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(1)
FOREWORD

The work in this thesis falls into two distinct parts.
Laboratory experiments conducted at Durham are first described,

followed by an account of field work in Weardale.

The S.I. system of units is used exclusively in the

theoretical work and in most other cases.

Throughout the thesis, the sign of the atmospheric potential
gradient is taken as positive if a small positive charge would tend
to move towards the earth in the fine weather potential gradient.
The term "field" is not used where its sign is important. Currents
are taken as positive if they tend to neutraliée the Earth's
negative bound charge, i.e. transfer positive charge downwards or

negative charge upwards.

I wish to express my sincere thanks to my supervisor for the
last year and a half, Dr. W.C.A. Hutchinson, and also to the late
Professor J.A. Chalmers, who supervised the first part of the work
and continued to take an active interest up to the time of his
death. Thanks are also due ﬁo Professor G.D. Rochester, F.R.S.,
for the provision of the research facilities in the Department, to
the Physics Department workshop staff, especially Mr. Jack Moralee,

for their assistance, and to the United States Office of Naval



(ii)

Research for financial support under contracts numbers N62558-4299
and F61052-68-C-007(NR0O82-199). It is a pleasure to thank
Professor W.B. Fisher for the use of the Department of Geography's
field station in Weardale. I must also thank my fellow research
students in the Atmospheric Physics Group, particularly Mr. G.T.

Sharpless, for their interest in, and useful suggestions towards

the work.

Finally, the typescript was prepared by Mrs. J. Popplewell,

to whom I am very grateful for her speed and efficiency.




(iii)

ABSTRACT

Previous methods for estimating the charge transferred to
earth by point discharge are reviewed. It is concluded that
point discharge on trees may well make a large contribution to
this transfer of charge but that no reliable method of measurement

has previously been devised.

A laboratory study of the pulsed nature of the point
discharge currents produced at metal points and natural points
has been made. It is concluded from these measurements that the
amplitude and repetition frequency of these current pulses can be

used to give the total discharge current.

A new method for measuring point discharge currents in trees
has now been developed and the apparatus successfully calibrated.
This takes the form of a capacitative electrode, attached to a
branch at the top of a tree, which detects pulses of point discharge

current in the tree. The electrode is connected to an electronic

z
pulse detector which gives a measure of the point discharge current

in the tree.



(iv)

Measurements of point discharge currents have been made in two
trees over a period of three months in a plantation of conifers in
Weardaie. The potential gradient and the point discharge current
through a metal point were measured outside the plantation over a
period.of eleven months. The charge transferred to earth by point
discharge on one tree in three months was found to be 4.3 x 10h40
whereas for the metal point in the same period the charge transferred
was 72 x 10_4C. It is concluded that this difference is a result of
the higher potential gradient§ ﬁecessary to initiate point discharge
on the tree compared with those for the metal point. The point

discharge measurements for two trees, one on the edge and one inside

the plantation, are compared and found to be of similar magnitudes.

The charge per unit area transferred to earth by point discharge on

all the trees in the plantation is estimated to be 270 C km-zyr-l.



1.1

1.1.1

1.1.2

CHAPTER 1.

Point Discharge in Atmosgheric Electricitz

An outline of atmospheric electricity

Introduction

Atmospheric electricity is in general concerned with
the study of the electrical phenomena in the atmosphere
between two conducting surfaces, those of the earth and
the lower region of the ionosphere. The surfaces form
the two plates of a spherical capagitor, which has as a

dielectric the poorly conducting atmosphere.

The electrosphere and the fine weather potential gradieﬁt.

The existence of a conducting layér in the upper
atﬁosphere was first suggested by KELVIN (1860) and later
by HEAVISIDE (1902) and KENNELLY (1902). Experiments
involving the reflection of radio waves from regions of the
upper atﬁosphere h;ve given definite evidence of a
conducting region, known as the ionosphere, at altitudes
greater than aiout 100 km. From the point of view of
atmospheric electricity the atmosphere becomes a good
conductor at altitudes above 50 km. This iower region

is often referred to as the "electrosphere".

Qv e CE“"S/”)'
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1.1.3

In fine weather the potential in the atmosphere, with
respect to the earth, rises with increasing height. We
therefore have a positive potential gradient in the atmosphere

under fine weather conditions. It has always been considered

that the electrosphere and the earth, from the point of view

of electrostatics, are both good conductors, so that there is
practically no variation in potential over each of the two
surfaces. However, this assumption is now in question. It
has been found that the electrosphere is at a positive
potential with respect to the earth. The potential of the
electrosphere shows annual and diurnal variations and has

an average value of about 2.9 x 105V.

Coniduction currents.

The fact that there is a poteﬁtial différénce between
the earth and the eléctrosphere and that the air between the
two surfaces is a poor conductor means that a small positive
conduction current flows through the atmosphere to earth in
fine weather. The coﬁduction current in the atmosphere
consists of thé Elow of ions which have been produced mainly

by the effects of cosmic radiation or by radioactivity at the

earth's surface.



If V is the potential of the electrosphere with
respect to the earth and R is the resistance of a column
of air, of unit cross-sectional area, between the earth and

the electrosphere, then:-

i = V/R

As i is a current demsity R must have the dimensions J21n2.
If r is the resistance of, for example, the lowest metre
of this column of air and F is the potential drop over
this section, then, if the effect of any space charge

can be neglected, we have

"F = ir = Vr/R
F will be the average potential gradient over the lowest
metre of the column. If we use the specific conductivity

of the air (Jl—lm—l) instead of r, we have:-

F = i/R = V/R

or i = RF

Typical values for the above parameters in fine weather

are given below,



PARAMETER

* VALUE

Air earth conduction current (i)
Specific conductivity )

Potential gradient 4]

+2.4 x 10

12 A m—2

1.8 x 10—-14 A-1 m_1

+130 voml

It was thought, first by FRANKLIN (1752) and later

by WILSON (1925) that storm clouds often have a

concentration of positive charge in their upper regions

and a lower negative charge. The existence of a

separation of charge in a storm cloud, which one can

consider in a simplified way as an electrostatic dipole,

may give rise to high values of both positive and negative

potential gradients at the earth's surface in disturbed

weather. This means that air—-earth conduction currents

in disturbed weather may be either positive or negative

with respect to the fine weather conduction current, and

up to two orders of magnitude greater than the fine

weather value.




1.1.5 Point discharge and lightning discharge currents.

The ions present in the atmosphere are normally produced
by radioactivity or by cosmic radiafion. If the poteﬁtial
gradieﬁt in the air is sufficiently large, then there may be
fresh ionization caused by the ions already present. This
is the process of ionization by collision. The potential
gradient in the region bengath a thundercloud can reach
values of many thousands of volts per metre. When ion%zation
by collision occurs over a large distance a lightning
discharge takes place. The process is of course much more
complex than this, see CHAIMERS (1967) and MALAN (1963).

If the ionization by collision is confined to a small

volume of air surrounding an earthed point, where the
pofential gradient is locally enhanced, there is the
phenomenon of po}nt discharge, which is also known as

corona discharge or St. Elmo's Fire. The magnitude of

point discharge currents can be of the order of a few micro—
amperes, whereas the current in a lightning discharge méy

be many thousands of amperes. However, the dﬁration of the
lightning discharge is only a fraction of a second whereas
point discharge may continue for periods as long as an

hour.



1.2

1.2.1

1.2.2

The importance of point discharge in atmospheric processes

The maintenance »f the earth's charge.

As was mentioned in 1.1.2, there is usually a positive
potential gradient in the air in fine weather giving a
negative bound charge on the surface of the earth below.

However, there is also a positive air-earth conduction current

coming to earth tending to neutralise the negative bound
charge. It was shown by SCRASE (1933) that, under typical

fine weather conditions, a bositive chérge équal in

magnitude to the negative bound.charge would be brought to
earth by the conduction current in about 50 minutes. The
problem is to explain how the earth's bound charge remains
constant under fine weather conditions. The answer must be
that, as the esrth is a conductor, an equal negative charge has

arrived over some other region of the earth's surface.

The potential of the Electrosphere.

CLARK (1958) showed that the best value for the mean
potential of the electrosphere with respect to the earth is
2.9 0.3 x 10°V. CLARK (1958) and FISCHER (1962) found that

diurnal and annual variations about the mean amounted to

about ~20%.



1.2.3

The chagge on the Electrosphere.

If the electrosphere is a conducting spherical surface,
it must be impervious to lines of force and the sum of all
charges inside it and on its inner surface must be zero.
These charges being those in the atmosphere, in clouds, on
the surface of the earth and on the inner surface of the

electrosphere.

CHALMERS (1953) showed that the total charge on the
inner surface of the electrosphere was zero. Consider a
surface in the atmosphere surrounding the earth at a level
above all thunder clouds. Let the surface be composed of
points of equal specific conductivify 72 . Cousidering
unit area of this surface, let the lines of force crossing
this area have charge o at their upper ends. It can be
shown that the potential gradient F across this unit area
of surface is:-

F = & /o
where £o is.permittivity of free spéce. The current
density through the surface is given by:
i = RF = oo

Since the current flows along the lines of force then

AN

e &o dt




Integrating for the whole surface we have

do =
é‘ lge = - én"’/&'o

Let Q be the total charge above the surface.

Lo = q

. de _ 4q
" é: /q¢ = a

STERGIS, REIN and KANGAS (1957) found that the specific
conductivity, TL , of air above a thunder cloud is no

different from that at the same place in fine weather.

L, = - Mok
Let Q = Qo at t = 0; then it follows that
- -7t
Q Qo e £o

Thus the charge on the inner surface of the electrosphere
falls rapidly to zero and remains there. The rate at which
it falls is given by the time constant /€0 which is known
as the "relaxation time of the atmosphere" and is of the
order of 30 minutes. Thus the net charge on the inner
surface of the electrosphere is zero and it therefore
follows that the sum of the charges in the atmosphere.

in clouds and on the surface of the earth is zero.



1.2.4

1.2.5

1.2.6

The charge balance.

The fact that the bound charge on the surface of the

earth in fine weather is maintained indicates that there

should be a balance between positive and negative charges

arriving at the earth. The known processes by which

charge can reach the earth are:-

a)
b)
c)
d)

Air-earth conduction and convection currents.

Precipitation currents.
Lightning discharge currents.

Point discharge currents.

Fine weather conduction currents.

at various places have given values of charge reaching the

earth, due to conduction, in the range

Measurements of the air-earth current in fine weather

per square kilometre per year. For the world as a whole

KRAAKEVIK's (1961) results give a value of about +86 C km-zyr—

Precipitation currents.

part in the transfer of charge in the atmosphere.-

and LITTLE (1947) obtained a total vertical current density

of +100 C km

It has been found that precipitation plays an important

2§r—1 of which they attributed +60 C to

conduction, leaving +40 C for precipitation.

+30 to +100 coulombs

CHALMERS

1
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1.2.7 Lightning discharge currents.

It has been found that lightning discharges to ground
on balance bring negative charge to earth. ISRAEL (1953)
used BROOK's (1925) value of 1800 for the total number §f
‘storms active at one time, to estimate the totél charge
brought to 1 km2 of the earth's surface in a year. He
assumed a valug 6f 60 lightning flashes to ground per hour
for each storm, and accepted the value of 20.C per flash.
He estimated that 807 of the flashes bring negative and 207%
of the flashes bring positive charge to ground. He obtained
a mean value, fof the current density due to 1igh;ning

discharges, of ~20 C km-.zyr_1 for the earth as a whole.

1.2.8 Point discharge currents

Point discharge currents down elevated metal points
have been measured by various workers. WORMELL(1930), over a
period of four years, obtained an average value, of the
annual resultant charge passing due to point discharge, of
about -0.12 C. He estimated that thefe would be an equivalent
of about 800 such points per square kilometre. This gaye a
value of -100 C km_zyr_1 as the contribution of point
discharge currents to the maintenance of the negative charge
on the earth, WORMELL (1953) showed that this estimate was

probably too low and suggested that the value should be

increased to ~170 C km_zyr-l.




11.

It is thought that trees may be the mos£ important
natural objects at which point discharge occurs.
éCHONLAND (1928) supported a tree on insulators and measured
currents through it during thunderstorms; He estimated the
total current below a thunderstorm, due to point discharge to
be -2A . His figure is probably a little high since the tree
he used was more exposed than those in the surrounding area.
GISH and WAIT (1950) measured the conductivity and potential
gradient above storm clouds and deduced a value of ~0.5A
for the average total current below a thunderstorm. 1In the
past it.has been thought that point discharge may be the most

important process in the transfer of charge between thunder

clouds and earth.

Conduction currents above storm clouds.

It was shown by GISH and WAIT (1950) that the total
current from the top of a thunder cloud to the electrosphere
must, on average, be equal to the total upward current within
the cloud and also equal to the total current between the
cloud and earth. GISH and WAIT measured the total current
above thunder'clouds by flying over storms and measuring the
specific conductivity of the air and the potential gradient
at various points. They found that the total current above
thunder clouds was between O and -1.4A , the average value
being 0.5A . Similar results were obtained by STERGIS, REIN

and KANGAS (1957).



1.3

1.3.1

12,

The pulsed nature of point discharge currents

‘The process of ionization by collision.

Consider the simplified case of a horizontal storm
cloud, giving a uniform potential gradient between it znd

the surface of the earth, so that the lines of force are

vertical in the atmosphere over a wide area. If a pointed

conductor is erected on the earth's surface then the lines

of force will be deflected from their vertical direction and
will tend_to concentrate at the point. Thus the potential
gradient in thé air at and near the point will be considerably
increased abové the value in the surrounding air and ionization
by collision may occur in tﬁe small volume of air around the
point. Thus ionization can occur under conditions which
ordinarily would be prohibitive. When the potential gradient
in the étmosphere is negative, electrons will move towards

the point and positive ions away. When the potential gradient
is positive, positive ions will move towards it and electrons
away from it. The electrons will attach themselves to molecules
to form negative ions. In both éases the process of ionization
by collision ﬁroduces ions or electrons moving towards the
point and ions of the opposite sign moving away. The latter

form a space charge around the point. This will reduce the

!



1.3.2

1.3.3

13.-

potential gradient near.the point. As more space charge-is
produced the potential gradient near the point will bew
reduced until ionization by collision ceases. Thus the
current into the point Qill fall to zero. As the space
charge is removed by the potenfial gradient.ionization by
collision can again occur. Thus, undér suitable condiﬁions,
point dischargé currents will flow down the point as a series

of pulses.

Characteristics of positive pulses.

TRICHEL (1938) performed laboratory experiments Which.

.showed that, when the point is negative in a positive

potential gradient, the pulses occur fairly regularly and each
pulse carries approximately the same amount of charge which
is of the order of 10 '° C:. LARGE and PIERCE (1955) found

similar results for natural point discharge on a 7m metal

point in positive potential gradients.

Characteristicsof negative pulses.

When the point is in a negative potential gradieﬁf,
AMIN (1954) found that, at low values .of discharge current,
the pulses often occurred in shor; bursts. At higher currents
the discharge was often more stable. AMIN's ;esults were
confirmed by LARGE and PIERCE (1955) for natural point

discharge on a metal point, in negative potential gradients.



14,

1.4 The relation between point discharge and other parameters.

1.4.1. Potential gradient.

Fpr.any discharging poiﬁt there is a minimum value of
potential gradient at the earth's surface nearby, depending
on the nature and location of the point, ;t which point discharge
will commence. As the potential gradient increases above this
minimum value, the discharge current will -increase, as a
result of the intensification of the ionization by collision
at the point. It was shown by'WHIPPLE and SCRASE (1936) that,
under laboratory conditions, the relation between point
discharge current, I, and the potential gradient, F, nearby,
is of the form

1 = a -ud),

where a and M are constants for a given system. WHIPPLE
and SCRASE (1936) measured point discharge currents into
an elevated metal point and the potential gradient at the
ground nearby. They were able to fit their results to the
above formula. KIRKMAN and CHALMERS (1956) analysed the
results of WHIPPLE and SCRASE (1936) and HUTCHINSON (1Q51)
to fit a formula .

I = A(F-W°

where A and M are constants. They found the best value of

n to be 1.1.
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1.4.2 The effect of wind sbeed.

DAVIS and STANDRING (1947) observed an.increase in
point discharge current with wind speed. CHALMERS and
MAPLESON (1955) found an empirical relation

A 4 z

I = KWk V&
where W is the wind speed, K is a constant and V is the
potential difference between the point and its surroundings.
KIRKMAN and CHAIMERS (1956) using an isolated point at 30m
found the relation

I = k (F-M(W+b)
where k, b and M are constants. CHAPMAN (1956) suggested
that the correét relation should be

I = a(V - Vo)v
where v is the velocity at which ions are removed from the
neighbourhood of the point and a and Vo are constants. If
there is no wind

v o F
and assuming. that the effects éf any space charge, belqw the
point but above the instrument for measuring potential
gradient, can be neglected, then
V = Fh and Vo = Foh
where h is the height of the point; thus
I = A(F - Fo)F

where A and Fo are constants. This formula is similar ?o

that of WHIPPLE and SCRASE (1936).
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If however wind is the main factor for the removal of ions
from the point, then
I = a(V-vVo)W = ah(F - Fo)W

which is similar to the formula of KIRKMAN and CHALMERS (1956).

