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ABSTRACT - :

Investigations of the behaviour of point discharge currents
down an earthed point mounted at the height of surrounding trees
are described. SimaltaLneous measurements of the potential
gradient at the ground to windward of the point, point discharge
current, and windspeed at the point.indicate that the curremnt can
be represented by the expression

I=k W+ C) (F- M) vhere

I is the point discharge curremt

W is the windspeed

Fis 1:.he potential gradient

M is the onget value of the potential gradient and

k and C are constants.

This is in direct agreement with the results of Chalmers and
Kirkmin (1957) for a point on a high mast and considering what hes
beén said by Chalmers (1957) the results suggest that the current
flowing down points in all conditions can.be represented by the
equation

I=4(V.Vo) (Wz + 0P )% where

I and W are as above
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V is the potential of the air surrounding the point
Vo is the onset potentiel and
A and c are constants.

Measurements of point discharge currents dovm a tree
indicate that for a fixed windspeed the current can be represented
by

I=a (F~-M)
and that other things be_j.ng equal the current down the tree is
only one tenth of the current down the point. This suggests that
estimations of charge brought down by point discharge based on the
equivalence of a point and tree would have to be greatly modified,

Laboratory experiments were carried out to test the
practicé.bility of measuring currents down trees by a transformer
method and currents of 5 microamps were measured with ease. The
sensitivity could be greatly improved and it is suggested that this
is a possible method of measuring point discharge currents down
trees,
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CHAPIER ONE.

Introduction

‘1. Ihe Natyre of Point Dj scharge Current.

If a sharp conducting point is in a high.electric field,
then this field becomes concentrated at the point and if it is
high enough a current will flow down the point. This current
is produced by either of two processes, depending on whether
the electric field is negative or positive, and is known as

point discharge current.

Positive point discharge current occurs when the point is
negative with respect to its surroundings and positive charge
flows into the point. The current begins to flow when the
field near the point is great enough for a positive ion to gain
sufficient energy to produce at least one secondary electron as
the ion is accelez:ated towards the point. This positive ion

already exists in the electric field and is produced by some

'1.



external agency. The newly produced electron is accelerated
away from the point and produces new ions by colliding with

: neutfal molecules, the ejected electrons continuing the process
of ionisation. The number of electrons produced increases with
distance from the point until the field becomes too weak to
cause ionisation. The electrons attach themselves to neutral
molecules as they slow down forming negative ions, which produce
a negative.space cﬁarge, and leaving.behind a cloud of positive
ions near the point. The positive space charge moves inwards
under the influence of the field, greatly increasing the_field
near thq point and therefore increasing the amount of ionisation.
At thé séme time the field outside this space charge is so
reduced that very little ion;sation can take place. When the
positive space chafée is very close to the boint the current
begins to decrease since the distance befween the point and the
space charge is now too small for an ion fo be accelerated to a
high enough energy to cause ionisafion by collision. The space
charge enters the point dnd, as the last ions are entering, the
field again rises to its original high value, the remaining ions
are accelerated and the whole process starts agéin. It can be

seen therefore that the point discharge current is a pulsed direct



current. The amount of charge transferred in each pulse is
about 10”1° coulomb, the frequency of the pulses depending on
_‘bhe— mé.gnitude of the current. For example 'for a point discharge
current of one microamp the frequency is about ten kilocycleé per

secon_d.

Negative point discharge- cuwrrent occurs when the point is .
positive with respect to its surroundings and negative charge
flows into the point. The process is similar to .that for
positive cu;'rent, the current again being pulsed. The discharge
in this case is started by an electron or negative ion and the
pulses tend to be much less reguiar than in positive point

discharge current.

2. Naturally Occurring Point Discharge and Weather Conditions

Producing It,
Point discharge current can be produced quite easily in the

laboratory, but it may be asked whether it occurs naturally in the

atmosphere and if so, what sort of weather conditions cause electric
" fields high enough to produce it.

In fine weather there is a potential gradient at the earth's

surface which is of the order of 200 volts per metre. That is,



if the earth's surface is taken to be at zero potential, then !
the potential of the atmosphere increases by 200 volts for every
metre increase in height. Naturally occurring objects such as
trees projecting from the earth's surface cause the -lines of
force to converge, .p'roducing an increased electrié fields For
exahple a tree fifteen metres high will at its top be at a
potential of 3000 volts below that c;f the surrounding air since
the_ tree j.s at earth potential and the potential gradient is 200
volts per metre in fine weather. This potential difference

~ produces an electric field around the top of the tree, but is
not great enough to cause point-discharge. If, however, a
cloud passes overhead which is very highly charged electrically,
then it may produce é. potential gradient at the earth's surface
very much greater than the fair weather value, and it may be
great enough to start point discharge from projecting objects.
This does in fact occur, and point discharge currents can easily
be detected during thunderstorms and heavy Showers. The type
of cloud sufficiently charged to cause point discharge is usually
the cumilo-nimbus cloud, bubt occassionally point discharge currents

are observed during conditions of continuous rain from nimbo-

stratus clouds.



