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ABSTRACT

It was found by early workers in atmospheric
electriecity that, duriag conditions of steady rein,
when the potential gradient at the ground was negetive
the potential gradient at the top of & high mast was
occasionally positive. This indicsted the oresence
of negative spacs charge In the layer between the
two meaguremants.

To further investigate this effect simultaneous
recordings were taken of the notentisl gradient and
the precipetation current at the top and bottom of
the mesy, 21 metres nigh, situsted in e field adjacent
to Nurhen Obsexvatory. '

Large differences in the velues of the precinitation
currents at the two levels were found., Dye to the
concentration of the lines of force on the earthed
mast, and so on the upver shielded collector,
laboretory experiments were csrried out to investi-ate
the charging effects ceused when drops splash In a
region of high potentlal gredient. It was found that
the differences between the currents could be accounted
for by the spleshing of drops on the edges of ihe
uppef collector. As there is no obvious way of
correcting for this effect it would epnesr that the
shielded rrin collector of the design used in the
present work is unsuitabdble for meesuring the preoipl-
tation current in regions of high potentisl gradient
and even in other regions the recorded currents
musf be considered with caution. Also drons were
found to release negative charge to the sir in reglons

of zero potential gredient.



The sctual reversal of sign of potential
gradlent between the to§ and bottom of the mast
was only observed for & numver of very short
perionds, the longest being 4} minutes, during
low Joteitinl gradients. 3ut on the majority
-of recoriines the notentiel gradients did indicste
the nresence of £ 8xnens 02 neg~tlve soace cherge
in the layer nelow the ton of the mest, although
on ocessions the space cherge was positive. The
‘sp&cé cherge wes of the. sene siga, end veried in
the same sense, 3 the notrmtial aredient regorded
at the ground. Considering these moints en sttempt
is made to explein the reversal effect in terms
of layers of gpace charge between the clo:2 and
 the ground. The layer telng due to the chrrge
on the raix, the charse releesesd when drons splsaeh,
and 8 separstion or eléctroﬂe effect due to the
potentiel gredient of tne cloud, |
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| CHAPTER 1
INTRODUCTION TO THE SUBJECT AND THS PRODLEM.

1. Introduotion To Atmospheric Electricity

Intérest in the phehomena now classéd under the
neading of Atmospheric Tlectricity was originslly
provoked by a number of early eighteenth century
philosophers who compared the eracklings end
luminosity produced by rubbing amber with their
observetions of thunder and lighthing.

The fundemental fact of Atmospheric Electricity
is the existence of a potential difference between
a'conduoting region in the upper atmosphere and the
earth. The conducting region is celled the electro-
sﬁhere and is at a height of 50-60 km above the
eérth. It 1s effectively an equalising layer in
wﬁich there are horizontal eleetric currents joining
the places above clouds where the positive charge
moves upwards with those in fair weather regions
where it moves downwards.

Above 60 km the alr masy be considered as a
perfect conduotor from the point of view of Atmospheric
Blectricity. Above this level are found the verious
conducting layers of great importance in redio.

~ The electrosphere and the earth so form &
spherical condensser with the atmosphere as the
dielectric, and the study of Atmospheric Electricity
is confined to this reglon.

The potentiasl of the electrosphere (V) is given
by V = R

Y
T

Where F is the average velue of the potential gradient
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in the metre adjacent to the earth's surface; R is
the resistance qf'a column of air of cross section
1 square metre from the earth to the electrosphere;
‘and ris the resistance of the lowest metre of the

column.

The potential o0f the electrosphere 1s also given
by - vV = iR
Where i-is the eir-earth conduction current which
ocoﬁrs as’the‘atmosphere has a low but finite con-
ductivity, of the order of 2 x 10~ “*ohms k™%, aue to
the air being partly ionised by cosmic rays and
iadioactive matfer in the earth.

At places where the potential gradient is .
dependent on local conditions that vary with the time
of day then the values of the potential gredient
cannotfgive any useful information abov¥e the potential
of the electrosphere.

Gish and Sperman (1936) determinéd R using a
balloon and also measured i. They determined the
potential V as 4 x 10%volts.

Gish (1951) estimated that the total current
between the electrosphere and earth has a value of
abomt 1800 émp9~and with a total effective resistance
of 200 ohms, this gave the potential of the electro-
sphere as 3.6 x 10° volts.

An acceptadble present day average potentisl of
the electrosphere is V = 2.9 x 105volts.

This potential difference between the electro-
gphere and the earth is maintained even in spite of
the fair weather conduction current. How this is
done still remains a major problem of Atmospheriec
Electricity.
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2. The Specifio Problem ,

Kelvin (1860) esnd Chauveau (1900) made simul-
teneous measurements of the potentiel gradient at
the ground and at some height above the ground.
Kelvin worked at Glasgow while Chauveau made use of
the Eiffel Tower., They both found that, in conditions
of steady rain as are usually associlated with nimbo-
stratus clouds; the potential gradient at the ground
was usutlly negative while 2t the upper level it was
sometimes positive. This can only be explained if
there is a negative space oharge in the layer between
the positlons of the two measurements of potential

gradient.

The work described here was undertaken in an
attémpt to determine the origin of this negative spacecharge
and if possible to relate this to the general conditions
existing during periods of continuous rain.

" “YVerious suggestions as to the origin of this
negative spece charge have been made. Smith (1955)
quoted & result by Lenard (1892) that when drops break
on splaghing the splashed drops become positively h
charged and the air negatively charged. Smith ssid
that this occurred with the raln drops at the earths

surface, and so accounted for the negative space charge.
Simpson (1915) suggested that gusty winds

near the ground might cause the drops to collide

and rupture, lesading to a Qositive charge on the rain

and 8 negative charge in the air., But this is

unlikely to happen as drops of the same size as the

méjority of raindrops are very stable and would have

to be subjected to very strong forces neer the ground
for any dis¢ruption to occur. This is shown by the



Fig.l
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rosults of Best (1950) illustrated in M g.2 which shows
the terminal veloecity of freely falling raindrops,
and on the smme dlagrem is plotted the strength of
the shar) edged gust necessary to produce disruption
of the raindrops (Browne et 21 1954)
it was suggested by Adkins (1953) that the

precipitation was in the form of snow &t the upner
level and that it melted lower down and so gave rise
1o the observed effect. 3But this seems very unlikely
for two reasons, the first being that Chauvesu never
mentioned it even though the effect was noted meny
times. Secondly it would mesn thet the C°C level
would heve to be very close to the ground, which is
not usually the case in steady rain conditions at
Yaris or Glasgow.
3. Propoged Hethod Of Investigetion

It was originally intended to meke use of &
mast .30 metres high situsted 1n s field mdjacent to
Durhem Observatory and to vecord simultaneously the
potential gradient end precipitation current at two
lsvels, one of these levels belng the ground. Also
the rate of reinfall wes to be recorded. A pulley
systen was devised that would enable the poeition of
the upper level of measurement t0 be verled if required,
end 8lzo to ease instrumnent meintenance. 3Iut unfortu-
nately, after the pulley systen hasd been constructed
the mast was found to be unsafe and had to be pulled
down. The msst is shown in Pig.l.

A new mest, also shown in Pig.1l in the form
of an electriecity pylon wasg erected. But the shepe
of the mast, snd the small amount of time remsining,
meent that no pulley system wes devised for this mast,
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and the apparatus at the upper level was in s fixed
position at-the top of the mast.

The second mest was only available for actual
use for approximately two months before it was blown
down with,the apparatus on it during the gales of
the 24th June, 1962.

4. Previous Development Of Instruments For the
Continuous Measurement Of Potential Gradient.

There are two types of mechanical instrument
that measuxre potential gradient, one being a D.C.
and the other an A. C. instrument. ’

In the first type an earthed conductor is
exposed to the potential gradient and a charge
proportional to the potentisl gradient is inducted
on it. The connection between the conductor and
earth is then broken snd the conductor is moved to
a soreened position where it is connected to, and
shares it's charge with, an eleotrometer. The whole

process is repested continuously and so the output
from the instrument is & series of undirectional
current pulses of magnitude proportionsl to the
potential gradient.

If elther the potential gradient or the exposed
oonductoﬁ are sufficiently large then the output cen
be taken directly to & galvenometer without smplification.
Also the sign of the potential gradient is given directly.
The main disadvantage of this type of instrument is
that for use 1n low potential gradients the conductors
have to be so large that the instrument becomes
cumbersome.

This type of instrument was first developed by
Russeltvedt (1926), and in more recent years by Goto
(1951) snd Chalmers (1953). The latter gave the name
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agrimeter to his particular instrument.

In the second type of ihstrument a fixed
conductor 1ls earthed through a high impedance and
regulerly exposed to, and screened from, the
potential gradient. An slternating voltage nro-
portional to the potential gradient is developed
across the impedance and ampllfication is compartively
easy. So a small collector c¢can be used and the
instrunent is reasonably portable.

Thﬁs arrangement used by & large number of
workers ineluding Clark (1949), snd Mepleson and
Whitlock (1955) was one where the fixed conductor
was a circle with alternate sectors removed. The
rotor was similar and the waveform of the output
voltage was approximetely triengular. Van Atta (1936)
shaped the sectors to give a sinusoidal output.

But the gsign of the potential gradient still
had to be determined and thlis was done in a number
of ways smong them being:- (1) Rectify the alternating
signel using a commutator. (2) Use an electronic
phese sensitive detector (3) By adding the output
of en suxiliary synchronous generator to the output
of the instrument.

This type of instrument is glven the collective
neme of f£ield mili.

The relative advantages of the two types of
ilnstrument were considered in oonnection with the

present problem.
It was decided to use an egrimeter at the top

of the mast as due to the concentration of the lines
of force large potential gradients occured there

end a small instrument would give a lerge enough
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output to be used directly with a galvenometer.

This eliminated the need for amplification and

sign dis¢rimination in connection with this measure-
ment. 3ut at ground level the relstively low
potential gradients and the posslble need to be

able to move the instruaent easily in connection
with calibration resulted in the use of an instrument

of the field mill type there,

5. Previous Development of Instruments For The
gontinuous Measurement Of Precipitation Current.

‘The precipitation current is usually measured
using either an open or e shielded receiver. An-

open receiver can be made to simulate the natural
conditions at the earth's surface, but it also
records conduction and displacement currents. So
shielded collectors have often been used to reduce
the magnitudes of these currents.

The open recelver technique was used in the
form of a wire brush by Weiss (1906). It wes Wilson
(1916) who first suggested that the open receiver could
be made to simulate the natural éonditions at the
ground by covering the regelver with s>1l1 and natursl
vegetation and surrounding it with a guard ring.
A similar method was used by Adamson (1959) but he
developed a method of compensation for the displasce-
ment currents.

Elster and Geitel (1888) and Simpson (190%)
were among the early workers to use shlelded collsetors.

In this work the deflection of an electrometer
was recorded or observed visually at regular intervals.
The electrometer was then zeroed snd & new measure-
ment started, and so the aversge ourrent over the
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period of measurement could be determined. DSut
Scrase (1938) and sSimpson (194S) toor continuous
recordings using photsgraphic methods, end so
instantaneous, @s well as average, values of the
currént could be found. As the precipitation current
appeared to depend on the rate of rainfall, the charge
carried by e definite quentity of rain was sometimes
recorded. This was first done by LICClelland and
Nolan (1912).

In the present work it was hoped to record the
rate of rainfall and the precipitation current
simultaneously.‘ The type and design of the collectors
used will be discussed later.
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CJAPTER 2
THE CONTINUOUS RAIN CLOUD - NIMBOSTRATUS.