- LARGE and PIERCE (1957) measured currents from a point raised

to high poteﬁtials and exposed to wind. At the suggestion
of CHALMERS they considered the velocity, v, at which ions
are removed from the point, as the vector sum of wind speed
and a term involving V. They obtained the relatiom

I = a@v - o) (W + c2vl)?

where a, Vo and ¢ are constants.

The "effective separation' of poiits.

If the natural point discharge current down a metal point
is used as a meadsure Of the amount of natural point discharge
current flowing to ground in the surrounding area, then, to
obtain an estimate of the latter, it i1s necessary to convert
from the current down a point to the current density over an
area. 7To do this one needs to know the "effective separation"
of similar points in the area. CHALMERS (1953) using the
electrical model of a thundef cloud proposed by SIMPSON and
ROBINSON (1940) and the relation between point discharge

current and potential gradient, of WHIPPLE and SCRASE (1936),
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found the total point discharge current below a thunder cloud
in terms of the effective separation of points. AsSuping
that the total current below a thunder cloud is equal in
- magnitude to the average current of 0.5A above the éléud,
found by GISH.and WAIT (1950), then a value of llm was obtained

for the effective separation of points at Kew.

1.4.4 Space Charge considerations.

The process of point discharge produces a current down
the point to earth and an ionic current away from the point.
If the potential gradient remains constant.and there is a
wind, the ions leaving the region around the point will travel
downwind and cause the potential gradient at the ground
downwind of the point to be reduced. LUTZ (1941) and
HUTéHINSON (1951) observed time lags between a change in
sign of potential gradient and of point discharge currents.
This was explained in terms of space charge, produced by
neighbouring points, in the region below the point but above

the apparatus for measuring potential gradient.
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Previous measurements of natural point discharge

Measurements with isolated points

WORMELL (1953) obtained an estimate for point discharge
of =170 C km 2yr '. WHIPPLE and SCRASE (1936) estimated it

to be -100 C km-zyr-l. CHALMERS and LITTLE"s (1947) estimate

2yr_l. All these estimates necessitated the

was =90 C km
assumptioﬁ of a value for the effective separation of points.
Herein lies the main difficulty. From measurements with a single
isolated metal point, it is difficult té deduce the currents
flowing in an irregular configuration of metal points of

similar exposure. When we attempt to deduce the currents

for trees, the problem becomes even more complex. It is

doubtful whether it is possible to obtain reliable estimates

of charge transfer, due to point discharge currents, by using

measurements of currents down isolated metal points.

Direct measurements of point discharge on trees.

SCHONLAND (1928) made measurements of point .discharge
currents with a tree supported on insulators. He was able
to make an estimate of -2A for the total current to earth
from a thundercloud. MILNER and CHALMERS (1961) measured

point discharge currents down a lime tree by inserting two
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electrodes into the trunk at different heights and bypassing
some of the current through a galvanometer. They found that
the current through the lime tree was comparable with that
through an isolated point of the same height, but the tree
begins to discharge at a higher value of potential gradient.
ETTE (1966) showed that the bypassed current was only a
fraction of the total current through the tree. JHAWAR and
CHALMERS (1967) applied artificial potential gradients to
small trees and found

I = av({v- Vo)2
whereas for an isolated point they found

I = b(v-Vo')

where a, b, Vo and Vo' are constants énd V is the voltage

applied to the plate above the tree or point.

Indirect measurements of point discharge on trees.

MAUND and CHALMERS (1960) attempted to measure the
point discharge current down a tree, using two field mills
to give the potential gradient at the ground upwind and
downwind of the tree. If the tree is discharging, ions will
be blown from the tree downwind and the potential gradient
at the ground downwind will be reduced. Thus the difference
in potential grédient, at the ground, upwind and downwind of

the tree, should give a measure of the current down the tree.
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They foun# that, even when the potential gradient reached
5000 Vm_l, a tree in full leaf did not discharge. However,
for ash and poplar trees not in leaf, discharge commenced
. at about 1000 Vm_l. Ions, produced at trees by point discharge,
have been detected as space charge by BENT, COLLIN,
HUTCHINSON and CHALMERS' (1965). |

1.6 Outstanding problems in the measurement of natural point discharge

1.6.1 Limitations of measurements from isolated points.

The fact that it is relatively simple to measure the
point discharge current down an elevated metal point is‘perhaps
the main reason why it has so often been used as a measure of
natural point discharge. However, the ease of measurement
by this method is offset by the difficulty of obtaining the
effective separqtion of points for fhe area. It has be;n
shown by JHAWAR and CHALMERS (1967) that the relation between
current and potential gradient for a tree contains a cubic
factor, whereas the relation for an isolated point contains
a squared factor. To obtain the effective separation of points
for an area, it would be necessary to allow for the different
heights of the trees in that area as well as their different
behaviour when compared with a single metal point. This is

probably not poséible to any reasonable degree of accuracy.
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Limitations of previous measurements.

Measurements using electrodes in the trunk of a tree are
subject to the effects of displacement currents, caused by
changes in potential gradient. ETTE (1966) found the
effective area of a tree and showed that displacement éurrents
could be as large as the point discharge currents, in periods

of rapidly varying potential gradient.

Electrochemical action and contact potentials, in the

region of the tree-electrode interface, can give rise to

spurious current which can vary with the state of the tree.
Again, these currents can be of the same order as the point

discharge currert itself.

Measurements of poiﬁt discharge on trees have usually
been concerned with isolated trees rather than trees in a wood.
This means that the measurements would not be representative
of typical wooded countryside since an is&lated tree will

start to discharge at lower values of potential gradient.

The method of MAUND and CHALMERS (1960) does not suffer
from the disadvantages of displacement or spurious electrode

currents and is probably a good method for isolated trees.
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However, 1f it is used on a larger scale for a wood,
difficulties could arise in connection with the turbulent
transfer of space charge. It would be difficult to
establish that a difference in potential gradient at the
ground, upwind and downwind, was caused omnly by point

discharge ions from the trees.

The measurement of point discharge on representative trees.

If a reliable method could be devised for the
measurement of point discharge currents down living trees,
under natural conditions, which would not disturb the tree
or its surroundings, then it should be possible to obtain
representative measurements of point discharge. If
several trees in a wood were instrumented by this method
and measurements made over a period, it has bheen
suggested that.it would be possible to deduce the average
annual current density for the wood. It is thought that
trees in leaf discharge less readily than those not in leaf
and experiments could be conducted to establish whether
or not this is so. It is also important to know to what
extent the exposure of a tree effects the discharge. There
is a need to establish whether most trees will discharge or

only isolated trees and perhaps trees on the edge of a wood.
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To obtain‘a value for the contribution of point
discharge to tlte transfer of charge in the atmosphere, reliable
and representative measurements of natural point discharge

are needed.
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Approach to the present Work

Introduction

0f the known processes by which charge transfer occurs
in the atmosphere, the contribution made by point discharge
is probably the most uncertain. The limitations of the
various methods, that have been used by previous workers
to estimate the amount of point discﬁarge, have been
discussed in 1.6.1 and 1.6.2. These methods were intended
to give the integrated value of the discharge current and were
not dependent on the pulsed nature of the discharge. There
is obviously a need for the development of new techniques
of measurement so that more reliable estimates of widespread
point discharge can be made. Comprehensive experimental
studies of the characteristics of point discharge pulses
have been made by AMIN (1954) and PIERCE, NADILE and
McKINNON (1960). LOEB (1965) gave an account of the bésic
physical mechanisms involved in the discharge. Howeveg, it
~appears that hitherto the pulsed nature of the current has
had no part in measuring techniques. The present work

is intended as a contribution to that study.
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Fig. 2.1  Apparatus for prel:minary observations of point discharge.
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Preliminary observations of point discﬁafgg;pulsesl

2.2.1. Introduction.

The observations described below were made to obtain
a general idea of the size, shape and frequency range of
point discharge pulses, for cases when the point was both
positive and negative with respect to the potential of the
air surrounding it. The apparatus used, consisted of two
parallel circular plates, 50cm in diameter (Fig. 2.1).
The lower plate was earthed and the upper plate was connected
to a stabilised d.c. voltage source which was variable from
0V to z 10 kV. The separation of the two plates could be

varied by adjusting the position of the lower plate.

2.2.2, Negative Point

The plate separation used was 15 cm and a steel point
protruding 10 cm above the earthed plate was connected to
earth, via a 10 K1 resistor in series with a galvanometer.
The point was also connected to the input of an oscilloscope
to display the voltage waveform at the point. The voltage
source was adjusted to positive polarity and the plate
voltage was gradually increased from zero. A certain plate

voltage was reached which was just sufficient to cause
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Fig. 2.2, - Typical voltage waveform for Trichel Pulses.
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the discharge to commence. The galvanometer current at
this stage was less than 0.14A. The current could be
seen on the oscillos;ope screen as single positive pulses
occurring at very irregular intervals. As thé plate |

voltage was gradually increased the galvanometer current

'and pulse repetition frequency (p.r.f.) both increased.

The pulses also became more regularly spaced. At a currént
of 1lwA the p.r.f. was about 10 kHz and it was possible to
observe the shape of the pulses. A rapid rise to the
maximum pulse height was followed by a slower exponential:.
fall-off to zero. The time constant of this fall-off was
the same for eagh pulse and roughly equal to the combined

input time constant of the oscilloscope and input cables.

"(See Fig. 2.2). At a current of 10,/ A the pulses were

very regularly spaced with a p.r.f. equal.to about ZOOkhz.

As the plate voltage had been increased up to tﬁis point,

the amplitude of the pulses had remained roughly constant

at about 250mV. However, for frquencies above about 200 kHz,
the amplitude gra@ually decreased. At 1MHz the current was
about GQA’A and tﬁe amplitude had fallen to 180 mV, At
currents of 1004 A or more, corresponding to a p.r.f

7 1.5 Miz, the amplitude of the pulses approached zero

and the discharge current no longer appeared to flow in




VARIATION IN
CURRENT ( vA) P.R.F. (ki ) |- PULSE HEIGHT (mV)
. L o e _PULSE INTERVAL

£ 0.1 <1 250 Large
1 10-20 250 Moderate

10 200 < 250 Small

60 1000 180 Small
>100 - - No pulses

Fig. 2.3 Summary of preliminary observations of Trichel pulses
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Fig. 2.4. Primary and secondary pulses from a positive point.
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a series of pulses. The observations described above

are summarised in Fig. 2.3. The pulses which occur when

the point is at a negative potential with respect

to its surroundings, were first investigated by TRICHEL (1938),

and are often referred to as Trichel pulses. Trichel found

that the pulses contained a quantity of charge, of the order
10

of 10 C, which remained roughly constant as the current’

and frequency increased.

Positive ‘point

The same apparatus was used as for the negative point
observations but the polarity of the voltage source was made
negative, In_tﬁis case the current pulses were in the form
of short bursts of pulses occurring at irregular intervals.’
The pulses within a single burst were all negative. The
first pulse was about three times the height of the
secandary pulses which followed. As the plate voltage was
increased the interval between consecutive bursts decreased
to a certain minimum value and then began to increase again.
The interval between the secondary pulses decreased and
also their amplitude increase as the plate voltage was
increased. (seé Fig. 2.4). It was found difficult to make
precise observations from the oscilloscope since the
pulses occurred at irregular intervals and therefore did
not give a clear waveform on the screen. However the

!
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magnitudes of currents and frequencies were -found to be
similar to those for the negative point. As in the case

of the negative point, the currentsabove 100/¢A no longer

‘appeared to be in the form qﬁ pulses.

Pulses from a small tree

The earthed plate was lowered to the bench and the
metal point replaced by a small (50 cm) spruce tree growing
in soil in a plant pot. The plant pot was insulated from
the lower earthed plate and electrical connection made to
the soil by means of a metal rod. The clearance between
the top of the tree and the upper plate was 5 cm. The
plate voltage uneeded Eo initiate point discharge on the
tree was higher than that needed for the metal point. However,
currents through tﬁe tree of up to 104A, both positive and
negative, were measured. Oscilloscope observations clearly
showed that the current was pulsed. It was not possible

to use the oscilloscope for frequency measurements because

. of the large irregularities in pulse interval. However, it

could be seen that an increase in plate voltage caused a
corresponding increase in the number of pulses on the screen,

indicating that an increase in p.r.f. was occurring.
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The d.c. levels in pulse waveforms

At values of pulse repetition frequency greater than
about 100 kHz the presence of a d.c. level was observed in
the pulse waveform from the metal point. The input time

constant was approximately 10 KN x 200 pF, i.e. 2ssec.

. Thus the pulse amplitude could not fall to zero at high

2.3,

2.3.1.°

values of p.r.f. and so a d.c. level would build up until

a quasi-equilibrium was reached.

Theoretical considerations on the pulse shape

An idealized form for the pulse shape

TRICHEL (1938) found that for discharge at a point

negative with respect to its surroundings, the pulses of

current each contgin approximately the same amount of charge.

In the preliminary observations described in 2.2 it was
mentioned that the rise time of the pulses was very rapid.

In fact the rise time is certainly less than 5 x 10--8 sec.

If we can assume that the charge per pulse Qo is
constant and the rise time of the pulse T to be much less
than the instrumental time constant RC, we can write an
expression for‘the current I through the point in terms of

Qo, RC and time t. Thus:-

1. = Qo/RC exp (-t/RC)

where charge Qo arrives instantaneously at the point at t =

i.e. assuming T = o.

o,
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The maximum value of I is

A
I = Qo/RC
occurring at t = o. Therefore the maximum voltage on

the point is

G "= Qo/C

also occurring ét t = o. The voltage on the point will
then decay exponentially to zero with a time constant
equal to the input time constant RC. The equation

I = Qo/RC exp (~t/RC)
gives an idealized form for the shape of a single
current pulse. In practice the observed pulse shape will.
be modified since the rise time T is not zeréa_ The
oscilloscope will aLso have a significant rise time Ty

and this will further modify the pulse shape.

2.3.2. The d.ct levels in pulse waveforms.
It was mentioned in 2.2.5 that under certain conditions
a d.c. level was found to be present in the waveform. Let
this d.c. level be a current Io. (Fig. 2.5). If the charge
-per pulse Qo and the interval between pulses T remain
constant, a.quasi—equilibrium will be reached and Io wﬁll

become constant. The d.c. amplitude is given by

A
I = Qo/RC, assuming T << RC.
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Thus the total amplitude of the waveform will be (Io + ?).

This will decay by an amount T in time T. So we have
N A
I = (Io + I)(1 - exp(-T/RC))

S To! - ?/(exp ('U/RC)—I)

As an example, when RC = T , the d.c. level Io will be
approximately 60%Z of 1. However if RC = T /5, To will

be only 0.7Z of ?.

The "irput ‘time constdnt and rise time of the measuring

- équipment,

Since the arrival of charge at the point cannot be
instantaneous, it is not surprising that we find the rise
time of the pulses is not zero. Furthermore, as the
ionization process is quenched by space charge, the rate
of arrival of charge at the point wili fall to zero over
a finite period of time. Let us consider a single pulse
and let the charge begin to accumulate at the point at
time t = o. Now, if we assume that at t = t the charge Q
which has arrived at the point is given by

Q = Qo (1 - exp(~t/T))
where Qo is the total charge per pulse and T is the time
constant for the fall-off in the rate of arrival of charge

at the point.




32

Thus : dQ/dt = Qo/T exp (~t/T)
However, the rate at which charge accumulates on the input
capacitor also depends on the input time constant RC. If
there is charge q 6n C at tiﬁe t, the rate at which charge
flows through R is q/RC. This is the rate at which charge
is lost from C. The resultant rate at which charge
accumulates on C is therefore

dq/dt = dQ/dt -~ gq/RC

dq/dt = Qo/T exp (-t/T) - q/RC
J+ q* RC dq/dt = RC Qo/T exp (-t/T)
The solution of this differential equation is of the form

q = A exp (-t/RC) + B exp (~t/T)
where A and B are constants.
Att=0; q = 0
_:. A = ~B
Also, at t = O we ‘have

dg/dt = dQ/dt = Qo/T
and dq/dt = -A/RC exp (-t/RC) - B/T exp (-t/T)
at t = 0;

dq/dt - = Qo/T = =-A/RC -B/T

A=-B

Q/T = A (1/T - 1/RC)

A=Q/(l -T/RC) and B .= -Qo/ (1-T/RC)

oo q = (Qo/(1-T/RC)) (exp (-t/RC)- exp (-t/T))
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Fig. 2.6 -~ Pulse shape for RC = T and Tg = O
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If we put T = 0, we obtain

q = Qo exp (—£/RC)
which is the équation for the idealized pulse derived in
2.3.1. However, when T = RC (Fig. 2.6) we find that the
maximum charge on the point occurs, not at t = 0,_but at t = T,
Also the maximum charge § is not equél to Q but Q/e. This
" means that the observed pulse height will be redu;ed from the

theoretical maximum voltage of, C by a factor e, when

T = RC.

