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ABSTRACT ;?.
Early workers in AtmOSpheric Electricity, found that in
steady continuous rain, when fields were in the range ,
400 V/m., the Potential Gradients at the top and bottom?'
of a high mast were positive and negative, respectively,: .
giving a charge at top and bottom of negative and positive.
This 1nd1cates the presence of negative space charge in the
1ayers of air between thée ground and the top of the mast.;
.As yet this. phenomena hgs received no satisfactory |
explanation and the problem in hand was to ‘investigate the

origin of this negative space charge.

The'proposed idea was to measure precipitation currents
at the ground and at various heights above the ground, u51ng
a 30 metre mast, situated in a field adjoining Durham
Observatory. Simultaneous measurements of Potential L

Gradient would serve to Show the height to which the space

charge extended.

Shielded rain collectors were situated at ground 1e§e1
and at 30 metres above the ground together with Field'Miiﬁs
for Potential Gradient measurements. Precipitation current=
and Field changes were recorded photographically by mxmecting
the respective outputs to four mirror galvanometers. The
Field Mill amplifiers and a monitoring panel were situated

in a separate room at the Obserwvatory. - L



Uhfortunately, once all ‘the apparatus was 1n working
order, only two periods of suitable conditions arose, . _The'
results so obtained could not p0551bly give any conc1u51ve
evidence in v1ew of the small number of readings taken, ;A
large difference in value of the Precipitation Currents
at the two levels was ebserved,7and is discussed in j'w
Chapter IV, uPotential'Gradient signs and values were R

-much as expected from previous workers' results. -, = !



1.1

General. ' - : ' o
The earliest reference to the idea of electricity

existing in the air, appears to be that of Wall (1708), S

who observed a flash when amber was held a short dlstance.

- from his finger, and who went so far as to liken it to- a

lightnlng,flash. Winkler (l7h6) went a stage further and

suggested that the origin of the electricity in the = . . °

atmosphere was due to the friction of the particles existing

there.

The first determlnatlon of. 51gn of charge receéived from

the thunder cloud however was made by Franklin (1752). -'He

stored the charge,received'from a number of elevated poiﬁts
beneath a thunder cleud, in Leyden Jars, and compared,its;

sign with that of an artificially produced charge.

Lemonnler (1752) orlglnally observed fine weather

effects, and although. he suspected the existence of dally“

variations in the atmOSpheric electric parameters, it was -

left to Beccaria (1775) to confirim that these variations ' .
actuallj occurred. i Beccaria also observed for the first‘:
time, the dlfference in sign of charge recelved in dlsturbed

and fine weather. . The first to confirm that there was apg,




annual variation in the magnitude of atmospheric electric
effects was De Saussure (1779), and perhaps his greatest
contribution to the subject was measurements he made with
his moveable plate. This really can be considered as the
original of many present day methods of measuring potential

gradlent.

These earlj w0rkers accounted for the-effects obserued
by supposing the atmoSphere to carry a pos1t1ve space |
charge, increasing with height-above the ground. Volta
(1800) provided an explanation of its origin by saying that
the change of state of water from liquid to wvapour, was
accompanied by a separation of charge. He further said.
that.some positite'charge as well as latent-heat was
nécessary for this cohversion, and hence the earth would;
have a negative charge) the first time its existence had -

been recognised.

Many'workers foiiowing Volta made'very important !1
contributions, but those of Kelvin (1859-60), mainly his
advances in the theory of electrostatics, and his application
of them to Atmospheric Electricity, appear to be the'next:
big step forward in the Subject.- Apart from perfecting:

an.electrometer more sensitive than anything then in use, -
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he also introduced the important concepf of potential,

and said that positive charges associated with the negatiﬁe

charge on the earth's surface must be 1n51de the conducting

region of the higher atmOSphere.

Earlier workers had established that air was

conducting but it was left to Linss (1887), to estimate.'

. that at the rate the charge leaked away from the earth,.1;

the total on any one portion of the earth's surface would
leak away entirely in a period of approximately 10 minutes.
This brings us to what is still the fundamental problem |
in the subject, vizi "How 1is the negative charge on the

earth maintained?

A present-day picture.

