

e

h

a r
g

e

d

e n s
i

t
y

f

o r a s e r e e n e

h

a r
g

e

l

a
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e r
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t
h

t
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i
e
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.
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h
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