1f we now consider the effect of the rise time TR’ of
the measuring equipment, it is evident that this will have

an integrating effect on the pulse given by

9 - :-—-) [ f--%_]

If we express this pulse in terms of voltages we obtain:

- Rc.)

V- %e. ["”‘P (~€/R¢)  enp (- T)J

where V is equal to q/C. Let v! be the voltage at the
output of the measuring equipment after integration by the

rise time T

R*
4
Then: d.Vl - (V"/)
dc TR
aLV'+ v o

v
dt = Ta | Tq (2)
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av, Yoo e [*ur(-t/RC oxp (- t/r):}

Lodt T C‘TR(0'~/R<'.)

The solution of this differential equation is of the form

vl = E exp (-t/RC) + F exp (-t/T) + G exp (-t/TR)

where E, F and G are constants.
Now V! = Vv = 0, at t = 0. Therefore from (4)
we have
E+F+G=0
Also from (2) we have
av'/dt = o when t =0
S E/RC +F/T +G/Tp, = 0 (from @)
To obtain a third equation for E, ¥ and G we can use the
fact that the area of the pulse before integration by TR

will be equalto the area of the pulse after integration.

Thus
.00 . 20
f v.dt - = v' dt
°
From (1) and (4) we therefore obtain
- Qo (RC - T)

E.RC + FT +6Tg = C(l -Tke)

The solution of equations (5), (6) and (7) for E, F and G

gives: o _ | ]
E =C0-%o LT- %%

F = = Qe _ l
C{1 - V) L-'T%—-q

(3)

(4)

(3)

(6)

(N

(8)

9
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A .
So putting Qo/C equal to Vo, the expression for the pulse

after integration by the measuring equipment is

‘ .V (- ){( Be-i) (- k‘)wf(-ca._h (- “‘/1;{ ?’7 -:)

r(‘th‘) + exp (—‘-'/fé)}
a1y
Now if T and TR are both zero we obtain the idealised
pulse shape which was derived in 2.3.1. Thus
vi = . exp (-t/RC)
where the maximum value of this idealized pulse is
<7\0. Qo/C |
The relation (11) was evaluated by computer for several
values of RC/T and TR/T, assuming a value for T of 10—8 sec.
The results are shown in Figs. 2.7, 2.8 and 2.9. It is
evident that the conditions for the observed pulse height
to be close to the maximum possible value‘@o, are
(i) RC > 100T
(ii) T, & 3T
for V'S  0.95%o
z
If these conditions are satisfied, small variations in.T

will not appreciably affect the height of the pulses and so

the height of the pulses will be directly proportional to

the charge per pulse. Under these conditions the pulse

height will therefore be within 5% of that found for the
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idealised form of pulse shape. In both cases we have the
extra condition that

o T

RC &£ F
where T is the interval between pulses, for there to be

no d.c. level in the waveform.

Conclusion

Some of the characteristics of point discharge pulses
from a metal point have been observed. It was found that
the point discharge current down a small tree was also:
in the form of pulses, but that deviations in pulse interval
and amplitude about-tﬁeir respective mean values were larger

than those for a single metal point.

The effect of measuring equipment on the size and shape
of the observed pulses has been found theoretically. It has
been shown.tﬁat if the input time constant RC is within a
certain range, tﬁe effects on tﬁe pﬁlse hgight of non-zero

values of T and Tp will be negligible.
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It was concluded that it should be possible to measure
natural point discharge on trees, by measuring the frequency
and possibly the amplitude of the pulses, provided that a
satisfactory method for detecting the pulses could be
found. However, it was thought necessary initially to
make laboratory measufements under controlled conditions

before attempting field experiments.
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CHAPTER 3.

Instrumentation for Laboratory Measurements of Point Discharg

3.1 Introduction

This chapter describes the instruments which were
constructed for making laboratory measurements of point
discharge pulses. These measurements are described in

Chapters 4 and 5.

The amplitude and time interval between point
discharge pulses are both variable quantities even when the
integrated value of the discharge curremt is comstant.
With this facf in view, a system was developed which would
measure, not onlf tﬁe mean pulse amplitude and the mean
pulse interval over a period, but also the distribution .
of these quantities about their respective means.

£

3.2 Choice of measuring techniques.

3.2.1 Amplitude measurement.

To obtain the distribution of pulse amplitude for any
given current it is necessary to obtain the number of

pulses which fall in each range of amplitude or channel.
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This can be achieved by using a multi-channel pulse
height selectér, often called a kicksorter, which
simultaneously counts the pulses arriving in each channél.
Thus the distribution of amplitude is obtained directly.
The alternative approach is to use a single channel pulse
height selector. With this method the pﬁlses are counted
over a short period for each channel in turn. In view of
the high cést of a kicksorter, and as the single channel
pulse height selector was sufficient for the‘requirements
of the present work,-it was decided to use the latter

technique for amplitude measurements.

3.2.2 Measurément of pulse repetition frequercy (p.r.f)
Three methods were considered for measuring the mean

p.r.f. and the distribution of pulse interval,

a) Photographic|techniques. If the pulses are displayed

on an oscilloscope and photographs of single sweeps of
the screen are taken, then measurements of individual

pulse intervals can be made,

b)-Couriting techniques. Point discharge pulses can be

amplified and  then counted by a high frequency scaler.
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If the pulses are counted over a known period of time, a
measure of the average p.r.f. for that period is obtained..
By varying the counting period, it is possible to find

the distribution of pulse interval.

c¢) The integ;éting frequency meter. This instrument gives
an average value for the p.r.f. and has the advantage that
the latter can be read directly from a meter. However, it
does not give information on the deviation of pulse interval

" about the mean value.

It is clear ;hat the three methods described above all
give the mean p.r.f. However, method (a) gives detailed
information about a small number of pulses and methéd (c)

-gives a continuéus integrated value for the mean p.r.f.
of a large numbar of pulses. Method (b) can be used to
sample a small ﬁumber of pulses or it cén be used to give
a.measure of the mean p.r.f. It was therefore decided;to
use (b), the counting method, as the main technique with

(c), the frequency meter, as a subsidiary method.
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Performance required from the system

Preliminary observations of point discharge pulses
- showed that the equipmentvéhould be éﬁle to count pulses of
amplitude ranging from 1 mV to 1 V. The maximum counting
rate required would be about 1 MHz' To obtain the standard
deviation of pulse interval, the counting interval would

need to be variable from about 50 N sec to 1 sec.

General description of the system used.

The system is shown schematically in Fig. 3.1. The
source of point discharge pulses is applied to the iant.
The input time comstant can be varied over a wide range and
the pulses can also flow to earth through a galvanometer.
After this first stage, the pulses pass through a variable
attenuator and a pulse inverter. Tﬁe pulse inverter is
necessary only Vhen negative pulses are being applied to the
input of the system. After voltage amplification the positive
pulses are applied to Ehe input of the Differential Pulse
Height Selector. The two outputs from this unit are in the
form of standard positive and negative pulses which are
produced simultaneously. Whenever the input pulse has an

amplitude lyirg between two preset threshold values, which

can both be varied, one positive and one negative pulse are
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produced at the outputs. The negative output pulses go to
an integrating frequency meter whilst the positive pulses

go to the control unit. The function of the control umit

'is to allow the pulses to be counted by the scalers for

short periods of time. Thus in operation, pulses are counted,
the count is then displayed and the scalers are finally reset
to zero, This process is then automatically repeated every
few seconds. As the counting time.is known, the mean count
will give the mean p.r.f. The variation between counts will

be a measure of the variation in pulse interval.

The eéléctronic circuitry

The shape of point discharge pulses is affected by the
input time constant of the measuring system. The circuit
(Fig. 3.2) has switched resistors from 1 Kf1to 100 K}
together with switched capacitors from O pF to 100 pF.

Tﬁis can tﬁerefofe give a rangevof input time constant
from 50 n,sec ué to 100/¢sec. Tﬁe capacitance of the
input lead must be included when the time constant is
calculated, Tﬁe two emitter follower stages act as a

buffer amplifier between the input circuit and the attenuator.
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When the galvanometer is switched into the circuit the
switched resistors are set to open circuit. To avoid
non~linear effects on the pulse shape it is necessary to
use high frequency transistors and also to reduce stray

capacitance in the wiring to a minimum.

Variable attenuator.

The purpose of the attenuator (Fig. 3.3) is to
permit a wide fauge of pulses, ranging from 1 mV to 1V,
to be amplified, by fixéd gain amplifiers, up to a level
suitable for the Differential Pulse Height Selector. The
two pulse amplifiers each have a voltage gain of 20 dB, so
that the attenuator introduces a certain amount of
flexibility into the system. By using one or both of the
pulse amplifiers in conjunction with the attenuator, the
overall gain can be varied from 5 dB to 40 dB. As
with the input circuitry it is important to minimise

stray capacitance.

‘Pulse Inverter

The pulse inverter (Fig. 3.4) is used to invert
negative point discharge pulses without changing their
height or shape, This is necessary since the pulse

height selector will only accept positive pulses. Thus it
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is required that the inverter has a voltage gain of -1 over

a wide frequency range. By using high frequency and high
current tr;nsistors together with low resistance Vvalues,

the shunting effect of stray capacitance is minimised. The
feedback resistor for transistor T1 was adjusted to give a
voltage gain of -1 for the circuit as a whole, i.e. (T1 and
T2). It was found necessary to incorporate a 10 pF capacitor

.into the feedback network to give high frequency compensation.

3.4.4 The pulse amplifiers

The voltage amplification required is about 30 dB
together with a bandwidth of 15 MHz. A considerable
amount of time was spent attempting to construct traﬁsistor
pulse amplifiers to this specification. Several of the
amplifiers coﬁstructed.achieved one or other of the two
requirements but they were all characterised by instability,
in the form of oscillations, when the gain was increased
above 20 dB., It was decided that the design and
construction of a 30 dB wideband transistor feedback
amplifier was too difficult and a valve circuit was sought.
The circuit finally adopted (Figs. 3.5 and 3.6) (FEINBERG 1966)
has a gain of.20 dB and 15 MHZ bandwidth. Two such amplifiers
were constructed; each with its own independent power supply.
Thus a gain of 40 dB was achieved without instability. The

\
rise time of the amplifiers is about 10 n Sec.
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3.4.5 Differential Pulse Height Selector

A single-channel differential pulse height selector
(Type NE5103) was purchased from Nuclear Enterprises Ltd.
The specification of the unit is given below:~

NE5103 Specification

Discriminator operating range ¢t 3 toloOV

Reset accuracy of range : 0.1V
Discriminator gate width : Oto30V

Reset accuracy of gate width : 0.01V

Resolving time : 1.2 4 sec.
Maximum counting rate 2 x 105 per sec
Output pulse amplitude : 9 V positive and

9 V negative

Output impedance : 150 S

Pulse height drift : Less than 0.0Q5 volts
per day.

Gate width drift : Less than 0,01 volts
per day

This unit was found to be more than adequate for the

measurements which were made.
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Fig. 3.11. Control Unit, Sections A, B, C and D
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Integrating frequency meter

This unit is driven from the qegative output of the
pulse height selector. The circuit used (Fig. 3.7) is a
fairly standard one. The use of complementary transistors
in the final stage gives good linearity (1%) in the
output. The output is displayed cn a 0-1 mA
meter. The unit has four frequency rahges; 0-0.1,
0-1,0-10 and O - 100'kHz. The output meter has a
response time of about 1 second so that the frequency

reading is an integration over a period of this order.

Control Unit

This unit was constructed in order that the measuring
system as a whole would rupn automatically. It controls
the passage of pulses to the scalers and returns the
scalers to Zero éfter each count has been displayed. The
length of time for which the pulses are counted can be

varied from 10 #sec to 1 sec. The display time can be

adjusted to 1, 3 or 5 sec. The circuit is shown

schematically in Fig. 3.8 and in detail in Figs. 3.9, 3.10
and 3.11, Theliontrol unit was designed using conventional
pulse circuit elemeﬁts such as monostable circuits an&

coincidence gates. Detailed description of these elem;nts

will not be given as their design and operation are
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adequately covered in standard textbooks (e.g. TOWERS. 1965). °
However, a description of the operatioh of the unit as a whole

may be of use.

The +9V pulses entering the control unit, after the
scalers have been reset to zero, cannot pass through. the
signal gate A, as it is closed. However, the pulses are
also being applied to one input of the coincidence gate B.
The second input of this gate B is being held at +9V by the
bistabie switch C. The first +9V pulse to arrive at B
causes coincidence and a single +9V output pulse is geﬁerated
which changes the state of bistable C. No further pulses
are generated, as the bistable C is now no longer maintaining
+9V on one input of B. The change of state of C also
triggers the mopostable-timer D, which in turn opens the
signal gate A fér the selected time. Pulses now pass
through A to the monostable pulse shaper E. This shortens
the rise time of the pulses so that they are sufficiently
shafp to drive the 1 MHz scéler. When the monostable timer
D closes the signal gate A, it also triggers the monostable
display time delay H, via an inverter F, and an emitter
follower G, The purpose of the inverter F is to speed up

the negative face of the pulse from D. At the end of the
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display time delay, which can be set to 1, 3 or 5 sec, the
monostable reset time delay I is triggered. The output

from I immediately causes the reset circuits K, L and M to
generate the reset pulses for the 1 MHz, 100 kHz and 3 kHz
scalers. At the end of the reset time delay of 0.5 sec,'the
bistable C is switched, by I, to its original state. Thus C
once again maintains one input of the coincidence gate B

at +9V. The system has now completed one cycle and th;

next pulse to arrive will cause the process to be repeated.

1 MHz scaler

For this‘scgler, a 1 MHz decade counter module,

type DCM 703; was purchased from Quarndon Electronics Ltd.
The module consists of four saturating bistable elements

a binary-to~decimal decoding network and driver circuits to
control the numerical indicator.tube. This scaler forms

the first decade of a seven-decade counter and also produces
the necessary output pulses for the next decode. The input
of the scaler is connected to the oﬁtput from the control
unit. The reset puise is also obtained from the control

unit.,
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3.4.9 .100 kHz scalers.

Two Mullard 100 kHz decade counter modules form the
second and third decades of the scaler. These modules give
a binary output and so it was necessary to construct the
binary-to-decimal converters and the read-out displays.
(Figs. 3.12 and 3.13). The state of the binary output

from the module, A, B, C and D and their inverses A, B,

C and 5, gives the decimal count. The loading of the

counter is 1 - 2 - 4 - 2, thug

A = Oorl A = 1loro
B = Oor2 B = 2o0r0
C = Oor 4 C = 4oro0
D = Oor 2 D = 2o0r0

The decimal output is therefore obtained by decoding the
eight binary outputs. This can be achieved by using an
electronic logic element known as an "AND" Gate. This gate
can have any number of inputs and usually has one output.
If we let +6V represent binary 1 and OV represent binary O,
then we can say that the output from an "AND" gate will be
+6V when, and only when, all the inputs are -at +6V. The
"gruth table" given below illustrates the properties éf

an AND gate.
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Three-entry AND gate

TRUTH TABLE
INPUTS ~ OUTPUT

Al 3] ¢l

1 fa i
ol ol of o
ol ol 1| o
0 1 ° Y
0 1 1 0
B o 1 0

-The decoding of the decade counters is achieved using
ten four-entry AND gates. Each gate is connected to f?ur
of the eight ouéputs from the module (Figs. 3.12 and 3;13)
e.g. Decimal 7 The AND gate is connected to A, B, C and D

as all these are in the binary 1 state when
the counter is in a state representing

decimal 7.

The outputs from each of the ten AND gates are connected
to gate amplifiers, which drive neon indicator bulbs via reed
relays. Thus an output from the decimal 7 AND gate, for example,

will illuminate the 7th neon bulb (Fig. 3.13) for that decade.
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3.4,10 3 kHz Scaling Unit

3.4.11

3.5

The remaining four decades of the pulse counter consisted
of a decatron scaling unit TYPE 2026A. This scaler will
count reliably only up to a p.r.f. of 3.3 kHz. However,

the maximum p.r.f. it can have at its input is 1 kHz since

the frequency limit of the first decade is 1 MHz.

Power Supplies.