Recent advances in the hse of radio techniques'havei h
helped to solve many difficult problems in the scientifiei
field generally; and in no small measure, have contributei
to a clearer understanding of the prohlems of AtmOSPheriei
Electricity. Radio wave refiections from ﬁoints in thelj
earth's atmosphere, have shown that at heights of 100 kmsr
and more, there is a highly ionised region, split into
different layers 'and completely surrounding the earth. It

has been known for quite a long time, that air is a conductor



but for the purposes of AtmOSpheric Electr1c1ty, the region
above 50-60 kms. can be considered as a good conductor,
The name IonOSphere has been allotted to this region, but

'for radio wave reflections 1t is con51derably higher.,

The zero of potentlal in Atmospheric Electr1c1ty is. :

. taken as the earth, although ‘this is not strictly true..ﬁl
because it carries a surface charge. lSlnce, however, all
formulae in the subject aré'gdncerned with differences.atq
not absolute ialues,.it;serves as a convenient choice. Fﬁow
the Tate of change of Potential with distance ¥ gives the
force acting on'a-body; such that the body ﬁith ppsitivef
charge'moves to a region éfjlower potential, Also, thevf
ratio of the force acting on'the-body to the charge it -
possesses gives the elettrié_field strength E, in i}
Newtons/Coulomb. ‘hz- - o | S

Where %% is the Ppténtial_Gradiént in volts/metre.

In fine.weather there is a positive potential gradiegt,
and positive chargevis brought down by cpnduction to the
earth's surface, enough as was shown by Scrases (1933) :‘
measurements of Air-Earth current, to neutralise the charge

on 1 square metre of the earth's surface in 48 minutes.




This, however, does not héppen and it is now generally
agreed thét the earth's negafive.charge is maintained ini“
~ those regions of the world experiencing bad 6r disturbedi'
weather.l As stated before, the potential gradient in fiqe
weather 1is posifire3 i.e. the potential rises on rising iﬁ
the atmosphere, thus making the Ionosphere positive with:l
respect to the earth; Calculations show this wvalue to f

lie between 3 to 4 x.lO5V.

Several workers have calculated an electrical balanée

sheet , and 1£ is generally agreed that the main carriers
of charge to earth are in fine weather conduction current,
and in disturbed weather precipltation, lightning, and .
point discharge current. Measurement of any one of these
four processes, then could add to the picture already
obtained of the conditions existing in our atmosphere, aﬁd
in the-caSé of the latter three, to the processes of charge
separation occurring in clouds. Since either water droplet
or ice partlcles are the vehicles by which this separatlon
is effected, measurement of precipitation currents at thel
earth's surface, or at different levels in the earth's a
atmosphere, would appear to be a good starting point in .:

trying to understand the separatien process.
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Previous Measurements on Precipitation Current.

The first suggestion that the charge carried on rainl
should be'neasured, appears to have been made by Kelvin
(1860), but the first experiments of this nature were -
carried out by Ekster and Goltel (1888) using one of the two
methods generally used for precipitation current measurement
Their instrument consisted of a collector for catching the
rain insulated and connected to a measuring dev1ce and
surrounded by an earthed shield to prevent changes in
Potential Gradient affecting the readings. The other form
of collector is completely exposed and although it il
registers the ‘total precipitation ‘current unlike the first

form which may miss small wind borne drops, it also

registers currents due,to changing bound charge.

Measurements using an exposed type receiver were made by

Weiss (1906) using a wire brush, and Herath (1914) using a
large exnanSe of suspended cloth. Wilson (1916) Suggested

- making conditions more'nearly'natural, by surrounding and

covering the collector with soil or grass. More recently
Adamson (1959) using this method has compensated for
Potential Gradient-Changes.

_ Using a method similar to that of Elster and Geitel,
Simpson (1909), Kahler (1908) and Baldit (1910), all found



an excess oflpositive charge. Benndorf (1908-10) first;ﬁ
observed what is referred to as the mirror image effect_and
is a simultaneous increase or decrease of rain current.ani
potential gradient But in opposite'senses. Scrase (1938)

" and Simpson (1949) using essentially the. same apparatus,,:
made continuous recordings over a period of time, and hence
were able to give instantaneous valuee as well as averages,
unlike all the earlier workers. One serious disadvantage
with their apparatus was the fact that the tipping bucket
arrangement was not in electrical connection with the
collector, and drops leaving the collector will carry
charge away with them, This‘will,tend to reduce the final

value of the rain current.

Every one of the methods mentioned so far entails
making measurements at ground level, but Kelvin (1860) and
Chauveau (1900) made measurements of Potential Gradient at
different'heighta in the atmosphere using towers. In the
case of Chauveau it was the Eiffel Tower., More recently
Gunn (1950) has nade precipitation measurements from an :

aircraft actually flying in, above, and below cloud.