1. [The Meteofologiea; Aspeats

| The nimbostratus cloud is & cloud of both
considerable verticsl height end horizontal
extent. 1t gives rain although usuaily less intense
than that from cumulonimbus. The nimbostratus cloud
i's formed when moist warm air rises over a denser
mass of cold alr at a warm front as shown in Fig.3.
It has & smaller vertical air ocurrent and i1s less
turbulent than the cumulonimbus oloud.

In Great Britaein the rain from nimbostratus
clouds has probably originated by the process
suggested by Befgeron (19%3) as some part of the
- eloud will exist sbove the 09C temperature level.
Henoe every raindrop will have existed st some time
as a snowflake. S

2. Electrical Effects Associated With Nimbostratus
The Electrical effects associated with the
nimbostratus cloud are often of the order of one
hundred times smaller than those associated with
the cumulonimbus cloud. 8o, even though the
conditions of continuous rain are much more common
than thunderstorm condltions, the total effective
transfer of charge between the electrosphere and the
earth by continuous rain clouds is very small compared
with that by thunderclouds. ,
A large number of possible explesnetions as to
the charging mechanism operating in the nimbostratus -

cloud have been proposed.
Ifit 1is assumed that the rain from nimbostratus
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is produced by the Bergeron process, then if there

is any charging process for snowflakes in the cloud,
then all raindrops will heve experienced this process
before melting.

Snow is found to usually carry & negative charge
while rain carries a nositive charge. 8o if it is
considered that all rein is gome time in the form of
pnow then themwnust be a second charge separation
process operatlng when the preclpltation is melting
oy in liquid form. So in the nimbogtratus cloud
two cherge separation processes must operate. An
upper one ooduring at temperatures below the freezing
temperature in which negative charge moves downwards,
and a lower one in which positive charge moves down-
ward. In the nimbostratus cloud the lower orocess
must predominate.

The theory of Wilson (1929) cen account for a
preciplitation current opnosite in sign to the potential
cradient. Vhen o drop f£Alls in an electric field 1t
becomes polarised. If the potential gradient is
negative, then the top of the drop hes an induced
positive charge and the vottom of the drop a negative
charge. $So when the drop falls through the atmosphere
if it falls more rapidly than the downward motion
of the negative ions it repels these ions but attracts
the positive ions moving upwards. when there is an
excess of ions of one sign, &s occurs with point
discharge, the charge acquired by the drop is greatly
inecreased., DBut as the megnitude of the potential
gradient associated with continuous rain is ususlly
too low for point discharge to ocour, approximately
equ~l numbers of ions of each signvill be present.
But even though the Wilson theory can account for
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some charging under such conditions it cammot account
for the precipitetion ocurrents recorded.

Smith (1955) suggested thet the precipitetion
. left the cloud uncherged end acquired it's positive
charge due to splashing at the esrth's surfece, the
corresponding negative charge rising end producing
a negative potentisl gradient. But Chelmers and
Pasqiull (1938) measured the cherge on single reindrops
before they had chence to splash, and showed that they
already possessed a charge.

The negative spsce charge in the leyers close to
the ground necessary to account for the Kelvin -
Chauveau effect suggests that charging does occur
due to fracture or impact.

The charging mechanism operating in nimbostratus
conditions is still unknown, and may in fect be due
to a combinstion of the processes mentioned or a
conpletely different one.

3. Previous Results In Continuous Rain
Bergeron (1937) stated that rain is the precipitation
of liquld water in which the drops have a dicmeter
greater then 0.5 mm and Lenard (1904) observed thet .
the upper stability limit for the diemeter of falling

drops is 5 um.
Simpson (1949) stated three arbitrery conditions

for a period-of reinfall to be classed as-continuous.
These were that the duretion of the rainfell must be

at least .one hour, that the rate of reinfeall must be

at least 1 mm//hr., end that there must not be any
large variations in the rate of rainfell. 1le found
that the rainfall tended to meke the potential gradient
more negative than the normel fine weather value and
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the potential gredient was usuelly in the renge -
-%00 - - 400 v/il. He mlso observed that the

charge per unit volume on the rain was proportional

to the potential gradient and independent of the rate
- of rainfall. 3But the charge recorded by & collector

is dependent on the volume of raln entering it and

so0 on the rate of rainfall. _

The eerlier work of Scrase (1938) gave similar
results to those of Simpson and he found that 60%
of the charge carried by rain was positive, while the
potential gradient was ususlly negative. Sorase said
that the intensity of electrificetion of rain was
possibly dependent on the rate of ascent of the
assoclated air. So the rein produced by the ascent
of #ir up a gradusal slope, &s occurs for nimbostratus,
would be less intensely electrified than the rain
produced by convectional sscent. Screse said that this
would explain why the rain in the summer is more highly
charged as the results of Ramsay snd Chalmers (1960)
show.

Scrase also observed that nimbostratus clouds can
exist for long periods without producing precipitation
and on such occasions the potential gradient remsins
very close to the normal finerweather velue, 1t wes
only when the cloud reached the rain stage that the
potential gradient was effected, thet 1s when cherge
of one sign wes being removed from the cloud. So
Scrase concluded that the falling of cherged rain
from the cloud layer is the ceuse rather then the
effect of the disturbed potential gradient.

The results of Chalmers (1956) showed that the
total current downwards is positive during continuous
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rain while the notentlel gradient is usually negetive.
He found that the average velue of the current was
+ 3.8 x 10712 amps./.d° and the avérage potential
gradient - 176V/H. | |
4. The Relation 3Between Precipitation Current and
Potential Gradient

There exists during continuous rain a general

inverse relstionship of positive precipitetion current

and négetive potential gredient.
The inverse relation is not always observed, bdbut
this can possibly be explained by considering the
type of collector used. 1If the shlelding on the
collector is too great 1t will prevent the mejority
of smell drops, which are found to carry a cherge of
opposite sign to the potentlal gradient, entering the
collector. Smith (1955) measured the chaerge on &
large nusber of drops during a short time interval
and found that the sum of the cherges on the drops
was of the same slgn as the potentiel gredient. 3ut
he found that 1f he used the seme apnarstus a&s Simpson
Simpson. In his original experiment Smith was unsble
to measure the cherge on small drops due to the limit-
ations of his appesratus. This would suggest that the
inverse reletion is meinly due to the smallest drons.
Simpson (1949) observed that the variation of
precipitation current and point discharge current with
time often anpear 2lmost to be the mirror image of each
other. But Sivarama¥rishnan (1951) found that the
change of sign of the precipitation current synchro-
nises more closely with the change of sign of the
potential. gradient than with the point discharge
current. It is this latter effect that will bve
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referred to as the mirror imsge effect.

‘During periods of continuous rain the potentisl
gradient is not ususlly large enough for point discherge,
and Remsry eand Chrlmers (1960) found that the positive
maximum of the precipitetion current often led or
lagged behind the negative maximum of the potential
gradlent by a few minutes. Simpson (1949) also observed
that the mirror wes not the zero value of potential
gradient but corresponded approximately to the normsl
fine weather value.

As a drop takes e few minutes to fall from the
cloud to the ground the existence of the mirror image
effect would suggest that the drops ascquire their
charge close to the ground end so that the charging
of the rain is not due to the theory of Wilson (1929)
as the potentiel gradient would be too low. 3ut
Chalmers (1957) suggested that the mirror image effect
could be explsined by considering the motion over the
observer of clouds cerrying different charges at
dlfferent places rather than due to chenges in the
relative posltions of the charges in the cloud. This
would ellow the mirror image effeot to be observed no
matter 2t what height the drop acquires it's charge, end
so the drops-could still obtain their cherge according
to the Wilson influence theory in the ler-~er potential
gradlents at higher levels.

legono end Orékasa (1960 and 1961) found that
occeasions when the mirror image effect did not hold
could possibly be explained by considering the space
charge due to the charge on the rain itself. They
said that the mirror image effect could be explained
by considering the removal from the cloud of charge
of one sign and the leaving behind of charge of the
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'opposite si@n in the cloud. So any change in the
rate of rainfall would result in ehange of the
space charge due to the drops and cause & temporary
chaenge in the potentisl gredlent st the ground.

So the simulteneous. measurement of precipitation
current and potential gradient et two levels could
give information sbout both the effects mentioned.
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CHAPTER 3

THE DESIGN, CONSTRUCTION, CALIBRATION, AND
OPERATION OF JQUIZEEIT

l. The Rein Collectors

(a) Introduction

Two rain collectors were constructed as shown
in Plg. 4 end were of similer design to those of
Serase (1938). .Shielded collectors were used to
reduge the displacement and conduction ocurrents
in the collector sltuated at the top of the mast
where the concentration of the linés of forée on
the earthed mast progﬁées en intense potential
gradient of magnitude many times that at the ground.
'Also the upper edge of the outer shield of the
collector was the upnermost point on the mast.

3ut in spite of the shielding, 98% efficient
according to Serase, it was not sufficint to |
prevent epprecisble displecement and conduction
currents being recorded by the collector at the
top of the mest. - So corrections for these currents
had to be applied to the recorded current to obtain
the precipitation current, as described in Chapter 5.

Although the concentration of lines of force
was very much smaller at the collector at the
ground this collector was constructed in exactly
the same way so that the effective area over which
rain was collected was the same for both collectors.

(b) Construction

Each.-collector had an outer cylindrical
shield and &n inner conlical one., Situated below

the inner shield was a cone supported on polystyrene
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insulators in which the rain, the charge upon which
was to be determined, was collected. The cone was
connected by coexial cable to the vibroting reed
electrometer head unit which was fastened to the
outer cylindericel shield of the collector. To
reduce microphonics due to any movement of the ceble
the cone was supported on & shrped plece of polystyrene.
The central wire of the crble was passed through the
polystyrene and soldered to the inside of the cone.
The polystyrene wss supported on aluminium struts
and the cable étrapped to them.

The heaters in the collectors were two 60 watt
light bulbs wired in series end electrostetically
screened.

(¢) Associeted Apparatus

The signel passes from the cone to the vibrating
reed electrometer head unit and is fed into the 101°
ohm input resistor across which a D.C. voltage is
developed. This D.C. voltage is fed into a dynamic
capacitor, the varying voltage produced scross the
capacitor being proportional to the D.C. voltags,

A high insulation 1000 UuF condenser was
connected across the input resistor to increase the
response time of the instrument and so smooth out any
short period fluctuations. The alternating voltage
was amplified end the signal then passed to the
vibrating reed electrometer indicetor unit. The
indicator units were situmted in a heated weather-
proof box close to the bottom of the mast and is shown
in Fig.5, which shows the general view at the bottom

of the mast.
The indicator unlt amplified and rectified the

signel from the heed unit. The indicator unit
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conteined a built in sensitivity switch with the
sceles :~ 0-30MV., 0-100MV., 0-300MV., and
0-1000uV. The output from the indicator unit was
one milliasmp for & full deflection on each scele,

The outputs from the indicator units were
-taken to another weatherproof box, Again shown. in
Pig.5., and fed into a plugboard. From the plug-
board the signal was taken directly to the
observatory and after pessing through the monitoring
system, Fig.l19, was passed directly to the galvenometer.

The indiecator unit weas set on the 300 !V range
and the monitoring system was such that a full scale
deflection was given on the monitoring meter for
epproximately a half full scale deflection on the
indicator unit.

