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ABSTRACT
ARG

Assuming spherical symsetry, an approximate form of the currente
voltage relationship has been derived for a single point and the
conatants involved varified experimentally in the laboratery,
under controllied conditions.

When a single point was roplaced by a multiple~point system
the total pointwdischarge currant through the latter was found
to be a function of the point separation and tho clearance of
the points from the HeTe plates The current through a systes of
multipleepoints of different starting voltages obsyed an approximate
cube law, later dorived theorotically, similar to the case of -
trees and small plants.

The fraction of the point ~ discharge current in & living tree
bypassed through a low resistance galvanometer has been found to
increase with total point-discharge current, bacause the impedance
of the tres in between the two eledtrodes increases and the
reactance of the bypassing circuit decreases.

The resistance of the tree was found to increase with time after
application of the voltage and also to incryeass with decreasing
valtaée when mensuremcents were made of steady currentsi no such
offect was ahserved with insteantansous currents,

The effect of the wind on the point-discharge current through
a single as well a3 multiple-point system hes been studieds The
relation between the point-diacharge current, point voltage and wind
spéed has been derived empirically, using o method of smltiple
regression enalysiec.

The quantity of charge per pulse, as calculated from the



{v)

ratio of the average current and freguency of the pulses, was
always found to be greater than that calculated by integrating
the pulse over the time of decay. When a wind was applied

" parallel to the electren current, the guantity of charge per
pulse incressed lincarly at first and then reached a
saturation atagei a very high wind was hovever necded to get
any noticable effact, '



CHAPTER 1

121 The EE.‘P'M" of PointeDischarge in Atmospheric Electricity

Atmospheric Electricity is concerncd with the study of the
electrical phenomenon of the atmosphere between twe concentric
conducting surfaces, the negatively charged earth and the -
positively charged ionosphere, which formthe two plates of a
spherical cendenser, having as dielectric the poorly cenducting

atoosphere,

During fine weather, there is current of positive electricity
coming to earth, tending to noutralize its negative bound charge;
calculations shows that thi_.s conduction current would noutralize
tite bonnd charge in a mttgr of a few mimitess Cn the other
hand there is no such loss of charges So there must be other

processes bringing negative chierge to earthe

WILSON (1920) was the first to realise that the negative
charge arriving at the earth's surface, in repions experiencing
stormy weather, would compensate the positive charge arriving

in regions experiencing fine weather.

There are four main processes by which charge can reach
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the carths
(a) Conduction Currents
(b) Point-discharge Currents
{c) Precipitation Currents

(d) Lightning Currents

In order that the charge on the earth should remain
constant, it is essential that the offects of these four
- processes must cancel ene another outy Several workers who
made an eostimate for the whole of the earth's surface, found
an excess of negétiva charge brought to earth, and they ware
of the opinion that this neutralized the excess of pesitive charge

in nonestormy rogiofs and domerts,

WORMELL (1927) was the first to point out thav the point-
discharge is an ioportant factor in the transfer of charge frem
clouds to earth in disturbed weather, Sevara; other people
1ike WHIFPLE and SCRASE (1936), CHIPLONKAR (1940) and CHALMERS
and LITTLE '(19117) all miged artificial metal points in the
atmoaphere to heights of 8«13 metres, and measured the total
charge brought to earth ever considerablo periocds of times All
results show an excess of negative charge to positive charge
in the ratio approximately 2 ¢ 1, From the total excess of

charge ahd an estimate of the number of equivalent points per



square kilometer, the total charge brought to earth was
computed, It 15 in this extrapolation from a single artificial
point to the number of similar points per square kilometer that
the difficulties and variations in the assessments occur, as

it 18 now confirmed in the present work that there is a great
deal of difference between a single point and multiple artificial
points and that there is a great deal of difference betwesn these
and a single tree or groups of treese Eatimateq therefore,
based on measurements made with single points will not be very

reliables

| SCHONLAND (1928) in Seuth Africa, circumvented the difficulties
of working with artificial points by mounting a small tree,

typical of those in the neighbourhoed, on insulators and measuring
the flow of charge to earth. His results gave a maximum point-
discharge current density of o. 16A/na. under the centre of an
active cloud, which is considerably higher than the 0.(18.‘!»/1:a
cbtained at Cambridge and the 0.012A/-2 at Kew, becausc the tree
used by him vas more exposed and consequently a more effective

discharging element than the average tree in the neighbourhood.

Several workers have made indirect determinations of

affective separation of the discharging peints,as an example,



SIMPSON (1949) from the measurements of rain current and
SMITH (1951) from the potential gradient changes due to near
lightning flashese CHALMERS (1953) used a siwple dipole form
for the thundercloud to asccount for the potential gradients at
the esrth's surface and was able to deduce the effective

separation of points,

1s2 The Nature of PointeDischarge

Consider an earthed pointed conductor, situated in a
positive electric fielde UWhen the field is low, there is a
conduction current, carried by ions produced mainly by radioactive
substances and by cosmic rayse. If the field is sufficiently
strong, the lines of force become concentrated at the point
and the field is strong enough for an electron to gain sufficient
enargy to disrupt the molecules with which it collides, and this
will produce a frcs;M;on and electron. The same process -hy
occur in the next mean free path end it will be seen that the
munber of ions present can be considerably multiplied, and it is

even more se if the ions of beth zigns can produce ionisation

by collisions.

In & positive potential gradient the positive ions move

into the point, forming the point-discharge current while the



negativo iona move away from the point and form a space
charge, which has the effect of reducing the petential
gradient near the point, since the lines of force end

on these ions instead of on the point, _ This may continue
until the po-tential gradient is so much reduced that
fonisation by collisions no longer eccurs and the discharge _
ceagess As the last ians are moving off, the field again
rises to its original high value and the whole process now
repeating itsalf, This shows that under suitable conditions,
the pointedischarge occurs in a series of pulses, These
were firat studied by TRICHEL (1938) who found that they

eccur very regulerly »Pen the point is the negative electrodeo.

The process is sinnax" ulfen the peint is pestf.ive
with respect to {ts surroundings, except that when the
potential gradient is near onset potential there are
*inductive kicks' with sometimes small and irregular pulsess

for higher potential gradicnts the current becomos more steadys

143 Point Disbharge Current Down Trees

Most of the research work vhich has been carried ocut
on point discharge currents in Atcespheric Electricity has bsen

concerned with currents flowing down elovated artificial points.:



Relatively very 1ittle work seems to have been carried out in
the investigation of point discharge currents dewn natural

objects, especially trees.

SCHONLAND (1928), mounted a small tree, a thernbush
about 12£¢. high, on insulators and massured the flow of
currents to earth by means of a galvanometer, lils results

suggest that the current is more nearly proportional to the

" cube of the field than to the square law usually found for an

artificial: ' pointe

KIRKMAN (1956) attermtad, largely umsuccessfully, to
measure currents down a lime tree, by using two conducting
bands and shorting out the section of the trunk between them

with a low resistance galvanometer,

¥hen point discharge eccurs, egual mmtbers of ions eof
both': signs are preduced close teo the point, those of the same
sign as the potential gradient msve into the point, while those
of the oppesite sign move with the wind and decreage the !+ -
potential gredient to leeward of the points MAUND & CHALMERS (1960)
attempted to use this methed to measure, indirsctly, the pointe

discharge current dowm a treee The results obtained showed that




a sycamere tree in full lesves gives no measurable effect,
even when the potential gradient reaches S000V/ms But on
the other hend for ash and poplor trees, net in leaf, the
discharge eppéars to commence at abeut the same value of

potential gradient as for a single point of the sawme height.

- MILNER & CHALMERS (1961) bypassed through a low
resistance galvanometer, moat of the current down a tree,
. by using leads into it at two different heightess They alse
nade maasurcnents en an artificial point nearly of about the
same height as the tres and showed that the current through
@ lime tree in comparable with that through the peint but
starts at a higher potential gradient, Using the same sort
of electrode system EITE (1966(b)) found that the bypassed
current is only a fraction of the whole current through
the tree, though this fraction sia constant ever a period
sufficiently long for the arrangewments te provide a useful

measure for the point~discharge current in it.

- CHAILMERS (1963(b)) found that when the potential
gradient is varying very rapidly, such as after a close lightning
streke, the currents through a tree and threugh a metal point
do not correspend, instead the tree appsars to behave as &

resistance capacitance element of time constant about 90 sece




CHALMERS (1964) and ETTE (1966a) found that the tree is
not ¢ single rosistance - capacitance element of ene time -
constant but in fact behaves similar to that of an anomaleus
dielectric having a series of timas « constants, initially of

the order of mseconds and then of the ordar of daya.

Ions prodiced at trecs from point discharge have baen
detectod as gspace charge by BENT, COLLIN, HUTCHINSON and

canhnnns {1965)e

iIn 211 the measurements aasde so far, (except that of

MAUND & CHALMERS) where no cowplication arises due te displacement
currents, no account was tasxen of the displacemsnt currents

which can be quite oppreciayle. during perieds of rapidly changing
potential ﬁradlanta such as sccompany lightning discharges, on
account of the large surface arca ¢f a tree, especially when

in leafs ETTE (1966d) derived theoretically the 'effective
aren’, of treecs of simple shapes and hence found the magnituds
»ot the diaplacement currents picked up by tham during kneown
petantial gradient changes. He suggested that the magnitude

of the diaplacament currents could be as large as the pure peint-
discharge currant and could causc large errors in thoe measurements
of point-discharge currents in large trees through neglecting the

displacement currentss




14 Point-Discharge Current and the Numbor and Separation of Points

It has long been recognised that the phenometon of pointe
discharge from treas and other natural and artificial psinted
objects must form an important item in the transfer of

olectricity~frum clouds to earth,

The ideé}ﬁof obtaining the point-discharge current
density from the current through a single point and the
estimated numbsr of like points in a given area, gave rise

to a mumbder of experiments with multiple point dischargers,

Several workers, who tried to compare the peint-discherge
currents from multiple-point systens with those frews iseleted
points of heights and dimensions aimilar to those of the
individual points in the systems, found altegether contradictery

results,

The apparent discrepancies in the various measurements
both in the atmesphere and in the laboratory have been largely
reselved througﬁ the reeent investigations which have shewn that
there in general exists a 'critical? veltsge at which the
total peint-discharge current frew the multipie points equals

thﬂt from an isolated point of aimilar hetight and dimensions,
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Bolow this voltage the multiple point system: gives lesa current
than the isolated point; while aheve it the situation is reversed.
Morecover the startjng vaeltages of points in a multiple peint
discharger depend upon the relative separation betwecn the

points te the clearance of the tips frem the supper HeT. plate,

1.5 Conclusion

Previous investigators have shown that the atmoespheric
point discharge currsnt, especially through natural peints i.e.
trees, i3 a major contributor to the maintenance of the earth's

negative charges

When multiple points are subatitﬁted for a asingle artificial
point, the current through the forwer depends upon the ssparation
betwéen the peinta. Morecver the starting veltages of peints
in a‘multiple-point system is a function of both the clearance

for each point as well as the separation between the points,

For a trees, it is possible te short circuit a fraction
of the current flowing down it by leads inte it at two different
ievels but in this case én account should be taken of the
displacenent currents especially for trees of large surface

areas, during pericds eof rapidly changing potantial gradients,
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In spite of the varieus contributions by ssveral workers,
especisally the mant' enes by ETI2, very 1ittle is known
about tho cemplex phensmenien of peinte-discharge currents down
trees, So the present investigations are intended as a

Turthar contribution to that study.




CHAPTER I!
Beasurements with a Swle Point

2¢1 Intraduction

As the potential is increased between a point and a plane
gapy the lines of force become concentrated at the peint and
ionization by coellision takes place, . This gives rise to point-
discharge currents, lying in the erder of a micreampere a.t
relatively lov potantials, frequently unsteady or fluctuating
near anset or threshold potentials For small petential increases
abeve throshold, the imint-dischame current increeses linearly
with potentiale This is called the Chms Law regime. VWith
increase in potential, the discherge also gonerally bacoczas more
stable and ateadys At this stege, depending upen pressure
and the nature of the gas, luninesity of some form or other
appears near the point. Thercafter the current increases somewhat
faeter than linearly, appreaching e parabolic increass with
potentiale Depending on the gap, the current and potentisl can
be increased by censideradble margins until a point is reached
yvielding & complote breakdown of the gapy to & transient arc
through the medium of a spark with a brilliantly luminous channel
at the higher pressure. The breakdown to a spark usually occurs

at voltagos from two to six times that fer enset of the first glow

and current,
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Except at relatively low pressures, the luminous
maﬂiteatations at the point near threshold fer low currents
take on various characteristic shapes such as glews, sultiple
spots; haloes, coronas, brushes, streasmers etc. In consequsnce,
these luminoeus manifestations give to the phenonencn the gensral
name corcnass It comes from the French word COURONNE, literally

crovn; which typifies ens of the variocus forms ebserved.