Both Kelvin and Chauveau found that in steady rain
conditions, the potential gradient at the ground is usualﬁy

negative, but at the top of their respective towers, it ;



often remained positive; This means in other woRds that
the charge on. the earth's surface is p051t1ve but on the :
surface at the top of the mast 1s'1s negative. Hence '
there must be a negatlve space charge between the top and
. bottom of the tower and there arises the problem of the '
origin of thls space charge. | Two explanatlons SO far put‘
forward arel- |
1. The splashing of the rain drops at the earth's
surface releases a negatlve charge to the alr,
1eaviug the drops with a positive charge. Ihds
is the Lenard effect. 3
.2. The drops of water break in gusts of wihd near_to
the earth., Recent work has shown; however, that
drops < mms. diameter are exceptionaily stable;

.and for rupture to occur must be subjected to 'a

great dlsturblng forces.

A further:explahation suggested-by'Adkins'(1959) said
that possibly the precipitation was snow at the top of the;
: ﬁast and that it melted on the way down;giving rise to-the_
-observed effect.h In.Chauueau's original paper, however, .
he says the effectlwas observed many times, and it seemsj 5
unlikely that he wouid have omitted to.make reference to;:

this fact if it had been so. S | | J;



The present work is directed towards finding an _
explanation of this effect by taking SiﬁultaneouS'readiﬁgé;
of rain current and potential gradient at the top and bbt%ém

of a mast 34 metres high, situated adjacent to Durham

Observatory..
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The Rain Collectors.

The following chapter dealsvwith the construction of . .

the apparatus, the difficulties encountered during tfial T

-runs, and the modifications made as a consequence.

The Raln Collectors were constructed after a design by

Scrase (1938), with sllght modifications to suit the

‘auxiliary apparatus used ‘by the present worker. They each

consist of an earthed outer shield, cylindrical in shape, °
andvan inner conical shield as shown in FIGURE { . This
shielding was-eésential ih the case of the upper collectof,
to guard against field changes at the top of the mast.

Here, of course, the Potential Gradient was very great due

to the concentratibn of lines of force on the earthed mast;

Aithough the concentration of iines-qf force at the bottom
collector was not nearly as great, it was constructed on f‘
exactly the same‘liﬁes so that the'araa over which the raih
was collected was the-saﬁe, Beneath the conical shield,"
and supported on-Polystyrene insulators, ﬁas a funnel fof‘_
actually collecting the rain, and this was connected by a
short piece of co-axial cable to the head unit of a

Vibrating Reed Electrometer. Initially it was intendedto



have the head unit and collector seperated by about two
feet, but it was found that very small vibrations and
movements of the connecting cable, gave large deflectionezl
von,the galvanometer connected to the output.. ‘This was
“attributed to the polystyrene insulation of the cable .
acquiring induced charges. Eventuail? the Head Unit was
bolted to the outer shield thus making the connecting w1re
much shorter, completely enclosed and, in effect rigid,

hence eliminating the large zero deflectlons.

The.angle e shown in FIGURE | was arranged so that -
the opening was the same as'tgat'of a standard rain gauge.
This meant that the outer shield-was smaller than that |
'requlred for complete shielding from Potential Gradient |
changes, but since these changes would have to be quite -
large any such effect could immediately be seen by -

comparlng the Field Mlll and Collector traces on the record.

To prevent splashing inside the collector, earth'was;
placed over the top of a piece of gauze which was connected
to the funnel. There were spurious effects caused by B
drops Splaehing on the rim of the conical shield and small
ions produced either falling into or diffusing'oﬁt of the

collector;-_ inveetigatioos by Simpson and Scrase (1937)
-however.showed that the effect of this Splashing was not-a



The Shielded Collector . FIG |

Cylindrical Shield —

Conical Shield. —_—
' POlssfgrc.nq, The CGllcdo:- |
Tnsulaters. — : _

|

V\RE.
Head Unit.

/

Serawed Rod.

P —

To Iadicotor
Unib.

3 lcd’ro;fcl’ic Shiald.

"~ Heater



contributing factor in the Rain Current-Potential Gradient'
relationship.

As both collectors were permanently situated in the
open, inSulation breakdown was a major problem. Without
effectivé heéting, the polystyrene insulators became coatéd
with a layer of moisture in humid conditions, and the
resistance to earth became less than the required 101° ohms,
~ This was the value of the input resistor in the head unit.
Eventually a method of héating was devised which proved
effective under condit;oné of steady centinuous rain, buﬁ‘;
not in heavy showers. It consisted of a 60 watt mains -
heating'elemeﬁt, electrostatically screened and fitted to a
eircular piécé of aluminium which closed the bottom end of
the collector. The only way of edmpletely removing spi@e&s
webs, anothér constant source of trouble where 1nsulatioﬁ
breakdown is 6on¢erhed, was to run a plece of wire around

the inside of the collector before taking a record.