PFive sensitivity ranges were incorporsted in
the monitoring system of each collector the least
sensitive of which gave a full scale deflection on
the photographic recording paper for the approximately
half millieamp signal. The most sensitive scale was
approximately thirty times more sensitlve than the
least sensitive. ‘ |
' A reversing switch wes incorporated in the
Observatory monitoring psnel for esch collector to
facilitate the monitoring of the precipitation currents
when they changed sign.

(d) Calibration . :

The calibration of the vibrating reed electro-.
meterswas carried out by epplying known D.C. voltages
through the jeck plug in the recording circuit of
the indicator unit. To out out any spurlous effects
from the collector the head unit was shorted out.
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In order to celibrate the vibrating reed
elécyrometer as & current measurlng device it was
necessary to know the input resistor in use as
accurateiy es possible. According to the literature
suppliéd with the vibrating reed electrometes the
résistors were accurate to within 10%. The values
of the resistors were ghecked by the method of
leakage of a standard condenser end were found
to be (1.08% .04) x 10'%hms for the nominel
loloohm resistors in each vibrating reed electro-
meter. |

Using & potential divider voltages from 1 MV
to 150 i’V were applied. As it was intended for
visual monitoring to be carried out wherever
possible five sensitivity renges were incorporasted
in the monitoring system. These were !mown 2s the
'5', '15', '30', '80', and '160' ranges as a full
. seale ceflection on recording paner Tor each renge
corresponded?approximately to readings of 5, 15,
30, 80 and 160 iV on the indiostor unit meter when
set on the 300 MV renge. The velues registered by
the monitoring microammeters when scale changes
were necessary were noted, but when visusl monitoring
was not possible both collectors were set on the
'30° Qange. doch renge was calibrated in turn and
the calibration of the '80' renge for each collector
is shown in Fig.6. It was arranged that when the
sign of the precinitation currents from both
c$lleotors were the same their deflections on the
photographic record were in opnosite directions

f+om the ocentral zero to make for easier snalysis

- of the records.
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" Full scale, 5 cms deflections on the.five renges
corresponded to srecipitetion currents of 11, 34, 72,
171, end 345 JA/ii2. As the records could be measured
to an accurecy of 2 mm then the sgrestest sensitivity
. of the instrument corresponded to 8 current of 0.4 nuA/Mz.
As Chalmers (1957) stated that the precinitation current
during continuous rain was in the range 1-100 muA/u2
_ fhé system described should measure all the values of
precipitation ourrent encountered,

.(e) ParZormance And Problems JIncountered.

The collectors operated fsirly satisfactorily over
éiperiod of 18 months during which they were outside,
firstly et the Seience Laboratories for testing, and

then at the Observatory.
B When the collectors were first outside et the
“Observétory they were very insensitive end did not
even raspond over violently to the cone being touched.
This was probadbly due to moisture shorting out the
input resistors. So the dessioators were removed and
a small oven coastructed to dry them. Jut when the
dessicators ware replaced the nerformance was even
ﬁorse es pogsibly moisture had got into the head units.
80 the collectors were taken inside to drv out and
spare dessicators obtained so that they could be
changed every day 1if necessary, After this no
- further difficulties of insulation breazdown due to
- moisture were encountered even in the hesviest rain-
fall. Also insulation breskdown due to splders' webs,
as exserienced by Merry (1960), never occurred.

| “When the first test records were tsken the
output signel from the indicator units were fed
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into & pen recorder. A large deflection, corres-
ponding to an approximate 50!V deflection on the
indicator unit, was observed during periods of

no rain, and had 2 long period veriation. 3But if

the collector heaters were switched off the deflection
fell to zero in about }5 minutes sand returned to the
original value when they were switched on again. This
suggested that the cause was the evaporation of water
in the cone. This was checked by emptyling the cone
and covering it with a zeroing plate but the deflections
still occurred and varied from approximately 20 MV

to over 100 MV from day to day. This showed that
evaporation from the cone was not the cause, but

the heaters were possibly causing evaporation of the
moisture on the ground. If the evaporation ceused

a charge separation then part of this charge would
come into contact with the cone and be recorded.

This would account for the day to day changes in

the magnitude of the recorded signal, 8o the bases

of the collectors were filled in with an sluminium
plate and the spurlous signal was not observed again.
This effect probably accounts for the large zero
deflection that varied from day to dey and even
during recording that was reported by Merry (1960).

A large steady zero deflection was recorded by
one of the collectors but this was eliminated by
1solating the leads carrying the signal from the
rest of the equipment &t the plug bosrd and the
monitoring psnel. The probable cause was contact
potentials at these two earth points.

The only other dlfficulty encountered was when a
component of one of the indicator units dburnt out.
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2. The Apgrimeter

(a) Introduction And Theory

Due to the lerpge notential gredients et the top
-of the mast 1t was deolded to use on egrimeter of
similer besic design to that of Chelmers (1953), but
of much smeller dimensions, there.

The advantages of the agrimeter are that it gives
the sign of the potentiel gradient directly and the
signal from the instrument can be fed to a galvenometer
without amplification.

‘ A disgram of the agrimeter is shown in Fig.8.
In the agrimeter a moving plete passes under en
opening in an earthed cover. As the plate passes under
the opening it is connected to earth and it's upper
surfoce then carries @& charge proportionsl to the
nuwiber of lines of fdrcefehding'on it. 8o the charge
carried by the plate is proportional to the potential
gradient. The earth connection is then broken end the
plete noves on carrying it's charge with it., After
passing under the cover it gives uy' & proportion of
it's charge to 8 contact which acts as & ‘'collector’'.
The collector is connected to a galvancmeter end if
the potential gradient remeins constant tien each
time the plete reechas the collector it carries the
same guantity of charge.

30 a pulsed current flows through the galvano-
meter and if the period of oszilletion of the galvano-
meter is far gréater than the period between successiv®
pulses then the galvanometer shows 68 steady defleetion
for a constant potential gradient. The response of
the instrument to changes in potential gradient is
governed only by the response time of the galvanometer.
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If the effeotive eres of the plate exposed to &

potential gredient of megnitude F volts/metre is
-2

Aam =, then the charge carried by the plete 1s given by,
Q=P x 1070 (1)
- 36 r:

I£ C is the capacity of the nlate when in contact with
the collector;, » the capacity of the collector, cable,
and connected apperatus; R the resistance betwesn the
dable and sarth; and T the time between successive
contacts of the plates and the collector., Then 1f C<<D

-and T/R<«<D, the average current flowing throush R is
glven by

Ir= Q 3 (2)
‘ SR + T
S0 if R is small I, =Q = FA x 10713 amperes (3)
| T 36117

(v) Construction
A general view and two sectional diagrens of the

agrimeter are shown in Figs. 7 and 8.

A 1/15 H,P. motor, giving 8 meximum of 4500 revs/min
but which could be varied to any required rate of revo-
lution by adjusting s series resistor, was used to drive
a steel shaft through a flexible coupling,- The steel
shaft was supported by two tufnol besrings, mounted in
steel supports, e distence of 20ems spart.

" On the shaft were mounted two tufnol dises, each of
Qoms diemeter end 6 ma thiokness, 2 distance of 16.5¢cms
apart; 3ight identical copper plates of ares 33cms'2
were attached round the rims of the dlscs at equal
_intefvals parallel to the shaft., The discs were fixed
: to the shaft and rotated with it,

On one of the dises, 8s shown in Section A-A
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of Fig.8., were mounted 16 equal brass sectors
insulated from each other ond concentric with the
shaft. Alternate sectors were connected to the
corresponding copper plate neasrest to the sector.
Two spring loaded cerbon brushes formed the
contacts to earth and to the galvanometer, the
latter being termed the '‘collector'. The brushes
were fitted to make contact with the sectors. The
contact to earth was connected to the plate when the

This plate then came into contact with the collector
sfter rotating through 45°. Another carbon brush
connected the shaft to earth.

The instrument was mounted on & steel base
which in turn was supported by entivibretion mountings.
The antivibration mountings were important as the
instrument was bolted direotly to the mast close to
the rain collector and any appreclable vibration would
have effected both instruments. The whole instrument
was enclosed in an aluminium case.

The agrimeter was zeroed by a mechanical
arrangement by which an earthed copper plete moved
across the opening in the earthed cover. It was
operated by a cord at the foot of the mast. The plate
moved slong tufnol guldes end a spring attached to
the plate returned it to its original position when
the cord was released. Figs.9 show the sgrimeter
with the plete in the normel running position and
in the zeroing position.

‘ Due to the depéndenoe of the sgrimeter output
on the rate of revolution of the motor & constent
voltage transformer was used.
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(e) Calibration

The calibration of the agrimeter was cerried
out'uéing the calibration plates shown in Fig.l1l,
and using the ldentical cables and associated
eQuipment to be used during reoording.‘ The agrimeter
was sunk into a plt in the ground such that the earthed
cover was in the same plene as the lower calibration
plate. The second callbration plete was separated
from the lower one by tufnol insuletors 5 cms. long
and so formed a parallel plate condenser.

Five sensitivity ranges were incorvporated in the
monitoring system by the use of suitable shunts
on the gelvenometer. These were known as the '32',
'100', '300','900','2700' ranges. These scele values
were connected in some original calculations to the
equivalent potential gradients at the ground for
those recorded et the top of the mast, to give full
scale deflections on the recording paper. 3ut
" subgequent alterations to the,iﬁstrument and errors
in the estimate of the exposure factor of the mast
and the effective area of the plate exposed when
in the earthed position. §So the scale values had
no meaning except as e gulde to their relative
sensitivities. :

Bach of the sceles were celibrated in turn for
both negetive and positive potential gradients., The
ecalibration of the '32!' range is shown in Fig.10.

In the instrument the opening in the eerthed

2

cover was such #s to expose 20 em - of the copper

plate when earthed.
For @ potential gradient of 5000 volts/metre
and & motov speed of 2000 revs./min., T = 3/'800 secs,
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then the theoretical output of the instrument was

-glven by III 2a(3) as

To = 2.34 x 10~° amperes.

3ut the ourrent registered by the galvanometer was
I = 1. 5 x 10 -8 amperes.
The difference between the theoretical and practicel
values was beeause the effective area.éf‘the plate
exposed was smaller than the opening in the earthed
cover: due to .the partial'shielding‘of the potential
gradient by the earthed cover. Also, to & lesser
extent, the difference was due to R, the resistence
between the cable and earth, being not suffieiently
small to be completely neglected.

On the most sensitive scale a deflection of 1 cm
was obtained on the record for &' potential gradient
of 1200V/M st the top of the mast.

~ The instrument had & zero output equivalent
to a positive potential gradient of 90 volts/metre.

The caleculation of the exposure fector for the
instrument will be discussed in Chapter V,2.

" (e) Performance and Problems Encountered

The agrimeter was placed in position at the
top. of the mast just below the collector end its
Sutput signel was fed into the plugbosrd st the
bottom of the mast before being taken to the
monltoring and recording systems in the Observatory.

Initially a 130 ohm resistor was used in series

*:with the motor to give the required rate of rotation.

‘;But it wes found that the instrument took too long
:to accalerate to the constent rate of rotation
- required. So & 90 ohm resistor was placed in

perallel with the 130 ohm resistor and a switch



incorporated so that the 90 ohm resistor was in
gseries with the motor for 30 secs after switching

on so enabling the agrimeter to accelerate faster.