' Al though not strictly-relevant, it is of interest here to:
discuss briefly the mture and formation of a cumulo-nimbus
cloude The cunulo-nimbus cloud normally occurs.in cold front
conditions. The cold air stream of the cold front strikes a
region of heated air causing it to rise. The water vapowr in
the rising air condenses, and a cloud of the cumulus type is
formed. If the conditions are right, then this cumilus cloud
will grow laterally and vertically until a cumilo-nimbus cloud
develops. This cloud will be of great thickness, limited
lateral extent, and inside it there will be a considerable amount
of turbulence; it is often characterised by having a flat, anvil
shaped top to-it. The electrical strﬁcture of the cloud is that
it is negatively charged at the base, positively charged at the
top, and often there is a localised positive charge near the
centre of the base. Several theories have been put forward as
to how this charge separation occurs and have been discussed and
compared by Chalmers (1958). As yet there is no completely
satisfactory theory. The charge at the base of the cloud is
sufficient to produce potential gradients of several thousand
volts per metre at the earth's surface. These clouds give

conditions suitable for measurement of point discharge currents
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for periods of the order of thirty minutes er one hour.

3. Point Discharge Currents down Artificial Points.

Most of the research work which has been carried out on
point discharge currents in atmospheric electricity has been
concerned with currents flowing down elevated artificial
conducting points. Relatively little work has been carried
out 1n the study of point discharge currents down natural objects.
The work which has been done on artificial points shows that the
point discharge current depends on the potential gradient to the
windward of the point and on the windspeed at the point. This
is what one would expect since the potentisl gradient determines
the electric field around the point and the wind assists in the
removal of ions. - The actual relationship between current,
potential gradient and windspeed seems to depend somewhat on the
locality of the point and the experimental procedure adopted

since different workers have discovered differing relationships.

Whipple & Scrase (1936), Chiplonkar (1940), Hutchinson (1951)
and Yriberry (1954) discovered a relationship of the form :=
I = A (EZ-M?') where =



I = point discharge current in micro amps. !

F = potential gradient at earth's surface in volts
. per metre

M = value of potential gradient at onset of point
discharge, and

a constant.

A

Chalmers (1952) deduced such a relationship as that above
theoretically, but assuming that a single point can be considered
as one of a rectangular array of points over a wide area. '
Windspeed is neglected. Incidentally, Chiplonkar found that a
four point discﬁarger brought down less current than a single
point. Chalmers & Mapleson also found that an eight point

discharger was only half as efficient as a single point.

Chalmers & Mapleson (1955) obtained the following relationship
using a tethered balloon :-

I = 0.015W* (Fh) %

I & F are as before

W = windspeed in metres per second, and

h = height of the balloon, therefore of the point, in
metres.

They also deduced the following equation theoretically :-

I = xu>% (m) %!
q being -1.12- and K, 0,015 for their balloon experiments.

7...



Kirkman & Chalmers (1957) using a point on a mast 27 metres
and 34 metres high found a relationship of the form :-

I = K@+C) (F- M) where

I, W, F & M are as before and

K .& C are constants.

Chapman (1956) deduced theoretically that the relationship
between point discharge current, potential gradient, and windspeed
should be of the form :- |

I = 4 (V- Vo) v where

V is the potential of the point relative to its surrounds,

v is the velocity with which the ions are removed from the
neighbourhood of the point and & & Vo are constants.

Chalmers (1957) re-analysed the results of Mapleson and
Kirkman and found that 'by suitably choosing the constents their
results could be presented in a relationship very similar to that
of Chapman, In fact Chalmers presented their results in the same
form as Large and Pierce (1957) presented theirs, namely :-

1
I=a(V-v) P+ PP
2 1
the expression (W2 +c VZ)2 is the vector sum of the wind and

ionic velocities and is the equivalent of v in Chapman's formula.

Meund (1958), using the same apparatus as Kirkman, obtained

8.



results confirming Kirkman's, and also showed that point
discharge current can be measured indirectly by observing the
effect of the ions from the point on the potential gradient at

the ground.

de Point Discharge Currents down Natural Objects.