The Electrometer indicatdi units ﬁere situated at the
foot of the mast, in a weather pfoof box. Signals were_
fed to thém from the head unit, by lengths of co=-axial
cable, and once amplified and rectified, the output was
. suitable to apply direct tp a mirror galvanometer for |

photographic recording. The units were each fitted with
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a builf.in sensitivity SWithh; only'the-two most sensitive
ranges ever being used. " A 0-30 mv., 0-100 mv. meter, |
fitted with a reversing switch for negative inputs, enabled
the observer to monitor the signal from time to time and -

hence~usevthe appropriate.sensitivity'range.'

The Field Mills

The field measuring apparatus available at the
observatory when the present work commenced, consisted of
four field mills, their power supplies and their amplifiers.
The power supplies for the field mill head units, were
situated in a weather . proof shelfer approximately 75 feet
from the point at which the mill was to be used. A4ll1
leads including 200V. H.T., 30V. D.C., and return leads ;

. for-signal and reference voltage were contained in a six

core cable, When first operated, a large zero output from

" the mill was detected, together with a great deal of

mains "pick upt, The zero output was originating at the;
Cathode Follower in the head unit, and the "pick up" was

due to inefficient séreening in the six core cable.

New Cathode Followers using Mullard 12AT7 valves, and

housed in separate boxes were constructed, but proved to be

only slightly better than the original ones. Finally, f:u
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after nany different circuits had been constructed and
tested,‘the one shown in FIGURE 2 was chosen and housed in’
the head unit, The EF37A pentode valve proved efficient,:
and the Cathode Followers gave & zero ~output of 2 mv. This
after amplificatlon together with the zero output of the g
amplifier gave a total .zero output corresponding to a field
- of 15 volts/metre. This value stayed remarkably constant,

. as check calibrations showed at later stages..

Two power leads, one carrying 30V. D.C. for the mill:t
motor, and another carrying'ZEOV. A.C. were necessary to f
operate the mill. The H.T. and heater circuit is shown in
FIGURE and consists-of a small converter transformer with
250V A.C. input, and 0-220V. A.C., 6.3V. 4.C. output. T'na"
rectifier used was contact cooled (250V, 50 mA), and the -
smoothing circuit consiSted'of'two 8pf condensers and a
1.5k resistor. The 307; D.C. was supplied from an _
ex-government pack, mains operated from a constant voltagel
transformer, thus giving greater stability of the rate of :

rotation.

For high fields, such as encountered by the mill at the
top of the mast' a slightly different arrangement is |
necessary in the grid circuit of the Cathode Follower, and
this is shown in FIGURE 2 .
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It was essential, in both mills, to have. sign
discrimination, and for this reason, reference signal
generators were built into each mill. This reference
voltage of fixed amplitude was fed into a Schuster circuit,
incorporated in the amplifier, and hence the output obtalped
was either positi#e or negative,depending'upon thé sign o;
the field, and was suitable to apply'direct to a mirror o

galvanometer.

Recording. : ' S . "

Four Tinsley mirror:gaivanometérs were used for '
recording purposes, two of long perlod for the collector il
signals and two of short period for the fleld mill signals.
Spots of light were reflected from the mirrors onto the.,;‘

slit of a camera which cdrried 240 mm. sensitised paper. .

' The camera had a mains operated motor, and by a suitalle

arrangement of gears a speed of approximately 36" an houf.3

was obtained.

A synchronous motor (1 rev./min.) was used to drive a,

switching arrangement in a 50V. D.C. sﬁpply. This in furh

- operated a uniselector which cut off the supply to the
fogging lamp at half minute intervals, for one second, "

thus giving half minute lines on the record.
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2.5

The Vibrating Reed Electrometers.

These electrometers consist of two completely separate
circults, the head unit and the indicator unit, which may
be separated by disténces of uﬁ to 200 feet when the heater
voltages for the head unif drops below the required value.

‘The head unit contains the first stage of amplification and

a Cathode'FOliower, while the indicator unit supplies further
amplification, reétification,'and power supplies for both &
units. The signal is fed to one of three input resistors
in the head unit, whose values are 108, 10%©, 102 ohms,
reépeCtively., The b.C, voltage developed across the. »
resistor in use, is fed, through a hold off resistor, to the
fixed plate of{aﬂdynamicvgapacitor. The varying voltage'”
developed across thié capacitor, proportional to the D.C.

at the input‘resistor, is then fed to the grid of the first

. amplifying valve, then Cathode Follower and hence to the

Indicator unit, In use it was found that the response time
of the instrument was too short and to-counteract this a E;

1,000 pf high insulation capacitor (>10i%*Q), was connected_

across the input resistor in use.