The control unit, frequency meter, scalers, etc.
require stabilised supplies at various voltages. A power
supply was constructed to give :6, t12, i18, t24 and tBOV
(Fig. 3.14). The maximum available current for each voltage
is 300 mA. Stabilisation of the voltages is achieved by
using Zenfler diodes. The ripple on the output due to

50 Hz is less than 20 mV.

Performance of the system

The accuracy in pulse height selection is determined
mainly by the constancy of gain of the pulse amplifiers.
The gain of the amplifiers was found to vary by less than
5% for a 10Z change in the mains supply and wide variation

in ambient temperatures.



Measurements of pulse repetition frequency are limited
by the accuracy and constancy of the timing interval.
Temperature variations caused the biggest changes in timing

interval. In extreme cases these amounted to 5%

Over period of a few hours the variations in pulse
height selection and frequency measurement amounted to 1Z.
On each occasion before measurements of point discharge
pulses were ma&e, the system was calibrated with a signaﬂ

iy 3

of known amplitude and frequency.
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CHAPTER 4.

Laboratorz Measurements with Metal Points

Introduction

The experiments described in this Chapter give
information about the characteristics of point discharge
pulses from single metal points of different tip radii.
The characteristics of the pulses from an array of five
metal points were also investigated. The purpose of
these experiments is.to fiﬁd the distributions of pulse
interval and pulse amplitude and to see how these are

affected by the nature and number of points.

Aggaratus

The point-plane apparatus which was used consisted
of two circular aluminium plafes mounted on insulating
legs (Fig. 4.1). The fixed top plate is connected to a
variable E.H.T Supply (Brandenburg Type M.R.50A) giviné
up to 50 kV at 1 mA. The lower-earthed plate can be moved
to give the required plate separation. The two plates are
surrounded by a perspex safety screen. The single metal
points which were used had tip radii of 0.05, 0.15, 0.46,

0.8 and 1.5 mm. The points were made from 0.125" silver
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steel rod. To obtain the required tip radii the rods were
ground and polished, until examination under a microscope
showed that the radius was correct. The multiple point
array consisted of five steel needles, each with a tip
radius of approximately O.lmm. The single points can be
mounted in a holder in the }ower earthed plate and the
arrangement allows air to be blown past the point in a
direction parallel to the point (Fig. 4.1). In all the
experiments wih single metal points an air flow of'u)tndn—l
was maintained past the pointsf When multiple points were
 being used the single point holder was replaced by the base
plate for the five points. In this case an air flow of
approximately 2§2min_1 was maintained past the points in

a direction parallel to the plates.

The electrical connection between the point and the
measuring equipment was by means of a coaxial cable having
a total shunt capacitance of 500 pF. The input resistance
of the eﬁuipment was adjusted to 10 Kflso that the input
time constant was 10 KN x 500 pF, i.e. 58, An
oscilloscope, Phillips Type 3102, was used to monifor the

pulse waveforms. The rise time of this instrument is 30ns,
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The conditions stated in 2.3.3. are therefore satisfied, i.e.
RC > 100 T
T ¢ 3T
where RC is the input time constant, Tp is the rise time of
the oscilloscope or the pulse amplifiers and T is the minimum

possible rise time for the pulses.

Techniques of measurement

Positive Currents

With all the points used, the height of the point above
the earthed plate and the point-plane gap were both adjusted
to be 5 ecm. The measurements described below were made for
each of the five single points and then for the set of
multiple points. In each case the measurements were made

in three stages.

Stage'l. The vo?tage Vp on the upper plate was
increased and the discharge current I, pulse frequency f and
maximum pulse height U were measured. The discharge
éurrent I was found simply by allowing the current to flow
to eafth through the galvanometer. The integrating
frequency meter gave the pulse repetition frequency f and the
maximum pulse amplitude ¥ was obtained from oscilloscope

measurements.
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Stage 2. To obtain the distribution of pulse interval
the frequency of the pulses was measured using the pulse
counters. The counting time was adjusted so that
approximately 100 pulses were counted. About 25 such

counts were recorded for each of several different currents.

Stage 3. The distribution of pulse height was obtained
by varying the setting of the differential pulse height
selector and observing the corresponding reading on the
integraﬁing frequency meter. Thus as the minimum pulse
height threshold is gradually increased, the observed pulse
repetition frgquency f will at some point begin to fall

from its maximum value and eventually reach zero.

4.3.2 Negative Currents

The technique of measurement for negative currents was
essentially the same as that described above. One
" difference was that in some cases there was a range of
current I, where the_discharge was continuous and thus
no pulses were observed. However, measurements were made

in the three stages described in 4.3.1.
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Results for Positive Currents

Potential - Current Characteristics.

The potential V in a region between the plates, at a
height h above.the lower plate, where the field is not
disturbed appreciably by the presence of the point is
given by:-

V = th/D
where D is the plate separation and Vp is the plate
voltage. If h is the height of the point then V will
be the potential in the air near the point. Fig. 4.2 shéws
a plot of V againt I for five single points and also the

array of five points,

It can be seen that the value of the potential V, at
which the discharge commences, increases as the tip radius
increases. This is to be expected since, for a given plate
voltage, the potential gradient is greatest at the surface
of the sharpest_point. Thus the discharge will commence first
at the sharpest point. The curve for the array of five
points (Fig. 4.2) has a greater slope than the other curves
for single points and it also crosses the curve for
r = 0,05 mm. This is in agreement with the results of

JHAWAR (1967).
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Frequency - Current Characteristics

A plot of tﬁg pulae'tepeiition frequency f versus
curfent'I is shown ianig. 4,3, It éan be seen from ghis
that the.slope of the curves for the single‘pbints decreases
as the tip radius increasés. This indicates that the charge

per pulse is larger for points with larger tip radii.

The Qlopé of .the cufve fof'thé multiple points was
amalléf than was expected. Th? cause of this is probably
that, ﬁitb an input time constant of 5 #s, the pulses from
the five points will begin to coincide at higher frequencies.
Thus it can be ﬁeen that the curve for five points follows
the curve for a single point of 0.15 mm'rédius to begin

with, and then falls away.

Pulse amplitude - current characteristics

The maximum observed amplitudes V are shown plotted’
agains£ current I in Figs, 4.4 an¢ 4.5. A higher charge
per pulse for points of larger tip radii can be inferred
from these graphs @s the pulse amplitude is directly
related to the charge per_puise,‘ In fact, in the ideal
case where Tg *= O and RC>> T

$ = ak

where Q is the charge per pulse and C is the total input
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capacitance. It can also be seen from the graphs that ¢ is
more variable for larger values of tip radius r. The
reason for this is that the discharge spot c;n move about
on the surface of points of large r. This causes a

change in the chargeper pulse Q. With sharp points the
discharge spot does not move appreciably and Q remains
approximately constant. The effect of pulse coincidence

in the multiple point case is shown as an increase in the

A .
observed amplitude V at higher frequencies. (Fig. 4.5.)

4.4,4. The standard deviation of pulse intervals

If the standard deviation of the interval between
consecutive pulses can be obtained, we have a measure of
the irrggularity of occurrence of the pulses. The
measurements using the pulse counter give the number of
pulses n, occurring in each of N equal periods of time t..
Thus E, the mean p.r.f., for a given period t., will be:
E o= n/t,

The average p.r.f. for all the periods, is given by
f =1/t

where n is the mean pulse count, given by
n o= 2ﬂ n/N

The average pulse interval Tyi1] therefore be
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Let the standard deviation'of the N values of n be
Sn and the standard deviation of the pulse interval for the
N periods of time t,, be St . Now the magnitude of Sn will
decrease as n increases. In fact Sn will be inversely
proportional to the square root of n. Therefore we can
write:-

Wiscir = wisam

S Sglt = Sn/(ﬁ)i

vhere Sn = (£ (n - ﬁ)Z/N)i

From the observed values of n, values of St /T were
obtained and expressed as a percentage for each of the points
at various currents. The results are shown graphically in
Fig. 4.6. A low value of ST /T signifies high pulse
regularity. It can be seen that, for ;he sharpest points,
the pulses become more regular at higher currents. The
other points rea$hed a quimum in regularity at about 15+A
and then became ﬁore'irregular for higher currents. The
reason for this @ifference is probably that "families of
pulses" occur fo£ the less sharp points at higher currents.
Thus the discharge may be occurring at two or three places
on the surface oé the point giving pulses with differing
charge. The pulses were also observed on the oscilloscdpe
to be much more irregular when more than one pulse was

present in each family. In most cases the number of
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pulses per family increased as the current increased. For
sharp points, such as r = 0.05 and 0.15 mm, only one pulse

per family was usually observed.

4.4.5 The distribution of pulse-amplitude.'

From the measurements made with the differential pulse
height selector, the total spreadof pulse amplitude AV was
calculated. Fig. 4.7 shows a. plot of A"}/\'I\ against I for
the various poiﬁts. In general it can be seen that the
spread in pulse amplitudes is about 30%. A special case
is that of the multiple point array where coincidence of

pulses at higher frequencies gives deviations about the

average value of over 100%. ' -
4.5 Reésults for negative currents

4.5.1 Potential - current characteristics

The poten;igl V was calculated, aslin 4.4.1, aﬁd
Figs 4.8 and 4.9.show the relation between V and. I for
negative currents. . The curves are similar to those for
positive currents except that the starting value of the
potentials are a little higher in some cases. As in the
case for positive currents the slope of the current potential

curve for the multiple points rises the most rapidly.
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4.5.2 Freqnency - current characteristics

The relation between the mean pulse frequency and
‘negative current I is quite different from that for
positivé currents. Fig. 4.10 shows the frequency characteristics.
together with values for the standard deviation of the.
pulse intervals S¢ , expressed as a percentage of T the
mean pulse interval. It can be seen that for the three
single points with the largest radii, tke current was not
pulsed. In the cases of the remaining two single points
with radii of 0,05 and 0.15 mm, the nature of the currents
can be divided into.three distinct parts. First, there is
a narrow range of current,. at and above the onset potential,
where the current is pulsed. In this region, as the curremnt
increases, the p.r.f. rapidly increases to a maximum and
then falls to zero. At this point the current has reached
about 1.A. Above 1mA the current is not pulsed. This is
the second diséinctive range of current. At about 25 /A
the current again becomes pulsed but an initial increase
in f is followed by a region of constant or slightly
diminishing frequency. The pulses in this the third
distinctive range of current were very much larger than the
initial pulses bccurring at potentials close to the onset

value. The multiple points gave pulses, in the range 0 ~ 1A,
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similar in frequency to those for single points. However,
the region of steady current extended beyond 25 A and a
second series of pulses was not observed for currents up to
100 #A. The standard deviations of the pulse intervals were
in the range 50 - 1207 for the initial series of pulses.

The pulses whi;h occurred above 25 A for the two single
points were exéremely regular, For these pulses the

standard deviation of pulse interval was 10-15%.

4.5.3 Pulse amplitude measurements,

The pulse-amplitude 6 and its spread ¢;$ was ﬁeasured
in the same way as for positivelpulses.. The results are
shown in Fig.A4.11 as a plot of v against 1 tﬁgether with
values of AV/G. As was mentioned in 4.5.2 the currert was
not pulsed in the cases of three of the points. 1In the
remaining casés, the pulse ampiitudgs v and the spread ¢>9
were initially of the same order as those for the corresponding
positive currents. However ? was observed to fall to zero
at about l4A., The amplitudes of the pulses occurring after
the continuous current region were much larger than those for
the corresponding positive currents. Furthermore, the
amplitude increased as the current increased, whilst the
frequency remained-approximately constant., In the case of
positive currents the amplitude remained approximately constant,

whilst the frequency increased with increasing current. The

spread in amplitude of the large negative pulses was found

to be small (1 - 10%).
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Conclusion

It has been found for both single and multiple points

that the pulse structure of positive currents is quite

different from that for negative currents. For the positive
Trichel pulses the main effect whiéh occurs as the current
increases is an increase in frequency. ' For negative
currents, pulses do not occur over the entire current

range. When they do occur, it is mainly the amplitude
which increases with current, whilst the frequency remains
approximately constant. These negative pulses are more
regular in se?aration and height than the positive

Trichel pulses at corresponding currents.
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CHAPTER 5.

Laborggor Ex]

periments with Natural Points

Introduction

It was decided, after making preliminary observation
of point discharge on various plants and tree branches, !
to use small branches cut from a spruce tree as the subject
of the observations described below. These preliminary
observations were of a qualitative nature but it was nevertheless
apparent that most foliage produced similar bulses of point
discharge current when subjected to high potential gradienté.

The reasons for choosing branche; from a conifer were twofold.

Firstly it is thought that the pointed foliage gives rise

. to point discharge at lower potential gradients than those

for foliage from deciduous trees. Secondly, a small
plantation of coﬁifers exists adjacent to the Lanehead
Field Station of the University of Durham's Deﬁartment of
Geography. It was hoped to attempt the measurement of
natural point discharge on these trees. Thus, a knowledge
of the behaviour of this type of foliage under laboratory

conditions would be of use.
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Aggaratua

Essentially the same apparatus was used here as for
metal points. The plate separation was kept at 10 cm andthe
metal points were replaced with a small spruce twig. This
was adjusted in height.so that the minimum gap between the
twig and the upper plate was 5 cm, The twig was subjected
to a horizontal air flow of approximately 25 lminn1 as ‘was
used for the multiéle metal points. Electrical comnection
to the twig was made by means of a "crocodile ¢lip". This

was clipped onto the stem of the twig in such a way that

‘contact was made with the conducting sapwood. It should be

mentioned here that the twigs were cut from a living tree
immediately before measurements were made. The coaxiai
cable from thé pulse measuring equipment was connected
to the crocodile élip. Care was necessary to ensure that

the stem of the twig was insulated from the lower

earthed plate.

" Techniques - of Measurement

Measurements were made in. the same way as was described
for metal points in 4.3. The main difference was that the
observed pulses were much smaller than for metal points, no
doubt because they were ;ﬁtenuated and integrated in their
passage through.the twig. For this reason it ié not very

meaningful to make comparisons between the pulse amplitudes

for metal points and those for the spruce twigs.
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5.4 Results for positive currents

5.4.1' Potential - current characteristic

The potential at a héight h above the lower earthed
plate is, as before,

V = th/D
where Vp is the plate voltage, h is the height of the
sﬁruce twig, and D is the plate separation. -The relation
between V and the discﬁarge current I is showm in Fig. 5.1.
The slope of this curve is, initially, closer to that for
a single point rather than that for multiple points. At
higher currents when the diséharge occurs at more points,
on the twig the'slope of the curve approaches that for
the multiple poiﬁts. The fact that a higher potential
than that for multiple points is necessary to initiate
a discharge on ﬁhe spruce twig indicates possibly thaf the

points on the twig have a tip radius greater than 0.1 mm.

5.4.,2 Frequency - current characteristic

This is shown in Fig. 5.2. The decrease in the slope
of this curve as the current increases is probably caused
by the two effects simultaneously. Firstly, as the
potential increases, points below the top'of the twig may begin

to discharge. Thus the number of points discharging may
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increase with »otential. Secondly, points on the twig
with greater tip radii may begin to discharge at higher
potentials. Thus these points will give pulses with a
greater charge per pulse. Both these effects will result
in a decrease in the slope of the frequency versus current
curve. It is also likely, at the higher pulse frequenéies,
that coincidence of pulses may occur. This will also give

ST A -3 - 10 B3 A8 N1V R &)

a decrease in the slope of the frequency characteristic

Pulse amplitude - current characteristic,

The increase in pulse amplitude with current, Fig. 5.3
indicates that the average.charge per pulse may increase with
current. This may be caused by the less sharp points
discharging at higher potentials giving the increase
in charge per pulse, or by coincidence of pulses giving
an apparent increase in the charge per pulse. In practice

both these effects may occur together.

The standard deviation of the pulse intervals.

The standard deviation S-¢ was calculated from the
observations of pulse counts in exactly the same way as
for pulses from metal points. For spruce twigs at low

currents, ST was found to be similar to that for a single
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metal point at the same current and of the order of
300%, Fig. 5.4. However at higher values of current
St increased to about 600%. This is considerably higher

than the corresponding values of St for metal points.

5.4.5 The distribution of pulse amplitude

The spread in amplitude ISG/G,'Of pulses from the
‘spruce twig is of the same order as those for metal
points (Fig. 5.5). However, it is difficult to assess
the intégrating and attenuating effects of the spruce
twig on the pulses so a more detaiied comparison is

probably not valid.,

5.5 Results for negative currents

5.5.1 Potential - current characteristic.

A plot of V against I is shown, Fig 5.6, for the spruce
twig together witﬁ the curves for a single point and mdltiple
points. As in the case for positive currepts,.the slope of
the curve for the spruce is, at low values of I, similar to
that for a single point. At higher values of I, the slope
increases and becomes similar to that for the multiple points.
Again, this piobably indicétes that the spruce behaves, at

first as a single point, and at higher potentials as multiple

points,
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5.5.2 Pulse frequency measurements

It was found that negative currents produced by point
discharge on the spruce twig were always pulsed. This is
an imﬁortant difference between the spruce and all thel‘
metal points, since with the latter there was often a range
of current in which no pulses occurred. A graph of frequency f
against current I for the spruce twig is shown in Fig. 5.7.
The shape of the curve is similar to that for positive:
pulses but the p.r.f. is on average only one fifth of the
value for the corresponding positive current. fhis implies
that the charge per pulse may be much greater or that there
is a d.c. component to the discharge. The variation of the
standard deviation of the pulse intervals, St , is also
plotted against I in Fig. 5.7. S¢ lies in the range
100 - 200% for the current range shown. The value for Sg

for positive currents is 300 - 600%.