InAtheA1§baratory measuresents of.point-dlschérge, it is
generally accepted (500 LOEB 1965)'th§t the current fres a peint
to a plane gap. . obey a rolationihiﬁ of the fermie

1 « AV (VaVo)
where Am a conatant characteristic of the gecmetry of the point,
its position in the fisld and the fonic mobility.
Vo= voltage at which the discharge starts, which is primarily
 governsd by the distribution of slectric field in the immediate
vicinity of the point, so is dependent upon the radius and

condition of the point.

The investigations described in this chapter mainly deal
with an apprexisate thsoretical derivatien of the absve relation

and its experimental verification,.
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242 Mathematical Derivation of I = AV{V~Vo)

For co-axial cylindrical geometry TOWNSEND (1914) derived
mathematically, a current-voltage relation of the form I = AV(V=Vo)

where the symbols have the usual meanings.

For a point-plane gap, the solution of this problem
is excecedingly tedious mathematically. LOEB et al (1950)
carried out the solution numerically for different ratios of the

longth of the gap along the axis to the radius of the point.

On certain assumptions, CHALMERS (1962a) has derived an

approximate relation of the above form in the following wayt-

o consider a region of constant potential, into which
is inserted a point maintained at carth potential (without
the inconvenience of conducting leads)s The picture cbviously
has spherical symmetry once the leads are neglocteds In
addition, any recombination effects?&hich these ions become

large ions with a consequent reduction in mobility, are ignored,

Let the surroundings be at a negative potential with respect
to the point and a steady state is reached, in which sufficient

ions leave the neighbourhood of the point to carry the current.
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The times concerned are large compared with the lengths of

Trichal pulaes,

Let us suppose that the field strength Xo needed for
ionisation by collisions is reached everywhere within a distance
'a? from the poimt, so that the whole sphere of radius ‘a' around
the point is plentifully supplied with ions and can be censidored

to be at the same potential as the point i.e. at zero potentiale

Consider a sphere of radius r with centre at the point.
Let X be ﬁéld strength at its periphery, 1t theré are n positive
jons per unit volwnﬁ each carrying a charge e, the current ocutward
through the sphere is (using M.K.S. units)
T = 47 ronewx ‘ (1)
where w = mobility of positive_ ions,

In a steady state I is the same for all such spherese

From Poisson's lLaw

éTu‘rane = & %r ( 47 %) (2)

Eliminating ne between (1) and (3) we get

(rax)

cli'n’s'g'r

o S

Putting - £ «X = ¥ ve get
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Upon integration,

1 L

12 T w§ 2

Futting the value of Y= ra}(. we get

X

ailwﬁr _x2
Lot Kz = 1

Twg

ot 2 e K
) r
or X - Ke (r).* (3)
Therefore X, =K (h)"é

= Fleold atadistance b from the point
s F
Tho theory applies only to concentric spheres but by making
certain approxi.mat‘ions wve can extrapolate the theory to apply
to a point-plane system, having the point tip situated at a
diatance b from the plane,
o» we can write
Fek ()3 )
Now from (3) by integrating wo get
j-x ar = - Kjb(r).% ar
Cob oo

-
or v o 2K
’B

Where Vp {s the voltage of the surrcundings with respect to the

point, which we shall call as the point voltage, to distinguish




17

it from the plate voltage denoted by V.

If wo neglect *a' with respect to 'b?, we get

Vp =~ 2K b& {5)

Blimiuatibg b batween (4) and (5), we get

v «2K° .21
p. F " gﬁTv_gF

orl--s‘n‘wal?vp

By assuning a {{ b, we have neglected the fact that there
{5 a pinimumm value of VP below which no point-discharge occurs.
Therefore, approximately, we can rectify this by replacing Vp
by (Vp - vop)' The negntive sign signify merely that there is
a positive current outward for negative potential difference
outward, |
e Im lsn”nwax? (\rp - vop)
Now Vp “ved ,Fed
| vhore V = Plate voltage in volts
H » Height of the point in metres

D = Distance between the HeTe and carth plates in metres.

Therofore, I @ 3TW (-*-‘-2 ) ¢ v (V = Vo)
D

a AsV* (V = Vo)

where A - 3TWE (-'32)
D
= 1,25 x 10~ 14 (=

H
Da)




x
n_.O_ oe LT 1 L4 1z o1

. (1-e) 914

{s¢e
A
or

ﬂo_x
1Sy

os
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Because § = 8.85 x 10.;?n e W= 15x 1.0"4t MeKoeSe wnits

If Ho5x10 2 m De 10 x 10 %8

then A = 6.35 :il().ﬂl

2.3 Experimentgl Verification of 1 = AV (V=Vo)

To verifiy the above relation, a very simple form of

apparatus was usede Various points of different diemsters

from 0,003 ¢m to 0,40 cm were useds The point-discharge was

induced in the point, hy wounting it in an artificial field

between two parailel plates, each about 65 cm in diameter, spaced

about 10 cm aparte The point-discharge current was measured with
-+ @ galvanometer, as the potantial of the upper plate was increased
iin steps upto a maxioun of about : 50 KV and then decressed in the

same steps to zeroe In each case, the distance between the

parallel plates ieee D = 10 cm and the height of the point

is@s H = 5,0 c#s Some of the results for positive potentials

en the uppar plate (negative points) are shown in table (241)e

The results for the negative potentials are_ainilar but the value

of A is always smaller and Vo greatere

The fige (2.1) shows the graphs of l/v versus V and the

table 2.2 shows the experimentél values of A and Vo for ditferent

points.




Table (2.1)
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_ Point=bischarge Current inAA for Diffetent Points .

i‘v {kv) *z (o.oos) x {0.030) x (0,035) 1 (0.156) X (0.249) x’ (0439%)
I

50
4745
45
4245
4o
375
35

130
275
25
32.5
20
}705
| 15
12,5

3245

143492
128,50
114,37
100023
87.38

75482

64425
35.26
46,26
3778
30484
2ke 16
18.50
13,36
900
5¢65
310
1,03

134493
12079
106,66
93.81
82,24
70,68
61,68
51,40
43,41
3ie 18
27450
231433
16,06
11,05
720
411
154

128,50
114437
102,80
89,95
78.39

6682 .

56e5h
47455
40,09
32425
2557
19453
1he 1l
9+38
5¢65
2,98
Q51

i

P —

118,22
102,80
92e52
78039
68011
56454

47455

88.55
30,58
23439
17.22
11,82
7+20

3.19

115,65
! 100,23
18738
7453
61,68
48.85
38,55
2940k
20456
13.11
6417

e e ——— G o — e = ——.  —

113,08
97.66
82,24
66,82
53640
40,09
29.30
20405
9425
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T&lﬁ (202) !
Theorotical A = 6435 x 10°2% o
Point Blameter | Ax 10 | vox10®
(cm) L

Steel neodle Q008 6‘&3 5.6
Platinum wvire 0.030 6,21 725
£k Steel Point | 0,035 6,52 ; 9.0

" 0,156 6467 1445
Hemispherical
steel point 0.249 8,18 21.7

o ! 6o 39k . 9+ 60 26425

Tha com_p&rison of tho results show quite clearly that

~ the experimental values of A agree fiirly well with the correspending

theoretical value { = 6,25 x 10'“' ) with some slight increase for

very thick pointge.

The experiments werc remted, using the same get of different
diameter points, to find cut the variation of A with the height' 1
of the pointe As a typical case, the results for the steel
needle of diometer 0,005 cm are shown in the tuble (2.3)e The

height of the point was varied from 2 cm to 18cm, keeping D constant

equal to 20 cme
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GRAPH OF A VERSUS H




The values of A and Vo were evaluated (as described above)
for each height, froa the graphs of I versus V and are shown
) o v
in the table (2.4)s Fige (2¢2) compares the graphs of

experimental and theoretical values oflA for different heights

of the point.
- Table (2.4)
H Vo ' i Values of A - -
(ca) (kv) Experimental Theoretical
240 15,00 0.35x10™ 1 063x10"14
340 10,75 0455 ' 0494
heo 8.75 0,78 125
5.0 | 700 | 0.97 1.56
7.0 6.25 1,57 2,19
10,0 5450 2.86 3e12
12,5 bo25 4480 5,91
15-0 | 4,00 9elt N Le69
i 18.0 . 280 29,00 5063

For sizaller heights, the experimental values of A
are smaller than the corresponding theoreti;al values, but as
H becomes roughly equal to D, both the values are eguale On
the other hand, for very lafge valuocs of H, the experimental

values are very much greater than the corresponding theoretical

.
’
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valuese The reason for these devi-ations may be due to
the fact that the asswsption of spherical symmetry is not

valid, as wve move to either extreme.

Fige(2+3) shows the variation of Vo versus H which is

quite in agreement with the previous workerse

Finally the experiment.’ was repeated, to compare the
value of A for positive and negative fieldse :Table (2.5)
ghows some of the results for a platimm point of diameter
equal to 0,03 cm for H o 5 cm and D = 20 cme  The fige
(2s4) shews the graph of I versus V for both pesitive and negative
fieldss The value of A :s greater for positive fields than
for negative fields, in agreement with the theory bscause the
mobility of the nesgative ions is greater th_an that of the

positive ionse

2,4 Conclusion

Assuning the spherical symmetry, an approxismate form of the
current-voltage relationship is deriveds For H . \< %, there
seems to be a fairly good agreement between the theoretical and
experimental resultsy ths value of A is approximately independent

of the diameter of the point (except for very large diemeters)
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Table 52.22
W v(Kv) | __ Point Discharge Current (M44A)
...+ Vo peint = Ve peint

50 - 16,83

k7.5 j 11,18 15,03

&5 ’ 977 ; 13,11

4245 861 | 1157

40 . : 7445 10,02

5745 6430 8448

35 5.14 720 -

3245 be 24 5491

30 k2 475

275 é 2.62 3.86

25 ; 1.95 2.93

22,5 E 1,57 2.13

20 ’ .85 1,46

17.5 _ ) 0.37 10489

15 | : 0436 ;

R

and {ncreases rapidly for larger values of i, this may be
due to the divergence from the assumption of spherical
mtﬂ. Moreover Vo increases as H decreases, in agrecment

with the previous workera.
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Finally the comparison of the values of A for +ve and =
ve fields showé that it is greater for the former because the
mobility of negative ions {5 more than that of the pesitive
ions; the value of Vo iz smaller for positive fields than for

negative fiealda.
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CHAPTER 11X
3¢1 Measurements with Multiple Points
intreduction
It has been pointed out in Chapter I th#t the comparison
of point-discharge currents from isolgated points vith those
from multiple points of similar or arbitrary configurations

have in the past led to apparently contradictery conclusions.

CHIPLONKAR (1940) used a group ef four points, arranged
in a square, each about eight inches long and measured the
point discharge currents and simultaneous potential gradients,
He found thﬁt'the total current through the four points was
noticeably less than throhgh the aingleﬁpiht in the same
potential gradient. On the ether hand, SIVARAMAKRISHNA& (1957)
found, under somewhat similar conditions, a éreater current

fron four peints than from one,

CHALMERS & MAPLESON (1955) set up points abeve a
captive balloon and found that eight points, arranged with
seven in a regular heptagon of side 15cm and the eighth at
the centre, gave about half the current given by a single
point, in the some potentinl gradient ahd wind speeds Hove¥Ver,
BELIN (1948) in the laboratory experiments ussd groups of seven

and thirteen gimilar points in an artificial electric field
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between two parallel plates and found that, in the same electric
- field, the multiple point system gave smere current than an

isolated point of the same height,

ETTE (1966e) used a multiple point system of arbitrary
configuration where the starting voltage has different values
for different points and found that the starting voltage
increases, as the points becems closer, and that, for any
one geparation of points, there in general exists a 'croas-
over! or 'critical' voltage, at which the total point-discharge
current frem the multiple~peints equals that from an isoclated
points Below tﬁis voltage the multiple-point system gives
l1ess cusrrent than the isolated point; while above it the
situation is reverseds, Hs extended this concept of cross-over
voltage to tho trees to disfuss their discharge efficiency
in the atmosphere, in relatien of metal points of comparable

heights.

ETTE (1966f) found both theeretically and experimentally
that the starting voltages of points in a two-peint discharger
increase linearly with clearance fer each point at fixed separationsy
while at fixed clearance an inverse relatiocn exists between the

starting voltages and the separation for separations greater than
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about icms On the other hand for separations bolow some
critical value, determined Dy the clearance and the dimensions
of the points, he found a general decrease in starting veltage
with decyrease in separation, Finally ETTE (1966¢) studied the
point-discharge pulses in individual peints ih a sultiple
peint-dischargor and found that each point preserves the
magnitude of charge in esch Trichel pulse for various point
geparationsy except at separations of the order of Oslcm an
increase in charge per pulae was observed, which he attributed

to the mutual interaction batween the points,

Se the aim ef the present investigations is te resolve somse
of the discrepancies in the various measurements both in the
atmosphore and in the laboratery end also to investigate the
bahavieur of the total peint-discharge current in a sultiple

. .point gystem whers each point has different starting veltage,

38 *\w ,\_atna

.