Amplifiers.

The two oldest amplifiers in existence at the

observator& proved to be very troublesome in operation and:
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two more were built on the same lines as those built by ;
the previous workef (Mauﬂd, 1958); There were two stages
of amplifieation and the final stage was a Schuster eircﬁit
for .sign discrimination purposes. Since the range of ;
fields of interest lay between +500 volts/metre and . |
-1,000 volts/metre the amplifiérs were operated at a fixed_
gain, and sufficient sensitivity could be obtained. They
were housed in a room outside the recording room, aﬁd next
to a monitoring panel, enabling all field changes to be

observed wvisually without entering the recording room.

Other Apparatus.

‘The mast was a triple pole structure in five foot

sections, each one braced with nylon covered steel wire. |

There were eighteen sectlons giving a total height of

90 feet and the upper collector was rigidly fixed on top

of the last section.  The upper mill was fixed to one of
the mast uprights approximately five feet below the |
collector. = To prevent too much vibration, pieces of ruﬁber
were placed between the'ring clamps on the mill, and thej;'

mast upright.

411 signals were originally fed to a plugboard in a
small hut at the foot of the mast, and hence to the .






observatory. This hut also housed a "mains” plugboard X

and the 30V. D.C. power pack. -
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Field Mills.
The field mill described in the previous chapter, was.
the obvious solution to the problem of prolonged continuous

recording of field changes. Origlnally, a small Agrlmeter

was rebuilt from the remains of a prev1ous worker's efforts,

and was.lntended for use at the top of the mast. When,put

1nto operation, the dlfflcultles encountered proved too
numerous to warrant ~any farther work along this 11ne, and T
tne Agrimeter was dispensed with in favour of the Field Miil.
Fortunately, the department had considerable_experience in’
their design and of their performance, and with the.neeesséry
modifications it was thought that one'could be operated h

suocessfully at the top of the mest.

Two mllls bullt by Maund (1958) were used by the present
worker, the only" alteratlons being the redesign and '
reconstruction of the Cathode Followers in the head unlts,

and a new outer casing, easily removed for malntalnance work.

Class1cal methods of Calibratlon, namely the .
51multaneous recording of signals from some form of potential
equallser and the 1nstrument to be calibrated, had been -

tried by previous workers and found to be impracticable.‘i;






The method of calibration adopted in this case was as

follows.

It was realised at the outset that some easily
reproducible checklwould havelto be available for uée oﬁ‘ft
the mills. This was achieved by fitting each of the outer
éasings with small lugs, capable of holding legs on'a_Smail'
insulated plate, which in position was parallel to and'3'éms.
from the statér. Hence, by apﬁiying voltages té the plate,
any reqﬁired range of fields could be simulated, and Spot:.
checks of the head units and émplifiers carried out at any ~
given time. . ?hese apﬁlied fields now had to be converted .
to absolute values of Potential Gradient, and the following

method was adopted.

One of the field mills was let into a pit in the grouxid
so that its vanes were just protruding through a hole in'an
earthed plate covering it, and in the plane of the earth's’
surface, FIGURE 7. A second, large, insulated‘plate-was;
placed over the mill and 40 cms. from it, giving in effect
a parallel plate condenser. ‘The aiea of the upper
insulated plate was such that edgé effects could be neglééted,
and one could consider the field mill to be situated infé:j
uniform field wheh voltages were applied between it and

earth. ‘A series of voltages were applied to the upper piéte



Mill Calibration

oo 'tApplied Field (Wm)

Defl"(cms)

FIG 8.




in order to simulate fields between -1,000 V/m and +500 V/ﬁ;,
the range of interest in the present work. With the'uppé?-
plate removed, this mill was run agaiﬁst the other, situ#féa
on the ground and a short distance from the pit. Simaltanecus
~ records were taken of the signals from both mills, and'onfjf
analysing, a factor was obtained which enabled deflections
ffom the Second mill- to be converted direct to absolute |

valueé of Potential Gradient.