Very little work seems to have been carried out in the
investigation of point discherge currents down natural objects,
especially trees. Schonland (1928) mounted a small tree, a
thornbush, on insulators and measured the flow of current to
earth by means of a galvanometer. He found that his small tree s
which was about twelve feet high, gave point discharge currents
in high potential gradients, and that the current, potential
gradient relationship 'was roughly similar to that of a point.
The amount of current flowing down the tree was considerably
smaller than that down a point of similar height for the same

value of the potential gradient.

Kirkman (1956) fixed two conducting bands, about fifteen
feet apart, round a lime tree which was about fifty feet tall,
He shorted out the section of the trunk between these bands with

& low resistance galvanometer. In doing this he hoped to measure

9.



the point discharge currents flowing down the .trec_a directly
without harming the tree in any way. He did not succeed in
making any accurate quaﬁtitative measurements, but he observed
that the current very approximately followed the potential
gradient. He also observed that the tree had a lower onset
value of the potential gradient than had a point of the same
height in a neighbouring tree, but that when the poiﬁt and the
tree were' giving point discharge current, the point gave about
twice as much current as the tree. The zero position of the
trée cufrent indicator varied considerably and often the current
down the tree oscillated, especially during heavy rain. When
these oscillations occurred there was no relationship at all

between the current and the potential gradient.

Maund (1958) while making observations on an isolated point
at the top of a mast, detected point discharge from a line of
nearby trees. He at first rejected some of his results because
the charge from these trees was affecting one of his potential
gré.dient measuring instruments, but he later re-analysed these
results and found the potential gradient to windward and leeward
of the line of trees. He then investigated the relation between
point discharge current and potential gradient. He obtained two

10.



curves, one from results taken im December, and the other for

| results taken in May, and in both cases the current varied more

-or_ .less linearly with potential gradient. There was one notable
difference between the curves however, and it was that their
,gr;adients differed in the ratio of about three to one. For the
December results the current rose much more rapidly with the
potential gradient than for the May results.. The only observable
difference between these two occasions was that in December the
trees had shed 'bheir leaves whereas in May all but one of the trees

“were in fyll leaf.

From these observations, although insufficient in number to

attempt a quantitative analysis, he drew the following conclusions:-

8, There may be a similar curfent—potentiai gradient
relationship to that for a single point and

b. The current~potential gradient relationship seems to be
affected quite substantially by the profile of the tree, which,

if it:is deciduous varies from summer to winter.

However since one of the trees was not in leaf in his May
results, Maund suggests that all the point discharge current may

be from this tree; the difference in the two curves was not

1t.



due to windspeed because this was the same for both occasions.

He bases this suggestion on his results for an isolated tree

which are mentioned below.

Maund also attempted to measure point discharge currents

down an isolated tree indirectly. The tree which he selected

was an isolated sycamore in the | middle of the fairways of -the

local golf course. He intended to measure the current indirectly

by making simultaneous measurements of the potential gradient to

windward and leeward of the tree, and of the windspeed. However

he Snly had three occasions of disturbed weé,ther in which he

' could take measurements and the results he obtained are briefly

summarised in the following conclusions which he made :-

a)

b).

Eor his isolated tree the point discharge current is less

+
than one microamp for potential gradients of up to _ 7000

volts per metre.

The tree, which was in full leaf, acts very mich differently

from an artificial point of similar height and exposure.

So it seems that all that is knownso far about point discharge

currents down trees is that the current increases as the potential

gradient increé.ses , and that a point gives far more point discharge

12.



‘current than a tree of similar height under the same conditions.

5 Laboratory Meagurements of Point Discharge Currents.

4s stated earlier, point discharge currents can be produced
quite easily in the laboratory. Laboratory point discharge is

basically the same as naturally occurring point discharge.

The current from a point to a plane was found by Warburg

(1899) to obey a relationship of the form -

CV (V- V) where
current

voltage
voltage at which point discharge commences, and

Q
o<=<=HH
]

a constant depending on the gas, the gap between the
point and plane, and the sharpness of the point.

»

Starr (1940) showed that the onset of point discharge
depended very much on the nature of the point and that discharge

from all but very sharp points causes radio interference.

Thesé laboratory results cannot, however, be applied to
naturally occurring point discharge, mainly because in the
atmdsphere one electrode is the point and the other is the

cloudbase., This is on a far larger seale than can even

13.



approximately be reproduced in the laboratory. However the
basic similarities remain; for example, the pulsed nature of
the current,.the dependence on voltage, the dependence on the

shape of the point ete.