The apparatus used was quite simple of the form shown
in the fige (3s1)e Prom a 'Brandenberg (Type MR 50/R)*
power supply a voltage upto about : 50 KV could be obtaineds

This was applied to a horizontal plate X, while a parallel plate
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¥y 12 em away was connected to earthe Holes wers drilled
in ¥, sov that the points could preject through ite These
points were arvanged in form of a haxagen, with one point

at the centre and the holeswerse drilled so that hexagenal
arrangesenta of different sizes could be used, This
hexagonal arrangement was used becauze the distances between
any two adjecent points are always equal whatever be the size

of the hexagon.

The pointa used were all steel ncedles with sharp
points ai’ minimum radius 0.0035cm and they projected 2cm
ebove Yo = These needles vere solderad to metallic rods, bent
twice at right angles, in opponite directions, the other ends
of ;thich were connescted to the plate %y and through a
galvanomcter to earth, By rotating these rods aleng
their ?ixed ends, the distance between the points was varied
from Mt Os1 e to 10cms To reduce the corona discharge
from the shorp edges of the plates X and ¥, they were

covered with a thin layer of plesticine, along their peripheries,

5e3. Results
First the point-discharge current vas measured threugh

a single point, as fhe, potential on the upper plnté was incrsaged
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in steps upte a maximum and then decrecsed in the same ateps

to zaros The experiment was then repeated using seven points,
arranged in the form of s regular hexagon, with one point

at the centre and the discharge currents were measured, as the
size of thg hexagon was~v§ricd from Qi ¢t t0 10 cme  Some

of the resuits for positive potentinls on the plate X {(-ve pointa)
are shown in table (3.1) and figs (3:2, 3«3)¢ The results

for the negative potentials are the sawre but the currents are

alvays smnllers

The most striking feature of these results is that the
ratio of the current through & singls point to that threugh a
group of seven points at a fixed separation iz not constant,
but depends upon the applied field, Hereover for any one
value of the separatioﬁ between the poinmts, it is possible to
define a 'critical voltage® such . that for this applied
voltage the current threugh the set of points is the same as
that through a single point and this critical voltage decreases
a8 the sepatntién between the pointsz is increased (see Fige3ed)e
In etherrvordz for szaller distances between the peints, even
for higher fields (below the critical voltage), the total
current through the set of seven points is alvays less than

through an fsolated single point, which sgrees with what was
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Fable (3.1)

31

e

Pointwdischarge Currents in Microamperes

h

v Single Point | Seven Peints for Separation (cm) ~ :
(&v) ' 01" TT1e0 . 2,0 | 340 ; 560 | 10,0 !
: ’ ' . F r
45 18,72 17016 129464 | 43,68 | 53,82 | 76,88 | 113.88
40 14482 12,48 }33.&0 She32 &1.'35. 57.73 87+36
58 12,48 16,92 %0.28 31,20 | 36466 | 50.70 7727
56 10,92 9428 [17.9% | 26083 | 51498 | kkak6 | 67,86
35 10414 B8.58 16438 35.7@ 30443 | 42,12 62,40
B4 9ol 7480 (14482 | 23,40 | 28,86 | 39400 58450
32 Be12 6el? 1311454 | 20428 | 24096 | 33455 5070
30 6486 5015 | 9036 | 151G | 31406 | 28,86 42490
28 5477 £e06 | 7457 | 14004 | 17,94 | 24496 35.88
26 %o 68 3404 | 5093 | 11408 | 14,82 [ 20,28 | 29.6h
25 Le21 2,57 | 5¢15| 9.98 | 13.26 | 17.94 26452
24 5474 2426 | 4452 8,58 | 11,70 | 16,38 2418
22 2.96 1,56 | 3428 6447 | 8497 1295 19450
20 2011 0,89 1.95]' 468 | 6455 9498 F UN A
18 1,48 0.33 | 0s86] 257 | L4e37| 6496 10,37
16 0,823 0s05 | 0225! 135 | 2457 4e29 7025
15 O.72 0403 | 0,38, 0435 1.56i 3.13 Sek6
16 0a42 0,03 o.osl 0e23 | 0486 ; 2403 390 |
120 0u 14 ' 003 0'061 0e351 135 :
10 0,05




observed by CHIFLONKAR (1940) and CHALMERS and MAPLESON (1955).
Cn the ;et.har hand for greater diatasces between tha peints, the
: dritical voltage is very low, so even for lower fields (above
the critical voltage), the sultiple point-discharge current
is always more than through e single point and agroas with

what was observed by SIVARAMAKRISHNAN (1957) and BELIN (1948).

3«4 Discussion of Results

In the .labomtory investigations of p@aint-.-diacharne. it
has leng been recognised that the current = witaga relation is

of the form

I sAV (Va=ve) (1)

whore the symbols have the usual mesningses

Howevery WHIFPLE and SCRASE (1936), while meking
moasurement s ia the natural conditions found a relation of the

form I = (,FB - Ma) which can be re-vritten as followss=
I=B (Vz - %2) €3)
On the other hand PEEK (1929), who measured corona discharge

from high tension linsa, found the current to be proportional te

(e = oo)a. where e s the veltage on the line, This can be
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expressed asge-

I=C(Va=ve)? (3)

Now the equations (1), (2) and (3) are the same when
V 77 Vo but the difference arises when the above condition is
not satisfied. However a simple test was performed to find
out which of these three equations is the best fite They

can be written in the following forms.

1 3
V=i ( V-Vo)

1 I
Ve B ( V-Ve)». Ve

1 1
Ve c ( —-V-Vo) + Vo

It is quite clear the three equations have different

intercepts but in the present case it is found that the graph

of V versus ( Vbe ) gives a straight line, which passes

through the origin. So the relation (1) seems to be the best

fit, which will be used as the fundamental relatioen for further
analysise

¢
Nov if we plet V against V for the single as well as the

multiple points we get fairly good straight lines. It gseems
that the multiple points also obey the relationship (1)« From

the graphs, one can find the values of A and Vo (See Table 3.2).
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Table gg,az

Theoretical A o 1,74 x 10-12‘

MoKsSe units

. VALUES OF A AHD Ve

SINGLE POIN?

A w128 x 10-1& M.K.S.unitso » 11,75 x 10S volts
MSIPLE POINTS
[ : ; S cmem
§ } { -
! Separation . -3 i +14
%1.(‘“) | Vo x 10 . Ax10 -
i 10 10,25 i 727
!
540 10,50 I 490
Fe0 1175 3.80
24,0 13,0 3«20
1.0 1640 2440
Q1 ; 16075 1033

o S

The most interesting feature ia that both the constants
& and Vo depend upon the number and the aeparation betwsen
the points. As the separation befween the points decreases,

*At decreases while Vo increases (see Fige3.5)s

The results shov quite clearly that the effect en the tetal
point-discharge current of heving a munber of peints rather than
a single point deponds mainly on the separation of the pointse

If the points sre widely separatad, they behave very such as
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indopendent points as can be seen frem the fact that soven
points at geparations of 10 cm give, tnggtker, about six

times the current for a single point and the value of 'A' is
also about six times that for a single pointy the value of Vo is
roughly equal to that fer a single points On the other hand,
when the points are closeltegether, they give much less current
and tend to behave as a single peint of greater dismeter.s The
value of Vo is more while the value of A is roughly equal to

that for a single point,

The fact that the starting voltage is greater when the
points are close together is quite easily explained, For
point discharge to start, there must bo ionisation by collisions
clese to the point, and this requires a certain value of the
field strength i.e. o certain concentration ef the lines of
force near the peint, For a single point, this condition
is reached for a certain voltage on the plate X, 1f other
peints are placed near it, then some of the lines of force
no longer reach the peint in question, &nd the condition for the
starting of the pointedischarge is not reached until the

veltage on the plate is increaseds
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3¢5 Results with Five Pniqtg

Pinally the experiment was repeated using five stesl
points of diameters equal to 0,003, 0,089, 0,152, 0,249
and 0,394 cm respectivelys All the peints had the same
haight equal to 10 cm and they were fixed at the corners
of a square of side equal to 18.0 cm with the fifth peint

at tho centre,

The point-discharge was induced, by mounting them in the
aans way, as mentioned befere, in the artificial field between
two perallel pates, spaced about 27,5 cm apart; each absut
65 cm in diameters All the points were connected to
aarth through a galvanopater to measure ths total point
discharge current and &t the same time they were arranged
such that the current through any one point could be measured
at any time through another galvancmeters The idea of this
was just to note the starting potentials for the peints

individually.

The point discharge current was weasured for various
values of tha potential at the upper platee Some of the

results for positive potentinls are shewn in the table (3e¢3).
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Table 3232)
v (50 T (hA) v (RV) K (MA)  V(RY) K (mA)
50 60465 $6 . 21,07 20 .60
W . 53,46 34 1799 19 2,96
46 b6e26 32 15,03 17 1498
45 432,92 30 12456 16 1467
" 39.84 28 %77 14 1018
s 3758 26 7o71 12 075
- 42 %e95 25 7,06 10 0ek2
40 30,07 2% 627 9 - 0v28
38 2544 22 488 7 0406

= L

b

The application of the sawe fundmmental square law gives

3, +3,¢I_+1I +» 1%
iz 2 - Ay *hg Ayt TAYoV={R V, 0BV 48V
| +R&V445575’
S 3 ' b}
or £ 12(&) *ve (v
v
(1)
Now the graph of 2;- varsus V gives

S

v
five seguents (see fige3.6)s The point where the segment

starts, gives the starting potential for the next discharging
point coming into actions These values agree fairly well with

the corresponding experimental values,




40}

nod

20

[[o]

V_AGAINST (4, FOR FIVE PONT-DISCHARGE

B= 0OXIO™®

Vo- |5« |0

FIG (37)




Pinally the fige (5.7) shews that the total point-
discharge currant through these five points, having different
starting voltages, obey a cube law of the formt

i eg WY - vo)2

(For explanation of this cube lsw, see Cliapter IVe5).

A i
Prom the graph of V versus -f: ene can f£ind the values

of B and Vo €0

18 Ve o i.s x 103 volts

Bs 1.'00 x 10~
This graphical value of Vo i3 much smaller than the measured
experimental value l.es 6435 x 163 velts, may bo because the '
munber of points taking part in the discharge are smaller than
the onees ugsually found in a tres and alse the riate of increase
of starting veltage of the individual points is discrete

rather then c«mtinuous.

Conclurion

Heasurcments mads of the pointedischarge currsnt when a
single point is replaced by a set of sultiple peints of shilar
configuration, showed that there in general exists a criticsl

veltagey such that fer this applied voltage the total point-

I
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dischargo current through the set of points is the scme as that
through a single peint and this critical voltage decreases as
the geparation between the points is increased, In other
words, the total point-discharge current through multiple-points
depends upon the relative separation between the points to the

clearance of the tips from the upper plate,

The analysis of the results shoée& that the current
through a multiple-point system of pimilar cenfiguration :
obeys the relationt |

I w AV (V « Vo)
The censtants A and Ve depend upon the musber and sepatation
between the peints bacauss of the relative change in the

concentration of the lines of ferce.

The pointedischarge current through o set of multiple
peints of different diamsters, at any time, depends upon the
starting voltage of the individual peints and it cbeys an

. approximate cubic lave




hel Introduction

Poiqt dincharge, or ceroha, currentg prebably play an

fmportant part in the atwospheric electricity, sinco it is believed

that the major part of the transfer of charge between thundercleuds

and ground occurs by ths agency of pointedischarge currents through

trees end other natural objectss However, very little work
hag baen carried out in the invastigation of point-discharge
currents down natural objects ospeciallyAtrees and the most
of the research work was carried out on currents flowing

down elevatod artificial points,

There have been meny attempts, since the pioneer werk
of WORMELL (1927), who measured the discharge currents through
an artificial peint which he heped would be about equivalent
to a tree, and then counted the trees highsr than his peint

in a given area,

SCHONLAND {(1928) in en attempt to determine the charge
brought down by a coliection of trees, mounted a small tree,
a thernbush ebout 12 ft high, en insulators and succeaded in

measuring the point-discharge current through it during a
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thundersterm, His results suggest that the current ie
more nearly proportional to the cube of the field than to
.muaxe lawy usually found for an artificial point. This
method of ismelation may yield valuable results fer tr;ashly
cut traes but it {s totally unsuitable for measurements on a
contimming basiss and in any case cannot easily be empleyed
for large trees which constitute the main discharges in

the atwogphere,

The aim of the experiments described in this chapter
is to investigate the behavieur of point-discharge current down
traes and small plants, and if poesoibie to establish some

relationship botween the current and the field,

ke2 Results with a Single Weoden Peint

The apparatus used here was of the similar type as
-described hefores Various weoden points (beth dry as well
as those made from a freshly cut branch of a tree) of different

dizmeters were tried,

The point wes gupported vertically in an artificial field
between two parallel plates, spaced abeut 10 em apsrt and the

height of the point was 5,0 cme  The point-discharge current
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waa peasured with a galvancmeter, as the potential of the
upper plate was varied in steps as deae_ribed befores

Firstly a point was made from a piece of dry wood by
sharpening one of its ends to a diameter of about 0,005 cme
No measurabie current could be datected when the peint was
dry but as seon as this point was put in water for a few
minutes a current of several micro-amperes was measured which
started decaying and became almost zero after about 24 hours.
Perhaps this may be due to the fact that the point vent dry

after such a long time,

Another point wags made from a freshly cut branch of a
troe of diameter of sbout 0,6 cm at the tip, by sharpening ene of
its ends in such o way that only the central core was left
behinds A11 except the tip of this peint was covered with
an insulating tape, so that the discharge should take place
only at the tip, not any where olse, In this case again, ne
paiqt dizcharge current was detectede Thisz shows that the

central core of the point iz not a conductor,

Pinally the point-discharge current was measured through

oylindrical points, made out of a freshly cut branch of a tree.
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The discharging end of the peint was made as amooth as possible,

On increasing the wltagé te & new value, the point diaetiam

current increased and then began to decay; it settled down to a

fairly nteady vaim; after about a fow aﬁmtes. The readings
of the point-discharge curraent were takch on the average of
abgut guarter of an hour "intervals. ags the veltage on the
W plate was incrensed in steps, Somo of the results -
for pesitive potentiels on the upper ylt;te for tvo points of
diametera respectively equal to 0.58 cm and 0s15 cm are shawn
in the table (Le1)s The results for negative potentials are

similar but the currents were slvays smallers

. Table (4e1)

v | Point Discharge Current im MA for Dismster |
I Ls2) ‘ 0e58 cm Qsi5cm
50 92453 97466

4745 79467 | 87.38

4s 66482 78453

4345 52,43 64025

w | 51,63 51440

375 30484 42,15

35 22410 32.38

3245 13,88

30 ' 8,22

2745

a5







New if we try to fit the square law to thess results i.os
I = AV (V—Va)l‘
#e get fairly good straight 1ines by plotting % versus
V {seo Pigelist)e Tha exporimental value of A, as calculated
from the graphs, are ef the mame erder of magnitude as

evaluated theoretically i.e. 625 x 10‘1& (sea Chapter II).