| From the calibration graph, FIGURE & , it can be seen
that the instrument is linear between +500 V/m and»-l,ooofv%;.
The sensitivity was sﬁéh-that a field oflloo V/m gave a
defléction of 1.2 cms., and since-deflections of .1 cms .
could be read from the record, fields of the order 8 V/m -
could be measured quite readily. From an estimate of the
| accuracy with whieh the célibration waé performed, fields
could be measured to within #4 V/m. = The apparatus was nét
in use long enough to investigate long térm fluctuations in
its behaviour,'ﬁut'shbrt term variations could have been §qe
toi- _ S ‘ | . _ .‘
-(a) a changing exposure factor dependent upon the |
congition;qf the surrbundipg éround;
(b) . characteristic-variations‘in the head unit and ;!

amplifier.
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The first of -these could be eliminated, or at least'iﬁs
effect reduced, by keeping the grass well cut in the vicinitjy
of the mill. Although the second of these defects could’

not be so easily disposed of, check calibrations with 'l'.he_.'E

'small close fitting plate, before, during and after the

taking of a recbrd, enabled any necessary corrections to %:

.be made.

The mill functioned -extrémely well under conditions of
iight and mederate rain, but during heavy'rain, bridging of
the rotor stator gap by'fain drops occuryed and the insuhﬂien
broke down. Since the present work is connected with nimbo
stratus conditions, ¢nly rarely did the rainfall exceed the

maximum under which the mill operated satisfactorily.

Vibrating Reed Electrometers.

The calibratlon of the Vibratlng Reed Electrometer was
made reasonably easy -by the 1nclusion in the meter, and hence
recordlng circuit, .of a standard type jack plug socket on 1
the front panel. | By 1nserting known D.C. voltages at the
plug, the calibration of the 1nstrument could be checked on

any of the four ranges available, viz. 0=30 mv., 0-100 mv.,
q300 mv., 0-1,000 mv., For known voltages, a potentlometer

in the galvanometer circuit could be adjusted to give a



maximum galvanometér deflection, for'fuil-scale deflectiqns;
of the external meter. The calibration as a currenﬁ '
measﬁring instrument was limited-only by thé accuracy with :
vhich the. input resistor was known, and this was quoted in
the makers' literature as #10%. This value was also

" checked experimentally, and found to be accurate. Henceﬁﬁ
the overall accuracy with which the rain current could beﬁ
measured was limited by this fact, all other errors being. :
considerably smaller than this. During calibration it

was essential that the.éignal wés ffee from all spurioué
effects, and for this reason, the heaa unit was shorted‘out3
'so that any signals originating at the collector might have

no effect,

This method of calibration sefved only fo standardiée 
the recording circuit, and any check on the variability of:;
the head unit had to be rectified by the makers. 4 simple
check, however; was effected by using a water dropper. é§?
known rates of drop fall, and drop charge, ﬁhe meter readiﬁg

could be noted, and the head unit rechecked at infervals.i

The Vibrating Reed Electrometers functioned satisfactorily
for both positive and negative inputs, the only modificatién
necessary being the inclusion of a reversing switch in thel

‘meter circuit. _In:the case of negati#e inputs, the respdﬁs
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was linear;up to about three-qnerter scale on any one :
range, above this valﬁe the calibration curve tended to B
tail off. As the instrument was never used in thiS'regieﬁ,
this defect had little effecf on its general suitability"

for the purpose in hand;

One large defect was the considerable zero shift from
day to day, and even during the taking of a record. -The '
latter of these two faults could be accounted for by zero-
ing the instrument befcre and after ‘a record, and taking - ,
an average ZEero over the period in question. It was found
that, given'long enough, the instrument settled back to fl{
within +2 mv of its original zerc after the taking of a .
record, so that over a period of say 30 minutes, representing
approximately 2 feet of record, the average zero will not ,
greatiy differ f:em an ideal zero since 2 my correSponds'tb
«5 cms.. The day-to-day shift could be eliminated by
adjustiné a set zero eoﬁtrol situated adjacent to the meﬁep
on the front panel. These fluctuations of the zero could
be appreciated up to a peiﬁt when it is realised that the -
instrument was permanehtly situated'butside,-and submitted

to all the extremes of climate. = . ' i

The instrument functioned well if a record was taken at

the beginning of a storm of rain, but if it lasted ovér"éﬁy
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great length of time then'invariably‘theiinsulafion broke:=

down. Similarly an early morning inspection after a nigﬁi

of rain showed a complete breakdown, and depending updn'tge
atmospheric. conditions, it required from approximately fi&é
hours to a day to dry out completely. To prevent moisture_
affecting the working of the dynamlc capacitor, a small )

desiccator was incorporated in the head unit. »This'had tb

be removed gnd dried at intervals.