6. Relevance of the Study of Point Discharge Currents.

It may be asked at this point what is the relevance of the
study of point-discharge currents in the general topic of
atmospheric electricity ? The basie problem of atmospheric
electricity is to account for the maintenance of the negative
charge which the earth possesses. t is believed that point
discharge currents play a large part in this. Early measurements
of point discharge currents were solely to estimate how much
charge is brought down by this process in disturbed weather, but
more recently the investigation of point.discharge has become an
interesting field of study in itself, see for example the work
- of Large & Pierce (1955). ‘

The earth and the electrosphere are two concentric
~ conducting surfaces with a potential difference of about 3 x 105
volts between them. The atmosphere lies between these two

surfaces and has a columnar resistance of about 2 x 10 17 ohms

14.



per square metz;e. As a result- of the large potential
difference and the finite conductivity of the atmosphere . ...

~ there is an air--earth current of the order of 10-12 amperes
per square.me'bre bringing positive charge to the earth. One
would expect that this positive charge would soon cancel the
earth's negative charge, but this is not the case. In fact
the earth's negative charge rarely w}a.ries s 50 there must be
other processes bringing negative charge to earth. JApart from
the conduction current just described, charge is brought to earth
in three ways, by precipitation currents, by point discharge
currents, and by lightning flashes. For the earth's charge

to remain constant then the effects of these four processes
must cancel one another out. Several people have tried to
estimate the charge brought to earth by these processes, for
example Wormell (1930) at Cambridge, Chalmers & Little (1947)
at Durhan, Chalmers (1949) at Kew, and Wait (1950) who made an
estimate for the v‘rhole of the earth's surface. All of these
except Wéi‘b found an excess of negative charge brought to earth
and they were of the opinion that this neutralised the excess
pdsitive charge in the non-stormy polar regions. 1In all thei:c

calculations the most uncertain element was the estimation of

15.



-the contribution of point discharge-currents. It has already
been shéwn that _'there is a great deal of difference between
single and multiple artificial points, and that there is a great
deal of difference between these and single trees or groups of
trees. Estimates, therefore, based on measurements made with
single points will not be very reliable. Chalmers (1952) has
shown on theoretical grounds that the amount of point discharge
caused by a thundercloud is practically independent of the nature
of the surface of the earth beneath it., This surprising result
will affect Wait's estimate conmsiderably since storms occurring
over the oceans will also produce point discharge currents.

This will increase his estimate of negative charge brought down

by point discharge.

Positive charge is brought to earth by point discharge as
well as negative charge and measurements made by Wormell (1927
and 1930), Whipple & Scrase (1936), Chiplonkar (1940), and
Chalmers & Little (1947) with artificial points showr an excess
of negative to positive charge in the ratio of about 2 : 1.

The contribution of point discharge, then, is to bring negative
charge to earth, and this plus the negative charge added by
lightning flashes must cancel out the positive charge added by

16.



precipitation and conduction currents. - Because of the relative
scarcity of lightning flashes it is highly probable that point
discharge currents play a very important part in the maintenance

of the earth's negative charge.

7.  Conclusions.

There exists a great deal of data on the nature of point
discharge current, and of its variation with potential gradient
and windspeed for single artificial points. For a single
isolated point the relationship between current, potential gradient,
and windspeed is of the form :-

I = 6(V-T) W+c)?

which is very similar to Chapman's Formula.

For a point which is at a similar height to surrounding trees

& relationship of the form :=
I = A (@ - 1)
is obtained, neglecting windspeed., This is in agreement with

Chalmers' calculation for a rectangular array of points.

Very little is known about the behaviour of point discharge

currents down trees, except that an isolated tree is not

equivalent to an isolated point of the same height. The following

17. -



differences are known -

a) The onset value of the potential gradient is much higher
for a tree than for a point. - '

b) The current down a tree is much smaller than the current
down a point for the same values of potential gradient and
windspeedl .

c) The onset value of the potential gradient varies with the

time of the year owing to the seasonal change in a tree's profile.

In order to estimate the part played by point discharge in
the maintenance of the earth!s negative charge, much more needs
to be known about the naturé of such‘currents in trees, and a
reliable, accuratg method of measuriné the current in a tree is

needed.

Simultaneous measurements of current down a tree and a point
at a similar height would also be of interest in the comparison

of trees with artificial points.

18.



CHAPTER TWO.

Object of Research & Choice of Method of Investigation.

1. Object of Research.
As stated in the conclusion of the last chapter, very little

is known about the behaviour of point discharge currents flowing:
down natural objects, mainly trees. The purpose of the present
research is to increase this knowledge and, if possible, to
obtain some quantitative measurements. A further object of the

research is to cdntinue measurements made with an artificial
point mounted just above tree level.

In view of these objects it will be realised that the

quantities which need to be measured are :-

a) ‘the potential gradient,
b) point discharge current down the artificial point,

c) Windspeed at the point,

1?.



d)1 point discharge current down the tree, and ,

e) wind direction.