The switeh was then reversed to bring in the 130 ohm

resistor. ‘
With the 130 ohm reslistor in series the rate

of revolution was approximately 2000 revs./min.,

but it was found that this correspoﬁded to a resonant
vibration frequency of the instrument. The resulting
vibration ceused the tufnol bearings to get hot and
the rate of revolution dropped by about 10% over a
period of two hours. Consequently there was a 10%
reduction in the output signal for a constant value

of the potential gradient. But it was found that if

the 90 ohm resistor was used at all times the rate
of rotation increased to épproximately 2350 revs/min.
At this répe of rotation the vibration was practically
non existent and the magnitude of the output signal
showed no measurable changé, for a oonstant potential
gradient, over & period of four hours. The calibration
6f the aprimeter had shown‘thaf it's output signal
varied in a linear way with the potential gradient
and the rate of revolution. So the rate of revolution
was accurately determined, : 2%, using an ;scilloscope
and the calibration ourves were recaloulated.

When records were being taken the agrimeter was
zeroed approximately every hslf hour for a period
of 30 secs. But during the record of Hay 19th it

- wasg found that after about five hours of contlnuous

rain a large zero drift occured in the agrimeter
output signal. So during the remainder of this
record zeroing was carried out more frequently.
On investigation afterwards it was found thet the
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coaxlal plug and socket where the signalvoable
left the agrimeter were very wet, and so the zero
drift was probably due to contact potentials
associated with this moisture. A shield was then
built to cover the plugs end the trouble did not
reour. -
' vApart'from_these faulis the agrimeter worked
satisfectorily dufing the period of record.

3. The Field Mills

(a) Infroducticn

Due to the lower value of the potential gradient
at the bottom of the mast 1t was dscided to use field
mills, simllar to those described by Llapleson and
‘Whitlock (1955), both there and as the calibration
instrument.

The majority of the work connected with the
field mills weas carried out by Collin, and so only
a brief account will be given here and for further
details the reader is referred to Collin (1962 and 1963).
The main contribution of the author to this work was
in the construction of a mill smplifier.

(p) si Diserimination

Collin (1962) devised & new method of sign

- diserimination. A low positive voltage was e&pplied

to the rotor for three seoconds every half minute

and this produced pulses on the record. The direction
of the pulses gave the sign of the potential gradient.
If the pulses increased the magnitude of the

potential gradient the potential gradient was positive,
while those that decreased the magnitude showed the
potential gradient to be negative. The pulses can

be seen on the records shown in Figs. 29 and 30.
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Similar amplifiers were used with each mill
 &and were of the same basic design as thoseof IMilner
(1959). The emplifier oircuit is shown in M g.l3.

(¢) Calibration

| The field mills were oalibrated in the same way
as the agrimeter. Five éensitivity ranges were
incorporated in the monitoring system of each mill,
nemely the '50', '150', '300', '600', end '1250'
ranges. Each was calibrated in turn end the cali-
‘bration curves for the t%o'mills on the '300' range
are shown in Figs. 14 and 15.

Due to rectification the‘signal always produced
deflections in the same direction end it was arranged
to have the zero near to one edge of the recording
paper. So the full secale deflection was approximately
10 cms instead of 5 oms as for the other instruments.

(a) Performance

It was found that after considerable rain, water
tended to drip onto the rotor end caused s fluctuating
output. To reduce thls effect the rotor and stator
were surrounded by a& shield as shown in Fig.l2.

The output from the mill at the bottom of the
mast,-mill A, was found to be reduced when the
calibration mill, mill B, was operating at the same
time, as the two running topether effected the power
supply. So when mill B was funning the recorded
outpﬁt from mill A was multiplied by a calculated
factor. Otherwise the mills, espescially mill A,

 worked satiéfaotqrily.
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4. The Rate Of Rainfall Recorden

(a) Introduction

_ As previously mentioned the value of the
precipitation current depends on the rate of rain
fall. Amongst methods of measurement of the rate
of rainfall has been the one of Serase (1938)
and Simpson (194%) who measured the interwal between
successive fillings of & vessel which tilted and‘
enptied when full. The vessel was incorporated in
the collector, but it only gave the aversge rate of
rainfall between successive emptyings of the vessel,
Remsay end Chelmers (1960) measured the variation
of the capacity of a persallel pleate condenser as it
filled up with water. So it was possible to determine
the rate of rainfell at any instant. —

The instrument constructed followed the basio
design of Adkins (1959¢). The rain fell into a
cone at the bottom of which was a nozzle which
produced drops of a constant sige. They fell through
a grid of parallel.wires, and in so doing instantan-
eously completed & circulit which triggered a monostable
multivibrator. The output from the multivibvbrator
was integrated by a ililler integrator end the output
was proportional to the rate of production of drops,
and so to the rate of rainfall.

Due to the collapse of the mest the instrument
was not used simultaneously with the other instruments,
but the construction and approximate calibration were

completed.

‘(b) Construction

The saluminium colleecting eone was soldered
into the top of an alumlnium cylinder as shown in
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Flg. 16. The nozzle was made of brass and of such
dimensions that the water in the cone could always
bridge the throat of the nozzle. By heating to red
heat an oxide layer was formed on the nozzle which
ensured that the surface wetted easily. The volume
of 500 consedutive drops falling through the nozzle
was determined three times and found to be constant.

The wire grid, made of platinum to avoid
corrogion due to the rainwater, was adjustable to
ensure the correct position of the grid below ths
nozzle. Alternate wires of the grid were oonnected
Yo the earthed shield and the central wire of a
coaxial cable. The cable led to the eleactronic
seation of the apparstus shown in Pig.17.

The 2 megohm potentiometer enabled the time
constant of the instrument to be varied from 20 to
60 seconds.

(e) celibration Agg~Performagg§

Water was allowed to fall into the cone at &
kaown rate from & pipette. The rate was varied and
the deflections produced recorded photographically ,
The celibration wes repeated and it was found that the
peaks due to individual pulses could not dbe detected
for a time constant greater then 30 sees and for &
rate of rainfall greater than 1 mm/hour.

" An exmot oslibration was not carried out but the
approximate one showed that the instrument was
-probébly sultable for the work.

"5. Auxilisry Apparatus
(a) Recording System

Four Tinsley énd‘one Pye mirror gelvanometers
were used of current sensitivities renging from
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5.4 x 10 9 smperes/em to 3.7 é&peres/bm at a distence

of one metre between the galvanometer and sceale.
The signsal from the agrimeter was taken directly
to the monitoring system without amplification aﬁd
for low values of potentiel gradient the complete
psignal was fed directly to the most sensitive
gélvanometer. The recording system is shown in
Flg.18.

Using standard galvanometer lamps spots of
1ight were reflected from the galvanometer mirrors
on to a slit camersa carrying 120 mm sensltised
paper, The camera motor was meins operated end

- the rate of rotation was such that 5 minutes of
" recording appeared on 8 cms of fllm. Examples of
~odhe records &are shown in Figs. 29 and 304 -
. A synchronous motor, 1 rev./min, was used with
a sultable cam to switch off the supply to the
fogging lamp for 3 seconds every half minute. So
white lines were produced on the film at helf minute

intervals and these acted as & time scale,

(b) ilonitoring System

All monitoring wag carried out in the Observetory
and the monitoring system is showii-in Fig 19. as part
of the schematic diagram of the complete experimentsl
set up. Fig.20 shows the rack mounting cf the monitor-
ing penel, smplifiers, snd power supplies.

Due to the low signal 2 scalamp galvanometer was
used to monitor the agrimeter. The precipitation
current variations were observed sn two suitebly
shunted 100 microamp. meters.

As no great differences were expected in the
magnitude of the outputs from the two mills the circuit
was designed so that each could be monitored in turn

ot i ona 250 md avaninmt matawn
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(e¢) Cables

At the commencement of the work sll the cebles
in the Ovservatory field were pulled up as meny hed
become overgrown. All the new mains end coexiel cebles
wera carried Between the Observetory snd the mest on
"M gupports sbout 16 inches high.
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CHAPTER
EXPARIMENTS ON THE EFFECT O SPLASHING

(1) Introduction

As previously mentioned the notentisl gradient
at the top of the mest is extremely lerge. As the
upper edge of the outer oylinder of the collector 1s
the uppermost level of the mest structure then the
potential gradient will tend to have its largest
value at this position. Also even though the inner-
conical shield is itself shielded by the outer cylinder
the potential gradient still hes s large value close
to 1it. So when drops are in the vicinity of the
upper colleetor they are in a region of very high
potential gradient.

siegono end Hoenuma (1960) messured the charge on
water dronlets produced when drops were broken while
under the influence of a potentiesl gradient of 2000
volts/metre. They found experimentally, snd put
forward a theoretical explanation, that the charge
- on the droplets was due to electrostatic induction
as the sign of the charge on the drops changed when
the gign of the potential gradient chenged.

30 when the raindroos strike the outer or inner
shields of the collector they asre broken up iato =&
nunber of droplets and this tekes place in a region
of high potential gradient. Some of these droplets
will enter the cone and their charge will be recorded.
30 it wouid seem possible thet this effect is
responsible for the sudden peaks that occur in the
preclpltation current as recorded at the top of the
mast end way make & considerable contribution to the
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total current recorded there.
The aim of the experiaents was to establish,
in the lesboratory, conditions similsr to those at

the upper collector, and to then investisate the
dependence of the charging effect on the potential

eand hence possibly the amount of spurious charge
produced in this way, could be reduced by covering
the shield edges with some form of meateriel.
flaindrops fall st all times directly on to
the sursece of the collector cone snd on to sny
water residing in the bottom of the cone. Although
the potential gradient at this position would be
very much lower than st the edges of the shields
the chargihg on such impacts was also investigated.
If an exposure factor of 10C is assumed for the
collector and the shielding efficiency is 987 eas
claimed by Scrase (1938) it would still be possible
to heve a potentiel gradient of the order of 1000

volts/metre at the cone during the conditions being

investhgated in the present work.

(2) Construction 0f Apparatus

/n elevation and plen of the epparatus is shown
in Fig.21 and the complete apparatus is shown in
Fig.22.

The apparatus was composed of two narallel
aluninium plates senarated 5 cm by insuletors. A
narrow slit was made in the upper plate to sllow the
drops to pass through. A squere section was cut from
the centre of the lower plate, and inside this was
placed snother aluminium plate in the same plene as
the lower plate but isolated from it by a gap of
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2 cm. This central plate will be referred to ess the
collector plate as it was the charge on the droplets
falling onto this plate that wes to be messured. The
lower plate and the collector plste were raised from
the lower perspex base so that electrical contact could
not be made between them by water accumuleting in the
....apperatus.
The splashing edge was constructed out of

similar angle to, the inner shield of the coliector 80
as to reproduce the conditions as accurately as possible.
The splashing edge was attached at 1t's base to the
lower plate and projected so that the edge where the
splashing would occur was over the collector plate.

The splashiﬁg edge itself was only approximately
2 cms from the upper plate to which voltages were to
be applied. This would cause lines of forece to
converge at the edge but this would be balanced to
some extent as the point on the edge that the drops
would strike was below the slit in the upper plete.
But 1t would not be possible to determine the actusl
potential gradient at the point of impect.

The collector plete was connected through the
perspex to the vibrating reed electrometer hesd unit.

The water dropper used was one constructed by
a prévibus worker eand 8 length of polystyrene tubing
v.ag8 attached to it to enable single drops to be
releaséd by the observer when required. The dronper
was fixed 70 cms shove the upper plete.

It wes found that the recording apparatus was
very sensitive to any movement in the laboratory
and so an aluminium shi2ld, with observation holes
init was'placed between the observer and the

apparetus.