So the rasults can be summarited by saying that a wooden

point of this kind behaves more or less like s metallic peint.

be3 Nosults with a Small Spruse Plant (Picea Pungens)

A smnall apruce plant of hoighi about 60 cm was grown in
a pote It wap mounted on tufnol insulators, in an artificial
field between two horizental metal plates, spaced about 35
cm apart, in such a way that all of its branches could preject
about 17 cm above the earthed plate, without touching it.
(see Figehe2)e The pot was earthed through a galvansmstoer
and the ﬁoint-d_liaeh;arge current was measured, as the voltage
i_)f the upper plate was increased in steps upte a maximum of about

b4 50 KV and then decroased in the sams steps to zero.

As obsaorved in the case of a weoden point, the increase

of the voltage to & new value increased the peint discharge current,




I AGAINST V FOR A METAL POINT & SPRUCE PLANT I °

V 3s (Kv)40 48 L o]




45

the latter bepan 'te decay and settled dowm %o a fairly steady '
value after a few minuteps So the readings of the mean point
discharge current were taken en the average of about quarter
of an hour intervala, as ths voltage on the upper plate was

increzsed in stepa,

The experiment was done on e nusber of days, in order to
ses whethar the rosults were reproducible or nots Three sets
of resuylts with an average intarval of ehout a weck batween them,
for the positive petentials en the upper plate, are shown in
the table (LeB)e Fige (4¢3} shows that the general trend of

the curves is the sapme, with some alight variations in currentss

The maths were also made of the point discharge
currents through a metal point (steel needle of diameter equal
to sbout 0,005 cm) af the same height (i.es 17:0 cm) as that of
the plent, in erder to find cut any corrclatien between the
discharge currents through theme Fige(h4e3) shews that a
scritical véltage! occurs at about 37 or 38KV, similar te the type
cbserved for a multiple point system (ses Chapter 1II), above

which the plant dischorges more efficiently than the point.

Nov AL we plot.xl V gersus V for any set of the results,




Table (4e2)

PeinteDischarge current _in A A

Y Set 1 Wifh::’f Sot 111 | Ciamster o
— ' 0,005 cm
50 445e98 | 43.69 42461 26409
4745 39406 57401 3418 2526
45 31,61 | 20,81 26499 20456
k23 | 2693 | 23439 81,85 18,25
40 1928 18450 17.22 15093
37¢5 14439 1he14 12,83 13,88 -
35 1079 1038 925 11,83
32e5 Ba32 7e43 6473 10,02
30 5491 5429 4,68 8435
&7+5 he21 3075 324 6.81
2s 2.83 2438 2,18 5047
2245 1.80 1,59 1434 4,21
a0 1400 0490 0470 Se11
1745 ©e36 0.38 0s26 2411
15 | 0,12 0.10 0e 09" 131
1265 0405 0,03 004 0.69
10 0404 0.02. 0,03 0,23

- p——— el i
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ve get a number of segments of the same foro as described
in Chapter 111, meaning thereby moroe and more points start

discharging, as the voltage on the upper plate is increased,

Now let us assume that the plant is discharging to obey

a cubic 1law rather than a square law i.ce
1=2v-v?

Fig. (4+4) showa the graph of P’/: versus V which seems

to be a fairly good straight line giving B = 1,12 x 10715,

hebe Results with Trees

An aluminiuy plate of size about 5 £, x 10 f£t, and
thickness of about 0,12 cm was cut into the ferm of an eval
shapes Aftor smoothening 3ts sharp edges, & thin layer of
plastic.iné was stuck along {ts periphery, to minimize the
corona discharges It was then fixed to a wooden frame
Wh @ set of polyatyrene insulaters, each of length about
6 inches (see Fié.faos). The whole arrangement could be raised
to any. height upto abeut 4.5 m with the help of a bleck and
tacklo arrangement along a sst of poles about 6.0 m high (see

£ige5al)s







The potertial was applied to the plate with the help
of an insulated cable abeut S50ft long, by running {t frem the
recording roomes This insulated cable was guch that it could
atand 50 KV and so it was made from ar licavily polytheno
insulated plain copper core, covared by a substantial outer
gheath of red P,VeC, safe upto 18 KV and was further passed
through a polythene tube of diameter about 0,95 cm for extra

insulations,.

Thtee species of traes were grown in plastic dustbinas
iette a Sycamore tree (iAcer Pseudo-Flatanus) of height about
bmm, a Scots Pine (Pinus Sylvestris) of height about 2,6 m

and a Cryptemeria Japenica of height shout 2.5 ms

The Al plate was first raised to a height of about 2.8
and the S€ots Pine tree was placed underneath it, The peinte
discharge current induced in the tree was measured, on the
average of abeut quarter of an hour intervals, by a galvanomater
connected between the stainless steel electrode (fixed to the
root of the-tree) and earths Ko marked difference was observed
vhon the steel root electrede was replaced either by a similar
electrode stdck into the trunk of the tres or just dﬁo inte

the soile




CURRENT VERSUS

1201

VOLTAGE FOR A SCOTS

PINE TREE

1001

80

40

Scots Pine Tree

Point

ScotsPine
Tree

F20

=40

60

F80

20




‘!ﬁe measurenents wers also made of the point discharge
current through a metal jpeint of the same height ag that of
the tree, The experiments were finally repeated for the
other two trees i.e. the Sycamore and Cryptomeria Japonicae
Some of the results for the Scots Pine tree, with the potitlvo
“and negative potentials on the plate, are shown in fig, (4e6)s

The results are similar for the other two trees.

Finally the graph betweenxi7;—versua V gives tho similar
type of segments, as found for the plent and the cube law

2 2
I=2V (V«Vo)

gives o fairly good £it to the results.

%48, Derivation of Cube Law for irea

CHALMERS (private commmications) has derived the cube law

for treo in tho following way:

Suppose that the tres consists of a large nusber of points,

eagch of which gives a current
L=A Y (Vhwk)

Suppose that for each range of 8Vk of Vk. there are nk

points

Thon the total current will be

x;JAknkv(v-ék)avk




The limits for the integration muat be
(1) the point for which i is least,
Say Vo

and  (2) The value of Vi = Vs since there is no discharge

for points with greater Vk

Putting Vk =X

v
Ia VAV ex)dx
b A

Now suppose that ﬁ‘ % depends upon x, according to a

simple laws

Akn"aﬁzp
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giving the cubs law,

The condition p » o, means that l\k “k is saxe for all values
of Vk. i.2, the extra number of points at a given level is

Just balanced by the smaller current (A) per peinte

4e6e Conclusion

The measurements dons on points made from a freshly cut
branch of a tree show that the point discharge current obeys
a sguere law, similar to the metal points; the points made
from dry woed exhibits no cerona discharge and dischai-ge only

when ooisture is present,

The measuremsnt made on mstal points of the sasme height
as the treoes and plants shows that there in general exists a
critical voltage, sinilar to the form found for wmultiple points,
which is subject to unpredictible variations on account of the
variotions in the folfage dus to physiclogical factors and

atmospheric turbulence,

Finally tho pointedischarge current through treecs
and plants obeys a cube law of the forms
Ia -g- VY - Vo)

The measurcments mads on a number of days show that the




results are fairly reprqﬂ\miblo. Moreover, an appreximate

theoretical derivation of the cube law showa that 4t can be

used as a standard lav for moking measurements in the natural
conditionsy on & continuing basis, and hence to estimate the
world-wide contribution of the itotal peintedischarge current
brought to earth in a given period by trees and other natural
and earth connected objects which cammot be convenlently

asparated from the earths
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S5¢1 !Q&Mﬁqﬁ ion

It is generaily belisved that point-discharge currents
from treews and other natural and artificial pointed objects
play a dominunt role in the maintenance of the global

. faireyeather atmospheric electricity.

It iz a cemaparatively simplé matter to set up an
artificial point and to measure the point-discharge current
through it in disturbed weather. But £t is much lessz siwmple
to measure the point-discharge currents through living
trecs owing te the technical problems involved in isolating
thew fram the earth without killing thees, It is not posaible
either to attempt to deduce the pointe-diszcharge current
through a tree from that gthrough an art121ciai point, since
it is impossible to take into account the cffects of there

being & large number of points cloze together,

KIRKMAN (1956) attempted, largely unsuccassfully, to
measure the point=-discharge current flowing down a tree, by
inserting brass screws at two difforent levels and comnecting

them to each other threngﬁ a lov rezistance galvanomater,,




MILNZR & CHALMERS (1961) replaced the brass scroews by
mercury contacts; twe small holes were drilled through the bark
of & line troe and glass tubes were insorted cefitaining mercury |
80 as to make the contact into the sap-woods This method
ghould in fact shortecircuit most of the current through
low resistsnce gaslvanometer if the elaectrical behaviour
betwenn the elcéctrodes is that of a rezistance in parallel with

tho capacitance between the electrodes.

ETTE (1966b) measured the fraction of the point-dischargs
current in a living tree bypassed through a low resistance
galvanometer by using the same sort of experimental arrangement
as described by MILN:R & CHALMERS (1961) and found that this
fraction s mmall and independent of the total point-discharge
current, though constant over a period sufficiently long for
the arrangement to provide s useful meonsure for the pointe

discharge current in the tree,

CHALIERSY (1962b) results sesm to point to tho fact that
the bypassing arrangement does not provide a valid messure of
the point-discharge current in trees under conditions of
intense atmospheric silectrical ectivity, such as prevail,

during periods of close lightning discharges to earths







Se& Experimental Arrangement

The experimental arrangement was of the same form as
desoribed in Chapter 1IVe From a 'Brandenburg' power supply
8 voltage upto about 2 50 KV could be applied to an insulated
plate S5ft. x 10ft, which was raised to a height of about
415 cm above the grounde A Sycamore tree of height of about
4m, grown in an insuleted dustbin, wes placed underneath it
(see £ig.5.1)e The total point-discharge current induced in
the tree was measured with a sensitive gelvanometer, comnscted
betwaen a stainless stoel electrode (fixed to the root of the
trea) and the earths Two more electrodes x and y were fixed
in tha trunk of the trea at a distance of about 145 cm apart
and were connected to ecach dher through another galvanometer
in series with a varieble resistance (1000 Chms tc 2 Fep Chus)y
R represents the total bypassing resistence including that ef

the galvanomoters

The total point-discharie current I and the bypassed
currant i veéo, noted, as thoe voltage on the insulated plate was
increased in steps upto the maximua and then decreased in similar
step to meros At firat both X and i vero recerded photographically

on a slow spiral drum cameras The time scale on the recording

was provided by switching off the galvanemoter lamp and switching




on a fogging lamp for two seconds évery half minute with a timing
circuit, the latter vas simply a series of relays oporated

every half minutez by vulses derived from an glectric clocke

This method was very useful for recording the instantanecus
values of ¥ and i, just after the change of woltage to a new

value,

On inoreasing the voltage to a new value, both I and §
increased and then began to decay, I settled down to a fairly
steady new value after about a couple of minutes but i took
about 20 to 30 minutes to reach that stages This time was
found to be less when the bypassing resistance R was increaseds
On the other hand when the veltage was decreased from a higher
value to soma lower value, beth I and i decreassad and then
began to increase, I settled down again after a couple of

minutes but i teok about 20 to 30 mimites to do so0s

Finally to record the steady values ef current, this methed
of recording photographically was replaced by a visual method
of recording because it was found that each cbservation took
about half an hour to reach a fairly stcady value, meaning
theroby a largé wastage of recording papers Two sangitive

galvanomoters G and g, ¢ach of sensitivity equal to 00514




picroanpere per cm were useds It was found tery useful

to apply ths msximum voltage gay 50 KV for about an hour or
go to start with ond then decrease it in stepse HReadings
of 1 and § were, therefore, taken on the average at about

half an hour intervals.