The sméllest measurable deflection was 2 mm., and oﬂ:f
the lowest range, i.é.'3b mv range, fhis corresponded to 5?
current of 2.8p pA/m?, giving the sensitivity of the |
instrument. Both Vibratinngeed Electrometers were adj@éted
to give the same deflections for the same inputs, thus .
making comparison very much easier.
The Upper Mill. | - '-

Originally, it ﬁas proposed to run the upper mill, in:
position at the top of the mast, against one at ground level,
already calibrated, in fime weather. It would then be

possible to say: that for known signals from the top mill,

the_field at ground level should be a certain value.

In disturbed weather however, the space charge

existing in the layers of alr between the top and bottom of



.the mast, would alter this relatlonship, and the difference
between the expected and observed values would give a '

measure of this Space charge._

Unfortunately, during the cdhparatively short time
'the upper mlll was worklng, the fair weather fields o
experienced in Durham, were such as to make any callbration
of this sort 1mpossible. Ideal condltlons would have been
a dry day, with flelds varying slowly between +300 V/m and
=300 V/m. On the ma;jority of days when such fine, dry f |
weather was experienced, the field rarely rose above 50 Vym.



_ The results obtained with the apparatus»described -
previously were limited to two half-hour periodsy bne cn?;
June 12th, the other on July 29th. Unfortunately, the
reason for so few records was due, in the main, to :
circumstances beyond the present worker's control namely
the weather. Some facts and figures on rainfull as

- recorded at Durham Observatory are given later, for the ,
six months ended 31st October, 1959. Suffice it to say B
that the monthly-average was well below the normal value ;;
and the number of times that steady rain conditions occurred
was limited, in the day_time at least, to the two occasiohs

- mentioned above,

Obviously little, if anything, of lasting importanCei:'
can come of so few recordings. Assuming, however, that.the
effects observed were correct, and this-was checked as far}
as possible asvregards reliability of apparatus,-then a‘very
interesting fact has been observed and'may serve as a -

starting point for further research.

The rain currents at the top and bottom of the mast
ﬁere measured on June 1l2th together with a measure of the’
Potential Gradient at the top, and the_following obser#aticns

e

made: -
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Variations'in the rain current values followed one
another very closely, one heing:almost a copy,oﬁ
the other. | | L

The current at the top, especlally at the peaksé'
- was many times greater than the corresponding ‘-
current peak at the bottom, sometimes by as much:

as a factor of six.,

. Zeros and low values corresponded very well but ' :

since the upper collector was invariably on a-
lower sensitivity range,'this could not be seen .
as clearly as peak values.. o
In all cases, peaks in'the'rain current trace
corresponded to peaks in the Potential Gradient
Trace. Some equally high Potential Gradient
values, however, had.comparatively low current .
values associated with them, o
The rain currents remained positive and thei
Potential Gradient negative for almost the entlre
time of the recording, and even when positive |
values occurred, it was only‘for a matter of one;

or two minutes,

On July 29th, simultaneous records were taken of the' -

Potential Gradients at the top and bottom, and the rain



'current.at the top. The following facte were observed;7

1. Once again the rain current at the top had
exceptlonally hlgh values,
2. BEach peak in the rain current trace coincided with
 a peak in the Potential Gradient Trace. '
3. The sign of Potential éredient and rain current;'
followed one another all through the period of
the recordlng. (c} dhocs :cgh
4, Large po51t1ve_Potentlal.Gradlents were not |
| accompanied:by such large peaks in the negativei

value of the rain current.

| These observations were surprising, especially with
regard to thervery'high rain cur:ents at the top of the ;ﬂ
. mast. If we aceoﬁnt for rain drop chargiﬁg by some cloud ?
process, the Potential Gradient changes otserved were of

the correct sign, to be the result of these high positive-:L
chafges 1eavihg,behihd correSpondinély large neégative charges
in the cloud. These exceptionally high rain currents coula

be due to one of several spurious effects, and the “.

possibilities are discussed in the remainder of the chapter.

To investigate the effects of splashlng at the exposed
edges of the collector, a plece of filter paper treated with'
a red dye solution, was placed in'the funnel of the cOlleotOE
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A-stream of drops from the dropping apparatus, was allowedil
to fall on the outer edge of the colléctor shield, and on -
shattering, a;numbér of the partiéles resulting, entered .
the funnel."':Knowing the number of drops incident on the f
edge and the number of ‘particles which enter the funnel, ';
it is poésible to obtain é measure of the contribution to i
. the total current by these particles. ' By the same method-
a measure of the contribution to the total by drops s

shattering on the inner conical shield could also be obtained.