37

%3, Experimental Procedure Lnd Results

~ Daroughout the work two observers were required,
one to release the drops £ad to check thet they splashed
- off the edge, where this was required, and the other to
" observe the deflection registered by the meter of the
vibrating reed electrometer indicator unit. The work
was carried out in three perts snd is discussed below

. a8 three sepsrate experiments.

(a) Experiment 1
| The charge recordied oy the collector olate was
observed for drops snleshing on the edge with verious
voltages applied to the plates ranging from ~ 115 volts
0 4 115 volts. DPFor esch voltege the millivolts
deflection produced for eacn drop wes observed and the
charge calculated for en avernge of 18 drops at each
applied voltage. The average chaArge récorded per drop
for easch voltege is shown in rig.2%. |
(b) LCxperiment 2

The experiment was rejeated for a particulsr
" gpplied voltege, namnely - €9 volts, but for different
substences covering the spleshing edge. This was dona

for four substances, nemely, felt, tissue naner, foam
rubber, and rubb2r. The chsrge was recorded for each
drop eccording to the order in waich the drop fell in

. order to cetermine 1f the charging effects associated
with the surfece altered as the drops continued to fall
onto 1t. The results are‘shown In Pig.24 end the dotted
line represents the aversge cherge recorded for splesh-
ihg directly on the aluminium edge without any cover-
ing. The charging effects produced by the aluminium
‘edge did not alter with time.



| CHARGE (JuC)

+6
+5
+d4 9
4-31
+2 9

-l

VOLTAGE A

-120

-ico

-80

+l20
o] +80 +i00

0 +40 +6

-20




T
|
*
r
. L4 I
L] '
[ ]
*
L]
[ )
x
x
x x X |
x |
. . x
-] - o
x » o
13 x *
] -] °
-]
» * o
(]
_______________________ x et e - T o ——— — = - = = e = = M A = e — -
* .
.
. *
X
*
. ° FELT x
° TISSUE PAPER o
RUBBER .
* FOAM RUBBER #
(-]
o
. o
o ) 2 3 4 5 6 7 8 9 o 12 13 4 .

DROP NUMBER
|




38

| (c) E;periment.3

The eharge'was observed for drops falling directly
onto the aluminiua collector plete, and onto weter in
& mefal.container on the collector plate, for various
~applied voltages. These were the conditions for the

_drops falling directly onto,the cone and any residusal
water in it.
| The experiment was repeated for the aluminium
surface oovered~with blotting1paper.
The results obtained are shown in PFig.25.
'lOO drops from the dropper were found to have a volume
of 2.25 cc., and so the average drop radius was 1.75 mm,

4. Analysis of Hesultg

(a) Experiment 1

‘ As can be seen from Fig.23 the eharge reeorded by
the colleetor plate was directly prOQOrtional to but
of opposite sign to, the applied voltage.

-This een be expleined in terms of the induced charge
coused by the applied potential gradient. When the drop
mekes contact with the edge it is split into a number
of fragments and for some short time these remained
joined to the edge by films of water,

CIf we consider‘a negative eoplied voltage, &s
would be the most common condition in continuous rain,
then the drops have been polarised, before contact with
the edge, with o positive charge on the upper surface
and a'negative charge‘on the lower surface, After
splashing, end while the fragments sre still in contact
- with the-adge we get further induced charges produced
" on the surfaces of the films. The negstive charge
then passes to earth through the edge and lesvese
resultant positive charge on the fragments. These
fragmehts carrying & positive éharge will be in a range
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of sizes varying from droplets of the seme order
of magnitude as the originsl drop to ions composed
of a group of water molecules. The larger charged
droplets fall to the collector plate end it is the
charge on. thess droplets that is registered, while
the smaller particles will be attracted towards the
unper plate, The opposite effect would occur for
& positive potential gradient.

| Magono end XKoenuma (1960) found that when drops
were fractured in mid eir by a gust from a blower
efter‘passing through a horizontal field then the
surfece charge present on the drops was left on the
dropiets. They oonsidered a drop belng split into

_two equel droplets such that the surface charge

Mleleietst

e

was exactly split, the positive charge being on
one droplet and the negative. on the other,

They calculated that for a drop of dismeter
6.2 mu. falling in & potential gradient of 2000 volts/
metre, the charge on each droplet would be l.65ua
coulombs. In practice they found that the large drop
split up into approximetely 10 droplets, but that the
sum of the charges measured on them of each sign was
close to the theoretical value.

In the present experiment a oharge of 1.65 .
coulombs corresponded to an applied voltags of 32 volis.
Thnis correspbnded to a uniform potential gradient of
640 volts/metre if only the parallel plates, 5 cms.

apart, were considered. But the potentisl. gradient

at the edge would probably be larger thean this. So
if the difference in the radius of the drop and the
different method of splashing are considered, then

it is probably correct to say that the resulis obtalned
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~are of the same order of megnitude as those of

Lsgono snd Koenumsa.
The results also show agreement with those of
Adkins (1959a) who found that when a drop splashes

-4t the ground it releases charge of mposite -sign to

the! potential gradient to the air, It 1s pert of
this released charge that has been measured in this
experiment.

(v) Experiment 2

Adkins (1959a) found that the amount of splash-
ing depended upon the surface concerned and so various
coverings were tried on the edge to try end reduce the

'sblashing.and so possibly the amount of charge recorded

by the collector plate due to this effect.

Both the felt end the rubber coverings produced
a far greater number of droplets on the colleotor
plate than the uncovered aluminium edge. And in both
cases the average charge recorded per 4drop was apHrox-
imately double that for en aluminium edge. So it would
appesr that the charge is dependent on the number of
droplets produced by the surface.

For the foam rubber and the tissue paper there
was a reduction compared with the aluminium-edge for
the first few drops. This was probably due to the
absorbent properties of the meteriels, end it was found
that when the covering beosme wet the charging effect
wes slightly grester then for the aluminium.

In all cases there was greater fluctuation in

- the amount of oharge récorded-from drop to 4drop than

fairly eonstant,, So none of the coverings tried
showed any improvement.' The experiment could possibly
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be carried out constructing the edge itself from

_ different metals.
(¢) Experiment 3

' It was found that for drops falling directly
onto the aluminium colleetor plate the cherge
recorded was always positive and of approximetely
~constant megnitude for all the voltages applied to
the(plates; A similar effect was found when the
| cblleotor plate was covered with blotting paper,
exoept that  the cherge recorded showed a slight
dependence on the applied voltage. So in both
dases negatlve charge was relessed to the air, but
the number of droplets produced and the amount of
charge recorded were both considerably less than
for the two previous experiments. |

When the drops fell ontb water a far grester
amount of splashing was observed and the charge
recorded wes maeinly of the same sign as, and prop-
ortional to, the applied voltage. So for a negative
applied voltage the charge released to the air
ﬁould be positive, and of similer magnitude to the
charges recorded in Experiment 1.

In experiment 1 only the charge on the droplets
- too 1arge to be_attracted by the upper plate was
recorded, while in the case of the water the recorded
charge was due to the removal by the upner plate of
the smaller droplets or ions which were produced on
spleshing end cérried a charge of opposite sign to
the potential gredient. The larger droplets would
‘hardly leave the surface of the weter before falling
beck sgain, This would suggest that the charge
causéd by induction was carried in comparable amounts
by the larger droplets end the smaller droplets or ions.
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'In each case when zero voltage was epplied approx-
imately the seme positive charge wes recorded by the
collector plate, and so a negetive charge was released
‘to the air., This would seem to be due to the Lenard
( 1892) effect. He found the results to be very
sensitive to traces of impurity in the weter. Lenard
(1921) said that 1t was essential for the droo to disrupt
with great violence and so was dependent on the energy
of the drop. He found fhat e drop of 4 mm radius
producéd a charge of z;au;coulohas,awhich corresponded
to about 5.4 . am coulombé/c.c..Chapman (1950) found
charges about 10 times greater than these. The results
shown in Fig.25 are for & drop of 1.76 jum radius end
8 charge pf 0.9 s coulombs was recorded, corresponding
~to 40 s coulpmba/c;c. This'value 1s midway between
thoseof Lenafd and Chapmen,

G111 end Alfrey (1952) investisated the splashing
of water on various surfaces énd suggested that there
wés no reliable evidence for the production of ions
 when water spleshes onto a surface, and that the effect
could be explained in electrostatic terms. They also
claimed that the ions measured by many workers were in
feet highly charged water'droplets, as has in fact been
econsidered in the nresent work. 3ut it is the very
existence of the charge that 1s of importance in the
'presént work, snd not so much its origin, '

5. Splashing At The Collector
‘ Splashing at the collector was considered from

the point of how many drops would splesh at the edges
of the collector shields.
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Dimensions of the collector:- -
biameter of outer cylindrical shield =-3%4 oms.

Thlcknes% of outer shield o = 0.175 cams.
~Diameter of 1nner conioal shleld = 19.5 cms.

‘Thickness of inner shield - = 0,1 oms.

For e fixed rete of rainfall, namely 2 mm/hr.,
and assuming.that all the drops in a perticulsr
period were of the same size, then the following
quantities were calculated for both the inner and
the outer shields. '

S = HNumber of dropns striking shield edga

Number of drops entering ocone direotly
T = Number of drops striking the shield per sec.

The ratlos were calculated for three different
drop diameters ranging from 1 mm to 3.5 mn. The
smaller dlemeter wes thet of the suallest drowvs
.considered to éxist in continuous reinfall while
" the experlment, but these would be larger in general
than those actuslly existing in continuous rainfall.

So an intermediate diameter of 2 mm was also used.

DROP ‘ INNER SHIGLD OUTER SHIZLD

DIAVETER S T S T
1 am 1/16 5/3 1/10 8/%
2 mm 1/12 1/% 1/5 2/3

3.5 mm /7 11 1/4 2/11
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. aerry (1960), probebly using drops of diameter 3.5mm ,
found that for every drop splashing on the outer
shield 3 observeble droplets remghed the cone, He
| uséd.q specislly treated filter paper to detect the
droplets. T“hen & drop struck the inner conical
stiield T3 particles reached the cone, HMerry said
- thet the drops used were lerge end that this would
aid the splashing effect. 3ut this would be com-
'peﬂsated to soma extent by the faet that the drops
would not have rerahed their terainal veloeity.
Adkins found that toe charge releesed, ¢ad so
prP8ably the amount of splashing, was pronortional
to the energy of the dron.

Por theé drops of 2m diemeter one spleshes off
the inner éhield, and 2 off the outer shield every
3 seconds. So a lorge number of fragments of
woater corrying s sharge onposite in sign to the
potentirl gradient will enter the cone, and the
similarly charged smaller fragments or ions, will
be released to the salr.

‘6. Coneclusions

~ Coasider = negrtive potentiel gradlent in the
region of the upoer collsctor snd apnly the results
of the experiment.' Por the drops spleshing off the
‘edges of the shields sll the resulting fregments will
carry & positive charge., The lergsvr T'ecgments will
fali directly.into the cone while the sueller
particles will rise under the iinfluence of the
potential gradient; ‘Other 3drops falling towards
the colleetor will be polérised by the potential
gradient and so, acoording to the theory of Filson
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(1929), will collect the rising positive ions.
S0 an increased positive charge will be carried
by the drops sentering the coneldirectly. Hence
the charge recorded by the uper collector will
be dependent on the potential gradient close to
the collector.
Let I end I,
collsctors at the bottom 83d top of the mast, and
FT the corrected value of the potential gradient
at the top;of the mast. 3o FT represents the
value of the potential gradient that would occur .
- at the 1level of the top of the mast if the meast
was not present, This is discussed in more detsil

be the ourrents recorded by the

in Chapter 5.
Ig - Iy =4I
S0 1f the processes considered account for the
difference in the curreénts AI, thea AI should be
proporfionﬁl to PT. ) '
So two scatter diagrams of Al sgeinst FT were
plotted for two periods:-
(1) 9=-29 a.n. - 11-35 a.m. on 19.5.62.
(2 ) 2-34 p.u. - 4-25 p.m. on 15.6.62.