2. Potential Gradient, Point Discharge Current, and Windspeed.
Point discharge current depends upon the potential gradient

at the ground to windward of the point and upon the windspeed at

the point., Measurements which have been taken negiecting windspeed

resulted in a relationship where the point discharge current

depended upon the square of the potential gradient. When windspeed

has been taken into account a linear relationship was obtained for

any particular value of the wind velocity. If any further

observations are to be made then it is necessary that measurements

be taken of the potential gradient and the windspeed.

In order to conduct an investigation of this nature
simultaneous. measurements of the potential gradient, point
discharge current, and windspeed need to be taken. Ideally
instantaneous values of these three variables should be taken
but in practice it is found convenient to average each variable
over a short period of time, say half a minute. The reason for
this is that the different recording instruments often have

different regponsetimes and that there are sometimes short delays

<0.



‘betiween a change in potential Bradient and the corresponding
change in current for example. Averaging over short periods
of time tends to even out the spurious irregularities which
always occur in the observation of natural phenomena. These
irregularities also make it necessary to have a large number
of observations which can be analysed statistically, If the
quantities under observation are recorded photographicaJ.J.y
then all the quantities can be on the same film and this
greatly facilitates the analysis of the results, since this
can be executed af leisure, long after the observations have

been made if necessary.

The point discharge current was measured directly, the
potential gradient by means of an "agrimeter", and the windspeed
by means of an anemometer. Each of these instruments gave
finally a direct current which was measured with mirror

galvanometers and recorded photographically,

It was necessary to know the wind direction when
observations were being made to ensure that the potential
gradient was being measured to the windward of the point and
not to the leeward since ions liberated from the point affect
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the potential gradient at the ground. When this happens the '
point discharge current becomes the independent variable and the
potential gradient the dependent variable instead of vice-versa.
As has been mentioned in the previous chapter this effect can

be utilised, but it is simply an inconvenience in this part of the

research.

The wind direction was noted visually or else was obtained
from the nearby observatory. It was unnecessary to have it
continuously recorded with the other data on the photographic

record:.ng paper.

3. Point Discharge Current down the Tree,

Point discharge current flowing down a tree ﬁay be measured
in two ways, namely directly or indirectly.
a) Direct Measurement. _

To measure the current directly a method similar to that uéed
by Kirkman (1956) needs to be employed. In such a inethod
elec_trical contact is madé with the conducting part of the tree,
the sapwood, and the current flowing down the tree is by-passed
through a. galvanometer. This method at first sight appears to
be very simple, but in practice “there are contact potentials to

22,



be accounted for which can be quite la:cge. and can vary
considerably. ‘The effect of these contact potentials is to
cause a current to flow through the galvanometer even when
there is no point discharge current and the result is a "zero",

which_ varies as the contact potential varies.

It was decided to use this method and to try to find a
~means of making contact with the sapwood which resulted in as.
steady a 'conta:ct potential as possible.

b) Indirect Measurement.
 Mound (1958) attempted to measure currents flowing down

trees by observing the effect on the potential gradient at
ground level of the stream of ions liberated in the point

discharge.

Davis & Standring (1947]) calculated that the potential
gradient at the gound due to an infinite 1line of ions is given

by -

i (1 +_ 4 )
me W e

=
n

where E = potential gradient due to ions immediately beneath the

ion stream in volts per metre.

~ 23,



' i = point discharge current in microamperes !

v velocity of ioms in metres-second™ |

h = height 'of stream of ions in metres

d = distance of point of observation from source of ions
in metres. The source in the calculation was an artificial

point but the source in the present investigation is a tree.

In most cases V is simply the wind velocity. For a tree h
would have to be estimated and d can be made any convenient value.

If the potential gradient is measured to windward (Eu) and
leeward (Bq) of the tree then E =E, = Eq; and if the windspeed

is measured also then i can be obtained from the equation above.

Maund showed that if d was less than 3R then the effect
of the ions diffusing from the straight line to a cone was
negligi.ble and that if d was also small, quite large. changes
in wind direction could be tolerated.

Maund was unable to meke many measurements using this method,
'so it was decided if possible to continue his work in estimating

currents flowing down trees in this way.

Another method of measuring the current indirectly would be

Rl



to make the tree the primary of a transformer and to detect the.
e.m,f's induced in a secondary coil wrapped round the trunk of

the tree. It was decided to conduct some preliminisy laboratory
measurerhénts using this method to see if it would be practicable.
This experimeht was to be conducted in the intervals between the
occurrence of suitable wveather conditions for the other experiments

and is described in a separate c_ha.pter.