543 The Tree Elegtrodea

‘iwo types of electrodes were uscde
(1) Mercury Electrodes

These were of the same type as used by MILNER & CHALMERS
(1961)s A hole was drilled into thetree trunk to a depth
of about Scms A glass tubs was ingerted into the hole and
filled with mwercurye A platinum wire dippod into the mercury
completed the contacte The glass tube was sealed off with
putty to prevent the mercury from flowing awvey and being
wasteds Two ¢f thess electredes, one ahout 145 com above the
other were inserted into the Sycamore tree of height about 4w and

diamater at the trunk sbout 4.5 cme
(2) Stainless Steel Electrodes

A stainless steel strip of about Amwide was wrapped
around the trunk of the Sycamore tree, Four atainless steel

wood screws were driven threugh this strip into the bark until
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they made the elactrical contact with the outer conducting
layer of the sap~woods A similar arrangement about 145 ca above
this provided the other electrode, ye Iwo co~-axial leads
connectad thege bands Q and y to the galvanomster g in the

recording room,

As a subsidisry experiment a third similar electrode

Z was fixed 15% cm above the second band,

The obaervations were taken with both tha eldctrods
systems, aftar they had besn inserted into the tree feor

about n week or so.

Mareover the centact potential difference or the
residual current was found to depend upon the atwesphsric
conditions and the state of the soils On rainy days, it was
found to be the maxionm of the order of 4 or 504, sometines
pesitive and at other times negative. On fairly-dry days, it
was found to be the minimum, somatimes practically zero.

This contact potential difference was found to increase &vean

after wataring the tree,

The resistance of the section of the tres betwsen the
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bypassing electrodes X and Y was of the order of Ol HegOhms
and was found to be dependent again en the season and ether
atmospharié cemﬂitim. As described by KIIKMAN (1956),

the resistance was found to decrease after rainfall, an effsct
whitch was attributed to the increased dissocliation of the

electrolyte (Sap etc.) with increase of dilution.

Se& Results with Artificiel Fields (Direct Method)

A8 described bsfore, on wet days the centact potential
difference or the rasidusl current was found to be as large
as b or 5 m!céoampnrga between the root elcectrode and the
earth (registered hy G) and even more than this between the
bypassing electredes X and Y (ragistercd by gls Typical
dry snd quiet days were chesen fo do the experiment when the
residual current shown by G was the minimum of the erder of 0,05MA
but the residual current regimtered by g was still large of
the order of 4 micreampores in somec casess Both the currents
regiastered by ‘the galvonomoters G and g during point-discharge
included the residual currents, So te find out the actual

values of 1 and 4, the residusl currents were sub-tracted from

the galvahouwcter readings.

Firast of all in order to make measurements of the steady

values of current, readings of 1 and i were taken en the average
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of about half an hour intervals, as the voltage on the
insulated plate wias decreased in steps for both the sets of
electrode system i.ce the marcury as wall as the stainless
ateels The results were similar in both cases except that
the residual currents were differente Various sets of results
vere taken, &5 the resistence R of the bypassing circuit was
increnged from about 1000 Chis to about 2 MegUhmse, Some of
the results for the positive potentials on the insulated
plate, with stainless steel electredes, are shown in the

table (5.1)e The results for the negative potentials were

similar but the currents were alwayp amallers

2 s 100

Kow let X is equal to the percentage efficiency

of theelectrodess Fige (5+2) shows the curves of the percentage
efficiancy versus I, for variocus values of Re It clesrly shows
that as the total poihtedischarge current I incresses, the
percentage efficiency incresses limearly at first and then
reaches a saturation value at larger values of 1, i contradiction
to EPTL'e (1966h) results, who found the efficiancy to be
constant over & wide range of Is This discreéancy-aay ba

due to the fact that he made measurements only upto about

15 « 20 MA,
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| Point-discharge currents in WA for R
000 Chzs '

v 3 0.5 Wegotms 18 Wegotws |
(&) 1 1 IR 1 T
50 273604 |243,64 167018 [52.43 (315094  [27h
47.5  [326.31  |194s91 13628 (42015 182053  [2.97

45 |183.81 153,69 110,58  [32.6h [151.69  [1.69

42.5 149,12 120,28 87445 24,42 [120,85 1422

“w 118,37 { 92,01 66489 {27499 | 97.72 [0s92

375 9257 | 66a31 5547 (12,08 | 7716 0,63

35 7201 | 48.38 57034 | 7097 | 5917  |ovt3

325 56s02 | 32490 26,80 | he?5 | 42017 [0s29

30 41,17 21,59 18458 | 2936 | 37.82 [0.18

27+5 28,32 | 11,82 %e72 | 2406 | 17454 0010

25 20410 6458 10,87

2245 13.16 5496 . 7e52
- 20 7076 1,60 4s18

175 $.3h 0u77

15 1,49 | 0,26 0.53

12 0a35. ) |

Confdual 1 -0:05 | <be63 0,07

(a)
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?inal;y to measure the inntant;neous values of I and {,

- the method of photographic recording was used. Each ;bservation
was taken on the average for about a couple of minutes, as the
voltage on tge insulated plate was increased in staps and then
decreased in gimilar steps to zero.- Sowe of the results for
the positive potantials on the plata, ¥ith stéinleas steeol
electrodes, are shown in the fige (5.3)e The results are
similar for the negative potentials as well as for the wercury -

electrodas,

A close examination of the fige (S.3) shows that the
efficiency is more or less constant upto about 20 microamperes in
apreement wvith ETTE's (1966b) results, who made measurements only
upto about 15 microampsre but it certainly increases at higher

values of I, in thz same way as for the steady currents

55s Results with Constant D.C. Voltags (Indirect Method)

A conétant DeCe voltage was applied batwern the root
electrnd@.and the electrode 2, which was fixed in the top most
branth of the sycamerc tree - a seat of point-discharge current in
the tree, The current distribution in the tree in the
nciéh%bourhood of the bypassing electrodes should not differ

vastly from that of the actual point-discharge current except that
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in the lattoer case, it consists of random pulses, The
gonatant D.Cs voltage upto sbout 200 voltes could be cobtained
froin a FARNELL power supply. The rost of the epparatus was

of the same form as described beforae

In this case again, as the voltagse was increased to a
new value, both I and i increased, and then began to decay
rapidly at first and more slowly aftsrwards, ssttling down to
a8 reascnable steady new value after about half an hour, though a
further decrease was noticed which was comparatively small and
could be neglected for the praseﬁt experiment, The time to
reach the stoady value for higher voltages was much smaller

than that for low veltages.

Se it was reasonsbly accurate to take readings of I and i,
on the average of about half an hour intervals, as the applied
voltage was increased in ateps to the maxious and then decreased
in similar steps to zeros. The results vere again similar for
both the sets of electrodes f.e. morcury as well as stainless
steelj no marked difference was found when the direction of
the applied voltage was reverseds Somotimes fairly high values
of residusl currents vere notieced in both G and g, so the final
values of I and i, were found by substracting the residual currents

from the galvanoweter readings.




‘ Table (5.2)

: . e e e e =+ e o
Volts Poxoman s (wa %x 100
B T P R
| 240 o D o 19,65
540 L 2.9 L o0.59 21415
4o s 1,05 25,30

540 5018 1459 50469

7+5 B477 3657 &0e71

10 12,63 | 6409 48,22

1245 16448 8.91 54407

1540 20434 12400 5900

20 28,682 19445 6749

25 3679 26,90 73.12

30 4640b 35490 77498

50 79445 6674 84000

100 161469 145,13 89475

160 243493 223,51 91463

200 318.46 298,04 93459

gzgiggzx # 0.22 +0,08

R T R U

[ T

PP

Wit

I e Ty A € tei

S5owe of fhe results for tho stainless steel electrodes

are shown in the table 15.2)

Typical curve of the percentage

efficiency versus I is mwore or less similar to the one found

fof the point-dischargs in an artificial fields
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5e 6o Hedsurement of the Impedence of the Tree

An earthed plate B of about 3ft. x 3ft, was fixed with the
helpl of insulated strings about 37.5Ac¥n_ below the Mted plate
A. | A stainless steel wire of diameter equal to 0.3'5' cm was fixed
into. the tree top in placa of the electrode &, the other end of
whici: was soldered to a plotinum wire éf diameter egual to 0,13 cm
whicia projected abeut 23,5 cm above the sarthed plate. B without
touching it (see fige Sel)e The height of the plates above the
ground was adjusted, so a? not to touch any ef the br‘anches of

the tree,

The point-discharge was induced in the platinum wire, instead
of the tree, in the form of fairly regular pulses and was
measured with the galvanometers G and g, as described before.
Lot P =« Inpedenee of the tree in between the bypassing electrodes
X and Ye
R = Reasistance of the bypassing circuit
Q = Reactancs due to the capacitances of the bypassing electredes.
Tharefore we can write
P(1-1)-a(Q+R)1

or RuP(*“l)*Q

A certain constant voltage is applied to the plate "A' fer
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ebout an hour or s6 till both I and i bscome fairly constant,
Now increase R, note the value of i, keeping I censtant,
Varicus values of i were taken, as R varied in zteps froa
160 Ghms to 1 menohm The experiment was repeated for
-difterent voltages on the plate As Semc of the results for

positive potentials on the plate A are shown in tabla (5.3).

Fable )

BT T Thypess cuwrent S npAte
(HoOhis) L = 11418 16,96 33490 | 33241 43.69 56056 |
0™ L 1,29 ; 2,88 | 643 | 18,62 Fa 353.32,1
0ot 0.90 2,00 | 401 1771 é:7.73 é
02 0467 | 149 | 2483 | 5640 48 | 12,08

0.3 059 125|231 Gah 568 [0.25
0k 0652 105 | 1495 |3e52 520 | 7.71 |
Oa5 0.h6 0095 | 1s72 35403 163 | 6468
06 Oubi 0.83 | 1454 ! 2,67 o1l | 5465

 Ga? 0438 0e77 | 1036 [ 2059 [3e60 | 5ol
08 034 0069 | 1026 gz.xs o2t | 4,63
049 0432 0.6 | 1413 .98 2493 ;.4.11
140 0,29 | 0459 i 105 180 j.riz :;'»73 ‘

How the graphs of R versus (% ~ 1) ave shown £ig (5.5)
for various values of I, which are fairly good straight lines.

The slope of the graph gives the value of P while tho intercept

gives Qe
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It is quite clear that the increase of the voltage
(or 1) increases P and decreases Q or in other words more of

the current will be bypassed at higher point-discharge currents.

Finally if we plot the percentage efficiency i.e. (';' x 100)
versus 1, ve gat a graph of the same form as described before
iece as 1 incronses, the efficiency increases linesxly at.nrst

and then reaches a saturation value at larger values of I,

Last of ell the experiment was ropeated by applying a
cemstant DeCo voltagc, from a Farnell Power Supply, between
the electrode Z and the root electraode, in xhce of the artinchl
Imld. Keeping I consgtant, the meaaureuenta of { were taken for

variaua valuer of R as deacribed before (m Table Seltde

Fige (5.6) shows the grephs of ('E - 1) versus It ter
Varieus values of I, fm which one can again find the valuo-
ef P and Qu The results are more or less similar to those
ebtained for an artuicial ﬁeld fees the increase of I

increases P and decreases (s

SeTs Conclgéggg_
The fraction of the peint discharge cusrent in a living

tree bypassed through a low resistance galvancmetar seems to
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Table (S.4)

SR : By-pass Current i inMaA i:ern - j“‘*
(. Chrss) I=12.63 16448 20,3k 46,0k | 318,46
107 609 | .66 laes ksioo | 298,04
0.1 he Sk 6.60 5.17 5,62 | 213,33
03 3e77 B&ﬁ 7¢37  pO.22 | 166497
Ce3 3416 5,36 [6.3b  l7.14 | 138,40
0.4 2.80 4,03  5.42  [t4.82 | 118,14
0e5 o 2.49 3052 he80 112,77 | 10272
0.8 A 2,21 3,18 D29 [11.23 | o2.44
0.7 " 1497 285 1395  [10.,20 85. 16
0.8‘ 1,79 2.59 3¢53 93@3 74445
09 1,67 2,41 326 [B.,66 | €8.11
1.0 ; 1.54 223  [3.00 788 | 62,88

e S

t ¥ ¥

increase with the total point-diicharge current, quite in
eontradiction to LETiE'S (1966b) results who found this fraction
to be independent énd fairly constant over a sufficiently loeng
perfod; no moried difference is observed whether the measurements
are' made of the inztantansous values of current or the Eteady
current in an artificial field (Direct :Mathod)s The same sort
of results are obssrved with a constant D.Ce voltage (indirect

method)e This divergence from ETTIE'S resudts seems to be perhaps




due to the fact that he made measurements only upte about

15«20 MDAl

One of the main drawbacks with.§ﬁ9 above calibratien
using either the direct or the indirect method is due to
;esidyal current which not only depends upen the atmespheric
conditions but also on the total current passing through

the tree.