The two periodé were chogén beeause the aversge
rate of reinfell for (1) was lmm/hr., while for
(2) it was 2.3 mm /hr. Also during both periods
all the instruments were functioning satisfactorily.
Period (2) was terninated at 4-25 p.m. as at that
time the potentisl gradient suddenly increamsed
‘above'4oo volts/metre and so there was s possibility
.of point discharge. :

Only the aversge rate of rainfell could be
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considered and not the verietions during the
periods. As the rate of rainfall would effect

the number of drops spleshing off the edges, so

. it would effect. the curvrent recorded. If the drops
during both periods could be considered to be the
sane slze then, ignoring any variations in the

rate of rainfall, the current differsnce Al
recorded by the collectors during period‘(2) should
be of the order of two times that recorded during

- period (1), for any perticular value of F..

The scatter diagrem for period (1) is shown in
Fig.26. The regression lines calculated for the
two periods were:-

(1) A1 =0.00165 Py + 0.00025

(2) AT =0.0036F, = 0.05

Where 4T is insauamperes and FT in volts/netre.

If wevconslder drops Qf 2 mm dlsneter snd FT = 100
volts/metre, then considering the relation for
peried (2)

I =0.31 A MBNDeres.,

For drops of diesmeter 2 mmand a rate of rainfall -
of 2mm /hour one drop splashes off the inner shield,
end two of the outer shield,'every‘B’seas. So the
charged fragments of these three drops eatering the
cone would 'have t0 qontribute a total of 0.9% wuw
goulombs. - :
. The exposure factor of the agrimeter was
approximetely eighteen, and so the exposure factor
. of the collector, &s the uppoefmost point on the
mast'structure, would certainly be e¢onsiderably
larger then this. So the notential gredient close
to the edge of the outer shield of the collector,
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for a potential gradient of 100 volts/metre at the

ground, would be sbove 1800 volts/metre. It does
not seem unressonable to assume that the potential
gradient elose to the edge of the inner shield will
be approximately a quarter of those at the outer
edge. So the potential giadients in the region of
the collector edges are of similear megnitude to
those used in the laboretorj experiment.

Adkins (1959a) found that the charge produced

'on splashing was proportional to the 4/3 power of
_the mass.of the drop. So when this is considered
with the results of the present experiments it
seems very'possible that the three drops could
ocontribute & charge of the order of 0.93 .««goulombs,
especially as the charge carried by the drops falling
diréctly into the cone would be enhenced by the
cepture of ¢harge by the Wilson process., A great
meny assumptions have been made but the mein aim
of this analysis hes been to show thet it is possible,
and to the author's mind indeed probable that the
current difference dI could be largely explained by

splashing on the edges of the collector shields. So
the dependence of ATI on the charging of the rain
drops while passing through the lower layers of the
atmosphere may well be hegligible. |
| An objeqfion of Merry (1960) to the idea that a
splashing effect could ceuse the lsrge current that
was registered by the upper collector was that he
expécted the charge to show &s sudden pesks on the
record. But in the examples considered there would
be contributions due to 3 drops every 3 seconds for
drops of diameter 2 mm, and for drops of liim diameter
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13 drops every three seconds, botn for a rete of
rainfall of 2anhour. The charged fragments would
 fall at different rates into thevcone according to
their mess. Also, as previously mentioned, the
drops falling directly into the cone would possibly
contribute to the increased current. So the recorded
current would not show any large fluctuations, and in
 fact.any peaks observed are probebly due to a partic-
ularly large drop spleshing on the outer shield in
such a way that an unusdally large number of charged
fragments find their ‘wey into the cone,

~ So it would eppear that the shielded sollector
is en unsultable instrument for the measurement of
preecipitation current at the'top of an earthed mast,
end wntil a new instrument is developed it will not
be possible to determine whether the rain soquires
eny of its charge in the layers close to the ground.
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.

CHAPTER ©

EXPSRIMENT USING THE MAST.

—

1. Ccrreotions;@br Displacement And Conduction Currents

| As previbusly mentioned & shielded collector

was used at the top of the mest in order to eliminate
effects due to the potentiml gradient. 3ut the shield-
ing was not completely effeotive snd so conduction and
displacement currents, which dﬁ:ing rainfall would be
indistinguishable from the acﬁﬁal precipitetion currents,
were recorded by the collector. |

If It is the conduction current, ) the local value

of the conductivity, and F the potential gradient, then

IceC)F
If 315 constant, then IceF
If Id is the dlsplscement current, then

A Ide dF/dd—
So the total current due to the two effects is glven
by I =AP +8 d?/wu

Where I and F are the mean values of the current and
the potential gradient over & time di, end 4F is the
change of potential gredient during that same time.
This current wes recorded on & day when there was
no pfeeipitation but the potential gradient was varying
considerably due to the clouds passing over fairly
rapidly. Tne potential gradient was recorded by the
agrimeter.
} From the records obtained the measn velues of the
current, I, and the pdtential gradient, F,were
'determined over half minute intervals, as was the
change in potential gradient dF, over the same PeT10d.
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It was aporoximately true to use this velue of 4F
in gonnection with the displacement current if the
chenges were fairly uniform over the time intervsl.

A total of 294 helf minute intervals were
considered. The potential gradient was found to vary
frdm +15 volts/metre to + 350 volts/metre, snd the
value of 4F from +150 volts/metre per } minute to

-125 volts/metre per % minute.
3y statistical analysis of these results the

values of A and 3 were determined in such a form that
they could be applied direotly to the values of F
ahd 4F obtelned from later records. Hence a correction
factor, dIT’ to Dbe applied to the recorded precipitation
current recorded et the top of the mast for every
half minute intervel could be calculated.

~ If I is the current inzu¢uamperes/M2, end tnd
values for the potentlal gredient, and chonges in
poténtial gradient, are the corrected values for the
tbp of the mast in volts/metre, then the spurious
current is given by

I = 0,015F + 0.0484Fr

where AP is considered positiﬁe when F is incressing.
" The effect of the displacement current is well shown
in Fig.27 where sudden changes in the current at the
top of the mast, I, coincide with sudden chenges in
the potential gradient.

2. Celoulation Of Exposure Factors

The potentisl gredient wes meesured At the top
of the mast by the ~grimeter asnd st the bottom of the
mast by e field mill on a stend. Joth the mest and
the stand disturbed the normal notentiel gradient and
so-it_wasvnecessary 10 calculate an exposure factor
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for both ingtruments relative to another ingtru-
ment operating in the plane of the earth's surface
some distance from the mest and so recording an
undisturbed potentisl gredient. These factors
could then be used" to convert the potential gradients
recorded by the instruments at the top.and bottom of
the mast to the corresponding value of the undis-
turited potentlal gradient. Such values are referred
t0 as the corrected values of poténtial gradient.

- To carry out the cslibration a day with no
cloud was required go thet there would be a minimum
of space cherge present in the layers of eir between
the top 2nd bottom of the msst and the three instru-
mentg could be considered to be recording the same
potential gradient. In disturbed weather space
cnarge exists in the layers and so causes a difference
in the corrected values of ths potential gradient
recorded #t the top and bottom of the mast,

On a cloudless dsy the sgrimeter, Ag., the fiseld
mill at the bottom of the mast, ¥ill A, and the
calibration field mill, {ill 3, were rua in thelr
rasnective positions for over five hours. The
exposure factors, namely the ratios of the reecorded
potential gradients Ag/iill B and Mill A/Mill B were
calculated for consecutive nalf hour periods to
deternine.if there was eny veriation of the exposure
fector with time.

A sudden change in the velues of the exposure
fagtors wes found after 2% hours. At this time
the varistion of the potential gradient became
greafer and also the noise level ofthe instruments
inéreased. So the meen values of the exposure factors
were.dalculated for the first 2% hours of the record.
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The agrimeter exposure factor was calculated
as 18 and that of Hill A as 1.53. As the output
from Mill A depended on whether Mill B was running
or not a different exposure factor applied to the
two cases.
%.  The Effect Of Space Charge On The Exposure Pactor

Adkins (1959a) found that éven in fine westher
conditions large fluctuations occur in the value of
the gpace éharge in the lower layers of the atmosphere,
He estimated a mean fine weather value of 2 pucoulombs
/i1°. The space charge close to the ground is due to
the radioactive materials 1n the ground end that at
higher levels is due to cosmic rays. This mesn value
would lead to & 4ifference of potentiaml gradient of
about 5 volts/ﬁetvetbetween the top and bottom of the
mast, But Wormell (1953) end Adkins (1959a) found
that the space charge is enhenced near to humen
habitation due to smoke, exhsust fumes, etec. So it
would appear probable that the celculated exposure
factor for the instrument at the top of the mast was
too low. This would be a constant error dependent
on the amount of space charge present during the
period of the calibration, So although eny calculation
of the actusl amount of space oharge.present in the
lower lsyers from the values of the potential gradients
&t the top and vottom of the mast would be subjeot
to this error the values of these potential gradients
would still reflect the veriations in the space charge,

' A more asccurate calibration would be possible

if apparatus Were available to determine esccurately
- the space charge during the period of record.
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4. Anelysis of Results

| Cerds were constructed frow the calidration
curves, for emch scele of every instrument, such

thet the deflection from the zero on the record when
meesured with the orrd gave the value of the preciji-
tetion current or potentirl gradient directly. The
values obtained were the mean velues dver half
minute intervals. _

The valuses were tebulmated &and correction fectors
oeleuleted snd applied where aprropriate. Grephs
were then plotted of the varietion of the corrected
values with time ~nd sontter diegrams plotted for
palrs of varisbles for eagh of the three groubs of
.result,
| The results plotted on the soatter dlagrems
were analysed statistically end the equetions of the
regression lines obteined by e method due to :forgan
(1960). This method gave the straight line of best
:fit to observationel detes of two releted verietes when
both sets of values were aubject to error es in the
~ present wor'z, The following symbols will be used to
represent the veriebles measured.

Ingna I, represent the precioitation ourrgnt at the
_bottom and top of the mest inn amperss/ii” . FB ond
FT repregsent the potentiel gradients st the bottom

~end top of the mast in volts/metre.
d-]? = 1}3 - IT 1nﬂpampergs/1112
Prejresents the total space charge between the
top and bvottom of the mast in pucoulombs. Py
represents the averesge space cherge density bdbetween
the top end bottom of the mest 1n/4ucoulombs/M3




9.5.62

15.6.62

MISC..

Te = -00048(E-92)

I, = —0-08(F—83)

FOR Fy > 600 V/M

I, = -00I(R-12)

I, =-0046(F-78)

I.=-032(F-87)

I, = —005(F +300)

Fs =O39P —10

Fa=0O26P + 60

Fg =0-45P +]07

Te= —OOI7P-26

+Ir=—002P =36

T, = —O-O5P+13

I,=-0IP—52

VI =00094P- 016

VI =0022P-7

T, =036I,—}4
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5? Results

Recordings were tsken during rainfall on six
days during the period 11.5.62 and 15.6.62, giving
a total of approximetely 20 hours records. Of these
records certain periods were disregerded due to the
rate of rainfall belng too low, the conditions were
not those of continuous rein, or because one of the
instruments was not working satisfectorily.