A third possible method of measuring the current indirectly
w be to use a Hall Effect Magnetometer. This was developed
by Whitlock (1960). He could detect currents of slightly less
than 19{_‘, but perhaps with fﬁrther research this could be
reduced. Owing to lack of time this method was not studied,

but it may well be a useful topic for some future research worker.

4e  Automatic Recording.

Weather conditions suitable for producing point discharge
current do not occur very frequently, and when they do the
oc.casion can be. at any time of day, or night. If the appgratus
has to be switched on and off by hand then the operator will have
Ito' be constantly beside his apparatué otherwise many suitable

events will ﬁ.,e missed, Needless to say this is undesirable so

25.



it was decided, if possible, to develop a techniqﬁe of switching
the apparatus on and off autc;matica]ly. The apparatus must
switch itself on when the potential gradient begins to rise to
values c;,pable of producing point discharge, and must switch
itself off again vhen the pbtentia.l gradient returns to normal

values.

Aﬁ'bomatic recording had been attempted previously but with
little success. In the present research it appeared from the
very otitset that unless a method could be perfected the number
of results available would be very small indeed, so automatic

recording of results is imperative.

5. Summary.

The following apparatus was used for measuring the various
quantities spoken of in section 1 of this chapter. The different
types of instruments were chosen simply because they were either
already available or were of a.well-proved design and could be
‘ constructed with confidence. They were :-

a) ‘the Agrimeter for measuring the potential gradient to windward

of the tree supporting the artificial point,
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b) the Roint, which was well insulated from its support amd
comnected directly to earth through a galvanometer,
c) ¢ the Anemometer for measuring the windspeed at the point,
d) I suitable electrodes for measuring the current down the
tree directly, |

ii two field mills to make the necessary potential gradient
measurements for detecting the current indirectly, and
e) ‘the wind direction was noted either from & home-made wind

vane or from the nearby observator;v.

All the apparatus is described in detail in the next chapter,
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' CHAPTER THREE
The Apparatus

1., ZIhe Agrimeter

As stated already, the agrimeter was used for measuring
the potential gradient at the ground to windward of the
discharging point. An end elevatién is given diagrammatically
in Fig 1 and a photograph of the agrimeter as it was used in
this present research in Fig 2. This particular instrument is
desciibed in detail by Chalmers (1953) and the way in which it

works is as follows &=

E (Fig 1) is an earthed plate in the plameof the
surrounding earth and has an aperture in it the size of the
collecting plates B, Each collecting plate is insulated from
its neighbours and is connected to a segment of the commutator
4. The assembly of collecting plates rotates as shown, being
driven at constant speed by a powerful induction motor. When
a collecting plafe comes opposite the aperture in E, the plate
is earthed by the carbon ﬁrush C and, acting like the

electrophorus the plate has a bound charge produced by the
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lines of force of the earth's vertical potential gradient. As
the plate rotates contact with G is broken and then the bound
charge flows to earth through a highly sensitive galvanometer

when contact is made with a second carbon brush D.

It can be seen then that the earth!s electric potential
gradient produces an intermittent direct current. The
magnitude of this current is directly proportional to the
magnitude of the potential gradient. When the potential

gradient changes sign the current changes sign also.

The original casing of the agrimeter was rather open and
when it was raining the insulation of the collecting plates
frequently broke down. After a few weeks' use it became
apparent that more efficient casing was needed. A new case
therefofe was made of aluminium bolted onto a weldéd steel
framework, it was much more effective and the insulation did not

break down until after prolonged periods of heavy rain.

The agrimeter needed to be earthed as efficiently as
possible, and the best way of doing this was found to be by
driving a long copper pipe into the ground and meking all

earth connections to this. Even so, due to contact potentials
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the agrimeter was at a slight potential with respect to earth.
This resulted in a small "zero" output which varied from time
to time. To keep a check on the zero an earthed plate covered
the aperture in E automatically every five minutes. The
earthed plate was also used to check the calibration of the

agrimeter by putting a known voltage on it.

The original plate mechanism was separate from the
agrimeter casing and the result was that the height of the
plate above .the agrimeter collecting plates varied whenever the
mechanism was moved. When the height varied the calibration of
the agrimeter seemed to vary also. To overcome this, when the
new case was made the plate mechanism was made part of the
‘casing. The case and plate mechanism are seen in Fig 2, The
1a.rgé aluminium sheet which can be seen was used to make the
agrimeter as near a&s possible in the plane of the earth's
surface,

As stated above, the current was measured with a very
sensitive mirror galvanometer. An Ayrton shunt was used with
the galvanometer enabling a wide range of potential gradient

values to be recorded. The component values in the Ayrton
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Shunt were so chosen that recordings could be made without
having to change sensitivity any more often than was absolutely

necessary.