5.5.3 Pulse'amplitude measurements

As ;n the case for positive pulses, the pulse
amplitude 6 increased with increasing current, Fig. 5.8.
However, the.amplitu¢es were on average about one order of
magnitude greatér than for the positive case. For example,

at 10 #A the amplitudes were 32 mV and 350 mV for the _
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positive and negative cases respectively. Oscilloscope
measurements showed that there was no appreciable d.c.

component in the current so it can be concluded that the

lower frequencies observed for negative currents are counteracted
by the greater values of charge per pulse, i.e. greater

pulse amplitudes. The percentage spread in pulse amplitude

is also shown in Fig. 5.8. This is §f the same order as

the percentage spread for positive pulses.

5.6 The Capacitative Electrode

5.,6,1 Electrical comnection of measuring equipment to natural points

In the experiments described above, electrical conmection
was made to the-spruce twig by means of a crocodile clip.
This method would be unsatisfactory for any long term
éxperiments, since the electrical connection would deteriorate
with time. There is obviously a need for a more satisfactory
method which could be used on a tree over long periods without

distgrbing the natural state of the tree. As it has béen

found in the above experiments, that both positive and -
negative currents through natural points are pulsed, we
need only make a capacitative conmnection to a tree to detect

. point discharge currents flowing in the tree.
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Design of a capacitative electrode

Consider a branch of altree at which point discliarge
is occurring. If we assume that the current flows to
earth along the sapwood, Fig, S.é, tﬁen-we can regard the
sapwood as the inmner conducting surface of a cylindrical
capacitor. The bark surrounding the sapwood will be tﬁe
dielectric. 1If a length of conducting foillis wéund
around the branch, this will.act-as the outer conducting
cylinder of the capacitor. Assuming that the resistance
through the sapwood to ground is not zero, it should be
possible to detect point discharge pulses through this
capacitative electrode. For a cylindrical capacitor, the
capacitance C is given by

cC = én:EOKtlloge(R/r),
where K is the &ielectric constant, £ is the length of the
capacitor, R is ‘the radius of the outer conducting

cylinder and r is the radius of the inner conducting

. cylinder. If we assume X = 3 and R/r = 1.3 for a

typical tree branch and let £ = 0,1 m then,

C = 6 pF
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5.6.3 Performance of e trial electrode

The ideas described above were put to the test on a
small spruce trée, 0.5 ﬁ in height, which was growing in
a plant pot, see Fig. 5.10. The stem of the tree was
about 1.5 cm in diameter. An insulating layer of P.V.C.
tape was wrapped around the stem followed by a layer of
aluminium foil. The cylinder of foil thus forméd was 2.5 cm
in length. The foil was connected to the pulse measuring
equipment via a coaxial cable. The soil in the plant poi
was earthed via a 10 Kfl resistor which was intended to
represent the resistance to ground of the sapwood in a
full size tree. When artificial fields were applied to the
tree, pulses in the expected freéuency range were deteéted.
The amplitude of the pulses was found to be about one
tenth of that with a direct electrical connection to

the sapwood. The attenuation of the pulses could be

reduced by increasing the length of the electrode.

5.7 Conclusion
The above experiments show that for point discharge on
.a spruce twig, the pulse frequency characteristics for
positive currents are similar to those for metal points.

However, the pulsed nature of negative currents in the
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spruce tree is completely different from that for metal
points. Unlike the negative curremts in the latter, there

is no region of d.c. current for the spruce twigs.

A new method for detecting point discharge currents
from natural points has been devised. This method relies
on the fact that the discharge current is pulsed, so that
a capacitative link with the tree or plant is all that is
necessary to allow point discharge currents to be detected.
This method has the advantage that it does not damage the
tree or plant and the electrical connection to the tree

will not deteriorate with time.,,
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CHAPTER 6.

The agglication of the laboratorz exgeriments to the
measurement of natural goint discharge

The pulsed nature of point discharge as a basis for measurement

In the past there has been no satisfactory method for.
measuring natural peint discharge currents in trees. As a
result, the global estimates of the contribution of point
discharge to the transfer of charge in the atmosphere could
be seriously in error. The results of the present work,
described above, suggest that it might be possible to
detect pulses of poinf-discharge current in trees growing
under natural conditions. If this can be done, the
variations of both the frequencj and the amplitude of the

pulses should give a measure of the discharge current.

The capacitative electrode on full-size trees

The experiments described in 5.6 show that point
discharge pulses can be deﬁected in small branches cut
from a tree, using a capacitative type of electrode. If
this method is to be used on full size trees, the
positioning of the electrode on the tree will obviously

be important. The electrode must be sufficiently close
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to the source of the point discharge so that the observed
pulses are not too small to be measured. fhe conducting
sapwood between the discharging points and the electrode
will h;ve a definite resistance. Thus the attenuation and
integration of the pulses will probably increase with the

distance between the discharging points and the electrode.

Measurement of positive and negative currents in trees

The laboratory experiments described in Chapter 5
show that, for both positive gnd negative currents, the
amplitude and frequehcy of the pulses both increase with
current, Asséming that this also happens for pbint
discharge on full size trees, a measuring instrument is
required wﬁich will respond to changes in pulse amplitude
and frequency. It is also important that the instrument
can distinguish between positive and negative pulses so
that the sign of the current is knowm. If such an insﬁrument
was connected to a cépacitative electrode on a tree, iE
should be possible to méasure any point discharge current-

flowing in the tree.
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Conclusion

If it can be confirmed that the point discharge

" currents in full size trees are pulsed and of a similar

nature to the currents measured in the laboratory, then
it should be possible to measure these currents through trees,
so long as the pulses can be detected by means of a suitable

electrode.

An instruﬁent is required, which, when comnected to
the capacitative electrode, will give the magnitude and
sign of the discharge current. This instrument should
reSpond.to changes in both pulse amplitude and pulse
frequency. The calibration of such an instrument will be
difficult because of the unknown effect of an individual
tree on the pulse amplitudes. However, it should be
possible to calibrate the méasuring instrument in the
laboratory, using an identical electrode on a branch cut

from the full size tree.

The remaining part of the present work is an account of
field work carried out at Lanehead in Weardale, where the new
method#, proposed above, for the measurement of naturdlly
occurring point discharge were successfully put into practice.
Measurements at Lanehead were made over a period of one year.
New and important information was obtained concerning point

discharge on trees under natural conditions.
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CHAPTER 7.

The field experiment at Lanehead
— — ]

Initial considerations

If it is intended that an estimate be made of the total
point discharge on all trees in a given area, it is important
that the trees on which measurements are made are
representative of the others. This means that the trees
chosen for measurements should be of the same species,
height and exposure as the majority of trees in the area.
For example, if the area as a whole is densely wooded, the
measurements should be made on trees which are closely
surrounded by others. Measurements on isolated trees
would not be representative in this case. A further
condition for representative measurements is that the
natural state of the trees should not be disturbed by any
measuring equipment. In particular it is essential that
the equipment doe; not enhance or reduce the amount of

point discharge which would occur naturally.

To obtain any reliable estimate for charge transfer -
in the atmosphere due to point discharge on trees, measurements
must be made continuously over periods long in comparison

with the intervals between successive days of point discharge.
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Thus, if the period of measurement is about one year,

LY
seasonal variatioms i& the frequency of occurrence of
i

point discharge will be accounted for.

The site and facilitiqs at Lanehead.

The main criéeria for the choice of the site were
that it should be densely wooded and also within
reasonable travelling distance from Durham. Lanehead
is situated 30 miles west of Durham in upper Weardale,
(See Fig. 7.1). The joufney by car to Lanehead takes
about an hour. Durham University's Department of
Geography has a field station at Lanehead and adjacent
to this is a small plantation of conifers. The
landscape surroundiﬂg Lanehead can be described as a
typical North Pennine upland basin. The upper reaches
of the river Wear open out into a series of basins, each

occupied by a major headwater stream. The flat peat-

-covered watershed areas are typical of the gritstone

uplands of England. Lanehead is 500 m above sea-level
and it is quite common to have snow on the ground for

six months of the year (See Figs. 7.2 and 7.3). The
shallow cross-sectiéns of the valleys and the open nature
of tﬁe surrdunding Aoorland mean that Lanehead is

exposed to the full force of the wind.
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The field station at Lanehead is a stone building
which was, until about six years ago, the local village
school. Following the closure of the school, the building
and surrounding land were taken over by the Geography
Department of the University of Durham. The building has
been modified interndlly to provide the facilities
necessary for the fiéld station. There are now two
dormitories to provide sleeping accommodation for about
twelve people, together with a bathroom, kitchen and a
study. One large classroom is now used as a laboratory.
An electricity supply is available in the laboratory

together with bench and cupboard space for equipment.

A fellow research student, Mr. G.T. Sharpless, has
been responsible for setting up equipment at Lanehead to

measure the general atmospheric electric parameters.

The plantation is situated adjacent to the field

station and on its northern side. Permission to conduct
experiments in the plantation was kindly given by Messrs.
Smiths, Gore & Co. Ltd., Estate Agents, Corbridge,
Northumberland. The trees cover an area of about 200 m

by 150 m and their average height is about 18 m. The






7.3

7.3.1

81.

shallow depth of soil and the high winds at Lanehead
cause trees in the plantation to be blown down fairly
frequently. However, it appears that most of these

trees have had their roots undermined by drainage ditches
and so it is possible to select stable trees for the
purpose of experiments. The conifers in the plantation
are fairly uniform in both height and separation. At its
northern edge the plantation is more open and there are
one or two clearings. The whole of the plantation is
surrounded by a perimeter wall and sheep and cattle

are often allowed to graze in the plantation.

The parameters measured

Measurements on trees

Initially, four widely separated trees ﬁnside the
plantation were used as the basis for point discharge
measurements. By using capacitative electrodes on these
trees it was intended that the amplitude and frequency of
any pulses in the trees should be measured. At a later
stage in the experiment a fifth tree on the edge of the,

wood was also instrumented.
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Potential gradient

A field-mill situated outside the plantation gives
a measure of the potential gradient in the region of the
plantation. The output from the field mill is also used
to switch on the chart recorder when the potential
gradient at the field-mill increases above certain pre-—set
positive and negative values. In this way it is possible
to use a fast chart speed and record only in periods of

high potential gradient.

Point discharge on an elevated metal point

In the past many workers have measured the total
charge brought to earth through an elevated metal point
and used this result to estimate the amount of natural
point discharge. In order that the results of the present
work, concerning point discharge on trees, can be
éompared with the results obtained previously, measurements
were made of the point discharge on an elevated metal

point situated outside the plantationm.
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7.3.4. Other Parameters

7.4

Apart from the main parameters mentioned above, wind
speed and direction together with wet and dry bulb
temperatures were also measured. It was thought that a
measure of wind speed and direction would prove useful
if calculations were made on the motion of space charge

originating from point discharge on the trees.

A summary of the aims of the experiment

The aims are:-

i) The detection and measurement of point discharge
currents which may pass down trees inside the
plantation, without disturbing the natural conditions

of the trees.

ii) The measurement of potential gradient outside the

plantation.

iii) The measurement of point discharge currents down an

elevated matal point outside the plantation.

iv) The measurement of wind speed and direction.
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vi)'

vii)

viii)

84.
The measurement of wet and dry bulb temperatures.

The automatic recording of the above parameters
during all periods when the measured potential

gradient is high.

The estimation of the total charge brought to earth,
by point discharge on all the trees in the plantatien

for one year.

The determination of the relations, if any, between
the measured currents and the potential gradient

outside the plantation.
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CHAPTER 8.

Ir.strumentation at Lanehead

Introduction

This chapter describes all the apparatus which was
constructed and installed at Lanehead, with the exception
of the point discharge detectors for the trees in the
plantation. A considerable amount of time and effort was
expended over the development of satisfactory detectors,

and this work is described in Chapter 9.

The general difficulties of field work at Lanehead.

Before proceeding with an account of the equipment
which was built and installed at Lanehead, it is relevant
to include an account of the general difficulties which

have been encountered there.

When the work described in Chapters 2 - 6 had been
completed, the total time available for field work
amounted to 16 months. It would have been very easy to
spend this time simply in the development of apparatus,
but, as measurements of point discharge over a period of

about twelve months were needed, it has been imperative
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to begin recording each parameter as early as possible.
For this reasonm, when:the equipment for one particular
parameter became oper;tional, the recording of this

parameter was immediately begun. Thus the total period

over which measurements were made was maximised.

Visits to Lanehead were often of two or three days
duration. Single day visits were found to make inefficien;
use of the available time since the number of hours which
remained for work, after travelling and cooking'meals, was

small.

The installation and testing of apﬁaratus was often
made very difficult by bad weather. In view of the
shortage of time available, it was necessary to work in
all but the worst weather. Much of the electronic
equipment at the top of the trees was installed in the
winter; when temperatures were sometimes as low as -10%¢.
It was necessary to climb the trees to install the equipment.
Any wind causes the trees to sway about and this can
be quite alarming if one happens to be working at the top
of a tree, In summer, on days with little or no wind,
working inside the plantation was often made unpleasant by

swarms of midges and other insects.
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The ground inside the plantation is drained by
a system of ditches and the movement of heavy equipment
and materials iato the plantation was made difficult by

their presence.

Probably the most serious difficulties encountered
at Lanehead were those in connection with the instrumentation
of trees in the plantation. The height of the trees is
about 18 to 24 m and climbing up and down these trees is
quite a diffi;ult and dangerous task. As protection
against a possible fall, a safety harness and helmet
were sometimes used. The trees were particularly difficult
to climb due to the lack of any substantial branches
growing from the trunk (see Fig. 8.1). Apart from the
task of climbing them, the installation of electrodes,
cables and electronic equipment at the top of trees was

a difficult and hazardous operation. This was particularly

so when the tree was wet or swaying in the wind.

Layout of equipment at Lanehead

The layout of equipment in and around the plantation
is shown in Fig. 8.2. It was decided that it would be

easier to install all the recording equipment in the
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middle of the plantation, rather than inside the field
station building. By doing this, only a single cable
to supply power is required between the field station

and the instrument housing.

Initially, four trees inside the plantation were
chosen for measurements. These are about 50 m apart and
form an approximate square. The instrument housing for
the recording equipment is situated roughly at the centre
of this square. In later experiments a fifth tree on
the edge of the plantation was also used for measurements.
The field mill and elevated metal point are situated in
a clearing at the northern edge of the plantation. The
above-mentioned.equipﬁent together with the anemometer

and wind vane are connected to the instrument housing via

several cables.

The instrument housing

This was constructed from plywood and blockboard

and is shown in‘Fig. 8.3. One of the sides was hinged"

at the bottom to give access to the inside of the box,

The box was bolted to a metal framework which stands on

a concrete base. The roof of the box is covered with
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aluminium and the rest has been made weatherproof with
several coats of paint. The metal base of the box was

weighted down with several boulders to prevent the box

~being blown over in strong winds. A weatherproof

entrance for cables was made at the left hand end of
the box. The inside of the box is heated, by means of

a 100W electric light bulb, to keep the air dry.

Power Supplies

A 500W isolating transformer, inside the field
station building, supplies power to the instrument
housing via an'overhead cable running from tree to
tree. In the interests of safety, the 240V a.c. mains
is stepped dowd to 110V a.c. Inside the instrument
housing the 116V line terminates at a plugboard. A
second plugboard gives 240V via a small step—up
transformer. The low voltage power supplies, required
by the transistorised electronic equipment, are
provided by two Farnell stabilised supplies Types L30 and
L30T. The L30 unit gives +12V d.c. and thel30 T
gives Z 10V for the detector circuits on the trees.

Both these power supply units run off 110V a.c.
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Earthing

To begin with, difficulties were encountered when
equipment was inadvertently earthed at more than one place.
To prevent further trouble, it was decided that all
the equipment in and around the plantation should be
earthed only at the instrument housing. A length of
copper pipe was driven into the ground adjacent to the
instrument housing and this provides a satisfactory

earthing point.

The automatic recording system

A sixteen-channel potentiometric chart recorder,
Honeywell~Brown Type BY/153/X/67 forms the basis for
the recording system, This instrument is of the centre-
zero type and gives full scale deflection for 1.2.5mV.
The supply required to run the recorder is 110V a.c.