The periods of recording used are steted below
‘in the three groups in which they were analysed. The
average rate of rainfall and the meteorological
conditions were obtained from the records of Durham
University Observatory.

The duvation of the period of the record, D, is
given in hours and minutes and the average rate of
rainfall, R, is glven in mm/hr.

DATE D R L'ETEOROLOGICAL CONDITIONS

‘1 19.5.62. B8.40 1 DEEP LOW PRESSURE ARSA LOVING
et ACROSS S. Z¥GLAND INTO THE

NORTH SEA
2 15.,6.62 3,42 2.3 PASSAGE OF A WARI FRONT
. 11.5.62.) 0.50 WAXE OF STATIONERY LOW
3 20.5.62.) 1.50 1 APPROACH OF WAR'I FIONT
17.5.62.) 0,11 LOW PRESSURE NORTH OF SCOTLAND

- The regression lines calculated for each group:
of results are given in Fig.2é. Due to the previous
work discussed in chapter IV on the precijitation
current recorded at the top of the mest there will
_ be no discussion, or attempted expleanation, of any
relations in which the variable Iy ocecurs in this
experiment. Also excluded in this way are relations
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involving dI, but ell the calouleted regression

lines asre included here for the sake of completeness.
The majority of the regression lines calculated

in this experiment were not stetistioally significsnt,

the highest oorrelation coefficients being obiained

for the relastions involving EB and IB. But 1t must

be remembered here that no accurate account could de

taken of the rate of rainfall.

6. Comperison With Previous Hesults

The only comparison wifh previous results will

be for the Ig/F3 relationships.

Simpson (1949) found that for potentisl gradients

in the range ¥ 1000 volts/tetre

- Ig = - 0.0133R (Fa - 400)
where R 1s the rete of rainfall in mm/hr.
Chalmers (1957) obtained the following aversge result
for all rates of reinfall

‘ I3 = - 0,0118 (F3 ~ 150)
So the result of Chalmers falls between the relations
obtained for groups 1 and 2 of the recordings.

The measurement of the space charge in the layers
of air between the top and bottom of the mast was
dependént only‘on the values of the potentisl
gradient at those levels. Even if there wes an error
in the calculated exposure factor the values of the
potential gradients would still reliably show the
variations and chenge of sign of the space charge.

The results obteined in connection with space charge
are discussed in the following section.



A et AAAAELRE AR
T
I ——nm
M L g IIII
I ,mulmu I 3 L Illllllﬂﬂ!llll i

Al .:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII P 'l "
""""""'II||||||||||||l||l||||||||||||!|l!lll ML ) -
‘m“mimmﬂmum L IIIHIILm;ﬁ”* ! | '
-
UG

Fiiillillllllllllll i

.....

-*nnmn """

unmiumlllllllﬂﬂlllﬂm Lyl
-..lfllimllllllllmmm [T TS
--"'|!lmllllllllllllllllllllllllllllll TGl
Ol
'Illllﬂlllllllllllllllll i | 1

;muul|mu|umnuT- P b b s
m
9

-




MmN f_'u AL T
;;;i;t |rqutri;;;‘l'l;;:lllllllll
n”'-“ [ 'H Ilm'l"“ {
A

TTTTPRTRLERRRRE L |
L QUL

A A
iiillllllll: TR

M1 *m T —"
S IIIIIIIIIW Ui
A O
S 0 A IMII
IIIII!:!!%‘ AL
||i|i||nnnm muuumllm :

g uum'mn il
.{" R

| ' “
{ N

l lullllll

i n M I

E
=

tﬂ
ey

H

Fig.30



56

T.- Space Cherge

’(a) Introduction

As the effect observed by Kelvin and Cheuveau was
. dependent on fhe existence of negative space charge
close to the grbund it was desirable $0 be able to
caloulate it's magnitude.

Sorase (1938) used Poissons equaﬁion to obtain
an expression for the éverage'space charge per unit
volume in & layer in terms of the difference between
the potential gradients at the top and bottom of the
layer and the thiockness of the layer.

If thé lower snd upper levels sre hy end hp
respectively, measured in metres, and Fy and P,

“the corresponding potential gradients in volts/metre,
then

' | P = - 8.9‘ (Fl - Fo)mu OOI.I:LOII'lbs/M3
(h1 - ho ) ‘
For the mest hy - hp = - 21 metres, hence
Pi = 0.42 (F1 - Fo) mm coulombs/MI

In the regression lines P is the total space charge
in a column of one squere metre cross-section between
the top snd bottom of the mast,
P = 8.9 (F1 - F5) uu coulombs.,
(b) Previous Results

Adking - (1959a) referred to an.-Pelectrode effect"
that ocourred in undisturbed conditions. He found
that ions of opposite sign to the potential gradient
were removed from the alr near to the ground for

- large potential gradients.  So en excess of ions of
the same sign &s the potential gradient were left
behind. During the increased ion concentration that
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ogcurs during rainfall a similer effect was found
t§ oocur for smaller potential gradients., Adkins
found that during disturbed conditions four distinet
_processes oceurred in connection with space charge.
They were:- ' |

- (1) That during low potential grailents the space charge

was subject to small changes in the seme sense as
' the potential gradient.

-(2) - During periods of natural point discharge there

- was a large space charge of opposite sign to the
potential gredient.

(3) In heavy rain space dharge of opposite sign to the
potehtial gradient was produced by the splashing
of rain drops. The space charge in this case
remained_élose to the ground but was only significant

- in heavy rain,

- (4) Reglons of high space charge were sometimes found

in assoeiation with a column of rain due to the

charge on the drops.

, llngons and Oxkassa (1960 and 1961) investigsted

' the last of these effects. They found that the space

charge due to the rain for a shower in which the rate

of rainfall was 2 mm/hr., and the precipitation current

- 160 m amps/M2 to be 40 uu coulombs M.

~ For many years attempts have been mede to estimete
the charge distribution in clouds from measurements

of the potentiasl gredient et the ground. But it is

clear that the surfece potential gradient cen be greastly

modified in all conditions by the spsce charge. So
greet ceution must be excercised when interpreting
~potentisl gradients.
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(¢) Results

 .The results obisined during continuous rain show
general agreement with those of Adkins. For low surface
potential gredients, less then 800 volts/metre, the
‘space charge wes nearly always of the seme sign, and
varied in the ssme sense,’es the potential gredient.
‘Sugh e variation of space cherge with surface potential
gradient is ghown in Pig.31. |

" Mg.32 shows 8 period during which natural point

"diSOharge’occured for potential gradients grester than
BQO'volts/metre and the space cherge was of opposite
sign to the potential gradient.
‘ On'some_ocoasions, when the potential gredlent was
.1ow, the space charge had a larger megnitude then
“expecwed. It was found that the space charge was of
the same sign ag the precipitation current recorded
by the collector at the ground. At such times it would
‘appear that the ohargad rain is the dominant space
'oharge faoctor. .

' The production of space charge due to splashing
is only importent for intense rainfall and feirly
‘large potential gradients. So as the space cherge would
‘be of the seme sign as that due to point discharge
',1t would probably be masked by the space charge due to
point discharge except for very intense rainfall. As
such conditions were probably not observed it is not
surprising that there was no occasion on the records
-that obviously support the production of space charge
in this manner.

The signsof the space charge over helf minute
intervals were grouped aocording 10 the three perlods
of record as previously considered. There results of
19.5.62. were split into two groups. (e) and (b), the
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latter oelng when the potentiel gredient was above
800 volts/metre.

: PERIOD POSITIVE - NBGATIVE

1. 19.5.62. (a) 197 684

‘ (p) 60 0
2. 15.6.62. 294 92
B ¥iscellsneous 338 | 182

-_So the space charge was predominently negetive during
'periods 1 and 3, but mainly positive in period 2. The
latter wes the period of more intense reinfsll,

- During periods when the space charge was of the
seme sign as the potential gradient then the measured
potential gradient would decrease with helght from the
ground as fer as the upper level of the space charge.

- The reverse would occur for space charge due to point
~ discharge.

Zxcept during the periods of point discharge the
space charge on 19.5.62. wes the same sign as the
‘potential gradient,. On this day there were long periods
when the space charge remeined negetive which were the
conditions required for observaetion of the Xelvin
Chauveau efféct. Two such periods of fortg minutes
were noted and one of these is shown in Plg.33., As
the space charge usually incressed in magnitude with
incresse in potential gradient the mmgnitude of the
gpsce chaerge wes not usually sufficiently large to
cause & difference of sign between the potential
gradients at the top end bottom of the mast, exoept
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for a few very short periods. But as can be seen
in Fig. 33 the space charge was suffioient during
certain periods to ceuse & difierence of 250 volts/

. metre between the potential gradients #t the two

. levels. This corresnonded to a space cherge of over
l “lOO4uu eoulombs/ii®. It is possible that under such
" conditions the reversal of sign would have been
observed. over. & longer period if the upper level -
of measurement hsed been sltuated nt a higher level
as 1t wes in the vork of Kelvin and Cheuveau. This
fwill be discussed more fully in Chapter VI.
~ During periods of positive space oharge on
15.6.62. associnted with a positive potential gradient
magnitudes of sproe charge greater then 250 aa coulombs/
17 were observed.
- During the period of point discherge the meximum
value of space charge recorded was in excess of 420
nu-coulombs/mifé This caused the potential gradient at
the top of the mast tobeapproximetely 50% greater than
- that at the ground,
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CHAPTER 6
DISCUSSION AND CONCLUSIONS -

1. Xelvin And Cheuveasu Effect

To observe the effect the space charge in the
layers of alr close to thekgrdund must be of such sign
to ceuse the magnitude of the potential gradient to
reduce with height and possibly eventually change sign.
So the space charge must be of the same sign as the
potential gradient et the ground. This would eliminate
the possibility of the space charge being due to point
discharge or to the charge relessed when raindrops
splash under the influence of a potential gredient as
both these effects would leerd to & space cherge of
opposite sign to the potential gradient. Also the
potentlel gradient during steady rein is usually not
large enough to cause point dlschsrge and the charge
released due to splashing under the influence of such
a8 potential gradient would be small, The charge on the
‘rein is also usually of opposite sign to the potential
gradient. |

| In considering the Kelvin and Chauvesu effect
the positive potentiﬁéagradient at the top of the
mast has to be account for, If the potential gradient
due to the cloud alone is negative and there is no
other spmce charge present between the cloud end the
top of the msst then irrespective of the emount of
negative space charge close to the ground the effect
would not be observed. 3ut if it is essumed that the
rain carries a charge of opposite sign to the potential
gradient‘dﬁe to the cloud then & space charge of
opposite slen to the potential gradient will exist
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sbove the mast. ¢Such an upper space charge could
account for the positive potentisl gradient et the
top of the mest under conditions to be duscussed
later, and the negetive space charge cen be explained
by the release of negative charge by drops when they
splash at the ground.

' But sometimes & positive space charge was found
near the ground when the recorded potential gradients
- were positive and so there was & tendency towards the
effeot oocurring in the opposite direction. As there
does not seem to be any obvious source of positive
space charge close to the ground & sepesration or
electrode effect is considered in which the potentiel
gradlient due to the cloud alone will exert & vertical
upwérd force on ions or particles carrying a charge
of opposite sign and those of sulteble size will be
removed from the air close to the ground. The depend-
ence of the space charge between the top and bottom
of the mest on the potential gradient, as dlscussed
in Chapter 5, would support this idea.