An Ayrton Shunt was used with the galvanometers of all

the recording instruments.

2. The Point.

 Two points were used and for the sake of completeness
both are shown in Fig 3. The first type (Fig 3a2) was discarded
because the insulation broke down quite easily in wet weather.
The reason for this was that owing to its construction the area
of insulating material was quite small and was rather easily

covered with a film of water or traversed by spiders' webs.

The second type (Fig 3b) had a much larger area of
insulating material and the high insulation was maintained even

in the most adverse weather conditions.

The current from the point went directly to earth through
a galvanometer. .A circuit was arranged to paés a calibrating
current fhrough the galvanometer when required and to use the

. same galvanometer to check the insulation of the point. This

3.
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circuit is shown in Fig 4.

3¢ The Anemometer.

The anemometer was of the three cup generator type. A small
magnet was mounted on the axle carrying the three cups, and as
it rotated it genefa‘bed an alternating e.m.f. in two 1000 ohm
coils from an old relay. This e.m.f. was rectified and passed

through a galvanometer in the usual way.

A diea-gram.of the anemometer and rectifier circuit is shown
- in Fig 5, |

The anemometer had been calibrated by a previous research
worker in the wind tunnel of the National Coal Board at

Longbenton, Newcastle upon Tyne.

Fig 6 is a photograph of the point and anemometer mounted
in the tree. |
4e The Iree Electrodes.

After some preliminary experiments it was found that the
best way of makihg electrical contact with the sapwood was by
using mercury. A hole was drilled into the tree trunk to a

depth of about five centimetres, A glass tube was inserted
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into the hole and was filled with mercury. A wire dipped into
the mercury completed'the contact. The glass tube was sealed
off with putty to prevent the mercury from flowing away and
being wasted, and was protected by means of an aluminium ean,

A diagram of an electrode formed in this way is given in Fig 7.

At first two of these electrodes, one five metres above
the other, were inserted into a lime tree. Due to the erection
of telegraph poles etc. these contacts were later removéd to a
more isolated chestnut tree. To begin with two electrodes were
used as before, one three metres above the other and the : -
resistance of.the section of the tree was measured to be 4000
ohms. Later two pairs of electrodes were used and the
resistance only dropped to 3000 ohms. Since the resistance of
the galvanometer which shorts out the section of the tree
between the electrodes is only five ohms, it Would have been

quite satisfactory to use one electrode at each level.

The galvanometer circuit was so arranged that a calibrating
current could be passed through the galvanometer, and that the
galvanometer could be disconnected and the resistance of the

tree periodically checked with an AVOmeter to ensure that the
tree was not sealing itself off against the mercury.
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In measuring the current in this way it is assumed that
the major part of the current flows through the sapwood. Since
it is the sap of the tree which makes it conducting and not the
wood, this assumption is justified.

Mercury was chosen for this because it was found that :-
a. It-gave as good an elecfrical contact as the brass screws
used by Kirkman (1956) and any other material that was tried,
be It was not sucked into the tree as was water or any
aqueous solution, and
c. After the electrode had been installed for a week or so
and had settled down the contact potentials were faii'ly steady
and caused the "zero" to vary only slightly in the time taken

for an average recording,

5 The Field Mills
The Agrimeter is extremely simple both in design and in

use, its only disadvantage being its bulkiness. A& Field Mill
is much smaller and as a result much more portable, so it was
decided that the potential gradient measurements for detecting

the point discharge current down a tree should be made with

Field Mills,
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The Field Mills which were made and used were of the
conventional quadrant vane ‘type mormally used in this research
department. Sign discrimination of the potential gradient was

.unnecessary since this could be easily determined from the
agrimetér or from the sign of the point discharge current down
the artificial point.

Each Field Mill was in two parts, the Head Unit and the
Amplifier Unit. Two identical Field Mills were usled,

a. The Head Unit. ‘ '

The Head Unit contained the two vanes, the earthed rotor
and insulated stator, an electric motor for driving the rotor,
a cathode follower to enable a long cable to be used to carry
the signal to the amplifier, and a power sﬁpply for the cathode

follower.

Each vane, shaped as shown in Fig 8, was cut from brass and

then chromium plated to prevent corrosion and contact potentials.

Each electric motor was a mains operated shaded-pole
induection motor. Originaily they had plain bearings but when

they had worn out they were replaced by ball-bearings.

The circuit for the cathode followers and power supplies
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is given in Fig 9. The cathode follower was screened from the
power supply and the motor was screened from both, in this way

mains pickup was eliminated.