A chart speed'of 15 inches per hour is used during
recording. The recorder amplifiers are left running
continuously and the chart drive is switched on only
during periods of high potential gradient, using the
relay system shown in Fig. 8.4. This circuit, when
triggered by the field mill, causes the chart drive to

be switched on for a period of at least two hours.
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Thus, if the potential gradient falls to or passes
through zero during this time, the chart drive will not
be switched off. At the end of the two hour period the
chart drive ig switched .off, unless the relay system is
again triggered. Thus, recordings are made only during
periods of high field, so saving much chart. A single
chart gives 100 hours of recording time and so it is
only neceésary to travel cut to Lanehead to change the

chart at intervals of one or two weeks.

The field mill

The field mill in this experiment serves two
purposes. First of all, it gives a measure of the
potential gradient outside the plantation on its
northern side. Secondly, it provides a second d.c.
voltage output proportional only to the magnitude of
the potential gradient. This output is used to trigger
the relay circuit which switches on the recorder chart
drive.. The electronic circuit for the field mill is shown
schematically in Fig. 8.5 and in detail in Fig. 8.6.

The design of the field mill itself is conventional,
Fig. 8.7. The four-bladed rotor is earthed and the stator,

which is of the same shape, is connected to the input of



Fig. 8.7. Plan view of field mill showing rotor and
supporting bar for the reed switch.
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Fig. 8.9. Section through the field mill
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the field mill amplifier. Sign discrimination for the
potential gradient is achieved by applying phase-

sensitive rectification to the output from the amplifier.

A general description of the operation of the field
mill electronics may be helpful. The first two stages,

involving T, and T2, provide a high input impedance of

=

ahout 30 M. n be achieved using transistors
which have a high current-gain at low currents. The
technique known as "bootstrapping" is also used to
increase the input impedance. The capacitor across the
inpﬁt of the amplifier is necessary to ensure that the
amplitude of Lhe field mill signal is independent of
the motor spe2d. In fact, the condition for this has
been shown by GROOM (1966) to be

WCR 2 7

where W is angular frequency of the field mill signal,

C is the input capacitance and R is the input resistance.

The a.c. signal produced at the output of the
emitter-follower T, goes to the phase sensitive detector.
Essentially, a reed switch driven by a rotating magnet

attached to the field mill rotor, causes the a.c. signal
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to be chopped in phase with the rotation of the rotor.
Thus the switching of the reed switch can be adjusted so
that the sign of the output from the mill is the same as
the sign of the potential gradient. The calibration
curve for the field wmill, assuming an exposure factor of
unity, is shown in Fig. 8.8. The construction of the
field mill is shown in Fig. 8.9. The output from T2

also undergoes a.c. amplification by T3, T, and T

4 5°

followed by rectification by D1 and D2. This provides
the output for the chart drive control. The characteristics

of this output are shown in Fig. 8.10.

The field mill is mounted in an inverted position
at the top of a metal tower 2.5 m in height (see Fig.8.11)
The tower is situated at the centre of a clearing on the
northern side of the plantation. The overall exposure
factor of the field mill was found by comparing its
output with that from a calibrated mill of exposure
factor 1.2, situated well outside the plantation. The
exposure factor was found to be 1.00 + 0.05. This value
is partly deter@ined by the screening effect of the
surrounding treés. Full scale deflection on the recorder
represents a pohential gradient of z 8750 Vm'-1 when the

field mill amplifier is adjusted to maximum sensitivity.
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The elevated metal point

This was situated at the northern boundary wall of
the plantation. The height of the point is 4 m. The
precautions taken to prevent insulation breakdown are
shown in Fig. 8.12, together with the circuit diagram

for the recorder input.

Windspeed and direction

A wind vane driving a potentiometer and a cup
anemometer operating a reed switch by means of a
permanent magnet, are mounted on a Clark mast about
3 m above the ground inside the plantation. Measurements
of wind direction were found to be more meaningful when
made in the centre of the plantation compared with
measurements made at the edge of the wood. The
anemometer was only inﬁended to give a very approximate
measure of wind'speed. The circuitry and calibration

curves for the wind vane and anemometer are shown in

Figs. 8.13 and 8.14.

Wet and dry bulb temperature

Aspirated thermistors mounted on the side of the
instrument housing give the wet and dry bulb temperatures,

see Fig, 8.15., The temperatures measured give an
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indication of the humidity and are also useful in the
identification of breaks in recording. The calibration

curves are shown in Fig. 8.16.

Allocation of recording channels

The table below shows the channels allocated
to the various parameters measured. The time for the

recording of each channel is 2.4 s so one complete

cycle takes about 40 s,

Channel Parameter

6, 14 Potential gradient

5, 13 Elevated point current
1, 9 )
)
2, 10 | )
JMeasurements from four trees
3, 11 | )
)
4, 12 | )
7 Wind direction
8 Wet bulb temperature
15 Wind speed

16 Dry bulb temperature
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CHAPTER 9.

The detector for point discharge on trees

Introduction

This chapter is an account of the development of
a detector which would give reliable measurements of
point discha*ge currents in the tree on which it was
installed. The predominant cause of difficulties in
this development work was always the presence of various
types of electrical noise in the trees. By constructing
various forms of detector, it gradually becaﬁe possible
to identify the causes of the electrical noise. One By
one the various forms of noise were eliminated, until,
in the final_form of the detector, the signal-to-noisz
ratio had been sufficiently increased for reliable

measurements of point discharge to be made.

Initial considerations on electrode degign

The lengty and position of the cylindrical
capacitative electrode determines the voltage amplitude
of any point discharge pulses which are detegted. The
capacitance of:a cylindrical capacitor C is given by

C. = | 2TEKL/(log (R/T))
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where R is the radius of the outer conduéting cylinder,
r is the radiué of the inner cylinder and£ is the length
of the capacitor. The dielectric constant of the medium
between the conducting cylinders is equal to K and &o
is the permittivity of free space. It was shown in
Chapter 5, that, is we assume that the value of R/r is
1.3 and the dielectric constant of the wood and bark

on a tree is about 3, then the capacitance per unit

length of electrode is about 600 me_l.

To obtain;a rough estimate of the voltage amplitude
of the pulses that we might expect at the electrode, we
can consider the following example. Let the height of
the tree be 20 m and the resistivity of the tree trunk
be 5 kJZm_l. Let the input impedance Qf the measuring
equipment connected to the e1ectr§de be about 2 kA and
assume that the electrode is positioned two thirds of
the way up the tree trunk. If the measuring equipment
is installed at the bottom of the tree, the shunt
capacitance of the coaxial cable between the electrode
and the measuring equipment will be about 500 pF. If we
take a value of 50 mV fo; the amplitude of the point
discharge pulses at source, we can now draw the equiva;ent

circuit of the tree and measuring equipment (See Fig. 9.1).
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The electrode capacitance is taken as 100 pF. With
reference to the diagram, it can be seen that the amplitude
of pulses at B will be attenuated compared with the

pulse amplitude at A. After the pulses have passed
through the electrode C1 to the measuring equipment at C
they will be further attenuated. The amplitude of the
pulses at point C, iﬁ this example, works out to be abuout
ImV. Although this example is an oversimplification of
the true case, it does show that the effect of the

trunk resistance, above the electrode, is to cause
considerable attenuation of the pulses. It can be
therefore congluded that the electrode should be
positioned as high as possible up the tree trunk, to

reduce the atcenuation of the pulses to a minimum.

Construction of the electrodes on four trees

The electrodes used were constructed by winding
about 50 turns of coaxial cable around the tree trunk.i
A close;wound:coil was thus formed and electrical
connection for the electrode was made to the outer
sheath of the coaxial cable. The four trees have
heights ranging from 18 to 23 m and the electrodes weré
fixed as high up the trees as possible. This was about
two—-thirds of the tree height, as this represented the
maximum height to which it was possible to climb. A
coaxial line from each of the four electrodes leads to

the instrument housing.
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Early versions of the detector

The signals frém‘the four tree electrodes were
each amplified at the instrument housing. A voltage
gain of 1000 was provided by transistor pulse amplifiers.
The circuit adopted for these wideband amplifiers was
deéigned by Racal Research Ltd using computer techniques
to maximise the stability. (Design Electronics June 1967).
After voltage amplification the signals from each of the
four trees paused into a simple frequency measuring
circuit (Fig. 9.2). The results with this system were
discouraging because the recorder remained off-scale
most of the time as a result of a high noise level.
The noise was thought to be caused by the relatively

high line impedance of 2 kJl. This would allow earth

‘signals to be picked up from the shesths of the coaxial'

cables running from the trees to the instrument housing.
Also amplifier noise was found to be appreciable when
the impedance across the input was as high as 2 kfQl.

The line impedance was consequently reduced to 25f%

and battery driven transistorised head amplifiers were
installed at the bottom of each tree to feed into the
lines (Fig. 9}3). The electronic circuits and batteries
were housed in waterproof polythene boxes. The lifetime

of the batteries was about 1000 hours. The noise level
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was now considerably reduced but unfortunately the
recorder still remained off-scale. A careful examination
of the noise on an oscilloscope indicated that there were
two definite frequencies present in the otherwise

random waveform. These frequencies were found to bé
about 200 and 1000 kHz. It was found that the trees

were acting as éerials and picking up the BBC programmes,

Radios 2 and 4.

The addition of a selective radio frequency filter

To overcome this problem a selective radio
frequency filter was designed (see Fig. 9.4) and
incorporated into each of the head amplifiers on the
trees. The filters were of the "constant k" type and
it is important that these filters a?e terminated at
each end by their own characteristic impedance. The
surrounding circuitry was thus designed accordingly.
Using these filters the amplitudes of the two radio
signals of 200 and 1200 kHz were reduced, relative to
all other frequencies, by factors of 13 and 20
respectively. The recorded output now remained on
scale for most of the time and was approximately

constant during clear weather in daylight. However,
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at night or waen the sky was clouded the recorded

output showed large variations. In periods of high
potential gradient the recorded tree signal often
correlated with the potential gradient. At first, it
was thought that this was caused by point discharge. It
later became clear that this was not so, and the real
cause of correlation was the change of radio poise level
as-storm clouds passed over Lanehead. If the noise
level lad remained constant, measurements of point
discharge would have been possible as the apparatus
described above was thought to be adequately sensitive.
However, this was not the case and it was decided that

completely different techniques would have to be used.

The new approach

It was cancluded from the above experiments that
the reasons fﬁr failure so far were twofold. In the
first case, the electrodes on the trees were not near
enough to the source of the pulses. Thus, the attenuated
pulses needed considerable amplification and, as the signal-
to-noise ratio was low, no conclusive measurements could
be made. Secondly, a more selective measuring instrﬁment
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was required. If the measuring equipment can be made to
respond only to non-symmetrical pulsed waveforms, and not
to>symmetyical waveforms such as a sine wave, then much
of the noise including the radio signals would be
eliminated. A new form of detector was accordingly
designed to meet the above requirements. The circuit is
shown in Fig. 9.5 and consists of two stages of voltage
amplification followed by the diode detector stage. When
correctly balanced the circuit gives no output for
symmetrical waveforms such as a sine wave. Positive
pulses give a positive d.c. output and negative pulses
give a negative output. Thus with.this detector the

sign of the poi;t discharge current will be given
directly whereas, using previous methods the sign would
have to be deduced from the potential gradient. The
values of Rlcl and R202 determine the pulse frequency
coverage of the detector. Thus, assuming that R,C. and

171

R202 are equal, we have,

f max RIC1 N~ 5

where f max is the highest frequency which can be

measured.
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The new detector was installed in a weatherproof
box 2 m from the top of a tree on the northérn edge of
the plantation. This tree was chosén for two reasonms.
First the tree was fairly exposed and would probably
begin to discharge at a lower potential gradient than
the four trees previously used. Secondly, it was
possible with difficulty to climb to the very top of
this tree. Four electrodes 0.25 m in length were
attached to the top branches of this tree and connected
to the input of the detector. These electrodes are made
from aluminium foil and are positioned about 1.5 m
below the highest point of the tree on four separate
branches. Two cables, one for the output and one for
the power supply, were takento the instrument housing.
The noise level with this detector was now reduced to only
107 of full séale on the recorder. However, in periods
of high poten;ial gradient reaching about 27000 mel

no indication of point discharge was given.

Further improvements

It had been assumed, up to this point that the
resistivity of the tree branches did not vary appreciably

with the diameter of the branch. Laboratory tests, on
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branches cut from the trees confirmed that this is true

for all but the thinnest branches. However, it is found

that the resistivity of the twigs forming the very end

~of a branch is very much higher than that for the rest

of the branch. With this new information, an electrode
was formed on one of the top branches of the tree and at
a distance of‘only 15 cm from its end. The electrode
was again made from aluminium foil and was 10 cm in
length on a branch with a diameter of approximately

1 cm (See Fig. 9.6). The four electrodes lower down

the tree were connectea'to earth to reduce the level

of noise reaching the top electrode (See Fig. 9.7).

First successful measurements of point discharge pulses

In the final form of detector and electrode
described above, the noise level is less than 5% of
full scale on the recorder. The only occasions when
the noise level increases beyond this value are in the
hours of darkness. Investigations showed that this is
caused by the tree behaving as an aerial énd,picking
up atmospheri;s. An adgount of the measured characteristics
of this form Sf noise is given in Chapter 10. Shortly
after the installation of the detector high potential

gradients were recorded over a period of a few hours.
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A clear indication of point discharge was given by the-
recorded output from the detector (see Figs. 9.8 and 9.9)
From the record it can be seen that the tree did not
begin to dischérge until the measured poténtial gradient

was about :6000 Vm-l.

Performance and calibration of final form of deteétor

It was decided that the owiy practicable way to
calibrate the detector and electrode system was to try
to simulate the top two or three metres of the tree in
the laboratory. A branch was cut from one of the trees-:
in the plantation and erected in the laboratory. The
lower end of the branch was placed in a beaker of
dilute salt solution to give a good electrical conneétion
to the branch. An aluminium foil electrode was formed
close to the end of the branch and connected to an ‘
identical pulse detector. A galvanometer connected between

the salt solution and earth gave the current through the

branch, Artificial fields were applied to the branch and

‘the relation between the point discharge current and the

detector output is shown in Fig. 9.10. The resistance
to earth from: the bottom of the branch was varied from

zero to IMJ and this was found to have little or no



Fig. 9.10 Calibration curve for point discharge pulse detector.
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effect on the calibration curve. It is therefore
concluded that this curve should still hold to some

extent for the case of a full size living tree.

9.10 Conclusion
There is no doubt that the system developed will

detect point discharge on trees and give a measure of the
current to an accuracy of about i302. Further work
is needed if accurate measurements of the point discharge
current is needed. The important points about the
detector are tbat it gives a measure of the current  in
a tree growing under natural conditions and the start of
the discharge on the tree is clearly defined. The tree
on which the first successful measurements were made was{
situated on the edge of the plantation. A second treé
inside the plantation was later equipped with a similar
electrode and pplse detector, so that a comparison could
be made between relative amounts of point discharge on

the two trees.
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CHAPTER 10

The point discharge current measurements at Lanehead

Introduction

Measurements were made at Lanehead over the 11 month
period of Octqber 1967 to August 1968. During this tihe
the potential‘gradient was recorded whenever it exceedad
values of aboit z 1500 Vm-l. The point discharge current
for the elevated ﬁetal point was measured for 10 months
starting at the beginning of November 1967. It was not
until June 1968 that the first measurements of point
discharge on a tree were made. Point discharge currents
in a tree at the edge of the plantation were recorded
over a period of three months. A second tree inside the
plantation was later fitted with a point discharge i
detector and gave measurements during the latter half
of July and the whole of August. Thus it was possible to
compare the results from the two trees during'tﬁis period.
It is thought that these measurements are important
because they are probably the first re}iable measurements

of naturally occurring point discharge on trees.

Over the total period of 11 months the recorded data
amounts to about 750 m of paper chart. This represents a

recording time of approximately 2,000 hours.
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10.2 Analysis of recorded data.

10:2.1 Objects of the analysis.

The recorded data for po£entia1 gradient and for point
discharge currents through trees and a metal point has been
analysed in su:h a way as to give the distributions in time
for each of these parameters. These results are given
in the form of histograms and show the frequency of
occurrence of each of the stated range of values of the

" parameter.- The data was analysed, first of all, on a monthly
basis so that, for each parameter, one histogram was obtained
for each month of measurements. The mean values of the

parameters were calculated for each month and the total time

for which each parameter was measured was also found.