The Kelvin and Chauveau effect could also be
explained by considering that during continuous rain
the posltive fine weather potential gradient is modified
by negative eharges in the .cloud and-below, If there is
insufficient negative charge in the cloud then the
potential gradient at the top of the tower might
be poslitive while the potential gradient at the ground
would be modified by the negative space charge close
to the ground and so be recorded as negative. But
this would not account for the occasions when the
space oharge close to the ground is positive without
elther & geparation effect or the existence of an
unknown mechanism by whioh positive space charge is ¢
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pfoduoed close to the ground during certain periods
of continuous rein. So in the remeinder of this
. section aﬁ sttempt will be made to explain the
Kelvin and Chauvesu effect by consldering a separation
process,
| So the build up of negative space charge close to
the ground would eppear to be due to the separation
of the charge existing in the elr due to an electrode
effect and to the release of negative charge when drops
splash violently st the ground. As oan be seen in
Pig.25 the amount of oharge released depends to &
certain extent on the nature of the surface and Lensrd
(1921) seid that the effect depended on the violence
of disruption of the drops. So it would appear
- possible that the produotion of charge in this menner
- would be greater for & concrete or metal surface rather
then a natural vegetation surface, It is probabdble
that theré would be a large amount of the fbrmer types
of surface present in the region of the experiments of
Kelvin and Chauvesu.
in steédy rain there would appear to be three
' gources of space charge, nemely:- |
(1) The space oharge present under fine weather
.. conditions which according to Adkins (1959a) hes an
'excess of positlve space charge.
(2) The negative'charge relessed when the drops splash
at the ground., -
(3) The charge on the rain which is probsbly of
opposite sign to the potential gradient due to
the cloud alone. o
So if we assume & negative potentisl gradient due
to the cloud.itself then eventuslly there would build
. up & negative layer of charge close to the ground and
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an upper layer of positive cherge partly due to the
séparation of charge by an electrode effect and to
the charge on the rsin,

- Conslder Pig. 34 and let A be the negstive potential
gradlent due to the cloud alone, B the positive potential
gradient due to the positive spmce cherge alone, and C
‘the negetive pdtential gradient due to the lower layer
'~ of negative spsce charge. Then the potentisl gradient
at the ground will be given by B-A-C. Then if C and
‘ ‘B'remained'approximately constant over & certsin period

then the variations in the recorded potentlal gredient

8% the ground would reflect veriations in the potential
gradient due to the cloud alone, but only if B=C would
thevrecorded-potential gradient be exectly that due to
the cloud alone, A, But 3 and C are dependent on A,
on the rate of rainfall, and on the charge on the rain,
and so all these would have to remsin constent for 3
end C to become approximetely constent.

If A>2B then a negative potentisl gradient will
exist at all iévels., So if the space charge conditions
axe suiteble the separetion nrocess could continue
-~ until A = 2B. Then the potential gradient in the
region b-c would be zero. The condition & = 2B could
also be reached by A reducing in magnitude.

If the value of A then decreases and A Y(2B then
a positive potentiml gradient will exist in the region
e The potential gredient due to the cloud would then
not be able to maintain the same amount -f charge
separation and the layers of snece charge 3 and C
" would start to mix. 3ut the positive potential
gradient in the region b-c would remain as long as
A éoﬁtinued to decrease. The length of time for
which the effect would continue would then depend
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on the rate of'decrease of A snd tha'cqnsequent mixing
of the layers of spsce charge. .

.As the value of A continued to fall the positive
space cherge would fall and mix with the negeative
, space charge. So eventuelly the sign‘reversal might
not be observed due to the low velue of A, If this
were the case then it would be expected that the
~negative space charge close to the ground to lnerease
in the seme sense &s the potentlel gredient at the
earth's surfece. So & low value of space charge would
‘b2 expected when the potential gradient at the ground
was close to zero., This can be seen in Fig.33 where
the difference in the potentiel gradients at the two
levels glves a meassure of the space cherge.

. The difference of slgn of potential gradient
would elso cease to be observed if A were to inoreasse to
become greater than 23,

During the present work there wes evidence of
negetive space cherge existing neer to the ground
during the majority of the periods of continuous
rain. The uppeimﬁﬁgzﬁﬁgggxﬁgpég&gﬁgorded a positive
potential gradientpat the ground for five short periods
the longest being 4} minutes, Those periods were
normally esssociated with low velues of potential
gradient and were often followed by & chenge of sign
- of the potential gradient at the bottom of the meast.
The actual reversal of sign was probably not observed
more often due to the upper instrument not being
" eilther above or sufficiently neer the top of the layer
of negative space charge. It 1s of interest to note
here that Kelvin's work was carried out with the
‘upper instrument at & height of 30 metres snd
Chauveau used the stage at the top of the first



67

" section of the Ziffel Tower..

But a momentary reversal might be observed
for a larser potential gradient at the-ground during
a period of ﬁapid decrease of A, During such & period
23 would be considerably greater thsn A until the
mixing of the layers occurs and the unusually strong
positive potential gradient in the region b-c might
outweigh the negstive spasce oharge above the upper
instruméntw But such raspid changes in A are probebly '
‘not common under steady rain conditions.
| It was found that after the surface potential
gradient had become zero end then changed to positive
the space charge in the lower lasyers was also found
$0 be positive. This positive space oharge also
inereased in magnitude as the potential gradients
recorded by both instruments increased. Under the
conditions the only process by which an accumulation of
positive chargse would be found close to the ground
would seem to be by an electrode effect with its oconsequent
charge separation. This would support the idea of two
layers of space charge of opposite sign and the one
close to the ground being of the seme sign usually
&8s the potential gradient due to the cloud alons,

- A reversal of sign in thls direction, with &
posltive pbtential gradient at the ground and a negetive
potential gradient at the upper level, was not reported
by Kelvin and Chauveau. But strong tendencies towards
this effect were observed on & number of occasions in
the present work, snd in this case the signs of the
space charge layers would be opposite to those shown
in Fig.34, and A would be positive due to an excess
of positive ch@rge in the upper part of the cloud. The
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reason for it not being observed is possibly that
: the negative charge is assoclated more than the
) positive charge with the lerger ions end water
dropléts and so the separstion due to the electrode
. effect would not be as effective as for the positive
_ echarse, Also observetion of the effect is more
dependent‘on the magnitude of 3 rather then C as
it only occurs for 2B> A. It also depends on the
‘relative positions of the two cherge layers and the
upper instrunent.
| The reversel of sign would possiblylbe observable
'in'shower end thunder conditions if there were few
ions produced close to the ground of oprosite sign to
the potential gradient by point discherge or the
induetive charging on the splashing of drops, end then
:'if A ¢23, But it seems unlikely, on considering
previous results and the turbulent conditions that
exist, whieh would lead to the mixing of the lsayers,
that the effect would be observed.
b In the atmosphere there would not exist the
idealised situation of Fig.34 as in both lsyers, es-
pecially the lower one,ions of both signs would exist.
Oniy the sign of the excess gpace charge has been
considered. .

If we coasider A to be constant then in steady
oéntinuous rain we would reach s steédy state eventu-
~ally and there would be no meesured variations of the
pqtential gradientrat the ground. So it would seem
unlikely that the verimtions of potentisl gredient
‘at the‘ground are comoietely domineted by changes in
the space charge. But if in steady rain we reach
T a steady‘state in ion production and deasity, then
' the poténtial gredient at the ground will reflect
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variations in A as these would cause variations in
the space oharge sepsration. The mein effect of the
spaJQX$§ll be to alter the megnitude of the potentlsl
‘gradient at the ground, but veriations in this potential
- gradient will reflect very epproximetely veriations
~of the potential gradient due to the cloud slone,
-although there will be A slight time leg as th= time
taken for the separation or remixing to teke place
must be conslidered.

3ut before any further conclusions cen be made
about the charge in the cloud, and its veriation, the
relative values of 3 and C must be further investigated.
So meesurements will be required of the rate of rein-
fell, precipitation current, end the height of the
cloud base to determine the aontribution of the
charge on the rain to 3. Also measurements of the
space charge per unit volume at verious levels and
of the rate of movement of oharge in & vertical plene
under the influence of & potential gradient would be

of value.

2. Space Charge Due To_ The Charge On Rain
" 7o estimate the contribution to the upper space

cherge layer B by the oharge on the rein consider the
results of 19.5.62. Assume that the charge on the
. rain remsins constant during it's fall from the base
‘of the cloud to the ground. |

. For a rate of rainfall of 1 mm/hr. the number of
drops per cubic metre, n, is 150 acoordlng to Nagono
and Orikasa (1961). The average value of the precipi-
.tetion current during long periods was + 3pwamperes/M2.
So if the terminal velooity of the drops is 4 metres/sec.
Then the average cherge per drop = 0.005zcoulombs = q.
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ng= 150 x 9,005
= O.75|ppcoulombs/M3

i

.. Spece cherge density

The average height of the oloud base of nimbostratus
is in the range 500 -~ 1000 metres. This would
correspond to =& positive‘Spaoe'charge batween the
cloud and the earth in & column of one squere metre
cross-section of 300 < T504¢coulombs.

The compearable measured velues of negative space
in 8 similar,column between the two measuring instru-
ments had en average value of 12004r/coulombs end
reached values of over 20004acoulombs. This does
not inelude the layer close to the ground as the
lower instrument was situated epproximately 1 metre
from the ground. There is also the possibility that
the negative layer extends above the upper instrument.
So, in thls case, for the two space charge layers to
have effects of equal magnitude sn electrode effect
would appear-to be necessery. 3ut the cherge on the
~ rein does meke sn epnreciable contribution to the
upper space charge layer.

3, QOther Conclusions And Sugeestions For Further Work

- It would e)jpear thet the shielded collector is
a completely unsuitable instrument for the measurement
of precipitation current in regions of high potential
gﬁadient due to the charge produced when drops splash
on the collector shielding, I+t was also found that
when uncharged drops splnshed direetly onto an
aluminium surfece, such as the collector cone, under
zero potentiel gradient then & positive cherge was
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recorded., The charge depended, sccording to
Lenard (1921), upon the violence of the impact

and so may be somewhat reduced due to the sloping
sides of the oone, The potential gradient would

- tend to concentrate at the upper edge of the
collector on the ground end so would have an
exposure factor greeter than one. So even for the
values of the potential gradient recorded at the
ground it would seem possible that the cherging by
induotion on splashing by drops on the edge will
meke 8 contribution to the recorded current, This
contribution to the precipitation cu'rent would
reinforce the mirror imege effect., So caution must
be exercised even in interpreting the results from
the collectors in low potentlal gradients, especially
for_low values of the precipitation current.

It would seem impossible to correct for the
splashing effect so ¢ new type of instrument is
required for the measurenent of precipitetion currents
especially in regions of high potential gradient.
It might be possible to adent the induction ring
method of meesuring the charge on single drops.,

‘If this were to be done then value cen come
from the continuation of the presant work, At the
same ‘time it would be important to measure simul-
taneously the rate of rainfall, and if possible
ineorporate direct measureméﬁt of space charge &t
verious heights ofn the mast.

Further investigation of the release of charge
due to splashing should be made, oconsidering spleshing
onto'nétural vegetntion surfeaces.,

Further conclusions might have resulted from
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the present work if a greeter psriod of recording
had been possible as the teething troubles were
only Jjust being overcome when recording hed to stop
"due to the collapse of the mest.
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