Thia increase in efficiency with the increase in the
tetal current is explained due to the fact that the 1mpedence
pf the tree in between the two electrodes 1ncrpaxes while the

reactance of the capacitances of the bypassing circuit decreases,

as theé total current is increased.




CHAPTER ¥

Anoualous Properties of‘the,irea
6.1 Introduction

It is known that dry wood exhibits electrical pheanemena
essoéiataa with dielectric materials, In the living state,

hovever, weod contains a very large percentage of water

in variocus fibres running threugh {ts, This water centent.

affects the elsctrical properties considerably and so does
the eleﬁtrmlytic action ef the other mineral compounds found
in'wnod; As p result of the complex electrical phenbnana

found in wood little guantitative inforwation is available.

bry weod is essentially a non-conductor of direct current

electricity and cenducts only when meisture is present.

MUY (1929), DAVIDSON (1958) and soveral other
investigaters have found that in wood, ice and some teaxtiles,
the electrical conductiviiy decrenses as temperature (er
humidity) decreases and it {9 an fonic process rather than
the olectronic one it is in the metals., MURPHY (1929), while
waking measurements with cotton found that as the voltage
decreases, the resistance incroases; this effect was first
demonstrated by EVEESHED (1914) for moisture absorbing

dielectricas
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More recontly CHALMENS (1964) found that when a potential
is applied across two «lectrodes in a trse, iz current flows

and this decrasses with time, rapidly at first and more slowly

. afterwardss

ETTE (1966a) stuidied the discharge curves, after a
true had bosen charged upto a steady stnté and found thdat the
tree exhibita the behaviour of an anomalous diolectric and has
at least three measurable relaxation times of the order of 100,
500 and 1000 secs
The experimental investigations reperﬁﬁé here consisted
in measuring the resistsnce of the tree as a function of the

agpliad voltage and gee how it is affscted by the passage of

current through the tree.

In comron with other impsrfect dieclectrics the tree has
the praperty>of absorbing a residual chapge, which causes a
residual currant or e.,m.fs¢ This causes a galvanometer deflection
in the opposite direction to that which the applied voltage

" would produces By adjusting the applied e.m.f. the deficction
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can be brought to zero and the applied eem.f. @s read from
the veltmeter is then equal to the residunl e.m.foy the inftial

value of which is calied here as the e,m.fy of polarigzation,

If a Qoltage which has beon applied to the tres, is
removed, and the tree is connected to a galvanometer, it is
feund that a current flows, the initial value of which depends
upon the applied voltages The current starts decreasing
rapidly at first and more slewly aftervards and eventually the
rate of decrease becomes 80 slow and aven after several hours

a current dus to the residual e.n,fs can be detacteds

The chemical chenges produced at the elsctrodes by
electrolysis cause a difference of pot«ntiai which oppose
the applisd cewefs These changes are of such a nature that
in genaral thoy tend to remain after the applied e.mef. is

removed, producing a residual ceRefe

If the direction of the current through the tree is
reversed, the residual e.mef, produced by it reverses its sign
during the discharging process, the first part of the discharge
cofreapanding to the last current and the last part te the first

current. For example an e.anfe. of 200 veolts was applied fer

L minutes to the tree, this was followed by 100 volts applied for

2 minutes and finally by - 100 volts applied for
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2 minutes, The applied e.me¥, was then removed snd the

resultant reaidual e.nef. varicd with time in the follewing

vays
Time (sec) 0 15 30 45 60 130
Rogidual e.mefs &2 i2 0e7 '4.6 w70 «12,0 arbitrary

units of deflection.

The galvanowmeter deflections for the first 30 sec, cerrespond
to tha predominance of the rosidual e.m.f. produced by -100
volts and those for 45, 60, 126 sec to pradominance of that

produced by +100 and +200 voltge

The following is a pessible explenation fer the abeves
Since the products of electrolysis presumably first mske their
appearance at the elecﬁrodz surfaces, it is prebable that, when
the current direction is reversed, the new preducts push the
products of the first current away frem the electrode as a
layer and that there are then at each electrode twe layers of
eclectrolyte of different chemicel compositicn, the one layer
being composed of anode preducts and the other of cathode
productss The reamsen for the reversal of the sign is evident
if the residual e.mef. is echiefly due to the difference in the

chemical couposition of the preducts formed at the anode and the
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cathode respectively; if the prucess of the discharge

is the inverse of that of chargingj the layers move upteo the
electrode surfaces and become discharged (in the sense of
being made incapable on producing further current) in the

inverse erder to that in which they are formed.

Ge3 Effect of Current en ths Distribution of Resistance in the Tree

It 1s a well known fact that the resistance of a moisture
absorbing dielectric changes with time while the direct
current is flowing ¢hyough ite This is of considerable
impértance in the measurement of peint-discharge through
trees, for their resistances way be changed by an appreciable

amount during the measurements.

iz we apply a certain constant DeCs voltage across the
two electrodes of & trae, the current flow I(t) decreases with
time ¢t (reckoned from the instant when the circuit is clesed)s
This current conzists of three kinds namely the charging
current 1(t). abserption currant ia(t) and leakage current
i_e The quatien for these isi

5

3
whare X( g il(t) and ia(t) varies with time t and 13 is

independent of times




RESISTANCE VERSUS TIME OF CHARGING
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tthen V4 € and R are respectively the impressed veltage,

the capacitance and resistance of the tree between the elsectrodes
the current 11(t) iz given as a function of time ¢ in the
following | egquation?

_11(t)-§‘o - | |

The capaecitance C and esccordingly the product R and C axre so
suall that the current il(t) vanishes in a short time,
Thoreforey i,y = ia(t) + g
After closing a &ireet current circuit containing a
Sycamore tree and constant voltagas (0.5 volts or 5 volts), the
current fiow I(t) was messured every one minute (sec the table
Get)s The results are shoen in the fige (6s1) in which the
change in resistance instead of the current I(t) is shown
ﬁith the symbol O«  In general, 12(1;) docreasss with time,
i.0, the resistance increnses; 12&) disappears in a relatively
short time (i.e. the currant I(t) becomes egual to the constant
" current is) whaen the charging veltage is higher (5 volts), On
the contrary, in the case of lew charging voltage (0.5 volts),
the current ig(t) does continuously decrease during the observing

time namely 20 minutes,

After the current flowed through the tree during 15 minutes,




Table (6.1)

T T T T T 0us volta | 540 volts
Time Normal Raverse ; Normal i Heverse

| (Min)e (A) A1A) (ma) | (m4)

i

i o 067 | 1417 749 9,05
120 0448 | 0,87 6463 796
240 Qi 077 6440 749
340 s 38 0+69 6425 7.8
440 0e35 0s 6k 6416 694
560 0a33 0,61 6,08 6471
640 0431 0457 6.01 6459
740 0,28 055 597 655
8,0 0. 27 Oe 54 593 6s47
940 0423 Qe51 593 644
10,0 Ce23 | 0k 5489 6&0
11,0 Ce22 % Q.28 5:85 6e40
13,0 0.20 1 Q.45 5.8% 6.32

L 14,0 0.19 | el 5«85 6.32

.- 15,0 8 0.18 ; 0.43 5«85 ' Ge32
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2 g

the circuit was opsned for two sminutes, then tho direction

of ths current was reversed and immediately the circuit was

cloged. Thq chonges of the reverse current are shown in the

fig. (0e1) with symbol Xe
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Finally the expgrimnnt was ropeatad by using a constant
cufrunt, instoad of a congtant voltage and the changes of the
volitage drop were messured every one minutes The circuit
was opensd for two minutes, the direction of the current was
reversed and immediately the circuit was closed, The same
cotistant current as in the previods normal direction was made
to flow in the opposﬁte‘dlrection. The results thus ebhined

worce similar to those for a constant voltages

The inereasze of resistance can be attributed to one or

more of the following phenomsnons:

(1) Tho formation of a high contact resistance between the elactrode
and the tree

(2) The drying of the anode region by electrosmotic movement of
water oway from it

(3) The drying of the tree by Joule's heating

(4) The formation of a back @cmefs

Ge&s Variation of the Resistance of the with 1ied LoM.F,

CVHSHED (1914) demonstrated that the insuletion resistance
of moisture absorbing dielectrics is a functien of the applied

voltages He proposed a theory to account for it based upon the
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redistribution of the abgerbed moisture Dy the electric field.
The present investigation was undertaken chiefly te determine
wirether or not the resistance of a living tres is affected

by tha applied voltage.

The resistance of the tree in direct current circuit
was pgeasured in two wayss
(1) Instantancous Current Method

If we close a circuit containing a battery and a gslvanometer
in series with the trec, tha needle will swing and stand still
fof 4 while, After noting the reading of the galvanometer, the
circuit is epancd at once, the time required to toke this
reéaing is about 5 sec. within which the charging current would
have already vanished, and this current flow thus weasured is

named here 'Instantaneous Curvent's

When the instantaneous current was measured about 10

times at intervalsg of one minute, the reading remoined practically

tho sape cach time,

after the current had flowed for ons minute, the circuit
w3 opened and then the instantaneous current was ssasured every

one minute, The readings were little or not differentes When
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similar process was carried on with current flow for &

longer time say 10 minutes, the value while the current passing
for 10 miﬁutes decroased censidersbly, The instantansous current
after thoe circuit was opened, gradually increansed with time

and aftor ahout several hours, it became almost equal teo

its initial value,

Congequently the weasurements of the resistance of the
ttue in direct circuit vere performed by means of the

instantaneous current.s The tree, vhen affected by the current

 flow, wes left un-ussd until the influence perfectly vanizhed,

The instantaneous currents were measured as the applied e.m.fs
was increased in steps from 1 to 20 volts (see table 6.2)e
Pig. (6+2) shews the variatien of the resistance versus the
applied aemefs and scems to be practically constant over a wide

range of voltages

Now it is evident that the current flow immediately

after voltage application has two components

(1) A true direct current

(2) A polarizaticn current which is time dependent,

If the assumption is made that the polarization componesnt is

smell in comparison to true direct current component, fluctuations




s e o e e

AL A b A S R e Tt e

Tadle (6+2)
! . -
Volts { 1Instantaneous Current Steady Current
| g (MA) {1 A) !
1,0 : 1,85 1 o8t §
. 240 : 3480 | 1,75
340 ' 56 2,79 :
440 7466 1 tets
5.0 , 9.61 | ' 5.18.
705 | OWCRE 87
10 10,38 12463 f
1245 ' 26,26 | | 10448 |
15 - 29¢14 | 20434
20 39404 28482 :
25 4919 56479 o
30 " 58460 46404 ;
50 A 100,08 | 79445
100 200051 161469 o
150 J0511 243493
200 408,48 518,46 :
300 614,08
in the polarization current with time do not appreciately
change tha total current flows  Thus measurcrments made
immediately after voltags application give a goed approximation
of the direct current conductivity because this component prcecdominate,
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Parthermore a minimum of electrolytic products have accumulated

near the clectrodes.

(2) 3teady Current Mothod

As doscribed ih Chapter (V=5) a certain constant DeCe
voltage was applied across the two electrodes of the Sycamore
tres, for about half an hour or so till the current decame
constants The time roguired to reach this constant value
was much smnller when the applied voltage was highere Th§
reading of this steady value of current was taken, as the
applied cemefs was increased in steps from about 1=-200 volts.

(seec table Ge¢2)s

In this case the relationship between voltage and current
is not only governsd by the resistance of the circuit f.e. the
tres, but also by the resistances such as counter electromotive

force due to polarization.

The characteristic ferm of the resistance versus applied
voltage curve is illustrated by the fig. (6+2)e The resistance
of the tree at lower voltages is not independent of the applied
csmefs but generally falls with increasing voltages At higher
eetnsfe than 50 volts, the resistance of the tres shows a constant

value i.®s tho polarization effect becomes negligible.




Por spplied e.m.f. of about less than 1 or 2 volts,
the resistance {5 asbnormally high as coppared with its value
at higher voltages. This characteristic would be expected
if the tree conducts by the electrolysiz of the aquecus
solutions which it contains, for the resistance of an’
electrolytic cell is abnormally high for veltages of
this order i.o. lees then the decomposition potentials and
over-voltages. When an e.mafe of ahout 1 volt or less is applied
to the tree, there is relatively a large initial current which
rapidly fells to & small residusl current; and when the
applied esmefs is increased, this process is repeated but the

residual current is larger.