. It was found-that:for every dfop incident on the outef!
edge, eléven were ihcident directly on the funnel. Of'thé
shattered partlcles an- average of three per drop reached the
collector. Hence the ratlo of particles to directly '
incident drops is approximately 13k. These particles would
thus have to'acquire a charge four time that carried by ani
average drop even to double the observed current. As thei
current was sometimes as ﬁuch as fen times that at ground E
level they would have to aéquire a mﬁéh larger charge on

splashing to account for the effect observed.

For drops incident on the edge of the inner conical ]
shiéld, eagh one gave, on average, seveﬁty-nine particles {;
in the funnel. Using the respective areas exposed as a

guide to the number of drops received, while seventy-nine -



ﬁarticles reached the funnel, thirfyéthfee arrived directl&.
It is obvious that this greater'numbér of particleé couligé
have a very marked éffect on .the observed_valuevof the_raiﬁ
current. It.must be rémemberéd, however, that ﬁhé i_
concentration of lines of force at the inner conical shieid
would be much less due to the shielding effect of the higher
outer casing. In addition, the'drops from the droppingéi.
.apparatus are fery much larger than the normal rain drop..-
This would mean then,that the ratios quoted previously aneg
if anything, in favour of the particles, and only if thef

| Potential Gradient at the top of the mast reached high .
values, would these splashed drops play an important parf ;
in the production of thé'high rain current observed. .
Unfortunately5 there was no wéy of knowing the absolute
6alﬁe of the Potential Gradient in this region. In any
case, the érriva; of fhese very highly charged drops would_
have been intermittent, aﬁa'should have shown up as isolaféd
peaks in the record. This was not the case, and all E
increases and decreases were smooth curves, following thé

Potential Gradient changes.

If the drops arriving at the bottom collector had '
fallen thfough a region of intense.négative space charge, 5
then by ¢ollection, their charges would have been &msi&mébﬁy

decreased. If, however, this space charge had existed, .



the effect being investigated, namely the reversal of signf_
of Potential Gradient between top and bottom would have

been evident, but this was not the case.

In a report publishéd recently, Vonnegut, Moore and
Emslie have suggested as a coﬁsequence of a series of .
investigations they have carried out in thnnderstorms, that
precipitation is a dlrect result of electrification in some
way. | Perhaps the effects observed could be explained inf
this manner, and that the precipitation only vauireS itsi
‘charge in the. lower 1éveis of the atmosphere beneath the E

clqud.

If this isinof thé case, then it must be assumed thaé-'
it is a veri localised effect.dué in ‘some measure to
collection of ‘charge by wash out of Point Dischargé ions.
This, however, cannot explain in full the great difference?
in value of the precipitation currents as measured. at thefn
top and bottom of the‘maét. A much fuller investigation éf
the facts observed so far, is necessary to enable a compléte

treatment of the problem to be attempted.
Suggestions for further wofk.

-First and most essential, a more comprehensive study:of

the precipitation and Potential Gradient variations should b

attempted, with the apparatus in its present positions, ahd



also at various levels on the mast. ©For .this to be poSsible,
some method would have to be devised'for ensuring the satise
factory working of both mills, and collectors, in all |
repeat all weather conditions. This resolves itself into
two problems namely the elimination of 1nsulatlon break :é _
down in heavy rain, and the weatherproofing and calibrating :

‘of the upper mill.

It is possible that the observed facts can be explained
by splashing of the" rain drops at the edges of the collector,
and this should be investigated more fully than has already
been attempted, simulating conditions at the top of the mast,

as far as is experimentally p0551ble..

The mast and assoclated apparatus may act as a Point .
Discharge element, although this is unlikely in conditions
of steady rain (Nimbo Stratus conditions). Future work

should not, however, rule out this possibility.

Correlation of precipitation currents in a horizontal'f
direction, already being attempted,might also yield useful .

information in this connection.

If, as the present worker thinks, the observations madé¢
are reliable, then the above are just a few of the more
obvious approaches to what could possibly be a very wide,

comparatively new, line of research.



The toﬁal'for the

was 6.6.inches;

Month  Total Ave?age ﬁNumber of rain days
| April  1.50 ins. 1.81.ins. 13

May 0.52 ins, . 2,13 ins. 7

June ' Z;Ml iﬁs.!'- 1.97 ins. 13 ,
July " 1.22 ins.. 2.59_iné; 8 ]
: August. 0.25 ins.f 2,71 iné. 4

September  0.70 ins. 1.99 ins. 5

isix months ended 30th September, 1559,

N
!

The average for this six months over a period of years

is 13.2 iﬁches,
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