10.2.2 Potential gradient measurements.

The analysis of the potential gradienf records was

1

. . . + -
limited to those occasions when its value exceeded - 2600 Vm ~,

that is z 307 of half-scale on the recorder. Potential
gradients greater than these values were divided into rgnges
of width 875 Vm_l. Thus the total time for which the
potential gradient is in each range gives the distribution
for the month. The records for each month in turn were
analysed giving eleven distributions for October 1967

to August 1968.
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10.2.3 Point discharge on the elevated metal point

The records obtained of point discharge currents Ehrough
the metal point were analysed in the same way as the potential
gradient records. In this case,ihowever, all values of the
parameter were included in the analysis. The recorded currents
were divided into ranges of width 0.174A. Ten distributions
of current were obtained for the months of November 1967 to
August 1968. However, during this period it has been found
that the value of potential gradient at which the point began
to discharge was not constant. The table below gives the
values of potential gradient at which point discharge on the

metal point commenced.

TABLE 10.1

MONTH POTENTIAL GRADIENT AT ONSET OF DISCHARGE
November 1300 Vm-1
December 1300
January 1750
February 1750
March 1750
April 2600

May 2600

June 2600
July 2600
August 2600
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It is thought that the exposure of the point may have changed

during the year as a result of modifications made to it.

Point discharge on trees

Analysis of the point discharge currents in the two
trees gives the current distribution in the same way as for
the metal point. However, in this case the currents are
divided into ranges of width 0.05pA. The non-linearity
of the output from the detectors with point discharge current
means that the range of chart values, for each range of
O.OS/VA, varies with the current. Measurements were
recorded from one tree on the edge of the plantation for
June, July and August, 1968. A second tree inside the
plantation gave measurements for half of July and August,
1968. As the periods of measurement for the trees were
relatively shdrt, the data was not analysed for each month,
but for the period as a whole. Thus, the current
distribution for the tree on the edge of the plantation was
calculated for June, July and August. The distributions for

both trees were found for the last half of July and Augustso

that the results from the two trees can be compared. '
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10.3 Results for pofential gradient and point discharge on the

elevated metal point.

10.3.1 Monthly distributions for potential gradient and point discharge.

The distributions for potential gradient for October, 1967
to August 1968 together with the point discharge distributions
for November 1967 to August 1968 are shown in Figs. 10.1 to
10.11. It can be seen that for all months except February the
duration of negative potential gradients and currents is
greater than that for positive values of the parameters. The
maximum recorded values of potential gradient are
approximately -11,000 Vm-1 and +10,000 Vm_l. So that the
differences in the results for each months can be seen more
clearly, values of the mean potential gradient and point
discharge current have been calculated for both signs of
current apd potential grédient. The mean values for 1
potential gradient together with the total periods of high
potential gradient are given in 10.3.3. The purpose of
the monthly distributions, apart from giving the mean values,
is to give the data necessary for calculating the distributions
of potential gradient and point discharge for the total’
period of ten to eleven months. These distributions are

given below in 10.3.2,
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Potential gradient and point discharge on metal point

December, 1967
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Potential gradient and point discharge on metal point

January, 1968.




Fig. 10.5 Potential gradient and point discharge on metal point

February, 1968
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Fig. 10.6 Potential gradient and point discharge on metal point

March, 1968
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Fig. 10.7 Potential gradient and point discharge on metal point

April, 1968
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Fig. 10.8 Potential gradient and point

discharge on metal point

May, 1968.
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Fig. 10.9 Potential gradient and point discharge on metal point

June, 1968.




Mean Potential Mean Potential
Gradient = -4980 mel r 150 Gradient = +4730 Vmﬁ] |
Tatal Period = 408 Min Total Period = 254 Min |
o |
-':..-4 .
~ 100
L 50 )
4 T ' -1
-10000 -5000 0 +5000 +10000 Vm ~
Mean Current = -0.39 MA " Mean Current = +0.39‘~A
Total Period = 420 Min - 150 Total Period = 336 Hin
-
Ld
~
T ¥
0 +1 +2 (¥A)

-2 -1

‘Fig. 10.10.

Potential gradient and point discharge on metal point

July, 1968.
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Fig. 10.11. Potential gradient and point discharge on metal point

August, 1968
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metal point (10 months) for October 1967 to August 1968
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10.3.2 Potential gradient and point discharge distributions

. for the total period.

These distributions are shown in Fig. 10.12. The
distribution for potential gradient shows the durations of
positive and negative potential gradients. In fact the
potential gradient was negative for about 40 hours and
positive for about 20 hours. The mean potential gradients
are -4520 Vm_1 and +4150 Vm_l. It should be expl
that these are the mean values for potential gradients in
excess of ~260b Vm—l. The distribution for the point
discharge curr:nts through the metal point shows the greater
prevalence of negative currents. The mean values of —0.38f;A .
and +0'42f}A are of similar magnitudes but it is the
duration of these currents which differ greatly. If the
total positive and negative charges brought to earth are
calculated the values obtained for the ten-month period are
-0.062 C and +0.042 C. Thus the net charge transfer is
~0.02C, and the ratio oflnegative to positive charge
transferred is 1.48. The value of -0.02 C for the totai
charge transfer, is low compared with the values found by WORMELL
(1930) and WHIPPLE and SCRASE (1936). However, this
difference is probably caused by the use of a point only

4m in height and one situated in a clearing on the edge of
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the plantation. The ratio of negative to positive charge,
found here to be 1.48, is similar to the values found by

WORMELL (1930) and CHALMERS and LITTLE (1947).

The duration and mean values of the potential gradient

As the exposure of the metal point was found to have
varied during the year, mean values of point discharge.
current cannot be compared. However, the variations of
mean potential gradients and the duratioms of the potential
gradients for each month are shown in Figs. 10.13 and 10.14.
From these diggrams it-can be seen that the Highest mean
values of both positive and negative potential gradients
occurred in February and July. The months which had the
longest periods of high negative potential gradients were
November and Jﬁly. The longest periods of positive
potential gradient occurred in February and July. Fig. 10.15
shows the ratios of the mean values of positive and
negative potential gradients and also the ratios of thé

corresponding durations.
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Results for point discharge on trees

A single tree on the .edge of the plantation.

Fig. 10.16 shows the distribution for the point
discharge currents in the tree during June, July and
August, 1968. For comparison the potential gradient
and metal point current distributions for this period
are shown in Fig. 10.17. It can be seen that the
mean currents for the tree are about half-those for the
metal point, H;Wever, the most striking difference is
in the periods of point discharge. The total duration
of point discharge on the tree is only about one tenth
of the corresponding duration for the metal point.

To make a more exact comparison between the tree and the

point the relevant quantities are shown in Table 10.2

overleaf.
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TABLE 10.2

Comparison between point discharge currents through the metal point

and the tree on the edge of the plantation for June, July and August,

1968
METAL POINT TREE
Positive Negative | .Positive Negative

Mean current aA 0.34 -0.35 0.19 -0.16
Total duration of

" current, min. 589 912 36 87
Total charge, C x 10--4 120 -190 4.05 -8.3
Net charge transferred

in 3 months, AC -7,200 ~-430
Ratio of negative to

positive charge 1.60 2.06
transferred.




= 15

Min

10

1

+0'.6(/vn)

Tree inside plantation

—= —= — Tree at edge of plantation

Fig. 10.18. Point discharge currents in two trees during July and August, 1968
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10.4.2 Point discharge on a tree inside the plantation.

Measurements of the point discharge currents in a tree
inside the plantation were made for a period of one and a
half months from the middle of July, 1968. The results are
shown in Fig. 10.18. The distribution drawn in dotted
lines is the current distribution for the tree at the edge
of the plantation during the same period. Both the trees
are similar in height to those immediately adjacent to them
and certainly no higher. The tree at the edge of the
plantation is 17m in height. The tree inside the plantation

is 21.5m in height.

Table 10 3, overleaf, shows the relevant quantities
for comparison for the two trees. 'It is surprising that
there was more point discharge on the tree inside the
plantation. However, it can be seen that the net charge
transfer is 307 greater than the value for the tree at

the edge of tlie plantation.
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Comparison between point discharge currents through the tree on

the edge and the tree inside the plantation for part of July

and the whole of August, 1968.

TREE AT EDGE TREE INSIDE
Positive |Negative | Positive | Negative
Mean current ~A 0.15 -0.18 0.15 -0.14
Total duration of :
current, min. 9.3 22.1 14.7 39.5
Total charge C x 10 * 0.84 ~2.40 1.32 -3.32
Net charge transferred
in 1} months, ,C ~155 =200
Ratio of negative to
positive charge 2.86 2,52

transferred
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Signals other than point discharge pulses received by the trees.

It was mentioned in Chapter 9 that the noise level in
the final form of the detector is about 3Z of full-scale
deflectiﬁn on the recorder. For the majority of the time
the noise is constant at this level. This noise is
caused by B.B.C's Radios 2 and 4. When the transmitters for
these stations are switched off, the noise level measured
falls practically to zere. Thus a useful time check is
obtained late at night and early in the morning by looking
for step changes amounting to about 3% of full-scale, in

the otherwise steady record.

A second form of noise which occurred only at night
was identified as atmospheric noise. Particularly on
nights with clear skies the recorded noise level would
begin to increase from its steady value of 37 at about dusk.
By midnight it could be as high as 50% of full-scale. As
daybreak approached, the noise level would decreasezto its

: \
steady values of O or 37. The shape of the pulses from
the tree during these periods of noise and their repetition
frequencies were observed one night on an oscilloscope.

The pulses often occurred in short bursts which gradually

died away ancd the pulse repetition rate was typically
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in the range 10 - 75 kHz. From these observations

it was concluded that the noise increase was almost
certainly caused by atmospherics. A full description of
atmospherics and their characteristics is given in
MALAN (1963). As a result of the higher noise level
occurring on some nights, a small proportion of the
measurements made in high potential gradients could not

be analysed to give the current in the trees.

The only other form of noise that is known to affect
the detector is caused by a close lightning discharge.
At the instant of a flash the recorded output from the
tree detector increases by about 507 of full-scale in a
negative direction. These deviations are very short an%

can therefore be easily recognised.
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CHAPTER 11

Discussion of the results of the Lanehead Field experiment

11.1 The techniques of measurement of natural point dischaggg.

Various methods have, in the past, been trie& for
measuring natural point discharge currents in trees.
The discussion below shows that all these methods have
severe limitations and that these are overcome cr avoided
in the present work to give what is thought to be the first
reliable measurements of natural peint discharge on trees.
Before proceeding with this discussion, a brief summary of
the techniques, which have been used for measuring point
discharge on trees at Lanehead, may be useful. Thesé
measurements rely on the fact that point discharge.currents
in trees flow as a series of pulses. Positive currents
flow as positive pulses and negativehcurrents as negative
pulses. These are detected in the tree as voltage pulses
using'a capacitafive electrode close to the end of the
discharging branch. The pulses are subsequently amplified
and their sign, amplitude and repetition frequency givé a measure
of the current. Two twe trees which have been instrumented
in this way are part of a plantation of conifers at Lanehead.
One tree is on the edge of the pléntation_and the other is

!

inside. The trees are all of uniform height. The potential
gradient and point discharge currentare measured outside the

plantation.
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In general, the limitations of previous methods of
measurement of point discharge have been caused either by
the use of indirect methods of detection of the currents
or by trying to detect the cufrents in the tree at too
great a distance from their source. MAUND and CHALMERS (1960)
attempted, with little success, to estimate point discharge
currents in trees from measurements of potential gradient
.at the ground both upwind and downwind of the trees. The
difference between the potential gradients resulting from
the space chérge produced at these two points should give
a measure of any point discharge on the trees. They found.
that there was probably no point discharge on a 12 m high
sycamore tree in leaf in potential gradients up to 7000-Vm_1.
MAUND and CHAIMERS concluded that if there was any current
it was certainly less than 14A. MILNER and CHALMERS (1961)

'compared the observed currents from a metal point in the

top branches of a 15 m high tree with currents from by-passing
electrodes in a similar tree nearby. The current from the

tree was observed to be about only one tenth of the point
current. The threshold value of potential gradient at which
discharge on the tree commenced was found to be about 1000 Vm_l.

However, point discharge was observed on only one isolated

occasion. Also, it is known that electrochemical action
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between the electrode and tree can give spurious currents
which vary with the state of the tree. ETTE (1966) and
JHAWAR and CHALMERS (1967) have shown that this method

using electrodes does not measure the total current down

the tree. ETTIE (1966) showed that, in periods of rapidly
changing potential gradient of the order of 500 Vm_ls-l, such
as might occur in a thunderstorm, the fesulting displacement
current in a tree can be of the same order as the point
discﬁarge current. CHALMERS (1962), using the metal point
and electrode system of MILNER and CHALMERS (1961) observed
the currents in the point and tree during a thunderstorm.

He found that, whereas the metal point current closely'
followed the potential gradient measured at tthe ground
nearby, the current in the tree showed a completely different
behaviour. It was concluded by CHALMERS that the results
could be explained if the tree behaved as ; resistance—
capacitance elemént with a time constant of about 90s. 1In
view of the theoretical predictions of ETTE (1966) it is
probable that the large peaks in the observed tree current,
which coincided with lightning flashes, were caused in part

by displacement currents in the tree.
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In the present work, the method used_for the meaéurement
of pofnt discharge currents in trees .does not suffer from any
of the above limitations. The cﬁrrents are detected, close
to their séurce, by a direct method. The electrode used,
being a capacitative link only, does not give spurious
currents due to electrochemical action at the tree-electrode
interface. Finally, any displacement currents in the trees,
caused by rapid field charges, are ﬁot detected by the
measuring system as this is only sensitive to pulses with

rise-~times as short as those of point discharge pulses.

In the past, for lack of a better method, most estimates
for the amount of point discharge on natural objects such as
trees in a given area have been derived from measurements of
point discharge on elevated metal points. .The first
estimates for charge transfer in the atmosphere due to point
discharge were made by WORMELL (1930), WHIPPLE and SCRASE (1936)
and later by LUTZ (1944) and CHALMERS and LITTLE (1947) In
all this work currents in the metal p01nt were converted
to a current de;sity over the surrounding area by assuﬁing
a value for the effective separation of similar points in

the area. The necessity for making this last assumption

imposes a severe limitation on the reliability of these
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estimates because the effective separation of points cannot
be found iﬁ practice (see CHAIMERS (1943)). The difference
in behaviour between me£al points and trees in high potential
gradients was first observed by MILNER and CHALMERS (1961)
and CHALMERS (1962). JHAWAR and CHAIMERS (1967) showed that
for a small tree in értificial potential grqdients, the
relation between point discharge current and potential
gradient is a cube law, whereas for a metal Point the
relation is a square law. In order that the differences

in behaviour of trees and metal points could be compared
under natural conditions, point discharge measurements from
a metal point were included in the Lanehead field experiment

and a discussion of these measurements is now given.

The measurements of point discharge on the tree at the
edge of the plantation and on the metal.pdint outside the
plantation over a 3 month period are shown in Figs. 10.16
and 10.17. A summary is given in Table 10.2. The tree on
the edge, rather .than the tree inside the plantation, has
been chosen for comparison with the point so that a 3 month
rather than a 1} month period can be considered. The tree
inside the plantation gave slightly longer periods of point
discharge, but the difference is small compared with that

between the point and the tree on the edge of the plantation.
\
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The different amounts of point discharge on the two trees

are discussed below in 11.2. The heights of the metal

point and the tree on the edge of the plantation are 4 m and
18 m respectively. The horizontal distance between them is
about 30 m. The potential gradient is measured 2.5 m above
ground level at a position 20 ﬁ from the tree and 10 m

from the point (see Fig. 8.2). An examination of the results
shows that theé magnitudes, of the mean currents in the tree
and point, differed only by a factor of two, the values being
-0.35 and +0.34 #A for the point and -0.16 and +0.19 ~A for
the tree. However, the most outstanding differeﬁce between
the metal point and the tree is in their respective periods
of point discﬁarge. For the point the total period was

1500 min. compared with 125 min for the tree; a ratio .of 12
This &ifference is presumably caused by the higher potentiai
gradient needed to initiate point discharge on the tree. The
metal point began to discharge at approxiﬁately 2600 Vm—1
during the period under consideration, whereas the records

show that point discharge began on the tree at 7000-8000 Vm--1

An examination of the potential gradient distribution shown
in Fig. 10.17 shows that the periods of time for which the

. . + -
potential gradient was greater than ~8000 Vm 1 correspond to

the observed periods of discharge for the tree, these being

1.
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87 and 36 min for negative and positiQe currents respectively.
It is concluded that the reason for the higher.potential
gradients needed to initiate poin; discharge on the tree is,’
mainly, that the points of the foliage on the tree are less
sharé than the metal point. The labdratory experiments in
Chapter 5 showed that, for both signs of potential gradient,

- the plate voltage at the onset of point discharge was 100%
greafer for spruce twigs, compared with the corresponding voltage
for a sharp metal point. It may also be that the top branches
of the tree are less exﬁosed to high potential gradients than
- the metal point, despite their greater height. If we now
consider the net charges transferred it can be seen that

these are -72 x 10-40 and ~4.3 x 10—4C for the metal point

and tree respectively. Thus, the charge transferred by

the tree is only 6% of that for the metal point, even though
the tree is over four times as high. In view of this result,
it can only be Eoncluded that estimates of charge transfer

by point dischafge, using metal points of heights greater

than 4m, are almost certainly in error.