This behaviour is qualitatively the same as that of an
electrolytic cell in the same range of voltages The form
of the curve shown in the fig. (6.2) could be predicted for
voltages less than 50 volts, on the assumption that a tree
in between the two electrodes acts as an electrolytic cell
which develeps a back e.mefs 0f polarization, so the
enornously high value of resistance at low voltages smay be
due to the back e,msfs of alectrolytic polarizaticn which

becomes negligible at high voltages.
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In general the resistance of the tree incrsases with the
time of application of the voltage and reaches a saturatiocn
value rapidly for higher charging valtagea.. The behaviour
of the resistance in the reverse direction is similar bﬁt
hore the values are slightly smallerj the resistances in the
nermal and reverse directions become almost equal for very

large charging voltagess

The measurements of the resistance of the tree by
instantanecus current method shows that there is ne Evershed
Effect and so the measuramsnts made immediately after the
epplication of thae voltage should give a good approximation

of the direct current conductivity of the tress

Finally the measurements made with the steady current
sethod show that the insulation resistance of the tree is a
decreasing function of the applied voltage. At low voltages
the curront-veltage curve for the tree closely resembles that
of an eledtrolytic cell and it is conmcluded that for voltages
lewer than about 50 volts the decroase of resistance with
increasing veltage is caused by the presence of a back eemsfe

of electrolytic polarization in the trees




7+1 Introduction

It is well known that the phenomenon of point-discharge
in atimospheric electricity, occurs at tQaua and other exposed
points whon the atmospheric potential gradient becomes
sufficiently great and this plays an important part in the
transfer of nogative charge to the earth during ..
storms, to balance the arrival of positive charge during fine

weathers

WHIPPLE and SCRASE (1936) compared the pointedischarge
current through a single point with the simultansous potential
gradicent at the earth's surface without taking into acceunt
the wind speed and found empirically a squarc lawe  CHIPLONKAR
(1940), YRIBERRY (1954) and HUTCHINSON (1951)Ahbve found a general
agreepent with the above square law except.thn latter found
‘*humps' and also a tendency towards first power law for

high values of petential gradients.

" DAVIS & STANDRING (1947) were the first to show that the
point~discharge current increases with wind speed but they

did not give any genoral forinulae
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CHALMERS & MAPLESON (1935) used & captive balloon and
made moasuraments of current I, wind speod W and field F and

o§ta£ned the fellowing rolationship empirically:

7/,5. w&

% = A( ¥n) (1)

where h o height of the point, F = pot. grady at the ground,

Por an isolated point, they showed theoretically that

I whe (MY o)> & (2)
where V is the potential difference botween the point and
" 4ts surroundings, ¥ 4s the wind speed, I is the point discharge

current, A ;s a constant and O & number, not determined by

the theorys

For an earthad point at a height h in a petential
gradient P, V o Fh, ¢ the apace chargs in the height h is
negloctede The relations (1) and (2) are the same if Q. is

chogen to be equal to 2475
" W G W W ay W W G S W o e S e e w W e

* In order to distinguish between the different constants
involved, they are here given different sysbols from those

used in the original paperss
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KIRKMAN & CHALMERS (1957) using an isolated point on a

raat 272 and 34m high found a relationship of the form

T=BiF « M) (¥ « k) (3)

where By M & k are constants,

CHAPMAN (1956), haQ m.ggested, on theeretical grounds
that the relaticnship between point discharge currant, potential
éradient and wind speed should be of the form:
IeC(VaeVo)U (4)
where V is the potential of the point, relative to its surroundings,
Vo .. the minimum value of the potential for starting the
discharge, U is the velecity with which the ions are removed

froem the neighbourhcod of the point and € ia a constant.

For no wind, \r is proportional to V, since the ions
are moved away only by the field,go I = C V (V =« Vo)
This is quite similor ¢o the formula of WHIPFLE & UCRASE

{1936) at high values of fields

On tie other hand for high wind, \ i8 proposrtional to

W, 80
IcsCi{veve)¥Y » Ch(F «Fo)VW

which is not far from rolatien (3).




Chapman tested his formula by point to plane discharge
in still air, by point discharge in a wind tunnel and by
measurements with a point on an aireragt, and found good

apreanaent.

CHALMERS (1957) re~analysed the results of HABLESON &
AINRMAN and t:mﬁd that by suitebly choosing the constants, their
results’ could be presented in a relationship very similar to
that of CHAPMANs In fact he suggested that U should be

expressod as a vector aum of W and av,; giving

T wk(v-v0)(i2 + a2 (5)
8o that aV represents tho {cn velocity in the field at right

angle to wind spped W,

LARGE & PIERCE (1937) applied a high potential to a

point in natural winds and found egresment with the axpression (5)e

CHALBERS (1962a) derived theoretically an approximate
formla, on certain assumptions, between point dischargs
current, ficld and wind spoed of the form

1208 (vvo) (7 + ¥ (6)

whemthaqmbolahmthemlmninaeo
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KILNER & CHALMERS (1961) found that the current from a
point at tres=top height, agrees with the relation (3), so
that the formula of WHIPPLE & SCRASE (1936) s not aerrect,
even for peints at such heights, when the wind is taken

into account,

7+2 Experimontal Arrangement
The apparatus used was of the sane form as deé:ribed in
Chapter IXXe A veltage upto about 4 50KV was applied to a
horizontal plate A from a Brandanburg power supply while a
plate By S5.0ca or 10cm away, was connected to earth (see
£i9e7¢1)e  The points used were An steel needles with sharp
points of minimum radius 0M025cme These needles were possed
through glass tubes of radius 0,164em, the lower ends of which
wém cWM to rubber tubes from the compressed air tap, while
the needles were soldmg! to wires, which were further connected
to anothsr plate Co = The tips of the needles should be in
£lush with the upper ends of the glass tubes, since the apeed

of the wind decreases rapidly above them,

Holes were drilled in B, so that the points along with the
pless tubes should project through Bs (see fige7.2)e  These
points were arranged in the form of a hexagon, with one peint

in the centre and the holes were drilled so that the hexageonal
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arrangemsnts of different sizes could be uzeds The points
- projected icm above DB and wero all connected to the plata C

and thyrough & galvanometer to earth,

78 Hoasur t of ¥Wind S 1

Various metheds were tried to measure the flow of airs
Thz disadvantage of an ordinary Gas Moter is that it can stand
pressure difference only equsl to about a few inches of water,
go it was mﬁtc unsuitable for the present purposes The
pressure drop along a Pitot tube can be used to msure the
fiow of ai:; but it was not found to be vary successful because

of its imaccuracy.

Pinally a series 3000 Flowmeter Modsl 10A35675 was useds
it could measure a flow of 20-260 Litres per ainute, as detailed
belows~
i‘empem*t.ure - 60
Safe working pressure of the instrument 600 PeSeleGe
‘me. flow was measured By the visual indication of a stainless

steel float (IGSVT = 69) on a calibrated linear scales It had

en acouracy of ~ 2%,
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The diameter of the outlet of each glass tube was 0,388 cm
(arca of cross-section 0e085 sgecms) So vith only a single
. point, a flow of about 25 litres/minute is eguivalent to a speed
of 49 motres per mec, In the prosent investigation, a flow upto

about 125 litrea per mimute (i,e. 245 m/sec) was useds

.Nore‘am for a sinple point, the pressure from the
laboratory cmasea air tap was high sncugh to give the required
flowe But fax-_ the seven points, a comprossed air cylinder was
used, in which cese, the working pressure was adjusted to the
‘ requjmﬂ range by a regulatore The air flow vné seasured only
in cne tube, on the assumption that equal amounts of air flow
‘in im t'hg sown. tubes, The detailed experimental arrengemsnt

is shown infhe fig. (7+3)e

7e4 Hesults

First of all, the observations were taken with an arrangement
of parsixez plates, apaced about iCcm apart, with the height of
the po;inﬁ egqual to leme  Vor a certain positive {or Wtiv.)
voltage on the plate A, the point discharge currents induced in the
point were measured for various vrlues of wind sgpeeda., The process
was repeated, &3 ths potential on the upper plate A was increased
in éteps upto a maximum of about 3 S0KV,  With the same set of

experimental arrangement, the results weore taken with seven points,

a3 the distance @ between them was varied from about 0,6 ca to 10 cm,
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(858. table 743 to 7.‘9).

Finally the distance betwaen the psrallel plates A and
B was decreased from about 10ca to Scl. keeping the rest
otf the apparatus undiaturbed and the observations were again
token in the same way as describod above (see table 7.1 and 7:2)e
‘Beim taking eny set of cbservations the points were polished
with a plece of pager bacause after blewing a high wind across

it, the cond;tion of the point changes.

7¢5 Prelim Y An ;ia of Row

If wo assupe that the relation (5) is the best fit to

the results, we can write it in the follewing formie

IaB(Vevo)(Waeav) {7)
. because in the prasent case, the wind and the field ar%?’tho

same direction,

For mero wind speocd, tho above relatiocn bacomes

I = Ka V {VaVo) (8)

Now the greph of I/!7 versus V should give values of Ka and
Yoo It was found in some cames that the ealculated values of Vo
was gomewhat lower than the corresponding measured experimental

valueg which is due to the fact that the condition of the point
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chengoes after blowing the high wind or after iinemlug & high
. point-dis¢harge current. This was later confirmed by taking
MMts on a point without any wind, in which case both
the experimental and graphicel values ef Vo were mearly equal.
89 in tba final analysis ef results, this graphical value of Ve
was used f.e. in tbe absence eof wind, equation (8) waw assumed
to be ths basic relation between point-discharge current and field.
. i o
Now from the relation (7), the graph of (VeVo) versus ¥
18 o straight 1ine, from which ans can find the valus of K end a.
it;‘i- found that both K and a are not constant but depend upen
the voltaén; as the voltage increases, K decrenses wvhile a increases,

 keoping the product Ka to be constant,

. Moreover the values ot K and a are slightly greater
torvsca than 10em separation between the parallel plates A and B,
| . thu_y tho nim of K is grecter for multiple points than a
single point and increases as the separation betwsen the points

, ‘incnms.

. X Analyais of Hesults by Computer
. Te derjvi a relation empirically, betweon the point-discharge
:cu”rmt I, the voltage V botveen the peint and its surroundings

mltiple regression analysis

and the wind speed V, a Rodr

29 SEP 1978

BEGTION ©
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is used, the aim of which is to obtain from the recorded data
an equation of the form,

rs b' * h‘z‘ » basa«t -ee ob':a

vhmyhtpadapmmvuimo. '1"8"‘:’“""“"""‘“
variebles and b‘.ba- -b. are the regression coefficients, b. is
that part of y which is not explained by x's in the equationm.

A programme LS 17 written by R.E.Day of the United
Steel Companies Ltde, Retherhom, was useds  Tho method ef
snalyais employed in this programms s that ef BAANETT WOOLF
(1951).

This programss is designed to enabdle -Qmm. regression
analysis to be carried out on any musber. of veriables upte &9
on an Ellictt 8038 Conputer with sutematic floating peint unit
and 4096 words of storaget (79 variables is the 1imit on a
similor machine wvith 81492 words of storage)e This binary tape
can be ebtered at 4 0 O.

In the present fase, thereverec thres variables, i.e. ¥,V and I,
By writing a suall prelimimary Mnm. variables v“ s VoV,
1/(VaVe) and IV/(V=Vo) were compiled. Wwhen this data tape has
been entored at §03, there is automatically an cutput ef mean,

sinimun, waxisum and sigma for each variable.
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The matrix of correlation coefficients may be obtained

by either the key board l.e, enter 446 or tu> steering tapes

Regrossion nay be performed undsr camplete control of the
key board or by the steering tape. It is also pessible te
sllow the analysis to be parformed sutomatically, but in the
- present case it was undertaken by adding end removing indepsndent

variables as desired from the key beard,

The dépoz;dent variablo mist be added firat .9, enter 406
with varieble nusber (nos1 in the present case for W) om N,
buttons of the keyboards The residual mcan square end residual
‘sun of squares will be thv‘s gutput togother with the degreas
of fresdoms Indopendent variebles may be added (f.e, .enter
407 with N_ « variable muxber) or removed (igéo enter 407

2

with 1?3 = 05 and "2 = varisble mmber) or the last fndapendent

v’ariamé may bo replaced by a naw ona (1.6, enter 407 with F,

w 03 .and "3 = new veriable mumbers)e At each stage the

| regression equation s output in the form of its coafficients bo’
bl - b a togoether with their standard srrors «pi the moduldl

of the t - ratio, Theperizntage of the.original sum of squares

explained by the regression is alse givens

Using tha recorded data, the regrossicn analysis was




carried out on the following eguationste
(1) I= %3- (veve) (¥ azva)
(2} I &; (vf-v'a) (W + a,¥)
(3) 3= B3 (VaVe) (V ¢+ aV)

{h) Te % (VeVo)- [(g.wg) * 0672]

(s) | 1= %2 {Ve¥o) {U * .5 Vive Vh)}

(6) X =56 (F-M) (¥ o ag) =52 (Veve) (W o 0

whers K1yKSeeseeoK6 and &y 8 se000e8g are all censtants, of

course of different magnitudes,

H = Holght of the polnt, ,

Va Poteﬂtial of the point werst. its surroundings with Vo
as its minimo valﬁea' |