Two cables were required, a three-core mains cable to and a

co-axial signal cable from each head unit.

b, The Amplifier Unit.
The signal from each head unit was fed into an amplifier,

the circuit of which is given in Fig 10. The input to the first

grid is as shown so that it would take an exceptionally high

‘potential gradient to overload the amplifier. Negative feedback

is applied to the cathode of the first stage from the cathode of
the third stage and the overall gain is 100 times. The output
is rectified and passed through a galvanometer as showm. The
sensitivity is adjusted by the Ayrton Shunt on the galvanometer
The zero output of the mills was so low on the sensitivity
range normally used that the "zeros" on the records were found

by simply shorting the galvanometers.
- A stabilised power supply (Fig 11.) was used for the
amplifiers.. The circuit is quite conventional and in .

operation the ripple on the H.T. was five millivolts in 250
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volts and the output remained steady at 250 volts as the input

from the mains was varied from 215 to 300 volts.

A "humdinger" was connected across the heater supply to
the amplifiers. This consisted of a 100 ohm potentiometer
the slider of which was earthed., When adjusted, the hum induced

from the valve heaters.was reduced to negligible proportions.

At first the field mill head units were mounted upside dovm
on small portable stands, but later were fixed, in the same

running position, to the eaves of two convenient research huts.

Fig 12 is a photograph of one of the field mill head units

as they were used in the final operating conditions.

6. Automatic Recording
At the beginning of this research, the apparatus was left

switched on permanently and the various quantities were
recorded on a slow spiral drum camera., In this way every
occasion of point discharge would have been recorded.
However it was soon realised that the traces on the paper
would become hopelessly confused if any overlapping occurred
so it was decided to use an ordinary recording camera and to

develop a method of switching the apparatus on ami.off

3.



. aufométically whenever point discha.rg9 took place.

' The agrimeter and the field mills were left running
continuously and the equipment which needed.to be switched on was
simply the galvanometer lamps and the camera motor.

It waé decided eventually that a photo~electric method
would be used for the automatic switching, A galvanometer of
normal sensitivity was connected in series with the highly
sensitive galvanometer used with fhe agrimeter., A beam of
light was reflected from the mirror of this galvanometer and
focussed on the sensitive area of a Mullard OCP 71 photo-
transistor. The beam of light was adjusted so that it was
about one centimetre wide, and the galvanometer was arranged
so that when the potential gradient was zero the .centz'e of the
l;eam was on the photo-celi. When the potential gi'adient rose
in value, the beam of light would eventually cease to shine
"on the photocell and there would bé a change in current in
the photocell circuit. Because of .the positioning of the
beam for zero potential gradient, this would happen when the
potential graciient rose high enough positively or negatively.

The change in current was sufficient to operate a sensitive
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moving-coil relay. The.lamp and galvanometer were adjusted so
that the relay switched at - 400 volts-metre |, since point
discharge was found to occur at about - 600 volts-metre .

The circuit used with the photo-transistor was extremely
simple and is given in Fig 13. One great advantage of the
photo;ﬁ'ansistor was the smallness of its sensitive area
which enabled the Light to be focussed upon it accurately.

For convénience the rest of the automatic switching
system is showm in the form of a block diagram-(Fig 14).
The moving coil relay in the photocell unit 1 operated a
relay, 2, having four sets of heavy dgty contacts. Relay .
2 then brought 3,4,5, & 6 into operation. 3 & 4 are the
galvanometer lamps and camera motor respectively. 5 is a
further relay which switched off the lamp shining on the
photo-cell every five minutes, This was timed to coincide
t-rii:h the plate which covered the agrimeter every five minutes.
Ir 'this had not been arranged then the apparatus would have
switched itself off every time the agrimeter automatically
recorded zero potential gradient., Relay 5 only switched the

' photocell lamp on and off when the apparatus was on, 6 is an

-
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electromagnetic counter which was operated every half-minute
by en electric clock. The purpose of this was to indicate if
a recording had been made and, if so, how long it had lasted,

7. The Recording Room and Site of Apparatus.

The galvanometers, lamps, .camera, field mill amplifiers
etc;, were all housed in a small darkroom. The Ayrton shunts,
or sensitivity switches, for the various galvanometers were all
mounted on one panel for convenience., The relays and electro-
magnetic counter for the automatic switching system were
fixed on another panel and the switches for operating the
agrimeter plate mechapism on a third, These three panels
were mounted on the walls of the recording room in order to
save table space which was needed for the galvanometer lamps
and the camera., The galvanometers stood on a pillar which was
isolated from the ro