In conclusion, it is thought that the techniques used
in the present work offer the most reliable method yet
devised for measuring point discharge on trees. However,
improvements in the instrumentation are needed so that it
can be installed lower down the tree and yet still measure

the point discharge current. This would considerably reduce
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the difficulties involved in the installation of electrodes.
Thus it would then be possible to eqﬁip large numbers of
trees with point discharge detectors and possibly make

simultaneous measurements at more than one site.

The transfer of charge by point discharge on trees at Lanehead.

Measurements of point discharge on ome treé on the
edge of the plantation at Lanehead were made for three
months. A second tree inside the plantation gave measurements
during the second half of the above period. The behaviour
of the two trees is compared below, and certain assumptions
are made, so that an -estimate of the amount of point
qischarge, for the whole plantation, can be obtained for
the three month period. The mean monthly values of high

potential gradients, in this period, are then compared with

.those for the rest df the year and the total charge

transferred to earth for the plantation in one year is thus
éstimated. The significance of the resulﬁing mean annﬁal
current density, for point discharge at Lanehead, is
diécussed. To conclude, the role of point discharge in
some aspects of atmospheric physics is discussed in the

light of the results of the present work.
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The measurements, for the two trees in the plantation,
made over a period of 1} months are shown in Fig. 10.18 as
distributions of currént with time. Tﬁe relevant quantities
resulting from these measurements are compared for the two
trees in Table 10.3. It is evident that the mean pésitive
and negative currents measured in the two ;reeé during this
period were more or less the same and equal approxiﬁately
to +0.15 »A and -0.16 A, However, the tree inside-the
plantation discharged for 757 longer than the tree at the
edge. This implies that the former tree starts to discharge
at lower measured values of potential gradient than thé.
latter. The net charges transferred were -1.55 x 10_4C and
=2.00 x 10_4C for the tree on the edge and the trée inside
the plantation respectively. This difference can probably
be explained in terms of the different shapes and exposures
of the top sections of the trees. The free inside the
plantation is 21.5m high compared with 18 m for the tree at
the edge. However, both trees are of the same heights as
the trees immediately .adjacent to them. The answer is
probably, that, as the taller treé is the more pointed: its
topmost branches will begin to discharge at lower potential
gradients than those necessary for the other tree, despite
the presence of surrounding trees. The question now arises

as to the number of discharging branches at the top of a tree.
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The positioning of the electrodes is such that they will
detect only point discharge pulses produced at the top of

the branch on which they are fittea. This means that there
will probably be point discharge occurring on other parts of
the tree. Trees with flatter tqps may have a larger

number of discharging branches. This offers an explanation
of the unexpected result that the tree at the edge apparently
gave less point diséharge than the tree inside the pléntatio1
The tree at the edge has a relatively flat top and thef
branch selected for the electrode is similar in exposure

to seven or eight others. 1In the case of the tree inside

the plantation the branch with the electrode is the hiéhest
and there are only two or three other brénches on the treé
which approach this height. Thus, to find the point
discharge current for a tree we must know the total éurrent

from all brénches.

I1f we now consider, not two trees, but the plantation
as a whole, it should be possible to estimate the mean
annual current density due to point discharge. To do this
we must know:-
i) The average number of branches per tree which discharge,
ii) The average amount of point discharge per branch, and

iii) The area of the plantation and the total number of trees.
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The area of the plantation is about 3.75 x 104m2_and there
are about four trees per 100m2. Thus the total  number of
trees is about 1500. A subjective assessment of typical
trees in the plantation suggests that the average number of
branéhes on each tree which might discharge is about 5. To
find the average charge transferred to earth for each branch
in a year, we have to take a value for the three month period
when measurements were made and then estimate fbr the
preceeding nine months. The average high potential gradients
measured in the 11 month period of October 1967 to August 1968
are within 5-107 of the average values for the three month
period of Jume, 1968 to August 1968. Thus, there is
reasonable justification in taking ghe three month period as
being representative of the year as a whole if we allow for
the different duration of high potential gradients in Ehese
periods. The net charge transferred, in one branch of the
tree on the edge, was less than that for the tree inside.
However, it is probably a more realistic value because this
tree is more typical in shape than the tree inside the
plantation. In three months the net charge transferred to
earth through one branch of the tree on the edge of the
plantation was -4 x 10—40. "We can now estimate the net

charge transferred in one year for the plantation. The
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value obtained is 450C kﬁ—zyr-l. However, if only two
branches on each of half the total number of trees discharge
the value is 90 C km_zyr-l. The latter value is'probabiy

an underestimate, whereas the former may be an overestimate.
" For the purpose of discussion let us take the value

270 z 180 C km_zyr;l. Measurements on a greater number of
trees are clearly necessary if the amount of point discharge
is to be found to closer limits than those given above.
However, it is interesting that the value found is of the
same order as those previously estimated from measurements
of point discharge on elevated metal points. CHALMERS'and
LITTLE's (1947) value for Durham is =90 C kmfzyr_l.
CHAL&ERS' (1949) estimate for Kew is =125 C km_zyr--1 and

zyr_1 for

WORMELL (1953) found a value of -170 C km
Cambridge. 1In view of the present degree of uncertainty
of the value for the plantation at Lanehead, any further

comparisons would have little meaning.

From the measurements made at Lanehead, there are
several'imporéant conclusions to be drawn and these are now
sumarised below. First of all it has been_found that trees
at Lanehead do not begin to give point.discharge until the

measured potential gradient is greater than 7000-8000 Vm_l.
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This is in agreement with the conclusions of MAUND and
CHAIMERS (1960). The results also show that a tree inside
the plantation gives similar amounts of point discharge
compared with a tree on the edge. However, as a result of
the high potential gradients necessary to initiate point
discharge on trees, the amount of charge flowing to eaéth
in the three month period was found to be only 4.3 x 10_4C
for the tree compared with 72 x 10—40 for the metal point.
A further consequence of the above is that space charge will
originate at the trees in the plantation only on rare
occasions. However, the work of OGDEN (1967) and fhe space
charge measurements of BENT, COLLIN, HUTCHINSON and CHAILMERS
(1965) suggest that point discharge-on isolated trees can
occur at lower potential gradients. Thus, under these
conditions significant space charge concentrations may

originate from isolated trees.

In conclusion it should be emphasised that the site
at Lanehead is by no means unique. 1In fact there are
thousénds of square kilometers along the pennines with
landscapes similar to that of Lanehead and its surroundings.
The fact that Lanehead is about 500 m above sea—level, and
consequently that much closer to cloud base, means that

potential gradients may be a little higher than at sea-level
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but again this is not uncommon. In fact, CHALMERS (1952)
argued that the nature of the ground surface does not
influence the amount of point discharge. This is considered
to be governed only by the rate of separation of charge in
the storm cloud above. The experimental verification of

this theory would make a big step forward in the understanding

of natural point discharge.
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CHAPTER 12

Suggestions for further work

The improvement of measuring equipment

If the design of the point discharge detector could
be improved so that the capacitative electrode can be
positioned lower down the tree, the task of installing the
equipment on the trees would be much easier. It would
then be practicable to instrument a large number of trees

instead of the two used in the present work.

It would be an advantage to have the detectors as
self-contained units each with their own means of recording
the amount of point discharge. Thus, no external power
supplies or recording system would be needed, and so

experiments over alarge area could be conducted.

Whilst it is. thought that the detection of point
discharge pulses offers the best approach to the measurement
of point discharge on trees, it may be possible to detect
the pulses in a different way by using an aerial to pick up
the radio frequency interference produced by point discharge.
This approach may prove to be the most practicable if

experiments on a large scale are envisaged.
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Further experiments

The continuation of the experiment at Lanehead, with
improved equipment on a larger number of trees, will give
a more accurate estimate of the amount of point discharge
than has been made in the present work. In particular, it
would be useful to deﬁermine the averége number of branches
which discharge per tree. As the measurements in the present
work are limited to two trees, it has not been poésible to
see the effect on discharging trees of space charge produced
at trees upwind. With measurements from several grees

throughout the blantation, it would be possible to compare

the amounts of point discharge on upwind and downwind trees.

Before any estimates of point discharge can be made for
large areas, it is necessary to know to what extent the
nature of the ground surface determines the amount of
point discharge. It is suggested that, to begin with,
measurements are made for different types of trees, as it
seems likely that deciduous trees give less point discharge
than conifers. (See MAUND and CHAIMERS (1960)). Further
experiments could include an investigation of the possibility
of point discharge on grass and other vegetated terrain. There

is also the question of to what extent point discharge occurs



136.

over the surface of the sea and 6ver desert areas. It was
mentioned in 11.2 that CHALMERS (1952) argued theoretically
that the amount of point discharge on the ground below a
storm cloud is independent of the nature of the ground
surface. The experimental verification of this result
would be difficult but it would mean that large scale
estimétes of the amount of point discharge could be made

with a much higher degree of certainty.



10.

11.

12,

13.

137.
REFERENCES

AMIN (1954).- "Fast time analysis of intermittent point-
plane corona in air'. American Journ. Appl. Phys.
25, 210, 358, 627.

BENT, R.B., COILIN, H.L., HUTCHINSON, W.C.A. and CHALMERS, J.A.
(1965). Space charges produced by point discharge from

trees during a thunderstorm, J. Atmosph. Terr. Phys.
27, 67-72.

BROOKS, C.E.P. (1925). The distribution of thunderstorms
over the globe, Geophys, Mem., Lond. 24 .

CHAIMERS, J.A. (1943). The separation of electricity in
clouds, Pkil. Mag. 34, 63-7.

CHAIMERS, J.A. and LITTLE, E.W.R. (1947). Currents of
atmospheric electricity, Terr. Magn. Atmos. Elect.
52, 239-60.

CHALMERS, J.A. (1949). Atmospheric Electricity, Clarendon
Press, Oxford. :

CHAIMERS, J.A. (1952). The relation between point discharge
current and field, J. Atmosph. Terr. Phys. 2, 292-300.

CHALMERS, J.A. (1952). Point discharge currents.
J. Atmosph. Terr. Phys. 2, 301-5.

CHALMERS, J.A.: (1953). The charge on the ionosphere,
J. Atmospn. Terr. Phys. 3, 345-6.

CHALMERS, J.A., (1953). The effective separation of discharging
points, J. Atmosph. Terr. Phys. 3, 346-7.

CHALMERS, J.A. and MAPLESON, W.W. (1955). Point discharge

currents from a captive balloon, J. Atmosph. Terr. Phys.
6, 149-59,

CHALMERS, J.A. (1962). Point-discharge currents through a
living tree during a thunderstorm. J. Atmosph. Terr.
Phys. 24, 1059-63.

\
CHALMERS, J.A. (1967). 'Atmospheric Electricity'. Second
edition 1967. Pergamon Press.



14'

15.

16.

17.

[
20

19.

20.

21.

23.

24.

25.

26.

27,

138.

CHAPMAN, S. (1956). Electrostatic Field Measurements,
Corona Discharge and Thunderclouds, CAL Report 68,
Cornell Aeronautical Lab., Buffalo, N.Y.

CLARK, J.F. (1958). The fair weather atmospheric electric
potential and its gradient, Rec. Adv., pp. 61-73.

DAVIS, R. and STANDRING, W.G. (1947). Discharge currents
associated with kite balloons, Proc. Roy. Soc. A,
191, 304-22.

DESIGN ELECTRONICS (1967). ''Computer aided Design"

June, p.64.
ETTE, A.I.I. (1966). Estimation of displacement currents
in trees. J. Atmosgh. Terr. Phys. 28, 831-838.

ETTE, A.I.I. (1966) Measurement of electrode by-passing
efficiency in 11v1ng trees, J. Atmos. Terr. Phys.
28, 295-302.

FEINBERG, R. (1966). Handbook of electronic circuits.
Chapman & Hall.

FISCHER, H.J., (1962). nle Elektrische Spannung zwischen
Ionosphire und Erde, Thesis. Tech. Hochsch, Stuttgart.

FRANKLIN (1752). Phil. Trans. Roy. Soc. 47, 289.

GISH, 0.H. and WAIT, G.R. (1950). Thunderstorms and the

earth's general electrification, J. Geophys. Res.
55, 473-84.

HEAVISIDE, O. (1902). Telegraphy I. Theory, Encycl. Brit.
10th Edn., 33, 213-8.

HUTCHINSON, W.C.A. (1951). Point-discharge currents and
the earth's electric field. Quart. J.R. Met. Soc.
77, 627-32.

ISRAEL, H. (1953). Bemerkung zum Energieumsatz im Gewitter.
Geofis. Pur. Appl. 24, 3-11.

JHAWAR, D.S. (1967). The relation of point discharge to other

parameters. J. Atmosph. Terr. Phys. 30, 113-123.



28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

139,

JHAWAR, D.S. and CHALMERS, J.A., (1967). Point discharge
currents through small trees in artificial fields.
J. Atmosph. Terr. Phys., 29, 1459-1463.

KELVIN, LORD. (1860). Atmospheric electricity, Roy. Instn.
Lect.; Pap. on Elec. and Mag., pp. 208-26.

KENNELLY, A.E. (1902). On the elevation of the electrically
conducting strata of the earth's atmosphere, Elect.
World. N.Y. 39, 473.

KIRKMAN, J.R. and CHALMERS, J.A. (1957). Point discharge
from an isolated point. J. Atmosph. Terr. Phys. 10, 258-65.

KRAAKEVIK, J.H: (1961). Measurements of current density in
the fair weather atmosphere, J. Geophys. Res. 66, 3735-48.

LARGE, M.I. anc. PIERCE, E.T. (1955). The fine structure of
natural pdint discharge currents, Quart. J.R. Met. Soc.
81, 92-5.

LARGE, M.I. and PIERCE, E.T. (1957). The dependence of
point~discharge currents on wind, as examined by a new
experimental approach, J. Atmosph. Terr. Phys. 10, 251-7.

LOEB, L.B. (19€5). Electrical coronas: Their basic physical
mechanismg. Univ. California Press.

LUTZ, C.W. (1941). Uber die Spitzentladung Dlei Gewittern
und Schauern, Beitr. Geophys. 57, 317-33. i

LUTZ, C.W. (1944). Uber den Beitrag der Spitzentladung zur
Aufrechterhaltung der negativen Erdladung. Beitr.
Geophys. 60, 9.

MALAN, D.J. (1963). Physics of Lightning. The English
University Press Ltd.

MILNER, J.W. and CHALMERS, J.A. (1961). Point discharge
from natural and artificial points (II), Quart J.R.
Met. Soc. 87, 592-6.
|
MAUND, J.E. and CHALMERS, J.A. (1960). Point discharge from
natural ahd artifical points, Quart. J.R. Met. Soc.
86, 85-90.



41,

42.

43.

44,

45.
46.

47.
48.

49.
50.
51.

52.

140.

OGDEN, T.L. (1967) Durham Ph.D Thesis.

PIERCE, E.T., NADILE, R.M. and McKINNON, P.J. (1960). An
Experimental Investigation of Negative Point-plane,
Corona and its Relation to Ball Lightning. Tech. Rep.
Contract AF 19(604}-7342, Avco Cpn., Wilmington, Mass.

SCHONLAND, B.F.J. (1928). The interchange of electricity
between ttunderclouds and the earth. Proc. Roy. Soc.
A, 118, 252-62.

SCRASE, F.J. (1933). The air-earth current at Kew Observatory,
Geophys. Mem., Lond. 58.

SIMPSON, G.C. and ROBINSON, G.D. (1940). The distribution of
electricity in thunderclouds II. Proc. Roy. Soc. A.
177, 281-329.

STERGIS, C.G., REIN, G.C. and KANGAS, T. (1957). Electric
field measurements in the stratosphere, J. Atmosph.
Terr. Phys. 11, 77-82.

TOWERS, T.D. (1965). Elements of Transistor Pulse Circuits.
Iliffe Books Ltd.

TRICHEL, G.W. (1938). The mechanism of the negative point
to plane corona near onset, Phys. Rev. 54, 1078-84.

WHIPPLE, F.J.W. and SCRASE, F.J. (1936). Point discharge in
the electric field of the earth. Geophys. Mem.,Lond.
-6_8_, 1_201 '

.l
WILSON, C.T.R. (1925). The electric field of a thunderc¢loud
and some of its effects, Proé. Phys. Soc.,Lond.
37, 32p-37D.

WORMELL, T.W. (1930). Vertical electric currents below
thunderstorms and showers, Proc. Roy. Soc. A.,
127, 567-90.

WORMELL, T.W. (1953). Atmospheric electricity; some recent
trends and problems, Quart. J.R. Met. Soc. 79, 3-50.