Vo = Minimga wind specd, at which coruma current is affected
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fadle (7+10)
SINGLE POINT
Distance betwesn the plates A and B -
S 5o 1 | 100cm
| Conatants _ [Negative Point |+ve Point leve Pc@ + ve Point
R ! 3.55:16’3 : 2,00x -8 :.%xxé;“a 1.5::10‘8
K2 [5.69x10°® 2016x10°8 (1542308 | 1.508107
83 le.stxio™ #o.semm"“ los38x10™4? | 0,38x1074
s 5e81x10™%  fsio7x10? s.37x1075 | s5.66x1070
L 024 0931 0edt 0;90
”gs Joe23 0,14 los17 Os11
SEVZN POINTS |
ryr— S I
between the ll:t! . K2 K3 By k L,
Points in .
Ca _ 7 _ :
06 |6a66x107% fi60x10™ fo15x10™?t Bo1ex10™® bazz  puos
2.0 {oe 1751078 ﬁs.sexxo"a 2,29%1071% B.65x10™° b2t peoit
5.0 11.19210"8 10,83x10"% [2.83x10"1! hu7ax10™ buto  pusg
78 {os06x10™8 [B.01x10™0 [5,18m10° % .g.s&:w"’ hetB  De18
1040 {1.60x10"8 2,77x10™ la_.qmo‘“ :F.sexm"s Dokl Pe19
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The above equations can be written in the forms

respectively.
1
veii T "% v
Y .
. ‘vvc LN
- ( .
¥ e K3 VoVo - .3V
oo o

“‘E- (v%).aﬁ-a(m‘)

Y I e R

T « test shoved that out of all the above equations, the order

of the first threo begt £it equations is

g—‘- (V-Vo) (W al\fg) (9)
) ? {VeVo) (W o-.av)' :(;o}
L = KB {veVo) (¥ « -,V)' " €13)

Table (7.10) shews the values of K1, K2, K3, &, a, and ay

for the single point os well =a the multiple points, as evaluated

by Computers
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767s Conclusion

The -rasulia'.obtained with ths experiments, described in |
this chapter has practically no relation with any of the experiments
done by the previcus workers, may bs perhaps the dirsction of the
wind applied here is parallel %o ths peint discharge current,
quite different from the matural conditions where it is usually

perpendicular,

mmmr if we apsume the equation (8) to bs the basic
oquation between the point-discherge current and field without
any wind #nd revise it by inzluding the wiﬂaf&ctor. so that
it remains in an arrangement consistent with the sormer, the
equations (é) and (11) seem to ba the chuices Preliminary
analysis showed that in equation (11) (which is the same as
equation (9)), both K3 and a, are not constants but depend upen
V in a way eo be maaitent with the aqmuén (9)e Seo the |
| conclusion is thst the oquation (9) aseens to be tho best relatiea

between the pointedischarge current, wind spud and t!eldo

It is clear from the table (7,10) that the constant K1 is
slightly greater for Scm &han for 10cm npaution between the plates,
in aeremnt with the rasults of Chapter Ib Also the constant
K1 :ls graater for multiple points than for a single point and

increases as ths separation botween the peints incresses, again in
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agresment with the results of Chapter 131, Horeover the
constant a, is greater for S5cm than for 1Cem separatien botvien
t_hp plates and seams to be practically the same for sul@iph
points with a little or no increase for greater separations
betwaen the points; the cause for this behavicur is met well
understood, though it is likely to bs tied up with the varistions




041 Intreduction

" The plonmsering investigations of TRICHEL (1938) on

point~discharge 1n.point to piane geometry have shown that

' for a negative point, the discharge current consists ef regulsr
'pulden; the frequency of which, at modsrate currents, incronses
in proportion to tho clrrent, so that the quantity of charge

por pulse romains nearly constant.

LARGE & PEERCE (1933) ehowed that the current through
a metal point in the atmosphere below & thunu...:leud alse
consists of pulses, PIEACE, NADILE and McKINNON (1960)
mads comprehensive investigations in the 1abera§-ry andvreumd
a continuous eccurence of families of Trichel pulsess The
pulses of aach fawily ere of unifera size bhut amplitude ditfefs
from fanily to family, LOZB (1965) has reviewed the phenomencn,

giving @ wore clear picture of fhe machaniss responsible for the

vulses,

For natural peint discuarge cutdeors, CHALMERS and
MAPLESOR (1935) first end others later have found that an increasse

‘of wind speed incresses the point discharge current,
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Recently CHALMERS (1965) blew air nearly paraliel to
the direction of the elettren current from the point, with the
results that the current increased while the repetitien
frequency of the pulses decreased, which 4mplios that the
average charfie par pulse must have 1mméad-. This snhencement
of lonisntion in wind blown corcihas has a.lso been ebserved.

by NYGAARD (2966a)e

NYGAARD (1966b) found more rocently that for air flow
perpendicular to or: antieparaliel to the electren current,
there ocours a very pronounced incremse in the average charge
per pulses Un the other hamd . for winds blowing parallel
to the elsctron eurrant_,‘ very little im@a in charge por

pulse ocCcurss

8e2 Apparatus

The apparatug used wes of the same form as described in
Chapter VIIs The poiﬁt used was @ stecl needle with sharp
point of minimm radius 0,0085¢me  The point discharge was
induced in the point by wounting it in an artificial field
between two parallel plates, spaced about Scm apart and the
haight of the pointlm adjustod te bs equal to itms The point-

discharge current was meagured by connscting the point to earth
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through & qalnmmtpr,{ The pulss behavicur of the pointe
discharge was studied by means of & cathode ray oscilloscope,
vhich was coenmnected in series with the gaqur and was
Mua with & resistance of ebout 1850 Cims, to rcduco its

tine constante

An air strean from the laboratory compressed air supply
was available to provide a wind, which could be kept fairly
constant for any particuler ebservatien and the rate of flow
was measured by neans of a float typo flowmeter, It was
arrangad to bs vertical i.e. nearly along the direction of the

main electron current flow frem the point.

85 Reauits

First the neuuraaenta were made without any vi_nd. Fox
different voltages on the H,Ts plate A, the 'paint discharge
currents through the Mter were measureds  when .thie
current cxceedad about 3 er A A, it ‘canslaf;ed of auls&s
regular encugh to be recognised with the tzéiggered time=base
of the oscilloscope, and it was possible to c;sthato th& tine
intervals batween the pulses, the initiel bgighta or emplitudes
of the pulses on the oacilloscops, Assuping that the 'deéay_

of tho pulses are exponential, the time constants were alse noted,




112

This expeﬂ@nt. was repwated using different
wing speeds and measurements were made of the correspending
valuss of point discharge currents, pulse ‘intervals and '
ﬁplitnﬁes of pulses etce fPable (8,1) shows scms of 'tho
results for different speeds and the eharge per pulse is
calculated frem the ratic of the aver.we cnrrme and the

vcnmspanding frequency,

8.4 Anaiyais of Repults

The frequency of the pulses was caiculated from the
pulse~interveal and so the charge per pulse Q‘ vas feund frow
the ratio of the average current as given by tiie galvanomster

and the corresponding freguency of the pulses (Mesthed I).

If vo assums that the pulses decay exponsntially, we can
also find the charge per pulse Qa, by »mmgmtm the actual
curront over the time ef decay (MNethod X¥1).

Lot *A' be the initial AsCe omplitude of the cwrrent, ¢

be the pulse-interval and 'C the time constant, Then

¢t ‘
Q - J A o.'/b at « AT(L - o‘t/\[')
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Fige (8+1) shows the 'varutim, of currcat, veltage
and charge per pulse {as evaluated by both the muthods) againast

fraquencye

It is quite cloar that t!m freqmncy of the pulses
increnses with tha immuo in current, giv!nq charge per

"zc:ndisdopmdmtafthe

xmlsemfmcrdgrat%xm
dioweter of the discharging points At very high currents,
‘there is a divergsnce fm.thu iinear lm.r, in the senso
that the rmquem:r grows mere vrapidly than does the currsnt
and thus roeducing the charge per pn_lue.- This investigation

is quite in agreement with the previous werkers.

The most interesting thing is that the Q, is alvays
less then Q, A the divergence is mere at high currentss The
| preaasons are quite obvicus, firstly hecauss the point-d_ischarno.
pulses are not quite oxponentiel and secendly because the
point~aischarge current is cosposed of both DeCe and AsCe
cpmporiants, the forwmer is not taksn into acceunt when waking

measurenents with the oscilloscopos

Fig. (8,2) shows the variation ef Q, versus the wind
speed for various plate voltages. Since the wind was applied
parallel to the dirscticn of the electron current, a very

high valus was nesdsd to get o noticable effact. as the wind




CHARGE /PULSE AGAINST
WIND_SPEED
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smd increases, the amplitude of the pulses increases, the
frequency decreases, giving a corresponding i~rease in charge
per pulses A aimilar typs of plateau occurs at about 147 a/s,

as wos observed by NYGAARD (1966b),

Incidentally, the ratioc of the quantity of charge per
pulse with ond witheut wind is fairly clese to the ratie of the
initial amplitudes, 20 it followa that the "shapa' of the pulse

fs unnltered by the wind,

The effect can be understood if one considers the physical
wechanism of Trichel pulsess It is generally aui'egd that (see
LOEB (1952)) the nogative spacescharge (probably e ions) produced
in the vicinity of the cathode peint will rsducs the local electric
£101d to such an extent that the discharge current will be
choked, When air s blowing past the cathode, some of the
mgaﬁiva ions will be remsved, thoreby allowing a further grewth
of the current pulse, a nev ons can davelep aﬁly vhen the negative
ions have drifted sufficiently far away from the cathede region.
These ions can be drifted away by & comparativoly lew wind speed
when it is blown anti- parallel or perpendiculir to tha electron
currents On the other hand a wery. high wind speed is needed to

blev them parallel to the electron current, NYGAARD (19G66b)
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suggssted that it is probably due to the fact that the regien
of the negative _ien praduction is very close to and in the
wake of the' cathode ¢ip and will, therefors, not bs affected
ﬁy stall winds, This may be tr;e reason why he could not
obeerve any chenge in the discharge Wt@r& for lew wind

specdn,

Another pesaibility as suggested by mts (1965)
is that the extra aupply of é’-:tr. with its wcupming jens,
may help to previde more ions in the pulss, Vith more charge
in the. mmao, it wust talte lenger for the charge to clear
away, but the uiﬁd assists in clearing ths éhamn. se that the
increase in the interval between the pulzas is net as great

as the increass in the charge por pulse.

| The guantity ef charge psr pulss, as calculated by two
methods, shows that Qg (Mothod 'I?) is always less than Q1 ’
(Nathod I); the divergence is more at hiph currents. The
reascns for this deviation are exploinsd dun te the fact that
the peint discharge pulses are not guite expenential and salso

the DeCe componsnt of thess pulees is ugledted while making

seasurenents,
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The study of the effect of winds upon the pointe
ﬂnchargo current pulsas shows that when the wind is appuod
pam.nml to the electren current, the quantity of charge per

’ pulses increases, linearly wt nrat and then reaches a
saturation stage at about 147 m/secy a v;rr high wird is
moﬁcd o get a naticable effect, The resnlts are closely
in agreewsnt with those of m&n.-. wheo made measurements
with the air flew parpendicular to or anti-parallel to the
electron current; ho found the same type of platsau at abeut
1@&/m,v very such smaller than the present investigationss
The rnaéon for this divergence is explainad due to the fact
that the region of negative ion preductich i very much
closer te the cathede tip and will Lo affected snly by large

- windse
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It may Le nsaful to compare point discharge currents
frem single and muitiple psints under natural atmcapheric
conditions at such places en the earth vhere peint-diecharge
is cm alzo to carry out further work with points of varying
separation in erder te investipate ﬁhe effects of wind-speed

on thes peint-discharge currents through such arrayse

As it is important, beth from considsratiens of the
transfar of charge between clouds and greund and in cemnection
with relations batween precipitatien cu&mts and peint-discharge
to be able to determine the true peint dischargs current
dengity cerrespending te the measured peint discharga current
through & particular point, it is cssential to werk with
tress becouse they form an jsportant item in the transfer ef
electricitys 8o for this purpess it is recemmendsd to use
the cube law which has dDeen verifiod axperimertally under
controlled conditions and has same theoretical supports Horesver
it would he advisable to include the effect of {... wind em the

current through trees.

It might bo interesting to study the Trichel pulses in

a troe, grown in an insulated dustbin. If it is confirmed
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that the peint discharge current acecurs in pulses and & convenient
method is designed to count them, & tree might act as the primary
of & transformer wound on magnetic cere reund it, the sccendary
eu&ent would then depend upen the ‘ch.amgu in the tree current,
The pulsss might then be amplified, measured and coimted; the

intagration of which sheuld give the total currents

The point discharge iens from a tree produca an effect on
the potential gradient at the greund more on the lmard than en
the windward sidss By comparisen of vaiuas of petential gradj.cat
on either side, 'if. is possible to deduce the point discharge
current, ictwv:mg the wind speede (Sse MAURD and CHALMRS (1960)).
An extension of the same to the measurements of space-~charge down
wind (as suggested by BINT, COLLING, HUTCHINSON and CHALMERS (1963))
might be a very ussful mathsd to measure the total peint discharge
current down troes. Measuremeni$s ¢f this kind can be dene
en isolated trees of differant shapes or a snall wood, on a
continuing basis and hence to find the werldwwide comtritutien

of ths total point discharge curvrents
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